20214 SE8HAIET0E

s A ﬁ '- ‘i
IS Founorw [T =

La 1 Ce 337 o —Al ESHaF 138 MM BREZNmAY

==

7

¢RI

1=

i &, EEF", KEFE, RBE, ERE

(1. f@INKZ, RN 350116; 2. BiI¥ b, fRiEf@iN 350108; 3. BT, REf@/MN 350118)

EEEN:

8 (1995-) , B, W
THRE, AREEAAE
BE TR R IE N E R
1k, E-mail: 287018433@
gg.com

BiEE:

BaH, B, ¥E, &
+, BTESIH. E-mail:
fugaosheng@fzu.edu.cn

hEDES: TG146.21
NEtFmRAS: A

W ESHS : 1001-4977 (2021)
08-0939-06

BEamB:
BEESEARNZEES R
InE (201701156 ) .
KimHER:

2021-03-24 WEI9FS,
2021-06-22 WEIEITFS .

WE: RPETEREZRECHE—RIETFEKESTSE, NRFRELaFICeZZR o -Al
ROTUEERS . B EASERERITIHED T, NFEA-RERGEMFFARMIECHKIE. 1
SR DR, LaMCeBAME T o -AIRVEERSEL, Al-CeEBARILESRELLAI-LaEAR
i, BPAI-CeEAKRRIGEINRENERS; PHMRDOIERE, LaflCeZR &R T o -AIRIERE
RE, HISST o -AIRIZEZRE, EARRANIRIE TR, AMERLE—ENSEFE, Xif
TlLlLaiZae o -AIBRARE,; SEEDITERR, LaflCetBZ Tz pRIEBIREZE KEERALHY
TEERNO, BRESIRFARERMEKESZEEN, FRERAE—ENSBIMR, N
mslEAREE. BERE, 2%, IIMES.

Xigia: S—ERIE; LafCe; o-Al; JUIMERR; SRIEMER;

=
SEE

MEEDHFBRABINLUREINIRANIRES, AaSEMERY%E. B%. i
M. MEMAESIHMIRAR AR, FLrREBRENNEEERFEN
B, AnEEkEGES, JRIER. #HHIMESSHSER, 8FTESES
NSRS ASERNESAI-REREGEY, HREBEY, mBaEFiHRM
SERTAIRRHBE. MEE. MRES, BRUESMHAOFEEMNIE
ft. BRTHRIEBEMHERISHE, SRS PRETESHOTIN, EF LY
PaSARMMEEZBAENARS, BLUNEREXBEER LR FSEERER
{ERBRYMMALIE o

EFBEZRIEE (DFT) "NE—MRERETEREN. BEXIFIRIU
MHZERESIEICHZT, IMNRFREDITHRSCOROHR, REAeeili
ERREFR G HREMESBBARLRER, K ZNATEESMHEAIAR
R EEEMOIIRITR, NAS—EREENMRHERBIIAE TR (M
AR, BB MRBIL I BRI NERIIN G 2B FERSRNE
=R Elit, AXRABE—MREAHEDERITLaFICeZ AT o -AlZEHIEFRFNE
MEIERERIRIN, BLEASMRHGAI-RERS ST RIRMHIBICHYE .

1 RERISHERE

FIEHILaFICeTE o -AIFRIERNIE, BREEITEREHIITERRRRE, 14
#23 x 3x 3B108PMAIRF Y a -AlREE, FHER M LafICe[EFIERE o -ABIAIA L
B E, FRLAI-REENAR ( REFEEBAFANKELIN0.92% ) , (ARAIGSITEE
B~

AR EHLIK AMaterials Studio3 1T, TEHITE—HREBITER, KRTHE
CASTEPERFBEITREGSSHBTHTOUMITE, TERNSEIITENE

RN EARAEIN, D3 28EMETIRINRE. ATEITENRRSES



F

Vol.70 No.8 2021

sH [y ——
{EE Founory TGRS

KEIRENRBE, BWENENEEES, mid
SNEHMESREITENE., IRBEEBREXR
ki X a1k, X ay=ky x a3, EPa,. ay. a; DB 2Ex. y. 2
Fa SRR EH, ERMtasEEraHENIE MR
2, BEXEMNISUSREITERE., FEit, ZEER
BEFIE LA E, MNERRFTHSENR . BE, 3
RELDRETFEEIES x 10° eVLAR, FHEEMNEIE
BERETENREF /0T 0.01 eV/A, RIES
RZ{TF0.02 GPa, AZEREB/NT5x 10" ARF, TAR
HHEIRFIWEL™, BIHRE T ETEERAR .
TEEERBRFBNFEmESE (PAW) , X
X BX R HUEFIGGA-PBES %, BiAImIzE X APulay
FERAEL, BAHSCREREIRE 5.0 x e’ eViatom,
RREWH LI RABFGSE %, T MNIER,
KRR BEERIW SR EIRE 95 x 10° eV/atom, [RFE)
HEEERHWSIRERE 0.01 eVIA, RIIESN
W SRR IR B 90.02 GPa, NZERBUSIIREIRE N
5x10* A, CASTEPIEHRYS EiRPINSEBEINHITHAL
BIRRSHRE . BITWESIENNL, o -ABIBIRER
ROELETBEIRE 91 000 eV, kiR E 25 x 25 x 25; 18
ZUARIETEEIRE 380 eV, ELEIREN2Xx2x2,

2 HE&£ER5E
21 JLfagEa

RREMZTTRNE, FIERNRIREHES
WEBMELITTR. EFa. b, ¢ (nm) HRIEEH,
AHy, (evatom™) BEIBIE, E,, (eVatom™) REEEHEE,

AILER, o-AREEHTEESIKREIRE
RN, AT NSE—HREBTEERNERM, BT
tERBESESHOHNRITS, WA —ERIENRF
REHTTERSER . I, BFLafiCelIRF$
2 (1r,=0.187 7 nm, r¢=0.182 5 nm ) ML AIRgEF
72 (ra=0.143 nm) "k, LLaF1CelBZYE o -AlRRT,
BN FEREEEIIEMIE KR, XEBLaFICeE
Zeal LAMIES o -AINEIIS 5,

SARNERE ( AH, ) RRBEBRAREMESE
ERNYIEE, BREFM—FTEEBRTS—FEKRS
FERREBRRNEREED . EiRET BT i GLaf0CeR

FE o -AIFEBIESZIZE, SITEREIEEER
fE, WiRBBETBREEERT o-Ald, BEERR
EXEMK, WEVMBESZER, Rz, EEBES
IHE, WIRRBEE o -AlIFEIRIEREER RHIT,
FEERLIHINFHTAREEET o -Alh . BEIAES
RICAILASR Y :
E tot_(N -1E /:ollid_E goli‘id
AH,= N (1)

RF: E2AI-REEBIKARNBDEEE, EaiES 7
BIZAIFIRE (La. Ce) ESBRTREFREE, VA
Al-REEBMARRIRF2EL

HEMREMMERARNERE RIS BILE
3, MENEABIAEE, FHLaFICeHE o -AlFHY
Elad BB RHT, TEERELIHINEHTIEE
EATF o -AlF, X2HTFLaFICeIEFFHELAINER
FHEKRT, Lo, Al-CeERARNEIAIRELAI-LaE
B, FBELaFICeiEZ: o -AIR B AI-CeE
Pz

HEERE (B ) RBE5SHREINEENES,
FARFLRAENEBRELUNRGEHTREREF
NIRERE. ®ENEGRE. SRREESEEH
KINBEENXR ., SEGRANE, SRR
EFE, MESGREHA, RIESENENERK,
RADBABRNFROEEMRMK, RSO
Eo. RIEAT (2) IHE T LaMICeEATF o -AIRIKG
BlIAARIEEEE:

E_—~(N-1)EA _ERE

atom atom

Ecoh: tot N ( 2 )
o % % o
P ) %, .'-. %, P % 'o.. , “, %e  ers
) -..-o ..6 LS % % , 'o.- % LY o.. % © Al
o, % % % % o o % %, o, 0 o
.o .'. ..0 ..o. .o. .o. °. '.. ....:.. -.. o..
%, @ .'- % % o | % .o. o % % o Y
QOO.oc.o........... 'L
% % % et °s %, %, % %% 0, X
. —
e ?’o.._'c %, ._& _‘.‘ '.. 'o. %
> Y
(@) a-Al (b) AI-RE

Bl  o-AFIA-REEIBRRIZIIEE
Fig. 1 Structural model of «-Al and Al-RE solid solution
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Table 1 Calculated architecture information
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Table 2 Calculated independent elastic constants IGPa
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Fig. 2 Three-dimensional diagram of Young’s modulus anisotropy ( GPa )
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First-Principle Study on Effect of La and Ce Doping on Structure and
Elastic Properties of a-Al

XU Qian', FU Gao-sheng"?, SONG Li-li', CHEN Hong-ling', WANG Huo-sheng®
(1. Fuzhou University, Fuzhou 350116, Fujian, China; 2. Minjiang University, Fuzhou 350108, Fujian, China; 3. Fujian College
of Engineering, Fuzhou 350118, Fujian, China)

Abstract:

The geometric structure and elastic properties of La and Ce doped a-Al were calculated from atomic scale by
the first-principles plane-wave pseudo-potential method based on the density functional theory. The work will
provide theoretical basis for the development of cast Al-RE alloys. The results show that La and Ce doping
can change the structural parameters of a-Al, the binding energy of Al-Ce solid solution is lower than that of
Al-La solid solution, the structural stability of Al-Ce solid solution is relatively high; the elastic properties
analysis shows that La and Ce doping reduces the modulus of elasticity of a-Al, weakens the deformation
resistance and reduces the symmetry of a-Al, and the doping system of Al-La/Ce solid solution is anisotropy,
especially La doping a-Al. The analysis results of density of states show that the doping of La and Ce will
increase the density of states near the Fermi level which is not zero and makes the system show certain metal
properties, resulting in the decrease of strength and hardness, and the improvement of plasticity and toughness.
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first-principle; La and Ce; a-Al; geometric properties; elastic properties; density of states
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