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Study the effect of environment temperature on mechanical and fracture
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ARTICLE INFORMATION ABSTRACT

The purpose of this paper is to deal with fracture behavior of carbon nanotubes by presenting a revised
structural molecular mechanics model in the finite element method. Structural molecular mechanics
modified model simulates nanotubes by using space frame model. This model contains carbon atoms
and bonds using a three-dimensional beam element with general section in which bending stiffness and
inversion are defined independently. In performed studies, a bridged carbon nanotube with constant
strain rate is examined under tensile stress until the failure of nanotube. Carbon-carbon bonds behavior
has been assumed nonlinearly and will be ruptured when the strain reaches 19%. Additionally, it is
predicted that fracture behavior in carbon nanotubes depends on the environment temperature due to the
mechanical behavior of carbon nanotube's bonds. Based on the present research, it can be concluded
that by increasing the temperature, Poisson’s ratio increases and Young's modulus decreases. Further, it
can be said while the temperature increases, both the fracture ultimate strain and stress decrease.
Finally, a nonlinear relationship is presented in which the constants depend on chirality of the carbon
nanotubes.
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Fig. 1 Interatomic interactions caused by (a) length change (b) bending
(c) torsion and (d) inversion
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Fig. 3 The relationship between force (in Carbon-Carbon bond) and
strain in terms of modified Morse potential [18]

Wl Sgte Jemliy ool 2 (2557 5 (25— 08 Ny () 90 4l 3 S

(18] )50

! Badger

89

Fig. 2 Geometry of the simulated carbon nanotube
o (g 3lodnds ) sUggl dmain 2 S

chw sl (osl 50 i Ol o dlie (b jo ool Sl Juw jo
L ol ol slacgs o5 ¢l 0.01697 MM’ ol b ogoe alaie
g odle Sy iy Geizmed Nigd s A il oo asl yo &S (b,
e 3 plS o gl i 53 G 03 55 sl O ol gl
SH 9 4o )5 hed omio 21 ed (6597 slaSh
Sedgn iy Jiae slo)S slag s 5

Siladse 5 bt SIS (py 0 S o0 Geizeen
kil slags il 5l e ploxil 2002 Jlo o sl lawgs ol 457 Ll
—oad Sl Bro og SaS Clea glamio (g9 (e g Gl e
{15] ey i 1, (4) B (2) Lasls, 1V oo

E = Egtretch T+ Eangle (2

Estretch = De{[l - e—ﬁ(r—ro)]z - 1} (3)
1 2 4

Eangle = Zke (6 = 00)*[1 + kgextic (@ — 00)*] 4)

&5 Eangle 9 Bossm (525 5l Jol> (65,31 Egtretch el ) oS
9 Om Sl 0 5 Wsm Jsb T inizmes Sl Wigny 99 G e 5l (556
g oo By 1 ooz 50 0 Ojgo a3 b el )y ol oo Wigy
116]
Jadme 59,5 oy (glm oot plssil wlaass § Slaaliw b
S S Sedlglgil )0 Wg (285 (65 dadign ) etV
oz sslngly e 5l Jeol (65,51 9gm SzsS e @ o sl
e (55 22 (55,1 Mlin 53 ol e 5o [17] 5
5 ) by, Sjgo ) Jolo 5letS 5 908 lgior g 05 S Sy

3591 Cawoas (6)

dE
F = dTT = ZﬂDe (1 - e_B(r—ro))e_B(T—ro) (5)
M = ? = kg (9 - 00) + [1 + 3ksextic(6 —_ 60) ] (6)

oS o |y o la ST 0,5 sdlgdgl SO ol aal a5 jebjles
e 5 e @l (6) alyly 5 lile] Slaalin Glls 5 ools I8
oS s 0 € (S 9 F sgp m alaly 3 S 09 e Jol>

[16] (5= S Wiy po 58 Olodl slo el b 1 Jgur
Table 1 beam element parameters in carbon-carbon band [16]

0.1421(10°) m Ty
2.094 rad 6,
6.03105 (10™%) Nm D,
2.625 (10" m* B
0.9 (10™® Nm/rad? ke
0.754 rad* Ksextic

3 ooladds 17 0993 1396 s ,a (e Suilke wdiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.3.42.6
https://mme.modares.ac.ir/article-15-8685-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.3.42.6 ]

Sl Sgmums 9 oo oS Uso

P TV REVV PR VST PRI ONE PRV TS

ool S8 azlie b bl wo 8 o carlin a5 jgblen 0sd o dunlio
Syl g callas

2 SIS 5 ny] syl sl S Jyan 75 6 sl IS5 5o
Sly 05 g0 oadlie a5 jablen sl odd gy Jaoee glod
b oeios alal, 1355 sladslsls S Jpre e chlio (slaleo
Sy Jyn ol 15 231 L ol stne ol al b fs el ad
Gloo jo ol Jlade cpl oS oy ol Jlade 4 a5 Shejy b sl oo il
wboy) wib o0 0.9 TPa (16l5 800 slos g1y 9 1.05 TPa 515 300
sladgdgl o s ol as’ Jlo o d(canl S 1M 5l alglgils lad oS
el a8 1M G gyl (s oS Jloj s 45 .abl o 3la5] yuzea ]
0lss [25] 1 lawgs a5 (o5 ojlul & ainly) Sl Joe (Sis o
g g0 0dalin gl olaul ;o sgamme s3] Juw (saliwg 45 o 00l 0ols

ol S ) 5 4y TS5 slodlglyl sl S Jpie ol
55 gLl zlagel canl SoS alg) Jad a5 oK a5 wil Judo cpl @
Ol 756 sl jo aill i yoze)l 5| STS5 sladglyil o
BB b a4 an sl Joow daoxe gles Gl Lo 55 comline
oo U g

2 Sl 9y (nl jledyls (S dglgil a3 5 Jsbo 4 SO Jgoe
plnil @lizee plos Lulyd o (ol Job 5 k8 L aledgdsl o,

12 -

1.1 4
=
=it = T=1600K

1
=
o =x= F=1200K
g 0%
2 -+ T=800K
g 038 4 -+ T=300K
)
§ 07 | —— T=100K
=

0.6 -

0.5

Q 0.5 1 15 2 2.5

Diameter (nm)

Fig. 6 Variations of Young's modulus in zigzag nanotubes with
different diameters in different temperatures

lales o alisen sla las Ly F1555 sloalydyil o Sl Jgoe Ol i 6 S5

Sglaie

1.2 =
:S_G‘ 1.1 +
e — T=1600K
§ 1 — T=1200K
‘é 09 4 -+ T=800K
@ -+ T=300K
w08 4
= — T=100K
=
> 07 -

0.6

05 T T T T J

0 05 1 1.5 2 25

Diameter {nm)

Fig. 7 Variations of Young's modulus in armchair nanotubes with
different diameters in different temperatures

wlales ;> calien glalad b oo T slaalgloili Kby oo ol i 7 JS0S

3 oolais 17 0995 1396 s 3 (e Suille Swise

[20] Lo cilizee slalos ;5 5l blail o 52 Jgo

Table 2 Thermal expansion coefficient in different environment
temperature [20]
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different temperatures [20]
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Table 3 Constant parameters in Young's modulus relationship in terms
of temperature
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Fig. 8 Variations of Young's modulus for different chirality in terms of
environment temperature
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Fig. 11 Stress-Strain diagram in armchair nanotube with diameter of 0.8
nm in different temperatures
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Fig. 12 Stress-Strain diagram in zigzag nanotube with diameter of 0.8
nm in different temperatures
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