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Abstract

The effects of twin boundary and temperature on the mechanical properties of nano-polycrystal
iron under tensile loading were studied by molecular dynamics simulation. The results show that
the Young’'s modulus increases with the increase of twin thickness. At temperatures of 10 K and
300 K, when the twin thickness is smaller than the critical size, the peak stress increases with the
increase of the twin thickness, showing abnormal Hall-Petch phenomenon. However, when the
twin thickness is larger than the critical size, the peak stress decreases with the increase of twin
thickness, indicating the Hall-Petch relationship. When the temperature is 10 K, the critical size is
obviously lower than the critical size of 300 K, which indicates that the temperature affects the
critical size. The twin boundary in the model becomes the initiation source of the deformation
twin due to the stress concentration, promoting the plastic deformation, which is the main reason
for the weakening of nano-polycrystal iron. In addition, the phenomena of crack nucleation, twin
boundary migration and twin retreat are also observed.
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YK BT R U R RE A V2 B 7T, KB SRS AN 43 3l 70 5 (MD) B 78R B 4K 4
JEAT RN — R LA o A A R B BRI L] [2] [3] [4] [5]. EHF b A5t TRt el ae G
EIRE, T1AR 5 SR — PRI 5 S 5 NTEADRE, AT DM R R I R4 7 A e MR R e
Peo Tk, FHEANCEXHREIT 7T Z KW 7E[6] [7] [8] [9] [10], & fE4HER2R S Xt 9K & R iR A
Gk EREAER

SR, FH SR8 1) 75 343 BT 5 (B] B AR AR FRARE G RO IR, 17140 130 1 2 A0 R 6 42 5 B IR
TS E L, BRI . SRR SRR R IR 4 R . AT AATIEIE 773
J1ETPRE T KBS A TAE[11]. #0VE5E A[12)F ] MD BSUE 7 T 25 & J5 B (TBS) X 25 f R gl K 2
(SR RER IR, S5 B 24 TBS IGEIEUN T 0.2 nm ™ I, 74l fE 28 S k%, sk 25 B 5t b1k
ARRFHAEH ;24 TBS FIEECRT 0.2 nm i, 258 RBLAS AT H0iE 5h, B 28 5 A 25810 1E A - Sun
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Figure 1. Atomic structure diagram of initial model of
nano-polycrystal iron
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3. BRIERE SR

BAVS> BB FE TR 300 K A1 10 K I, 22 5 R EEST T 4K 2 Bk J e g e . 16 2 e th TS
7] TBS 27 i SRR NIAN L 5528 i SRR IR B AR T2 MR 2(a) FTEE] 2(b) & AT LA SR S LEH7 A N )
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R A A R EUR I BENE AR T, AT BRI < R A BHK 122 1M BE[20], 49K 2 dn ki IRIEEEEBE TBS )3
KGR, FERZEH TBS I A 1322 5 AU 140 SR B0 te sk . 7215 2(a) 1, ANE 2R A
9K 2 SRR L R A Y 5 K200 7.58 GPa, i 2 28 i S AR AL IR 0B B 3 #3MIKT- 7.58 GPa. 1 ]
2(b)H, AEER G SRR 2 R A Y (WA N 7] K279 8.50 GPa, T A 75 25 i Tt R Y f e B g #51%
T 8.50 GPa. XULHITE 10 K #1300 KIE T, 90KZ BN TIANIIEEA TBS 2845, XA #E
FISHLIIE R . seAh, FRATERTAMIEES]: 7F 300 K I, TBS A 1.66 nm HIRER 350 B AN K H

N T SELF  E BF R REFNAR  JELFE X AR AR T AT O R s, 1] 3 45 T 300 K A 10 KB, 9K 2 di ik
WEAE N A3 UTBS s &R . (& 3(a) R i fE o 300 K AR (U AE B A3 UTBS I &, & 3(b)FRori
JEh 10 K BRI N /A0 UTBS [k R). M 3(a)MIE 3(b)#RAT LLE Hi: 24 TBS LT3 — M A1l
I, UEE RS JAN UTBS Hifebt, Wi, A (8 R ) BE 5 28 i 5 R I 3 RT3 K, 38AE S 1)
Hall-Petch X % . 24 TBS & T3 — ANl SRS, WEAER /A 1/TBS ik bl, RIS AL e (5 I 2 22 i
JELFE F 488 KT /), 347G Hall-Petch 2% & . 76 300 K A1 10 K JELE T, i1 FE 5 %04 3.54 nm F1 1.66 nm,
XU A A O TR A2 4k, 300 K Il FHE KT 10 KRB XTSI S48 . K 3(a)F1 ] 3(b)it
ATDANREE R A 28 i SR I VAR B 3T AN 5 28 it AL AR Y PR B R g, X Ui B 1 E R B
NZE G RS R B G5 L /R - Beah, XFERIE 3(a)RTE 3(b)iE AT BAE H: 7EAHA TBS F, 10 K iRE R
(RS P AT S 77 35) v T~ 300 K IR AR FRTUEEAFL I 7 o 32 TR Ay B i PS8 RO 8 o, J&— (vl sl P38 i
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N T R IINZE f SR Tk 2 ek isge, JRATEZFFL T 300 K i, A[E TBS HIZK £ ek r)
BIHLIE . & 445 H T AR N 300 K T, TBS N 1.66 nm fI4HK £ S AF R £ S8 B 45 43 514 0.04+
0.081. 0.103. 0.114 Fi1 0.182 HFifh R &5+ E (1] 4(a)~(e) - mMRER M AE v 0.04. 0.081. 0.103. 0.144.
0.182 fyHifi i 125 i ). AL 4() R0 4(b) (B 2R MEEZ) AT LA e 2483808 0.081 B, 15 ¢k
FLAT 2 5 ok AH &R (1) i S 2R L IR %, 28 Sl R TR B 2R &y I ELRE AR )28 g A g o Bl AR
(RGN, RASIKE] 0.103 B, ZEggar 5A8 G A BAE A, 1 RAR S AR R AR, AR AR G R R
B AR A T2 e (IR, DT E LG 25 iy S A SO 3T PR 28 R Sk T T 28 &y, SRS Fe, &l 4(c) 2
AR RLE R TR . BEEE BRI — B, A AR R A A AR AR TR . R, AR RO AR T
IR, SR 2 R SSIE R . Ak, ST ER ] ()R 4(c)nT LARER, 4 5 a0 2R i R
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Figure 2. The stress-strain curves of nano-polycrystal iron with different twin thickness and
different temperatures ((a) 300 K, (b) 10 K)
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Figure 3. The relationship between peak stress of nano-polycrystal iron and 1/TBS at dif-
ferent temperatures ((a) 300 K, (b) 10 K)
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Figure 4. The atomic structure diagram of model with TBS 1.66 nm at different strain and
300 K ((a) 0.04, (b) 0.081, (c) 0.103, (d) 0.114, (e) 0.188, (f) enlarged view of twin)

4. 300 K Bt TBS 5 1.66 nm 1A E A N % TR F£549E((a) 0.04, (b) 0.081, (c)
0.103, (d) 0.114, (e) 0.188, (NZEE MK E)
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RS AL HEDR SRR fy LSS FAL 77 A, TR T 26 {11228 B T o T 2% 29 A T SO RGZR iy, 428
i FI oty ) O 28 o A 5 VEE K

BATFFERIFE TURE N 10 K B, ARG R B 0K 2 S Bk b i v Re . R TE LIS
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Figure 5. The growth process of deformation twins
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Table 1. The critical strain of crack nucleation in nano-polycrystal iron with different twin thickness at 10 K and 300 K
< 1. 10 K 5 300 K TAEIZE8 B E K % 8 k7= 4 QAT R IR 75 R 38
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10K 300 K
25 8 L S .

0.903 0.144 0.158
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3.54 0.103 0.108

431 0.123 0.088
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