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ERBRET, PRAES . B Bin HREEMAERRILEE, REVR
B BE 4L 7 (Surface Mechanical Attrition Treatmen, SMAT) AR LA MBI R T4 &
HEGR. TRERBBFNHKREHE, MEBETHKESEANLEATE.

FH SMAT & RBEMEESTRE AZIID 44T TRESKAE, Bit
OM. XRD. CHI600C HAL%¥T e, HX-1000TM EMBEE i 247 TR MR 5 A,
BfiE. EENHEAER. SRESHZANXR, UREBLEMNBEARROES. L
RERRY, SMAT AJZEXASHE AZ9ID FELRARI—EHRENRIZIBHTR
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Abstract

After serving environment, the fatigue, corrosion and abrasion of material are extremely
sensitive to structure and performance of its surface. Surface mechanical attrition treatment
(SMAT) technique not only form the nanostrueture of bulk density, porosity-free and
contamination-free on materials surface layer, but also avoid bonding interface between the
nanostrctured surface layer and matrix.

In this work, surface nanocrystallization of permanent mold casting and semi-solid
forming AZ91D magnesium alloy was realized by means of the surface mechanical attrition
treatment (SMAT). The relationships of peening effectual with shot peening time, shot
peening distance, balls diameter and balls content were analyzed by using OM, XRD, and
CHI600C electrochemical workstation and microhardness testing machine, and analyzed the
effect of solution treatment for peening effectual. Research results indicated that the severely
plastic deformation layer were deformed after SMAT on the surface of semi-solid forming
AZ91D magnesium alloy, and a gradient structure was formed from the topmost surface to the
matrix.

The depth of severely deformation layer increased with peening time longer and then
reached certain number when the peening time is 120min; Under shot peening time invariant,
the depth of severely deformation layer increased with shot peening distance first and then
decreased, when shot peening distance is 13mm, the depth of severely deformation layer
reached 53um and this is maximum value. The depth of severely deformation layer increased
with balls diameter first and then decreased, and reached a most value (53um) when the balls
diameter is 8mm,; the effect of the balls content on the depth of severely deformation layer had
a similar trend; when balls content is 100%, the grain size of the topmost surface layer would
reach to about 20nm. By treating properties and observing microstructure for different process
parameters SAMT samples received the following conclusions:

1. SMAT only changed the solidification structure of semi-solid forming AZ91D
magnesium alloy; it was not almost affect to the particle primary o phase.

2. When proceeded solid solution treatment before SMAT for permanent mold casting
and semi-solid forming AZ91D magnesium alloy, the surface plastic deformation area got
more prominent. Gradient structure became more prominent from the topmost surface to the
matrix. The depth of permanent mold casting AZ91D deformation layer was 40pum, the depth
of semi-solid forming AZ91D deformation layer was 50~60pum.

3. Partial and completely solid solution treatment enabled surface microhardness to
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decrease a litter for semi-solid forming AZ91D magnesium alloy, but which were not too
much effect on permanent mold casting AZ91D magnesium alloy SMAT sample.

4. Microhardness of the surface layer of AZ91D magnesium alloy had got evident
enhancement after SMAT; the microhardness would decrease gradually to the level of the
matrix surface along thickness direction. The increasing of surface microhardness was
different when adopted different process parameters. Under optimal process parameters, the
microhardness of semi-solid forming AZ91D magnesium alloy SMAT sample enhanced
36.7Hv, permanent mold casting AZ91D magnesium alloy SMAT sample enhanced 49.34Hv.

5. In 3.5wt% NaCl aqueous solution, the corrosion resistances of semi-solid forming
SMAT samples decreased but for the sample with 80% content balls; for permanent mold
casting AZ91D magnesium alloy SMAT samples, only the corrosion resistance of sample with
10mm balls diameter improved.

6. The grain size and mircohardness of the surface layer for semi-solid forming AZ91D
magnesium alloy SMAT samples had a good thermal stability under 300°C annealing 2h,

Key Words: Semi-solid forming; AZ91D magnesium alloy; permanent mold casting;
microstrcture; microhardnees; surface nanocyrstallization(SNC)
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AAMEEERHEEMER HGleiter HZE 1981 £/ EHN, &
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VR, REHURHEDY) S &R R B RE M 6 ndih. W E%) R E &
REGH; QYREHKME, BREIPXEZNEHETHKR, BERHA
KHE. ZHAKME. AXEEHEIHRENE.

L12 AR RSN

AKRGBBHEAFARERRTHD, RBEERER, RASBRRKOGRE
HEP. ARERMHEELHSRBARE: GRRMARORE. SHBE, B
Rt REREN G, BAABHLEHRES. HGleiter RUMAKERAEARR
AHBESHKEAFEAREZERSNERESF TRZALEUSKLEHY
Fiig “kRA” 410, BR L SHHALERACY: HXEANERLTR
REORERS, ANEFTHSHTFRRENRTEFRENFE. B 1.1 29X
BUMEN_E4HER, TREREMCTRRAMERNERARNETFH

B fX[BUESE _HBERER

Fig.1.1 Two-dimensional model of nanocrystalline material: the atoms in the centers of the

crystals are indicated in black, the ones in the boundaries core are represented by open circles
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Bo IERAPKERMHEH ERERERE T HGRMMERE.

AKRBEMEHTRAERANEN, URKELTRFNBTHAKH LR
FTRANEFRIHN, MPRIYIFN. RKOBMMNERETREXNE, HXK
MHRERNGFHENAENFE AR TRUET BT gk, 3BT HT 8,
MER, BEHTEEEW, FETREBENEREER. REERRER.
LB A. W mEER. SEEREHEAL, AXMHATRBRE—
R, By aE. RPN, KFEE. CEMEEE. HElE. SR/
PR RS, KRR, BREER. SERARENKMES ZHATED
FHERE. BRRM. FEBERE. BER. BHRIK. 2T7H. BHES
MR LA BB ME BT RSB, HRHFE.

113 AR &

B 1984 4 H Gleiter SR AEH S AR B & HAKE BB R LK, 4%
REHFZHEHRMBHER, HIBREE, ERRBNLE, REZEE. B
DEHTRE (SBEHREE. BREE. HURHEES) . BRIRE, BER
HE%., TEXNEPLARIENHETEEUGENAS.

1) ¢ K ¥ %% (Inert Gas Condensation, IGC)

IGC FERBEBABHAATER, BEARUNEBRREFE5HEHES AR
EEHERK, BERN/ ML TELSHRNRERABMEANOREANRER,
FREA M ERAKB K. MHREIOBKERTES (10°~10°Pa) TR E(ESH
BEH 1~5GPa) FIRAKEEME . Bil, ARAXFTEHETHEHAKEGK
M, WKL 4&B(Fe. Cu. Pd. Ag. AlL Cr). FiKA4E. 4KFE%E (TiO)
Zr0z2. Y203+ ALO3;. MgO) MIAKEAMHE %,

HREEFENRARRGAER, ANEEERR. BRI ZREER,
FEERE, REFEHERAARNAMNER. EXENRSLE, AXHHEH
EHRAXRBBRAEPFEERBENFZ R (RS A LARKRBULAMHK)

2) HLHER B8 B (Mechanical Attrition, MA )

PUREREB R BT BRSBEIRZ A, BERSREZ MAORE, FRARE
WHAR. MIELAER, ELERNRELSES X REAREHE KM,
XHENIEANES, FRAANANK, REAKER. BORAZHFLEDE
HEHPKERH K (Feu Cu®). HREBBUEY. BUDEEHAKEE
FEEE, KX e oK 0 PR R B AT 4 B 4K R AR A B

PIMEREZRARE&R R, #EXD, BAMBTEET, SXBENFER
BERA, MEHEHNARME SRR THEE—RAEHENED. B4
R BT RE A5 5N T BB I8 K 2 F [ 4 A AR AR
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3) k& & 4L (Crystallizaton of Amorphous Materials, CAM)
ERBUERBEZIHEHENERME, 2ELHLER, THELED
ABHRTABKEENZEME . BRB—EFHRTHARRE, RES
FEF AL EEEANN EXHENEEREZEHT.
MAFERRUETRBRSHEAN., RERTRRGHKREHE, &F
GHELEEE, RENAKMBAREAR, FEFSEERZIAGE, T
AFRUKREEHEBER. BARARAREERETENME. B, FEL
FECESR-REBANER-SREAERITHENSHI KB EME, &
fEFe, CoZ. NiEMTIESGE. BEXHFETEKET EREENER
e, NEETHREENERS LTRRIERLEHOME, BiEXZHER
AEFREIRELE S EHEN, REREAXRTHSREMH.
4) BIZIBHZ L (Server Plastic Deformation, SPD)
BIIBHBRERE T BN BB HEMNEEXRBNRE, WA,
ZRE, SUEEEI -ERERSTERGY. EX. EHS—RIED, &
BAMMALTERARR . BEAMNFTES: SEEHEEY, SEMEE
-1l
EILEXR, ERNEHTHENEM EXRET RENRTE, HaEBA.
BERAFEMHHEEREEARMBN L. EIXEEREMEET LER—
BHKE, AEMAARMEKRBEBREME OB AERE.

1.2 RAPRUHEAFESH &5 %

REXDAKRUHZTENREHAR, ERESEASEMN LRBAXKE
AREHERTEEER =M RERB/VIRAKRL. RABFHKUURES
AR, WE12BTR.

1.2.1 REAZBRSTIA

HAREHAFARRERMN, BERLEHRESEEMRNNERE, EH4H
REAMR—NERGUZRSHARARORKREHRE . KRR EERE
B: ARGHRENNRERPILEYS, RESEAZAFEEHENRE,
MHBSERTELBMHLER M, wE1.2@).

WZHEARIMRENTRERBAFRANIFKAMNE S, WPVD. CVD,
Bt BEARBIIRETE. BEIIZSHMRATTUREIAKREMRENE
BERAKRBRART. BATELENXBRLARESEAZAURRED K
WHZERNERS S, FAREREARESNKK. FHEHIE, XEHERS
ABTHKE. T8, CELBRBA.
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B2 RAARUHN=ZMEXFTR
Fig.1.2 Schematic illustration of there types of surface nanocyrstallization process:
(a) Surface coating or deposition, (b) Surface self-nanocyrstallization,

(c) Hybrid surface nanocyrstallization

122 REAEAKRL

REEBAKRUREELH. B, EELRRIRFEFELETEEMMER
AR EHEE, SEMHRTESZEREAUEHKRESR, EMHOREEREER
WEBSHRMAKRGHRE, THBRBELERIREAE. XK E

CERCR-EEELERERENEN, REABHMLEHEREZL, RRRTE

BEFHEHEK, AKEHRESEAZAAEENERE, SHEHMK,
PREMERTEARE, mE120). BEFEIREARAEHRMH T EFE
BERENRNTABAEFER D %E, FPERNFEREMHERENR, £
MERRAEIBUBAZTEE, B#TIEHAH, EdaHEEHRERRREZ
EEFME BB AEE, TUEMBHRAREBHKRAR, SHREMH-A
HOFEFEFROEMARNETEHE. FANFEFFRU TSN HESBM
AR B FEAEER KM ET.
123 BEAKL

BREAKUBEASUELBHES, ERAKREURERRNRERE, Xt
PR RELE, NTEMEERERRSEALERS ARG EB ALY,
EHMKA T ER RS HRAN, WE12c). BFHKREARBER, 5770
BRAKHERK, FEFFHRATERNEYE, MEMKHHHERR, B
HREMKUBEREAE AT LR ULROLEL BT BEBE SR,

SHTERBRTEY, XAESMKUEELREASEFREIENSH
%, MENAREBEET M EBERL. AT BUR 4 KK T LR A 5
A TR RTEH, BRERS LI TR,
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13 REBARUNERARS Z

REFERREEHKUNEREZEINMERAETHIHRM TR, FF
EEETENBRERR, BIMHRENEHE, FHENENALBSKE
%. B, RN ESH, REREMBRE=ETEEHTROTE, HEEH
BREEBHKLKED.

BAEl, AMLES. AEBRERNTER: REHHE LR (Surface
Mechanical Attrition Treatment, SMAT) , # 7 W A (Ultrasonic Shot Peening,
USSP) , & A& B AL (High Energy Shot Peening, HESP) , B T & MM £ i
(Supersonic Fine Particles Bombarding, SFPB), % i@ i& f #f Ik (Equal-chnnael
Angle Pressing, ECAP)%. H4t, BOGRKM =Kt or LMEH B & 4R
FNBEHER, FREANAL. '

REAFERREAENKUKNIZHFERR, FANEERAAN. BFRE
RB—MEE, NEELEXYE, BEONEIBEMRN, mE 1.3l

Vacuum
@ 0 ﬁ;ﬂt i (®)

;o

[ “eted |

generator

Vibration ﬁ

B 13 ZEEAKREM
Fig.1.3 An illustration of SSNC :

(a) set-up principle, (b)flying balls impacting on the surface of the sample

EMNRARARET, BdEMATAERARZHNEAD T B EITERERH
Rl RANB—RETHIEAFNROURSHNZERLBHER.
REAHEBRELTTER —TANBAERERK, BERANRES HniE
T AREANE—PMRATEENTANREREEER. XEREF R
REBRA-ETERHEY, NTISEREANALEAKREY, CHREEX
HE KA

BHl, KHERAAFCRKAZHTARTETEARREFREALXK
g E, HEFFTENY. WE 1.6 fin. NEFTR, FEESHHR
(ma), BEEFA@DL), ABESFTA @ d)%.
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14 REAAKLRETEE
@S#5HBA, OBEBER, (o). (ONHRIHBR
Fig.1.4 Equipment for realization of SPD induced SSNC

IZ2RF, ®E&EARR, FARNTZSHERAR . R H 4K (Self-surface
nanocrystallization, SSNCO) W R EETZ S HBH: A MH. ER. RAX
BEE. HES): RAASHAERANERE,; BANETERSTR; RIHIEE
MARSRE; LCESREFRE AR MAR AR G N HE. X&EB
HEEFRABPHEETRAONE, TLEFAEETR,

ERRXAEARUHARSHRPNEETHERAANTZSHEMHRFH
B

OIrzs%™. FEABRAKER(GRAANERTEREER) . MERE,
RARALERE. BARBRABDTENXREEEE. FEaREAHENE;
RERERTUFEREOEERNE, RN TATE—EREWN;
AU A REATHEREFES THHEARKNTE=EEHEE, mik
SRR HERE, AT, M AL AR B AR AR R IR E L BN T mER T
MERERESEDTHEOEHER. AB—1AEE", RENEHISS
5 RN NEEERS . E—EMNERET, NERNEMIHEE
BRAss, AUSHARBELEBENNANL. E—EMNEKFT, MNEF
ERENTEEME MM SENREREML, SN REEELLEH
VLUK A EZBER. R NRERRE KN E R AN T
S BRI D EE .

QRIS BB RMBNEH. BEE @R 1.1 7R WAAHA4A
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Tab.1.1 stacking fault energy and deformation modes of materials with different structures

g s Fe Al Cu 316Lss  304ss Ti Mg Co

=]

fgfé BCC FCC FCC FCC FCC HCP HCP  HCP
fi?ii% 200 166 78 40 21 30 60-78 27

freiE  frHiE fihiz ez f#E
L ¥ 0A::) (UA:: S b 1% - a L
g gl O BN PO B ZALM

iE: ss—AEH
4 RARK USRS ENRT

BERAHKRUEMHRALRAKREHNE, FKREEMEEHEREK
t, RETESEEMERMERMBHALERROMER. REAKLRET
HHORBAAGH, ERREEAAKE, BANERNEAERTHEHERE
thee, tximBEBAERSET EM,

1.4.1 BiKEE
1) ®BE

XTREBHBMERE, BERENANSZEHETENHE TR,
XARGEREHERMINERTRT —eMEE. B FREHKLAR
Xk, BEEFENERESANARTENRRAEBESIEZ BFERE—H
TITH . KEEEIR4 SMAT SIEHRBEHTHNMLRE, £8%
B: GRAEBEAKML, SMAT KNBHEETRET 21.7%, BREBEERET
16.7%, HMBERET 9.2%, TEHETFTRET 25.9%. #54%C0% % @HHLR
B 3L AFMRMLRMERERY: 7 SMAT & E Smin B, ERBEE
R 154, BENEMEM, BEREENEAZSTRE, TRNEERGIER
s FE, FEAHERAELEEE Smin B E TE, 7 15min FTRERERN. =
DU Z &3 M 25T SMAT BIR BT HE SRR B M0 28 0 0 B PR 3 B oy
589MPa £ B F 592MPa, i iRE B 627MPa £ H E 670MPa, M EH 10%R
BE 17%.
2) #%

NGB EH, HESSRELEE, RAXBAKEHALGEEXMHR
LHEE, MOBKNERARAXTUBEIEREMYT B, HEXAHSERNASE
Y TFREMNNET . BEREPIMAREAKL TC4 S LHEFLR



FEBRE AZ9ID B A ERMAKUEATIA

£ R, B AEWE FL 2h A1 8h {F TC4 & &M 55 MR 2 348 & 70MPa 1 95MPa.
ZREPIFRAREL KL SS400 WEBEELNEFLRER, ERFHEMN
2x10° B, ZEEEmALERN SS400 MEZELNEFRERREZLH
79.1%.

REOAKUBER—FEAHXREEARALBETE WA KWRE, H—FE
NAMERABTTHARMERRO IR, BT EERBM RS RE
MEmAEHREEXNER.

1.4.2 FTEH#E

1) B

SEMHRANKLE, BTREEBRTHKRELAR, RERERERA,
ZEUTIHMRENEELAERT. AAXKEEITHKEE, HEREHN
Wi, BEERHRD, BRATRE. U Zr-4 5&HF, % SMAT 5, REHE
EHHERE, 60min FEEMRAEESRREZUPHOBARMAL, BERS
T#4 13 &%), 44E4 SMAT 5, ARXEAREHEN X, BEAFETRE
W SEMARKRREZHNOBEERL, REFEFERET 9%, 316L
RBMZ 60min SMAT J§, RE B LR EHH 171527, AISI304 R4 SMAT
Smin B RE@EILF T 3.6GPa, 30min F#aTREHELA N 56Pa?. X% %t
FEHLHHE AL 30min K AZ9ID ft AZ31B BEMRAKRI, EEARLKRE
BRERET 2 /UL,

SMAT J5 3 T B & % &5 1) 3 22 I DR 2 o r 4 44 R0 m T8 4k 3% b 280 2 3t IR 4
FAR4R, ARBEAA5HBHONNXRTRL, FHRTHRENEES RZ
WK, MEEZRHEAD, IHAZREELN Hall-Petch XR—3, BE5HME
RN T RS RARCY, B U E R K AR R R T
B —E M TR .

2) BEEER

REAMKURBTHHRRENEE, CBIRTHRRENERZERTH.
FHBESAE MTS-002 AR X EBLERIL LHRAT REFHKRMEEKMN Q215 &£
AREH T HEEERELRCY, RIUKEH KL EHE KBS EER
WATEKA, BLEAET SNH, KEKKKAFNEREBRETEHRAME
HEBE, YEEN4SNHBEEHERK, ROAFRLENERERENRE
BEIRAKER 1/3-2/3; LEMAH AT IONK, HENBEREELZER. XHEAE
EAKRAH B KT RBNAR. FRE TR BE. XIHENRREHKKL.
REARUERTAARURAEAEEFTEROEGTHTEERBERELRRA
B2, 26508 A B AT TS W (20-40N) , REARUABMBERARHBLRK, T




Bl R3C

RENKUMARENBERBE DT REDARAKAE. RAAKLRER
AFEENEBREEEGEEN G AL BB SER N REFNTELERE
RFRREPKAES; AFEREARAIEE, RONEERAERLET
B, PHEBRNTIEERERD.

RANKUIATERAEERERTHANZERIERTHAEANEAR, —%
HREAMKRAFENBENEE, BREARENRED, REIHM AR
REBEEBE DB, B CURE QK AL A ) B HE R 5 R B LB 35T 3 R 1 B
REURERAFED: F-FTEAREARKRRENREEUHTRE D, Mz aiX
WTRRERBRYYT REE, A, AHAEA TRAAKRCABERRHB AT
EFRERTER.
3) ARBEH

HREEHEERREABIETPHEMNREYE. AKMBPHTFHEEKR
ENFEFESANRKRE, IERERRETR S, MEHKRELTH
NFLOERE, E—EMIAE&GMBES. 8. ¥, 5 EAT,
BEZAEARBENERARBAREE, —REXANEBHEE. HETNER
KK MEBMBELTRAAKMENREERELTHKNTEEALRS
K&, —BEREFKRENOKK, REFRKUHHPEZHEEGHAME,
BEREHBFERRAER. RAARUMEHAKRREERBECHENTAKE
EZmIXAHMEmE . Bk, REREREAXRRRTHBEHE, 4
AR REGUORAM B BT etk .

ERZAMZREBHNKRER, GREXHESN AL 5EBRRT dHx
% T 1 Gibbs-Thompson 77214k «

d 1.1

AXPQHEFHR, "HRAGE. AEXTUES, BRHKANEFSHE
HBERRTHRRE, BERARTHEAD, RRKKHEHHEZHK, g%
mERSEHEKKEN INER LHERT KT —RERE, EEEERET, 4
KBRBEUREE. RAMAENLRERYE, REAFEHEHAKZEH A~
EEELBAERANARENE, EEETRE, RIAE, RAIEGZREK
AIVIERERE (AN &R 0.6Tm, To AMBRB L) . BEAKBEBRK
KEREEEZE 0.2-04Ty 2 AP, L BEHEHBHESESEE (D 05Ty 1€,
PRESHRBERBEAERT 0.5Ta") Alymov M.L P9t h RIS -
KBEEHKXNENNFTERBERBNANA T EFRRBE, HAURH
ERTTFHBRRAIBTE—SNBEM. TEFEP N 3160 AEAREIR
MELEGEARNAREHRTHARRY, YEEAEE 973K 0, HEAL



FREBRF AZID B &S RABRMUBEAHR

RETHE R, REAKRGERETEERKA, BRERTNEHNKES. #F
RZGUA DSC FAT 7A04 BASREAKMKBB TN, LRXPRANE
ATK BRERRBEEHEKK, FHRRRTELS 1000m. BEREPIHNAR
BABEMROAKK Zr-4 BERA, JBKEEHN 350CH, REAKREH
AR A 42.20m, JXRTF 350CH BAAZEE 3um (B B4 RR R T
N e

BRTSHBEHEES, FHEMREK RERTZHEEWRAXEEHNE
EUHMEERE, MERHKARRAKRBEARBRRIARAZ —, BRR
. BRESZK. BT HEENE MRS E 0T RRE SRR 3 s
REWHEHZN, Bk, HOEI KSR AR E WAL M — P 5§
AR, ERREECEARBAREHTFAME, SE-PRIHARAKY
RETHERFEENEX.

"1.43 LFMRE

REAKKE, B THEQFEERFEEM, PR RSB m.
MTFEHERE, SRAEMRREREERN, FERREEFERNEMRST
B WTHEERME, FHEDESERAAE, RETHE AT,
xRS BRS HEARKE 20um BEHISHK Fe-20Cr BB E, RR AL M
TEHRTHORE, REMERTHEMBEAEREDHMO, 2REMH53H
AEEBRAREANKRLLEER SS400 NEZELNAMHREE R
(Ca(NOs),57%+NH NO33%) B 1 E itk . REBHYMINZEMANEE LS
EERH, ERBRBRLBENURERHRRE, BEEMEBMALLMBA
AIf9-0.88V FHEFIWE AL H9-0.82V, AL BB B MBS AR K-1.54V Ft
BEBHEHN-1.44V, FEREREEAENESL2UMAR AN BRRLHELL
RKBEAMEERBRAED, XRHBELANBEALERARTRAENERER,
MERMENBEEMAHE, AHERREGEEREGSELTHALRTH
WU REEARABRENER. NFp—FE#H, XKAAXKEZEALRBERL &
MABATET BRETEANEY, FEMERANELEERSH#T.
LRSI KEIETELE HI3 NETFBRET AR, EEHRKHBER+
£ 520CEFBE Shja, & SMAT ABEMZ SMAT LB EHBREREE 234
65um A1 115um, REHVHFELES H3 W EFEEAEHEREBER. &
L HEMFRARARAHKUTLERSBBETHER, 560CUTRABE
BAAKUFLERE S FHERASABE 18h UK, REAFKALTLET U
HERRBEEE, EMRAMNBELHT, TUEKEDENEREREEM,
RETUKBERNERANE, RETHEZEBERK S0CES.
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Bt A R 3

1.5 FRESEREARL

150 RREFEEMTHHSEHIE

EAXSET, SA%ETFEHAY (HCP) RiA4H, BETESRFHAERN
FXEREMR M WELSH R, A8EE25C T K& %% % Ha=0.32092nm,
¢=0.52105nm, % ttc/a=1.6236, SHAEHH AT LM c/a=1.633+ 0 8iE. BRRE
HATRANBEENRFRAKSEOMFREHER, BEdTHEHREEFE
HHERGTAARR, RENEHZREIMERE.

c

1 (0oe1)
(10t1)
AR
Y- (1010)
‘TBE %

1 C
N \ e,

AR
b= (1072)

a
@BETRE (b)EFE R SE[1210]
(4
H L
9{0001]
(131)
(1120)
th

I 122)

&

o 1(0007)

© [1100)X TEEE EEHM

B1s5s ERER8
Fig. 1.5 Unit cell crystall magnesium
(a) atomic position, (b) basal plane a face plane and principal of [1 2 10] zone,

(c) principal plane of [1 iOO], (d) principal direction

BTFRGEXEEHZRHBBHSRERTHIINREDT, MEBFHERE
FHIIMBEERF; AL FEOMLFRELLSEBE, FHEATLEHNER
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FHERF AZID o ERAPRUBEATR

HREBEBERD, AMIARERAE. KT498KE, TERENEHTRNBTEIET
{0001} H5<1120>4 MBBFAERE (1012} 5<1011>H AZEREHR. & TF498K
W, RFRFMREZR, FREEFANREFHFEHEZANRD, NTTEEEH
KBBEARB .

HTHE (/) RRBEEFATERESEARTFEEARENEESY, FUE
BHELEFMAE. BAREEAETETURKES S R Ec/al (WMA8at.%Li
JaclafE THF1.618), KEAEERKEBEETRAFEREM LRSS T REA/L.
R, XLEELERBUBEAEE, MIWARNE, HMEE, RELH
TWHNA. KENHARSE, BREXRARERERNXRTRERRE > ALURE
KREANAOHEDRABDRYBREAESE, FUNEEEHNSRBTHERBEE.

ERERMEZAENBURERNITNEREE X, MAEE KR AMM
B EEE KRR R T4 R SumBI AZ3 18 & 3 R BT AT B s 1 R 9,
EREHSBKMMEREEN10' S HARRAHAEHBEN, BAMKERTE
608%. 5HESMHE, RHNAUNEELBENEHNBBERREHE. B
UANEREEEENBENEZRYE, THLASIRENERRNREBEE. B
DRBEAURKES RETHEHNRTE. REFSSEHUBRNEERRZ —,
REER—MELR, B

o,=0,+Kd" 12

AP, o HEMREE; oo B RJEREE; KAHall-Petch® 3; dhBRR .
MAKTTE, &4 033K &RR T Rw/ s m.

—BME, EHEKELTMMATaylorHF), Bt K TaylorE F 38 Kk
¥ K, MTaylorB FEERRTFEBEREE . B TaylorH F56.5, 5K %3.06,
M T 78 ) 4 8 1 Hall-Petch % % K b 280MPa-m'?, 4 48 ) Hall-Petch % % %
68MPam'?. A BRRIHEHATEBNBEEZWA. FARN, YEELR
BAKE IpmEL R, REBEFHEENLG, SAERBIURZRETHOR
RidR, NTRKKSEERYE, EZEF488%M.

L52 BRFZGERAARULHEN

BREGEFEI—ARENEHME, BRAFRZMAER, K ENAT
KE. HEN. BRRMZEMREAS AR SRFRERIEN, $RMBER
HAKRMLEERE, MHNEAERERAEREFENIAENRS. ANHTRE
ARUBREGHE R, BENRARSEAZAAFERERR, LENEH
RS LFEZA, T EE LN BE B A TN H#T R ERTULAKRESH
K. e, MERMESBMHRAUKRUEARTRAZH YL, FXERMBH

12




e A

AL AUNBRTTHA, PREANSEHECHERNAXMANELLER
B, MAGEH. KHEMN. fee. hEe. BEE. E42%. ARMNARATIE
SHRAARUENAR., HREFHFARD, HINXEER. BEE0RBH R
REERHEALE, WEERTARSHLESEE T BN EBHEHR
LERE.

L6 ANKMREBR. EXRAR

ERBEFRET, SERMHPNABEHETRE, HEMES. B, BERMH
BHRESAMEREILEE, FUMHREBAARNERNRULERKERMH
RIBAERENAERREES: H—HE, ENHBLEKRFT, A0&RRKTH
R RERERRBLT RAIE, AEKRTANER. B, REXARY
ATOHERRNEEBME, TUXKEREMHOERES. KBk, BN
HRE-EEREFHHEARREMHOREER. AR B THR T MM,
FrA AR B RAE B EA R RE Y R AK S H R =i 6 R T 4 B R RSB AR
BATH. 19995, FRZRETREAKMEAR™, WEIEHFREFREER
THHERED, FREXERNBURE, EMENERAHEE—EEENREH
HEREEERBEAZMAKEHNERER, MOBMEHRAS, AR LAEESA
KA, AT S5 508 iof 3R 1 20 28 A0 i B AR R 3R 7 R B 4 ) 22 4 B R AR R AT
Ao WHEARCTSIRBEASRTRIZXE, BAIRSEILER S KM EHR
BEWRRELRFENARNERZ—.

BT, KERCE2EEESUN, B4eP, 441, REML>2, ERaA
MzoBHHREAATLH, FNREARUIEFOBEHTHIE . HXE
MERURREGKMEHEEEYL hewe, smennl s nge
HP» LR T THR. R, XEEEMHALRBESBERN, MIEERF
ABEMFEASBREEGEHEARRUBARRILTESE, THEEAERFEEH
ALAESHERHHARPERACT, KB CLRx ¥ EERHAZIIDES &i#4T
R EHL T B kb 2 (Surface Mechanical Attrition Treatment, SMAT), ZERFERE
HEH—CEENAXREHE, HRATSMATLE S RAAKRUBMENTH.
MAOM. XRD%E &%, MIATHANEGENERRENLEUIFIE; EHR T SMAT
B G B AL R e X B S A R R B A EE X SMAT R .

13



XEXRF AZIID /S RAPKIBATK

28 SEMRETE

2.1 KEHRITE

2.1.1 LBHH

ARVNELRERAZIIDE A&, HUAZRM (REDH) WR2.1FTR. LEH
B E B B R A40mmx40mmx10mm T &4 . HATSMATRI M EHEHTEM. =
G BOSaLE.
F21AZ91D # & &K B
Tab. 2.1 Chemical Compositions of AZ91D magnesium alloy (%, mass fraction)
Al Zn Mn Si Cu Ni Fe Mg
9.198 0.6769 0.2549 0.0203 0.0009 0.0004 0.0018 Bal.

2.1.2 WA

AWICKARTHMBTELEN & REMNLEBTRY AZIID REE&#TR
HEAKALE, BARENE 1.3@F R, EEERAERARS: RAKEEM
BEEA BERAFNER. BRELEMHNFUEREEMBRIRTARB
BWAURBARSPENNE, FHOKEEAERE 1-10mm Z §. GCr15 A
ZR(RKFNEE) BN RERARE BRI ERBIHHEEAN, KK
BRI FEAETEE N S0Hz-20KHz, HT LR BEMER, ALREFRN
W) ER 20Hze HHERARAER, LEUAUERLZE. E5. AARHEAEAR
RSAEHTHT. LENTUELHERAKNKRAD REPFARRFTESH
HRERENKD.

TR, BAERERDRESNREH THREELRS), FRABRATEH
&, FEEAMPURERLMERE. OTRNME. BARTAE R
REEEMAR, BAEERAE 1-20m/s AR, BHLABENLK T b e
MERE. F-REAGTHIBMBRAOZRERNERET, ELLHTRREER
MEAEL, SEMEREERETEENREMERERNALZAKREY,
EREEMAHKE. BRRTHEEERHERMBEEAR. BAE ™ E R
BRY 90%& W #HEE, SIEBRLEMERIMZERAR, KRXKA 10%H#E
HEEUNTHOEREFEMRRTE Y. BABINES S RIEME
REABRREEEOBHRE . XTARKME, §—KBAELFENIIN

14



B4R

7, ATUEERFCERRERRDABHER. G FRAERNS T A,
BEIBARABBRARERZRZNAS, XEFRTREERSERNAWL.

AERKBHEREWT: ®IANME 20Hz, BAME R GCr15, BAHERH
6mm. $mm. 10mm, FHEE 60%. 80%. 100%. 120%, BEAIEE R 11mm.
13 mm. 15 mm, B A4 E 30min. 60 min. 90 min. 120 min. 150 min. 180
min, SMAT 2BHESRYF. BABLME 2.1 fiw.

WA &

SMAT
oM XRD v

[amgmﬂmw ] B | %@%‘&Eﬂ;ﬁ'

(mmews ) ((mzmezzew ) —(BESKT swaT)

(smmetar f— exnn) (AERsnE |[EENR

2.1 AR

Fig.2.1 Technical route of the experiment

22 REHBHELERAERNSHMERARIES Z

1) &AM % (Optical Microscope, OM)

BAERIT SMAT 5, AIMEH 21T R BTS2 KA Y R 8
JF, EAFIERA LEEFRE, REKKA 8004, 1000%. 12004, 200048 K
WERITE, BUHEE, REHTHMIE, BRENNERAYAEETR
b, ®/G7E MEF-3 SHEMBE TS ARRAZLENSHAR, ZERENE
BE%. BummnE R LE 2.2,

& 22 BMmAMLEND
Tab. 2.2 Chemical compositions of corrodents
wH & ot 70 R 3
&R SMAT W% 4ml, 96ml &K
FEERFE SMAT Z % 60ml, 7&K 20ml, )KEERR 20 ml, M 1 ml

LEAXMFE T4+SMAT 4% 4ml, 96ml Z1E K

15



FEERF AZIID &L RMAKME AR

2) X 5 &A1 5 447 (X-Ray Diffraction, XRD)

XRD RARFKBEMHEHHENIRZ—, ETAHIK B EH SR
Rt iBESY. AERTRER. BRRKN N ESHEHSHEEE, T8
BESHMBEMHEARERL. ALXRRAAABEEZAAEFK Rigaku
D/Max-2400 75X . LR RAEHHFIE, EEHD 40Kv, BFA 100mA. FHHK
£ Mket 1 Ak (Mcar=1.54056A, Axgz =1.54439A) AL FRI AN BEZRELHN A B
BREY. XREEAZER, AHOAETEN 20~80°, EAKEHEN 0.02°,
X-HEMFAAMPWEMRAUERENEAEIFRDENTFH R, RiE
B 78 1) Bragg fi51 &L B R R E, F A Scherrer AR EXHENFHRBR
F. Scherrer ARERRH
__ K

Pcosb

A H kb Scherrer H ¥, HMEN 0.89; D HRZKR T (am) ; B HFTSIEE R
% (rad); 0 AATHA: A4 X HERBK.

3) B4 447 (Electron Probe Microanalyser, EPMA)

RS E R H A 5EA T £ K EPMA-1600 B 74 L#1T. BFK
BEKR 0~30Kv, XEHHE lpym, BFHHHHE 6nm.

4) 1R B A,

BEEREEMEEABUEZTREARDI—MER. ATHENEESH
BRERER M T ETIAR, Ek e s 0 ES 2 B & it E
MARLEH. RRFIHEENEEFR. W THARBREOAKLEEEHE
e, ARBERAREEENEMBEESAHITTHE. EXESEROAXNLE
FRBEBRKHRAFEURTLEFSH)EEE SMAT RESITEENR. B
SEFH 09 4 B B 008 JE AN 2 HIX-1000TM, FF L4547 2 100gf, I3k B (] 2 10s.
5) i f o AR

FIF CHI600C Hifb2% THEMTE 3.5wt%NaCl KEBF M EE M 30min K
Tafel M1%2, {PHEBEMTH. THEARMEH SAMT AZ91D 4 &% EIK
10x10x10mm’ KX, SMAT H£E, TUR5IHELK. SERBARMERSE
W, FB B AR, AHEE 10mV/s; FHEEE: -2000 ~1000mV.

D 2.1
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BR-HE A8

E3E REANWMELEBEIZSEN AZIID #5%
REAKRLBZ G

SRMADRESNEARMALBRERNEN o BEERENLR
A E R RM (0+B-MgyAly) A. XEERK AZIID BA LN EMA
LABRCR K o-Mg F14 485 B B 4 /D WR 276 1 B-MginAl, 53 RAARK,
HTAMARRETABIMNERARRAERR. EEEEP, FHOES
MAGNEEHERRRITAFTRANEZE, FULBRNLEAERLESS
EAHRKEREAMFT, KU E & 2 (Surface Mechanical Attrition Treatment,
SMAT) B R B A —H .

3.1 AR E S E X AZ91D $#4 4 SMAT K&

MAEBRERANRAN LRAIHSGLBREANES. MAEER
B, BAEGAENEBESEERAAR, AFREAKRLENRRR T, TF
BREAR. ALREMPERWE, £#7 llmm. 13mm. 15mm =ARH
BB ALPE R, AN E% 30min. 60 min. 90 min. 120 min. 150 min. 180 min.

ERENHEMELSES, B 13 RERENIRBHNNERATRELT
w3, AFEREACERRMN LEL, HEAR —REZ, —H#BRFHMUHE,
ARNEBHNZEAFENSHNZERN, ERFHBAEEERNRITHT
RiERNEEMES), BE, EARANEERE B ANEHNNBR—#,
EUEBRPATRE MU AMERETESRANEHBRBERAUM TR,
WAEEAR, BREERAREHH - AW+ RAENFRAEREHF M
KNBA—H. RENRFERIE, ShHEEEEBANZIRMS, FR#
REFEREHTERMIRD., hTFRYZEHEZEF A LN EEREET
CEBRARTRA, WRAEETUE, BAEHARRAOMNRERS —#
B, MABAURKNEESEENAFRTES), WEEMNRERK, A
REOMBHEZFEREEREXR. B, 7% ERE) SHRANEXESFRE
HE. AARSAHRAZAEK, X8RALEHN, BANSHFETEEELE
LaeE T, Y_FHNBHHEHRE, EHMNEERK, WESHEHER,
EHMBRERD, MENFE_ENEHFREARNUTREAESRESAER
KEER, FUBAERNFE—REM.

ERENBAERT, RENEAELENNE BBEREERNERR
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FEERE AZ9ID FEERAMMPRUEARTR

) BB AN R ERTTRL. ARG, REORSEGEARH XA,
HMAREERK, REZSESFTHERS, SBANRLEER, REZE
SEAZEAMNAEXHBSET, TEENKWNEAKEALE, TRLERED
BRHEREEREHE. BRENAR, SHRARTHERANES, FUBA
i i) th A — A B

. BABRESHENERE AZIID &% SMAT &M
3.1.1.1 BRUELANE

B 3.1 R&RE AZ9I1D & & EHF ALK [ 120min £4 T, ARBALE
ERIOVNBRAELEENEBASHAA. NE3ITUEY, LBEEFRARERE
BV G016 B R 3R (a+B-MgpAlp) SEGARME, LFRERA,
R Ib)T, ARRERETHEANBELE, B5EAALME, KARE
BK, MEREZHOMERAHS ., XUHRRILAERAR, BAHE
HEANRANERERAR, #MSEWIBHRRERRES, ARRALE

3 ERE AZID REEFFAMAEFTHA 120min FHBEEALR
Fig. 3.1 Permanent mold casting AZ91D cross-section morphologies peened for120min

with different peen distance: (a) 11mm, (b) 13mm, (¢) 15mm

18




B4 83

RELBERE-ERENEANERLSM440EN SR, RABPIEHRS
RREEEEHXARTMHRUARRERET p-MevAl, FIRERZR.
B32R2¢REH AZIID 4L ERAER 13mm ME&HT, ARBAKE
SAMT ERBEMNRBESHAR, NEPTUEH, SRR A E SMAT &
MARRARHRRETARABENEHEY, TEEHEERS. HUAHE

. ‘ ) » a e i = ; :,,’ a V %J.t H F o 2
‘mv ke ) » W, . 6; Ay g m - }?w ,/‘:‘5
¢ L s p ¢ : . 3 * b 4l vt ﬂ i
; Mﬁf T, TRe g & 2 %z‘!’f’oegm‘

s 452 7 L T B XAl 19 8w BEH ——y

32ERBEAZIIDHEEHMAER Bmm. FRBANEEHNETAEAR
Fig. 3.2 Permanent mold casting AZ91D cross-section morphologies peened for peening
distance 13mm with different peen time:

(2) 30min, (b) 60min, (c) 90min, (d)120min, (e)150min, (f)180min
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AFEERY AZ91D & ERAPKUHEATHR

MEKZHEREEANES, ANKRENMREHE B-MgyAl, B EH
WEEKFRDES, BEZUEBEAEREE.

ZEE3IMI2TUBH, EALREENRARNNT (WREHEXT),
HEBAER. BANENERE AZIID ZEeRABLAERETILTRE
. ZUARRABRABEARRANEESS, SBHRAREEHREH
BERDM. ATEERHMNESRY AZIID B4 SRANKUEHZRENE
MAR, TUNASHTHAROALE, mEHELE, ORIEHFLENTL
[l ¥ b 2

3.1.1.2 SMAT f§ XRD 47

B33 R&RA AZIID &S LA F W AL B 5 W AL A SMAT /5 # XRD
i, 5RGEAFEMEL, 27 FAMAER. BARNE SAMT /5, fTHEHER
#.. BH, Bragg At RURHBRANTNL . BN ELANBRU=H
BMLER, Bl Bragg FiSTRMER EUREAX=ZFEUENLEBREN. BT
WERRANARREERER, FUTUAREENERLNER. BE®). d)
S AR (a) (C)=IREHIHAE, FTLNE M, BEBE AT E) B 2E K A, 95 2 A 3
m, BRAFEMLERET RSB, tALRBBERARSE, XURREENE
REAVHHELENIESY, —PENKREUMNZERR A R F R EHEL,
Al —ANSEORZENARBN S, EXNRERENFHZUERTRDF
FEANMSEME. —BRERIERERN, %HE Bragg B, THABER
EHNREE, SERBTHENCERERBORAZR. XRERXEE SMAT
SRFRERTHHERN A RET RAMEL.

(@ o Mg AL ®) o p-Mg Al

4 RN i - JM

2 2
qg) O R 13mm g A A_J \_13mm_
E £
v 11mm
~A A A ]

\ “J 00 original original
20 30 40 50 60 70 8 0 %2 34 36 38 40
2 theta(deg) 2 theta(deg)

20



Bt AR

| () ° B—-Mg1 _,A|12 (@ ¢ B_MQWAI 12
150min A A ° } \ 150min
| A A

S

> 2
[ 120min 2 ] i / \  120min
[ 2
£ L k gomin | = 90min
W, W, VW, V. NS
60min

A

N ]
0® A origina’ N
20 30 40 50 60 70 80 30 32 34 36 38 40
2theta(deg) 2theta(deg)

= =

B33 8REAZIID #EEFABAEE. HiEH XRD
Fig. 3.3 Permanent mold casting AZ91D Mg alloy SMAT samples of XRD profiles for
different peening distance and time: (a) different peening distance, (b)magnification of (a),

(c) different peening time, (d)magnification of (c)
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Fig. 3.4 Permanent mold casting AZ91D Mg alloy grain size after SMAT with different

peening distance and time
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Fig. 3.5 Semi-solid forming AZ91D cross-section morphologies peened for120min with

different peening distance: (a) 11mm, (b) 13mm, (c) 15mm
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HEAHE, ErHEESRBEEEROEEHZREA—HM.

B 3.6 EBHRE AZIID HRAEMAEE 13mm. ARKBEFHB@ASR

Fig. 3.6 Semi-solid forming AZ91D cross-section morphologies peened for peening

distance 13mm with different peen time:

(a) 30min, (b) 60min, (c) 90min, (d)120min, (e)150min, (f)180min
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Fig. 3.7 Semi-solid forming AZ91D depth of deformation layer after SMAT with different

peening distance and time
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Fig. 3.8 Semi-solid forming AZ91D SMAT samples of XRD profiles for different peening

distance and time: (a) different peening distance, (b) magnification of (a),

(c) different peening time, (d) magnification of (c)
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Fig 3.9 Semi-solid forming AZ91D grain size after SMAT with different

peening distance and peening time
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Fig. 3.10 Permanent mold casting AZ91D cross-section morphologies for ®8mm balls

diameter with different balls content: (a) 60%, (b) 80%, (c) 100%, (d) 120%
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Fig. 3.11 Permanent mold casting AZ91D cross-section morphologies for 100% balls
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Fig.3.12 Permanent mold casting AZ91D XRD profiles of different balls content and diameter:

(a) different balls content, (c) different balls diameter, (b) and (d) magnification of (a) and (c)
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Fig. 3.13 Permanent mold casting AZ91D grain size after SMAT with different balls

diameter and content
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Fig. 3.14 Semi-solid forming AZ91D cross-section morphologies for ®8mm balls diameter

with different balls content: (a) 60%, (b) 80%, (c) 100% , (c) 120%
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Fig. 3.15 Semi-solid forming AZ91D cross-section morphologies for 100% balls content

with different balls diameter: (a) ®6mm, (b) ®10mm
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Fig. 3.16 Semi-solid forming AZ91D depth of deformation layer after SMAT with different

balls diameter and content
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Fig. 3.17 Semi-solid forming AZ91D XRD profiles of different balls content and diameter:
(a) different balls content, (b) magnification of (a),

(c) different balls diameter, (d) magnification of (c)
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Fig. 3.18 Semi-solid forming AZ91D grain size after SMAT with different balls content

and diameter

B 3.18 R¥BEFHE AZID EELSEBAEREN 13mm B ALK K
120min &4 T, ARRERARTHEALTENRAERZAXRR, NETH,
RERRERURTHEAASENEATERMIBRZBTHEE, B
HEMBKE LB EROES.

GAEERLRERTH, ANALRFERNALNATZSHYT, ¥ T+HE
AR AZID &€, EHEBAER 8mm, BATE 100%, WAEH 13mm,
BARS )% 120min M TZS%50, RENEFELENHRER.

MHE 33 M3 AUEY, ERANRFTELELEY, BASEMH
AEBNERUMEESEE AZIID ZAeBREMNRERTHEWEAR
H. HETFERBE AZIID &&&, FEFWE AZID && &REHLHHTE L
BRANBRERRRINAASENBBERHER, BRUBARRARN. X
WHERAEMNNRSEMARASRER .

EALREDRNERSET, RANKEHELENIRES, LESHEE
AEREBRHNEERTRRE o-Mg MEMAENRS K p-MgrAlL, #H5
EEMAR, BARE o-Mg FIERLFEERKERN . XA REZENERFR
BHBRENELERET, BARODEMEERZRIE Y, RENNBRE, T
AN RPRIMH -MgiyAl, MEHBRBARBRANRAD. EEEERY
BaET, BRREMAEM S Mg TR BRE, HETARK, WITEK65]17T 4,
ERET, ARKNERRRHERLFREESEN—¥. EALRERE, ¥
ERRRRENIEORREERAESREN, TARHNENZRENE
. MEREECSEARATHHARREBELENME TR, EHEE, AR
MAKERARR, RNERERZALBRKERHL.
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3.3 #5454 SMAT SRALHE

WA R L3, SMAT R=EBHBRN—F, BE5HENTEBHETRNE
KHARE, EERAE:

1) SMAT MRERR FRAES SABEMRNLETRT, HHBEAERR
¥4,

2) BREAEEMHHRANIIEBHNER TN, REER. BREHERF
G

3) AAUMHE T RWEEMERE, FREETSATETRNEERN
RBBHEY, MHHEHNELIEENER, NREE, NEF . NE
BESERKHXER.

SAMT %, HHEREFRIEZERBAIEBREOFIEEN
W, SRBEROOEHEATEHWHERGE, Zh®. Sun | wulsZ 3t
B P RERSENSREAUNENHRARY, EXRIGENE, BHFRE
ERAFLEEHN,; BNENER, EFRRLLHBATESHNEZRAERE
o, BENEBBRE, NEEHEHBERRFEANTR; BEMUN L
H—PHX, EXRNRARDEZBLEEVE, EHSBELERERAT, EH#
—SHUHBKE.

MICER[69]7T 40, JEBEET 225CH, ZRESENBHBRUBB R
EhE, BBERXIEL(0001) <U20-EFHE. XREAEHEETEAN,
ZEENEEARBRANKAN N A LETRBREATAEESL. MK
AUREBEEESETHEAEANEOEHRECNEERNEBR. £X2RKHES
SHEZEWEHHEHEE, FEHERLEY, BTEMAZAEERY I
REFIHRMAN DB =E, SIRBANTE. ERIAHKALLIES, & T
B-MgirAlp IR, FABRENERE—EREREAANRNIEHNES, N
FEEEMNBUBTRENBIAKNBERERE. BELREXENFRBBR AL L
BAMEFEERMEAED, FEZRBESK, SMENERMRBELR, &
HmsIEMNAETERE™E, XHAMNNERTUREEEHE, Fih
HEMRR. MEEMBEBEIRLNE, FEEMIBELTAEERE . =
ERNAMTFEEORBIER SISO TREEEREENEETHER, BT
BRENAR, EERTFHERTN AR, ERRHXESMEL@BB LT
BlEzi. MA—KRMS, BNRERNEK, ZENHRNELR. XERAINE
EEBAN, ABBREFABBEETEHEERHNBEERIETERFR
HAT. EXNFEERY AZIID 4 & REHMMBELBENTED, TERLY
AARKEGAR, THRRY o Mg LFBRFRETL, FULBRABNKRER
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FEBERY AZ9D B & EREPARUBEATR

RPMGHRIAFHAR, MERKPBHFFENEESET, BY. TESEREH
RRHLEIA G R IR B % SR B AL R 3T B R A TR
BERARLBRREERME M, MO, A, MERMAS
FEPNEEELRENE, 55, BERANRMNEN, ARXAREAS,
RRAIBABELEFENEERY 90%E WA #6E, SIEELEMBREESR
BERAE, HERA 10%MBEEHREUNTROEABFEEMBRAES, HF
ALEE R T REN 80% U E, FIUEERNMEREREGNEERS, T
HRESHALALARALERSARSETE, AEEEEMNERMUERET SR
BX, RHEREH, FRBSNUELAARTRKEENEST, BHEE
ANERANTS. BEXRENEMN, REEERANEKR, BRTHESES
mlEE S, YRASHEREOARETMSBINEEATEI —EB2EN, X
ETHABER, B—HH, BRBLEREENSBRANMNEXRS, &
MEERBEEAN 200C", £ AZ9ID B4 &1 SMAT R, B 28 B (4] ()
EK, BERBENXEE=EEERANE, XU —PREMHHNESE R
BE. EZCSFARY, 28T, A4 80TURE", YERAKL
5HFBEREHHEFEN, URRUBMATBASFRAANEHTESIA
BAEENRREIRZREIHELE, EX—BEN, AHEE. B3
MEHIBRNANER —REHE, EARAARAHARUEREFBRESWL,
ZREBEMERMEKTETREEH.

3.4 EAELEN AZ9ID 45 E& %R SMAT HEIH

3.4.1 ERLEY AZIID %A & SMAT ERELM KM
34.1.1 BBAEERE AZ9ID #4 & SMAT ERMALR

MALERELE, BrABLEREEZERABFRELZHMENEETHE
oA REALE, RIEHE, AZIID EEENEBEKAEAN 370C. KELR%E
B2 EEERE A 380°CHE 24h, TLEWEER 415CHE 24h,

£RH AZ9ID AL FEHWMAE o-Mg MR R PRI A B-MgyAly, K4
B, 2 380CHEAERE 2h 5, HRKPRME ST HHRE, B2EHEIE
I BHENEE o-Mg HF, £ B-MgrAlp 2 HISR SRS 214 415CH
% 24h, HPEIZK o-Mg Bl B-MgsAl LF 2B H BB A o-Mg i,
FG B A I TR R B A

ME3I9TUEH, £ BE AZ9ID #4544 B AR ELERELEEH#T
SAMT 5, BRE%. ANRELALAHERETHEHTY, ERALAHERR
5%4%, ERREXBAYS, AFEEO LEHZHERERNK, BEEREHRET
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BHEFVEBAD. NE 3.19ETUFH, SMAT RENBRRENEZRERE
KAH 40um, SEEML, REBAEFE p-MgrAln KB BFE, BRK
BEXRZREXZERAEHFEFE.

3.19 ERAEMERE AZ9ID #44% SMAT BERUARKE I
Fig. 3.19 Solid-solution effect on microstructure of permanent mold casting AZ91D Mg alloy

after SMAT: (a) partial solid-solution, (b) completely solid-solution

3.4.12 BERLAEBEESHKI AZ9ID 4 % SMAT HERAR

FESHE AZIID ZA AT ARMNARARA, HHFRROES5EARN
RoMH B-MgAl, 5 EHARAM, 2 380CHAERE 2h J§, # o-Mg
HBRRAR EEFERENRSER B-MgrAl HE X HAR, WHE 3.20(a)
PEEEAREN R 2R 2ARLEEERNURANARMEEEREARTLHE
WA a-Mg i, BRBEATRAEEE, WE3.200)FREEEXBERT.

E320 EE B EEART AZIID #4842 SMAT ERELNE W

Fig. 3.20 Solid-solution effect on microstructure of semi-solid forming AZ91D

Mg alloy after SMAT: (a) partial solid-solution, (b) completely solid-solution
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FRAERFE AZIID S EXRAAKUHE AR

MEB BB AZIID 42BN BB LEHZ SMAT I B AR

UEH, ARXEERETHAEMNEHZR, AL4HUARENHE (B
3.20(2)), EWALHEAREREE, BRRREAYS, AFET L BEZR
CERERA, BEAREESTR, BREREZH R, LEESEARFAHE
MAEFE, SMAT ARNBERENEREREEKLE 50~60um.

3.4.2 EALEN AZ9ID %&£ SMAT E/MEE NN

B 321 REBLEN AZIID #4544 SMATAEBEAEENE W, TUESH,

EELEEASENEEEEET AN RBERR B, BEEERREH
BNEEAEE, FrBEBELEFEREE AZ9ID %4 4£ SMAT RAHE R FEE K
FRE, MELEARLEMEERRS. XRANESIEELES, BHRA
B-MgnAlp FABAEE, ERPMREIMMELES, BFREHLMT
BARBRANMIFAER CRXROFEREAFRE. T2EABRLEE, BEHRM
B-MgpAl, LEEMBEANEN o-Mg F, X HE R EHLHTE & R BN
ERHEY, TIURANERAEESkELEBEMHES.
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a
$120p o @ 120} s&\
2110} ox, —\_ RIS N
[ ] /O B *.
B 100} \é.’ o | 8100 L N
29“ go| O~ ERHSMAT B go[—o—RRHsMAT
S *— SRS ERSMAT § [T REAEEREBSMAT
2 80 w—kEHRISAMT g 80 Fu— % E HF R SMAT
70| — £ BB EHSAMT 70f ¢~ FEBRETLERSAMT
0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210
depth(um) depth(um)
130 - 130 —5
c d
51200 ¢n 120} @
%’110 &\:\\ /°\ §11o A
1} I 0-—0 Q = I \
[ s [7]
B 100} \ o §1oo I \'\%.:\o
s B
g %I, £ RAISMAT 8 90t \:
O 0= A [+]
g sl § ool —o— HEBMI B FSAMT
"R RREHERSMAT R e
70 | —*—& BT 2 [E#F+SMAT b 70} —l—’i‘lﬁl%ﬁiﬂiSAMT
0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210
depth(um) depth(um)

B 321 BRLEM AZIID %A & SMAT ERBENER
Fig. 3.21 Solid-solution effect on microhardness of AZ91D Mg alloy SMAT:
(a) partial solid-solution for Mg alloy, (b) completely solid-solution for Mg alloy,

(c) solid-solution for permanent mold casting, (d) solid-solution for semi-solid forming
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B A8

WABEBENTEEBFLEMLESRY AZIID %44 SMAT RBER MR
ERER SRAATLABLES, 44T MR ERNE R -MgnAl, JLF
TEBAEGRAR D, IRRUERATREATERBIAAELEIREFTHT
R RT R N R I TR AL B SR B SRR, T R REJE T e

3.5 KRG

1. SMAT REET¥EAERE AZIID B4 EM - WEEAR, X44E o
MBHNARLTREEW.

2. € BEMEEESEYE AZIID RALEARBAEH. BAKE SMAT
ERARETRHNEHER, ROGHRTEINTHRE. NERLHAR.
RREMEEMBRRTEEAN, BENBAERSRANESHA 13mm
A 120min, NRERZEHZRENEERR 53um £4, GRRT4N
20nm.

3. BEARBAERANE E SMAT i, XEERE AZIID 44 MBES
HZ 8mm M 100%, &£RE AZIID A4 &M BEESEHLE 6mm A 60%.

4. FEERENERY AZIID AL R 2BHE LB FHRIT SAMT 5,
KENREENRRXARBEEE; BRAEEETR, AAKNHEZILEH
. BoERNTLERLEELESRE AZIID %44 SAMT A XREEM
BEBRERE, THEER AZIID BEAENENA K,
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XREERI AZIID FALEREMAKMBEARTR

F4E REHNEMEBELEXN AZID 5 SR
I5)

4.1 BREE

41 R AIDREEEARALZSH SAMT BRI RHREEERLRR,
METTR, FESEEEAFECRE L ERMNESEES 20Hv £4, BH
BETARBIANKENMMELEARNRAREREBLRLEENTE. M)
MOETENY, SRYE AZID RESETENLATZSHT, LBAEEN
13mm. W{ALE B 120min, BAFER 60%. BAERHN 6mm i, KHERE
BEHEHHMSHEMFTR XER=FFBUNSRE—EM. NC)F()

130
120 @ » A130 (b)
i Z120}
. I
i110_ ———/\t ;
§ \._4‘7—/—4 §110' ] \'
[ = L
9100 —s—11mm E 100}
2 gol 5 —=—6mm
8 —o—13mm 8 90+ —_8mm
S 80t —*—15mm Z gol ——10mm
70 70+
0 30 60 90 120 150 180 0 20 40 60 80 100 120 140
Shot Peening Time (min) Content of Balls (%)
140 o 130 @ .
c
| 3
130 ~ Si20} 5/
< 120} * 2 —
— =
s 110 —s—11mm g
s —e— o100 —s—6mm
S 100 o—13mm ]
L —x—15mm s —e—8mm
= 90} —*x—10mm
90+
0 30 60 90 120 150 180 0 20 40 60 80 100 120 140
Shot Peening Time(min) Content of Balls (%)

41AZ9ID $#AEZ SAMT RREBELT
Fig. 4.1 Variation of surface hardness of AZ91D Mg alloy after SMAT: (a) different peening
distance/time for permanent mold casting Mg alloy, (b) different balls diameter/content for
permanent mold casting Mg alloy, (c) different peening distance/time for semi-solid forming

Mg alloy, (d) different balls diameter/content for semi-solid forming Mg alloy
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BoEH, NREEESTEER, YEAERE AZID ZEEENRETESHEA.
BAFEE 13mm, AN 120min, BAEE 100%, BAER 8mm, XH5H
ZEPHRUENSER—B. ERANLEASBE AZ91D %4 &5 R R AL
ERBEEHNRARENS, FEMARNAOEK, EHXKEETRE.

130

5120- -K
IR

[ —n— R E AR TESMAT
- —e—&BRISMAT

e
8 8 a3

Microhardn

s 8

0 30 60 90 120 150 180 210
depth (um)

B42AZ9ID $ &€ E SAMT REEBET I
Fig. 4.2 Variation of cross-section hardness of AZ91D Mg alloy after SMAT

Bl 42 & AZ91D B &4 SAMT FRABIEEE T M EEZW, TTUEH,
HTRAEKRTAKGLAR, FEERANEEALCRA, SRKRETHHL
BWAZME, REEERATA 14, FEBEREENEM, FEMHERERK,
ROBEH TR, HIBREBIEKFNE, XRRFIE—IMREZHRANE
WMEBLAHFT. RIEHEE IR TIEE T &840 4k R bn T8 b % #3081 35 [ 4k
A. BFHW¥EREENREESRBEMBRIAS N REREE, Frelail
BHBEELELZMALEF, ROREHELFTRNERR, FEHEFRENY
m, BREEFEHER BEREFEHZED, HESEABE B, HLEE
MENiZe2E LRARBHNRTHE. S TEEEMERERAREEFE Y
MM TERERL, WSELERZLEBNEERNTNBTEMMNER, U
ROTUBE - AN ENER, RERTORZIBUHEZLERESELBMEH
RE N %M.

4.2 BT H

B 43 £ AZ9ID B2 & EAR T ESH &M SAMT G AHE ) Tafe fh4,
MR F R RS BENR 4.1 Fin. TEY, BE5&NABRBEMNE
BEIM-1.476V KB LEEREHM-1.301V, BEHBRRRNT —IMEEL, F
DREEAREEHNAFRNAERTEREESS. HTXESME AZ9ID &
EEME, HETERRE, REVUROTEGEE &R AR D
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FFEBRIE AZ91D B & SRMPKUEARFR

BHOB. RACRERAD. BHRRBREATER 80%M A F LR R
K=AHEL, WARBEREASTE 80%NREIBEAREENEE, #
AERA NN AR EEANRARESEL. NTEEBH AZOID 44, Ml
TRHEBRE, RENEHTELEBRFEXSRAEERBRA B RACBE D,
BHERRUAKRKASR, RERAELND 10mm RAFNERBALES. &
PR, BAEAREET — A REE, FULSEAERND 10mm Wik
®"ET

0 0
a
2 22
|5 3
&
g g
8}
_8 L 1 1 1 1 A 1 n
20 -18 -16 -14 12 10 -20 -18 -16 -14 -12 -0

Potential (V) Potential (V)

4.3 AZ91D # & & SMAT J5 Tafel Hik
Fig. 4.3 Tafel curves of SMAT AZ91D Mg alloy for different technical parameters
(a) semi-solid forming, (b) permanent mold casting
RAIAVID HREEFFIZESH SMAT R MR M%S H(E
Tab. 4.1 Parameter values of potentiodynamic polarization curves of SMAT AZ91D Mg alloy

for different technical parameters

B BBV EHER/A  BAeSEE/QCem’ &

1 -1301 1006x10° 2707 LEASRTEBRE
2 -1.428 2.209x10™ 166 ¥ 55 FLAY A 90min
3 1404 1.560x10°* 283 %% ALk 8] 120min
4 -1.435 3.318x10™ 123 FHAER 6mm
5 -1.423 2.374x10™ 155 ¥HANEL 10mm
6 -1.379 3.588x10° 687 FEAETE 80%
7 -1.467 4.123x10™ 88 & BB R IR
8 -1.499 5.472x10™ 66 £ % #5 8] 90min
9 -1.465 3.366x10™ 102 & % FLI A 120min
10 -1.484 8.880x10™ 46 EHNER 6mm
1 -1.332 1.674x107° 1885 EHAHR 10mm
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4.4 F1 4.5 & AZ91D B &4 SMAT R # EPMA 247 M EHHE LM H
B, tmEXLENE. TUEY, RENARABELER, FERSEBEREER
YEEREEESE, RERAHMT Feu Ni. Cr ZExE, HARLRFEHNE
GCrl5 AEMR, ABMALESD, RETELELT BOGEARRERET, HE
FHE-EHRENTEEAN. TXETRESEURERBRALEY, EPR A

CERSLE, BRTHME. B 46 TUENH, ARFLERREL, Mg R

SERBTREMRR, IRANEHELERRE, REFSBEEABIFX
fRP, UBAEREL, BHBRBE—NMHETRKEYE.

MUESHERTUES, EHHERERY, RENKRLEES &AM
MELERMERBERARABEERNTR. XA, 2TRALKNSEERETFE
R, GTREBHREN. RENBFELEE, B4EPKREENERE
MELBEHN, SRACHBEHEFHEN. R2ERNMNERBETHEM, &
W2 R R EERATRR, RBMEOEMEREME . Bk, SRRTREwE
AEREHAKBEFEHUENTIERR. AAMBEISKRERN, RAT
BA. BFHAGEESRRLEHEFHAARN, REBERELR, HMAEE
BRGNS, IVREFBLEHMRREEZTR, DESLERRD), XEH
XKUE, REMBAKEH, MTESBREERR, ERAMEEHNARE, #H
BEESMENEARRRE, REEmE MK, Wt TR, A, BT SAMT
FRARRBHEAE KBNS GRAR ), 7E NaCl Bl A S KEN B,
MTIREAE T AR Rtk ae . Bk, RESRSH, WHEEARE, B
XBGEAEMUERBTARERENRERTHN. TR, KESLAH
2K % 4 O R4 S R R AT b AR E AR AL

Hi bk, R-MWMELEEMEORRES. BE, SERARA, &
A& B-Mgs Al HITTLUE B AZ9ID B4 &M, XER I BE
BRSEE B HEIME « HEFL, HEEESERE—MEBER, TER
KT HEmERD, ERK, RELZHEMN p-MgAl;, Hi7E SMAT dB+HC2
WHRE o-Mg E4H, HAREEBANE B-MgrAl,, H $— a-Mg # . SMAT
Ja, B&F B-MgrAlp M AHERERMERE KX, X2 SMAT iR HER
AEEMHEENFEREZ —.
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Y EEBY AZ9ID B & ERAPKMABAGA

WP O3ta Proc. : WIITI Oisplay - Image

woadoa

- O D

4.4 AZ91D # & & SMAT ik # EPMA B2 47
Fig.4.4 EPMA plane-scanning analysis of AZ91D Mg alloy SMAT sample

(a) semi-solid forming Mg alloy,(b)permanent mold casting Mg alloy




A8

B 4.5AZ91D #& & SMAT KB EAH /7
Fig. 4.5 Line-scanning analysis of AZ91D Mg alloy after SMAT:

(a) and (b) micrographs of semi-solid forming and permanent mold casting Mg alloy,

(c) and (d) line-scanning analysis of semi-solid forming and permanent mold casting Mg alloy

43 s Y

43.1 SAMT A RIRERBAREHEMELRS XRD 247
B 4.6 RELEERFEESE SAMT AELFFREEE K 2h ) XRD B,

HTFRASEPFESHRY, BHBKABELEL. TUFEY, REIRH
P kb B2 R PE (¥) Bragg A5 48 B 18 K IR FE B T G, 0 A R Lk SR OB oK Kb BB Y R T AR
BT, XUHELRFTEENBAKIET, RMHROTELBREH SRR T
FRAMES. NERETUEH, B KGR RATH 5 A7 bR E 7 & W
mAEES, LB KEBERT 300°CH, BIRATHHEK &N REEE N &ERKA
E#3), REAROIRHBELEAFNEAEHELRERETHENE L.
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FEBMRIE AZID FaSREAKMUEARTR

@) , (b) \

' i
‘ 350°C
Q Al A A e/ ] é l\—A 350:6C
(/2] (7]
c o c 0
2 W o OC e A A 300
LIJ 240°C 240°C
" A A A AA

) J . un-annealed {\un-annealed
20 30 40 5 60 70 8 30 32 34 3% 38 40
2 theta (deg) 2 theta (deg)
4.6 $ESHT AZ9ID & & SMAT T FiR EiB AR XRD Bil
Fig. 4.6 XRD profiles of semi-solid forming AZ91D Mg alloy SMAT samples after

different temperature annealing

4.7 R¥BEERE AZIID 44 SAMT RELSAFRER X 2h HEE
HEMAR, TUEH, SMATHAFEBAE, RRERTRIHEHEK, SBAE
B 300C, BRRTKXELA S5om, LBXKEEDTF 300CH, RERTH
FEEKX, BBARNMERERTREFBRIAE, S B KBEF B 350CH,
PEMHBRREBEANLES. MRARKEEER, BRI 4K H K
ROEE.

AFAR, MEHERTBLELEREKK, REMHHKAREE. 6
MRBREENAFREERNERTRRR:

WEERERN=ZXRANABE. EXEFREABR=EANAULAERAZE
MRXX K. OAREERSLTL, RAFE. KBTI =XEF 4R
SBETEALEE ZXRFER DN SRR M BUEEZE KT & F &
8. BRRdM 100nm B/ E 2nm B, ZXBERFERSEEMT =/ HE
%, MERBRSBNENAG—ANEER. XEHRE =R NGRS S
B R WE R EE XN RIB7], EXRAARMEHSEREKREE
FRAMMEER, BMEEREDNERRTREN K SRR TENEE
U3, Rnt, =X RAMFELEHEERT—RET, HTUARM B HRAR
MEBEETEMR THFETREMERSZFEBRTEAEM, HXFXHFX
CRMTAS—RAAENMER, REERMKE. MALESMRERBE
B, RBEARFELBOSA, XESAXGK K HEEHE EE KNG
fEH. SAREERBHRERMOABEHT. Bk, BRGKMHHREE
BE. BREKKEHNBEK, BRAREASETENEROTHAEANMRR, &
MEBS AR, AMERAREHRMERTEESHEE, ik
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R 4 e rw;*"
TR
TRNLY 5 I
i MR TR

L4 : 4 .

4.7 ¥ BEBEHK AZIID #A & SMAT REFREERXRERAR
Fig 4.7 Microstructure of semi-solid forming AZ91D Mg alloy SMAT samples after

Y,

different temperature annealed:
(a)un-annealing, (b) 120°C, (c) 180, (d) 240°C, (e)300°C, (£)350°C

FERPKMERFOFEDE—RBE, NTEGRMHHATRFHREEE.
QBRAFELEH BB FRFEME SRR ZENK, RFAETFHHE
Fl. RAAS. REHAGBLEANRILBE, AFAEEHRER. BLFHA
FHARFRERMGIEAFAIH. AAEARIBIEAREERNTLEN
w%, PHRTES, BTAFURKRAOHE. XRANERLEHWBEAT
TREMTRAIBME ARIBRTRUNREESHAERALEHBE L,

MATTEAKERERENEREEARTHEKK,
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EEEBRE AZIID BB S REHKUEARTR

432 SAMT XA FERERARHEREE

B 4.8 REFEFH AZIID B4 4 SMAT E2AREEIR K 2h B A EE
WE, TUEY, ARENEBELHGT, HAREE R, BEEERH AKX
BN, JBKRENIS0CH, ARBAEERAHBRKEBTRE. A
BALERERN XRD BEATE Y, BXEERME, &R ENHERAA
B-MgirAl, A B3, BFRBEMREEEEM; BEIBEEE N, BR p
HESEHRAERK, BERERARTHEKANGES, FHERNERTERREM,
BEERMES. BB AEEXT 350CH, IERRAMSELEM, L
RN HARBRER, FURKHETRUBR, FREOEERD. BEATE, BX
BERKEN, AHEOEELL 350CIRBAEERE 20Hy £4, FURTILRYE
RERFEEMRT 300CRAXAENEFHEEREHE.
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B 4.8AZ91D #& & SMAT RETRREBAE BB
Fig. 4.8 Hardness variation along the distance to the surface of samples annealed for 2 hours at

various temperatures

4.4 BB

1. AZIID B E &2 SMAT G REEEHERT, WEEFNEH RN ELRE
HEE; RARAIZSY, AFNREEENRIEERAR: FESHEE
HEERETLZSHT, BWEERRT 36.7Hv, £BHKRAT 49.34Hv.

2. fE 3.5wt% NaCl KB F, N TFEERE AZ91D H#4&4£& SMAT iR #,
B A K, BHEAEEN 80%H KRB, Brafigk— M EEL,
A E AR ENREE; X TEREE AZ9ID 44 SMAT R, KEX
BHEmBE S, BHERARUAKRKASR, RERAERN 10mm Kk
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HEET.
3. XEARFE AZIID #4547 300CBKAE 2h 5, RERERSB R
MEEHRE RIFHREE.
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EEERF AZID A4S RAHKUBEATA

ZLSRE

AR XETIHAREBEAMLBEASEY AZIID FAEERRAIESH (HA
HR. SEABAER, HE)XROIRAELEENEREAR. EHEEE.
GRRTAY: REVEABLETELAERERABE —ERENHXKE
MEZBHERE, REGRRTREETHRE, FNBREHEFELRT —
MEESEH. BRANBREK, FHAZKENEEES YK, 2 120min 5&
FRE:; MRAEBKHK, BAMARNE(120min) FRELENEER %
WMAER MBS, BAEEAN 13mm HREKX. BIAEKENEEHEEALSE
R KT e KB, BRAERN Smm B, BKNR 53um £%; BASES
FHRUMERLES, BATER 100%HBX, BRENSAXKREE 200m £4.
MARLZSH SMAT FRABNARNZ R RABIUTER:

1. SMAT REET X EAERE AZIID B4 &M KEEHLR, WNH4 o H
FBNARLTFEEEW.

2. ¥EERENERE AZ9ID & £4 7% 2EBLEEHIT SAMT 5,
RENREEHZERBXRBERE: BRAKEE N, 44MHETHESR
E:; ERE SMAT AEBRRERXNKEREXKAH 40um, ¥ EHBE SMAT & #
BREZVEEEARAE 50~60um,

3. MABRBATEEABELEELESHEE AZ9ID 44 SAMT AERE
EREERERE, MERE AZIID BE4EHERA K.

4 AID EELSMAT EREBEHERE, BEEFTMEHBNEE
HEE; RAAALIESH, AENRAEENRBEEAR; XESREE
FEERETIZ2HT, BERAT 36.7Hv, £REMEE T 49.34Hv.

5. £ 3.5wt% NaCl K&+, M TFEEEE AZ91D %4 & SMAT &K,
WHEREAESED 0 EEARBRENREEK: XTE&BEE AZIID 4%
SMAT X ¥, REBAERN 10mm MiRHERET.

6. kFEER AZ9ID %A £ 300CEB KA 20 J5, RERE R R
MEEHA RN E M.

REAKRUBERF R E AN EE L2 REEEREB ARSI KA,
MNELERRBESHFESREEEMBHHRED, MHLEASREEHE
GREFTEBINMBERARAERF, FURERARNRE IR RESH
XEMSHAUNEURTZSHENIBENEHERARN. ESEHHRRTF,
THBEHERMEBREERERANKUBEREE S, FRAXHRALEEKL



A2 R

FOEH. HEELERRENEH. RAAKLSHEALBLEABATES
mRkEELER,

ARXRRHLEASHE AZIID B4 LREMKUHARST T 05 05
%, EREEREHERER:

(1) REHKRME ISR H %,

Q) FAREHKUIESEAMEERELEEH . REMLNE, Ha
AT

(3) BORBAME, FFHLARFIRE R 2 A0 2 40K AL R A B LR &
BRI

(4) HEHIHERLESALERARAKE. AUNBHEMUREE
AR AL R T 52 R

(5) ERMMHHE, HFTENRA, HEEHRA, RELAREIE.
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MECAZIID HEEAEAIZSH SMAT EREEE
ERNR. THREEERENEE

R CIADID a4 RAMKAS RN KB R T

SAMT 5% AL B 8]

SMAT

BAZE

da B R ~F

= K)
B /min R R R /am BEs% 1% /nm Fi
30 35.25(30.6) 60 35.2527.5) ¥HEE A
D=13mm Hé
60 18.06(30.1)  t=120min 80 20.0729.1) B X
—o8mm AZ91D
D=13mm 90 40.15(28.9) 120 1002617 HEE
X=100% Dets _a; #ﬁg
=1 omm Moy
=08mm 120 20.07(29.9) 6 18.06(29.1) 5 H %
t=120min L EA
150 211294 5 00% 10 15.19292) o g
. AZ91D
180 2157(27.4) ©120min 11 289030.1) 444
X=100% R
d=08mm 15 24.5(30.6) R~

#C2 ¥EEMFE AZIID B EREMPKLERAENEREEE (um)

|
i
’ SAMT
}
!

BT 15 #1.BE B/mm
ﬁ?ﬁ fﬁ’f’bﬂﬂ'fﬁllmm 11 13 15
30 3125 16.749 9.04
60 21.772 37.738 26.047
X=100% 90 19.486 43.747 28.711
d=08mm 120 24 53 34.434
150 18.333 49.246 34.042
180 20.855 50.984 32.25
SAMT AR H HAAR%
EBez$  BHAHEB/mm g 80% 100%  120%
6 24555 30377  40.756  35.946
D=13mm
8 24.76 37 53 41.747
t=120min
10 30 34497 41247  35.75







Bt 2E 83

R C3.1 ¥EBRFY AZ9ID &S RE ARG B MR 8 5EE (Hv)

SMAT GBS 34 5 1 FE B /mm
30 113.8 114.8 114.8
60 111.2 113.2 114.6
X=100% 90 1152 131.8 115.2
d=08mm 120 124.2 128.2 120.29
150 116 133.8 99.04
180 116.4 129.6 113.2
SMAT G2 2 HAETE/%
EE2H BAHRE/mm 60% 80% 100% 120%
6 113.9 112.6 124.4 107.34
D=13mm
8 118.4 115.8 128.2 109
t=120min
10 122.4 119.2 117.4 114.4
E FEFRT B RE R B M 91.5
£C32 &R AID BALRMAKLE AN REEMEE (Hv)
SMAT S K 8% #L B B /mm
30 103.2 121.2 103.34
60 108.8 111 107.42
X=100% 90 106.12 111.8 105.82
=O8mm 120 106.72 119.6 108.6
150 107 114.4 110.78
180 111.6 115.4 106.96
SAMT AEEH HARE%
[ & 2 % #AHR/mm 60% 80% 100% 120%
6 122 111.4 106.52 107.3
D=13mm
8 108.62 113.2 119.6 114.6
t=120min
10 103.72 115.8 120.78 106.2
#iE CRABRHBEAFROMEHEE 70.26
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RCIZAD BEELERAAKMAERBNBTEMEE (Hv)

SMAT ik g £B%A AZ91D FEERE
TZ248 1 1988 B /um SMAT AZ91D SMAT
0 119.6 128.2
D=13mm 10 125.8 110.42
t=120min 20 121.5 108.12
X=100% 30 101.16 101.9
d=0G8mm 50 108 99.3
70 108.78 83.6

RCIAAD 446 ¢HBLERRRAH KGR EHMEE (Hv)

swar B SRNESE SRUEAN e HSHE
TZ8% jum B E+SMAT  HALE+SMAT +SMAT H+SMAT
0 117.8 123.8 116.2 110.6
D=13mm 10 115.4 120.5 112 127
t=120min 20 110.2 115.62 112.2 107
X=100% 30 114.25 111.25 104.4 103.15
d=08mm 50 105.38 102.58 110.8 103.9
70 103.9 104(80um) 97.275 103.175
SRATLEBLE 87.48 ¥EERTEERELE 87.57
SRAUBHEBELE 85.34 YEERERSEBFLE 100.26

FC35EEBRIY AZID EEEREH KT B AL E RXHEH BHEE (Hv)

SMAT EEhE BARAEEMRTE

IZ284% R ()55 B /um 240°C/2h 300°C/2h 350°C/2h

0 114.4 104.9 76.12
D=13mm

30 117.62 100.84 98.275
t=120min

60 128.8 118.6 96.56
X=100%

90 126 119.6 99.98
d=08mm

120 119.2 112.54 97.78

RH: TZ2HAHEK: D-UAEH, —BANME,
X—RAZTE, d—RAER








