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Abstract

Material mechanics is a very important basic course for material specialty. The quality of the cor-
responding experiment directly affects the quality of students. In order to improve the ability of
analyzing the micro-mechanism of mechanical tensile experiment, in this article, the tensile prop-
erties of titanium dioxide nanotubes at different temperatures were simulated by molecular dy-
namics LAMMPS software and the stress-strain diagram is obtained. When the temperature is 100
K, the tensile strength of TiO; nanotubes is the highest. The tensile strength decreases when the
temperature changes from 100 K to 500 K. With the increase of temperature from 500 K to 2500 K,
the tensile strength of TiO2 nanotubes increases gradually. In addition, the changes of tensile
morphology are simulated and analyzed by Ovito software, and the distribution of atoms and the
force of atoms are analyzed. Therefore, the mechanical stretching of nanotubes at different tem-
peratures by molecular dynamics can cultivate students’ basic research quality and the ability of
micro-analysis of mechanical properties of materials.
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PRI ZURRE R R Tl s WU T b S RS S L b i) — T LR UR, A4 RE 7 22 1 5 ) 1k
LI S RAE— MR H 2 AR T VR M AR R, AR TRV AT SR IR 30 UE R 2 i, ROR PRI 7 5 AR 1)
SOV SRANER. TiO, & —JEARRL TR, HEE KRR AY B IR T o L8 SR 254, TiO, 44
KA LMY e R ESHIVE I Q) 2 N H T 2 A R BL . AR (1] JuklEite
W21 VM BB RAEEAM B 41552 M. B AT, A AMERGRAE 1 & 5 v B K IRA (5]
Je AL ZE B RSB AE[6], PR T VRS & 9K E NV EEANE . 992K TiO, EEAG A 4E BIEE: —FoR8ik
B, H—FhREaail, MERENTHS, TiO, FEUESL AR AET], I HEL AN Tio, EintaE
BT, B AR M e S5 ) B AL 2 1 S AR R SR HH (8]

LAMMPS (Large-scale Atomic/Molecular Massively Parallel Simulator) [9]/& H1 3% [ [E 5 REVE SR K 1K)
Sandia [ 5 S5 % T K ()T AR 0 ) 2 K 28 W 03 1 2 ) AU TR A, AT DRI . A Bl s
RS, BT LM SR i Ma SRR 7. REY. £, &R BRAHIRLE R4,
TG G &R MmN 2 BRI . A S R TiO, 49K 73 J504E 100 K. 500 K. 1000 K. 1500
K. 2000 K 12500 K AN FREE R AR J7 2250, 78 NPT RE% TR z B0y i) S oy ik

2. BURE

i LAMMPS PR Ab R iy g — MR RS, 480 ER A TiO, HUARTRIER 23417 3.0 nm LAMIJE
F R AAE 2.0 nm AN IFTA R T RIAIEIAME N 3.0 nm, 424 2.0 nm, EPEEEEERN 0.5 nm [ TiO, 4K,
mE 1 R, ZBERAPKE IS 48,000 NMET, HH 16,000 HERRE T, Fiks R ERTECN 32,000
Ao I8 Ovito BRSNS FHEAT —4EnT AL S EAR T, W AR T AR T, SO
MR/, G TIO, YRR E MR 1. Kbt R e i, AEFRNRET. ERUdRENAH T
KEBBZHIR, MR SR AN RE R, AR TS B AR R BT
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E A PR B I BARSERR AT LA, 43 T8 15 R /R B B0 B R A R R R B B AT Rk, TR
K3 B B0 Buckingham #e%0[10], SR EIRIEZAN:

E:Ae”/"—g6 r<r (1)

% c
Hrb p BETXHKBIKESE, M or 28R, SEF RS v B, DONE R IR A
0. HBEREFN p WAKTE, RE A, p M CHLUE K e 1 o MIfENTRIEA, P2 T Lennard-Jones
FRBMRIE . Kb 4 FoRBEERAL, p RRIEE AL, CFRINAEEIEE AN 6 K.
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Figure 1. TiO, nanotube model built by Lammps command
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3.1. BRESHMAGEERXR

RFTR R, AR 7 58 T 52 FE s AR O, A% G (4 77 Be A BRI AL EAT 5256 AN e T 58 AR
BEER M, BT AR 0 B A R F AN B D AN e SR S AR RE R, T
AR SR 431 80 775 7 00 FERRE B AR I 5 T S BAE R B (Y A BRI R TR, BTSRRI
SRR, WP 2 FIEE 3 AR, MBERREETE 100 K, BERRL RSB RER, AR B N R
ETt, B BN S PR TR, 128 RS S R T e RSB ALATSREAE T AL, i 2T B AR
B SIS 56 S 7 i 2R IR 3R AR B 3BT 5 I AR IE I 2 BT AN TR X TiO, 9 K A Bt iz i P55 2 e v 4
MM 100 K FHi 3] 500 K, Hhrs ALk B M 500 K _EF+F] 2500 K, TiO, 40K E B E
OB R . SRIGEE RN, IR 100 K B APEHRI R 7128 0.456 GPa Big KT 2500 K ] 0.453 GPa.
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Figure 2. Tensile stress-strain diagrams of TiO, nanotubes at
different temperatures
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Figure 3. Relationship between tensile strength and temperature

3. BRESREXARE

3.2. RHRASUARZ NS4

Ko 73N 12 N T B AR 55— B 0 AR T T DU I = 4 AL B WS R L fi o A v
METHIARM KR T 1, dha B SE R K ) 5 SRR S ) AR A ORI . ASEIG RS Ovito
TR A AT R FE T Ak, W& 4 Bios . BL 2500 K I TiO, 99K 8 i S At 2 1 A48 4 91 33 47 35
s WE BB RAZNT 0.5 1, TiO, HURERHEEUVN, Ji 12 8§ BB A R 5E, H i T
K, RINE T Z @ EW 5 SRR RGN 24 i R ASE#E I 0.5 I, #2071 2 [
S PR, BRI PR R B s R A 0 S B W SR I 1 A P9 R A A AR R I 2 R A 35
TR -
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Figure 4. The strains of titanium dioxide nanotubes during tensile deformation at 2500 K are: (a) 0; (b) 0.5; (c) 1.0; (d) 1.2; (e) 1.5; (f) 2.0,
respectively

4.2500 K TZEHHPKERMBTRIIZFNESHIA: (2) 0; (b) 0.5; (c) 1.0; (d) 1.2; (e) 1.5; () 2.0

R B RIEHATIE R T R T 2 A ER B AR, 5] NAR 1) 4341 B 48[ 12] (radial distribution function, RDF) X
PR “XHAHKBREL” (pair correlation function), 3 BERALFARFIIE S A AL, HTRR5HEMRTEE
BN Bl e+ Ar Z IR PRLF P, E SN

4 <n(r,r+Ar)>
Ni'Nj 47’ Ar

e NN YA 1 JRFAE RGBSR KRB VBB (n(ror + Ar)) FORLL i JERF R0, Ao B 7+ Ar
PAIFAZE SN sy &

H 4% ) 43 A R AR 52 CT A, SR BCN I 2R G R AR Sy, I8 KRR AT AT R4
35, ZREULER ERIE T RENRLT RIS, SRS E BARGMER . MR RER T
A& SE A BENLI, ANAFLEATATER 88 9 10 1k, WUAR ) 3 A B BOSE AR AR R 1, T B SEAAR R A% 170 9 A bR
BAEAEAE — AN B EE B A A TSR0, BRSO3 K e fasc B 1, X IE R Rk 5 4k 4 [
IR P KT M4 MRE .

2500 K~ TiO, YK EERWI 12N 1 nm IR 18] 70 A bR 200 AR (1) 8 i) 5 o, g5 R
TiO, G K W BB b A A A2, ARAR R 2 [ BE 25440 0.19 nm, B & B 1 4K S5 7 A 58U 1 2 1A (1
BSTE 0.19 nm /A5, 5SCHR[13IFTA3 M4 RAHTE & o B bt a] DUE H B8 35 B AR R IR T3 K, 55 — U

g;(r) 2)
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Figure 5. Radial distribution function diagram and partial enlargement diagram of
2500 K TiO, nanotubes under different tensile states
5.2500 K TiO, YR ERRHRARTS TR E 25 R HE K ESFRMAE

FIH Ovito B 2500 K T TiO, APKE &N E T 152 71T BoR, TiO, K EIERZ N IR, &
ANETF52 TR/, HLAR A 22 8R4 J5 1], 1% 77 32 B e i b 15 3 p ) R 1 7E P 1 B 1 3R 305 24 TiO,
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Figure 6. Atomic force analysis of TiO, nanotubes under different tensile strains at 2500 K; (a) strain 0; (b) strain 0.5; (c)
strain 1; (d) strain 1.2; (e) strain 1.5; (f) strain 2

& 6.2500 K T TiO, MKRERERBKRE REFZANDH; (a) HEO0; (b) E0.5; () B 1.0; (d) HE 125 (o)
Fi%E 1.5; () FEE2.0

4. B4

T AR FOETE (S0, AT DB A 48,000 AR TR TiO, GUKE, BRI & 14 %
SRRV 8 3o AN R E T e i 2 1 23 A A5 2 AL AR AR AN [ BE R K 77 22 MR B A AR s o A
(A A8 AR O S5 4 32 F1 0 B, AT DA =2 A0 [ A B L R 22 AR SRR 122 IR R GEHTAR,
FFREIRAF B A SCBG e OUL 1A 2 LA B AT B  SRIR R B 0, T DU A S G B S
NBIM R 22520, AT R AN, R R B, B, 1 ah s Ir ik i 544
BB ARSI AT LA Rk R A B B2 R TR, et AR R .

& H
W RS HE BCFSCETH (U H M5 hdjyl911); R RFME S5 T2 B 280E 20 SCE 0 H (O
H%i'5: Chjyl802).
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