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TOM TAT

iPhu(mg phap phan tir hitu han nguyén tr (AFEM) dugc phat trién dé xdc dinh dic trung
dan héi cua ong cic bon na né don 16p, ong boron nitride (BN), tim BN va graphen Sir dung
cing cdc héng s6 luc, két qua mé dun dan hoi khi tinh bang AFEM sai khéc so véi két qua tinh
bing dgng lyc phan tir khoang 5 %. Bén canh do, két qua tinh bing AFEM dugc so sanh vén cac
phuong phap khac rat phd hop. Diéu dé cho thiy AFEM la mét phuong phap don gian, nhanh
chéng xac dinh dic trung dan héi cho cac vét liéu ciu tric na né.

Tir khoa: phueng phap phan tir hiru han nguyén tir, ddc trung dan héi, vat ligu na né.

1. GIOI THIEU

Vat liéu na n6 co céu tric ludi luc gidc hay ludi tb ong (Hinh 1) da duge nghién ciru trong
nhirng nam g,an day do nhirng dic tinh uu viét cua ching nhu lam chit gia cmmg cho vt ligu
composite hay img dung trong céc thiét b dién tr. Dau tién 1a nam 1991 khi 6 ong cac bon na noé
duoc phat hién trong phong thi nghiém [1].
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Hinh 1. Mé hinh a) cAu triic tim vat licu bao gbm hai kiéu nguyén tr khic nhau,
b) thi nghiém kéo diing tim, ¢) thi nglmém trurot thuan tiy,
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Dén nam 1993 éng cic bon na nd don l(yp (SWCNT) ciing duoc tim ra [2]. Theo sau st
phat hién ra graphen vao nim 2004, tdi nay di ¢6 thém khoang trén 20 loai vit liéu na nd c6 chu
tric hinh lye gisc duge dir dodn tdn tai trén Ii thuyet Trong d6 6 graphen [3] vi BN [4 - §] da
duge téng hqp trong thuc té.uSau khi cac vit liu na nd trén dugc phat hién, ching can duge
tinh todn cac dic tmg co, li, hoa dé nham phyc vu cho san xuit dai ted cung nhu truoc khi fmg
dyng chiing trong thyc té. Trong khi tién hanh thye nghiém & thang na n6 14 rit khé khin va dat
do, vigc md phong s6 co vai trd quan trong trong viéc dy dodn cic dic tnmg din hdi ctia céc vat
liéu na nd.

Phuong phép 1 thuyét mat dé phiém ham (DFT), dong luc hoe phan tir (MD) va tinh todn
tight-binding (TB) la nhung phuong phap mé phéng tién tién cho két qu chinh x4, tuy nhién
chiing thn nhiu thisi gian tinh toan.

Phwong phép phin tiz hitu han trong nguyén tir (AFEM) d4 duge phét trién dé tinh todn cho
cac cau tric vat lidu na nd mot cach hiéu qua [7 - 11]. Trong AFEM, nguyén o duge col nhur céc
nat, chuyén vi cia nguyén tir coi nhur chuyen vi ciia nit. Céc phan tir trong AFEM dugc tao ra dé
mé ta fong tic cdc thanh phin thé ning gilta cac nguyén tr. Thé ning cita bé duoge tin tir thé
niing ciia méi phin tir. Pao ham bic hai theo toa do c&c nut cho ra ma tran d¢ cing cia hé. T6
44y, viée tinh toan twong tu nhir trong phuong phap phan iz hiru han truyen thong (FEM).

Trong nghién ciru ndy, AFEM dugc phat trién dya trén ham thé ning dang him didu hoa dé
dy dodn dc trung din hdi ciia vat lidu ¢ chu tric na n. G bién dang nhé, bién dmg dai va bién
dang goc cha lién Két c6 thé dugc biéu dién qua chuyen vi ez mbi nguyén tr va cac hang 56 Iue.
Hai kidu phén tir dugc x4y dung trong bai bao nay d& md 1 cho bién dang dai va bién dang géc
tmmg ung. Ma trin duge dua ra dudi dang hién. Thong qua mé phong thi nghlem kéo don truc
va thi nghiém trugt thudn tay (Hinh 1), dic trung dan héi cia ng cac bon na nd don 1ép, tAm

graphen, éng vi tim BN don 16p duoc tinh todn. Ke’c qué duoc so sanh voi phueng phip MD
cling nhw cac tai ligu khic dé thdy duoc tinh ding dhn cita nghién clru niy.

2. THIET LAP MO HINH
2.1. M hinh ¢o hoc phén tir

Tihe nang tuong tic gilta cac nguyén t ¢6 thé duoc biéu difn bing tong thé niing tuong
tac lién két vi thé ning twong tac phi lién két [12-14]:

E=E,+E,+E,+E,+E,,+E, )

Xét trong bién dang nhd, céc ham diéu hoa thdmg duge sit dung d& md hinh héa cho thé
ning bién dang kéo E, va bién dang géc E, nhu sau:

=§;c:( i @
] N
=y2Cleaf ®

trong d6: &; 1 bién dang dai cia lién két thing th: e gilta hai nguyén 1l § va nguyén ti /, 867,
1a bién dang géc giita hai lién két thing #f va jk (Hinh 2). M va N trong img 13 tdng s6 bién dang
dai va bién dang goc. C; va Cjy 14 hiing 56 lgc tuong img cho bién dang dai va bién dang géc.
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Véi nhimg tim vét ligu ciu tao b 2 loai nguyén tir (Hinh 1a) s& ¢6 hai gia tr C;; tuong img
phy thuge vio nguyén tir & dinh cia géc ¢é bién dang, Trong Hinh 2b, nguyén € i va & 14 clng
loai.

KL

6, @
b k

Hink 2. Mo hinh hai kiéu phén tir a) phén tir bién dang thing 1, va bién dang di 3l,;
b) phén 1ir bién dang goc 6, va bién dang goc 46, -

E,, E,:va E, tuongimg 14 thé ning dén tix bién dang xoén, ddo lign két, e van der
Waals va tuong tac dién tir. Tét ca dugc bo qua trong gidd han cia nghién cir ndy.

2,2. Mb hinh phin tir hira han

2.2.1. Xdy dung mé hinh tém va ong vét lidu na no

Tém na nd don 16p duge tao ra tir hai théng 56 1a chidu dai Tién két (I5) va géo lign két (§) &
vi tri can biing ban dau (Hinh 1).

Cic dic tnmg co hoe choa tBm phu thudc vao kich thuuc tm (ttc s6 hugng nguyén o it hay
nhidu). Qua két qua tinh todn & Béng 1, chung t6i nhan thiy véi vit ligu graphen tir tAm kich
thude 10%x10 nm gdm 4032 nguyen 11 trd Gi gid tn mo dun dan hdi theo hai phucmg khéng con
thay am nhidu trong khi khdi lugng, thévi gizn tinh todn ting déng Kk&. Do d6, thm kich thuéc
vuong gdm 4032 nguyén tir duge chon d& md phéng cho graphen ciing tam BN trong nghién citu
ndy.

Béng 1. Md dun dan héi hai chidu Y, (N/m) clia graphen phu thude vao kich thude tim vubng,

Kich thuée (nm) =3x3 =5xS5  =8x8 “=10x10 | =I2x12 =14x14

(S8 nguyén tir) (364) (1008) (2584) 4§ (4032) i (5800} (7656)

¥, (N/m) phuong armchaix 3355 3427 3460 347,0& 347,6 348,0
¥, (N/m) phuong zigzag 3586 3550 3533 1 3526 g 352,2 3520

M0 hinh éng vit liéu na né duge tao ra bﬁng cach cudn thm vt liéu theo phuong vée to C_‘h .
Khi 6» trung véi phuong zigzag (phuong x) ta ¢6 fng dang zigzag (n,0), C, tring véi phuong
armchair (phuong ¥) ta co éng dang armchair(n,n).

Xét thm vat ligu na 06 gdm N nguyén tit (nit). Gei (x;, ., =) 12 toa 49 trong khdng gian cia
nguyén tu thir /. Trong do phuo‘ng truc z vubng goc v6i mat phang tam. Vi tri cia nguyén I {
sau khi cudn t4m thanh éng 1a (X, ¥, Z) s& dugc x4c dinh qua bidu thire sau:

Khi 6‘,, trang v&i phuong zigzag:
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X,=Rsin(;g/R);}::y,;Z,=R[cos(x,/R)-—-I} @

Khi ¢, tning v6i phiong armchair:
X, = x;¥, = Rsin(y,/R);Z, = R{cos(y,/ R)-1] )
trong phuong trinh (4) va (5), ban kinh éng R<|C, | /27

Qua két qué tinh todn & Bang 2 cho thiy md dun dan hdi cia SWCNT phu thude kha nhiéu
vio ti 1& chidn dai trén d\rfmg kinh éng (L/d). Khi chidu dai dit 1én so véi dudng kinh thi gid tri it
thay d8i hon. Cu thé vai vt lidu SWCNT tr gia tri L= 15d tré di, md dun dan h01 a3 khd én
dinh. Do 46, ti 1 L= 15d duoc chon dé x4y dymg m hinh SWCNT ciing nhu cho éng BN.

Bdng 2. M6 dun dan hdi hai chidu Y, (N/m) ciia SWCNT phy thudc vao ti 18 L/d.

Chi 56, duomg kinh ng Lx5d L=10d  L=154  L=20d L=22d
(10,0); 4=0,783 nm 3377 39,5 340,1 340,4 340,5
(10,10; d=1,356 nm 347,6 348,2 3484 348,5 348,5

2.2.2. Thiét Igp ma trén di cimg phan tic
Ta 6 thé niing bién dang ciia mt phén tir hai nut (Hinh 2a):

PR PIYPAY
B=3C (ai) (©6)

Xét twong téc gilta hai nguyén 1 i va j. Khoang cach giita ching, 7/, c6 thé duge biéu dién
théng qua tea & (x,, ¥, z) clia nguyén tir / v 10a dd (xj, ;, 2) clia nguyén tir j nhu sau:

(F) _( —x) (yy—yj)1+(z'—zl)z Q]
Pac ham hai vé phuong trinh (7), ta cé:
l;b'[;=(x,—xl)(5x,—ﬁx/)+(y,—yj)(d'yl—dy])+(z,—z/)(é‘z,—é‘zj) (8)

bit & =4q,, § =4, & =¢;,Va dcl =q,, @j =g, va &/ =g, lacic chuyén vi ctia nguyén
tir i va j theo c4c truc x, y, Vi z irong timg. Phuong trinh (8) ird thanh:

51;. = r [ X, ( 1“44)"‘3’.;(‘12"15)*’% (‘13_‘15)] ®
Trongdu:
Xy =X =Xy Yy =¥V 2,547F 16y

& trang théi chua bién dang, ta ¢ 1 = ,, vi lo 14 chidu dai clia lién két thing & trang thi can
bing ban diu.
Thay phuong trinh (9) vao phwong trinh (6) ta c6:
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2

E= [x (2.-2.)+¥,(&-a)+2 (6, -4)] - an

2(1 ¥
trong d6 q° ={g,,4,,...4, 12 véc to chuyén vi mit cda phén tir ba mit.

Pao him bic hai ciia him thé nang dugc xéc dinh tit phuong trinh (11) theo chuyén vi mit
cho ta duge ma triin 4§ cing cua phin tir hai nilt:

o
¥ =—2—, mp=12.6. (12)
™ 9,9,

Lép lufn trong tir, thé ning cla phﬁn ir ba nut (Hinh 2b) ¢6 dang nhu sau:

A a3
trong 46 goc 6, gitta hai véctorl, va Iy cé thé dwoc tinh tir biéw thire sau:

11, cos8, = X%+, +2,2, 14
trong d6 x,,y,,2, va x, s Yy 2y ki hi¢u tuong tu nhu (10):

D420 ham hai vé cia phuong trinh (14) ta ¢é:

80sind,, =(f’”+?"]cosﬂyk—(5x” LI o % +§z” zb]—["’ 9%, 42 28 Ao 5;"} (15)
n k.

L L IJI [/k l;x N Lol L1, I,. Jk

Chu y ring:
51 =& 44 5)1,] =~ q,.ﬁz =g~ qo-‘sxlg - qviyg 9= q,,Jz,, 95— % (16)
irang 46 g, g, vags 12 chuyen vi ciia nguyén tir k theo céc phrang x, y, va z tuong tmg.

Dx‘;: véi cén tritc thm hinh lyc gidc & didu kién chwra bién dang ban du, 1a ¢ ;= e =l vi
6, =120°,

Cht ¥ dén phuong trinh (%), tir phong trinh (15) cho fa:
P 1 |:(x,cosﬁ+x,,)(q, q,)+(yv cos@+y, (g~ q5)+(z cosﬂ+z»)(q, qs) } an
bsind| +(x, cos8+x,)(9,—4,)+(7,4 €056+ 3, ) (0 — s} + (2, c056+ 3, ) (2~ 9,)
Thay phwrong trinh (17) véo phueng trinh (13) ta cé:
e Cu |:(xycos€+x,,)(q,—q‘)+(yucosﬂ-f-y#)(q,—q,)+(zycos|9+zﬁ)(q,—q,) :|1(18)
2(1;' siru9)z +(x,, c050+x”)(q. —q,)+(yj, cos(9+yu)(q, —q,)+(z,, cose+z,,)((,r6 -4)
Ma trdn 46 cimg k°cla phﬁn tir 3 niit bién dang gdc duge xic dinh nhw sau:

K= aq";. mp=12.9. 19y

2.2.3. Thiét 1dp va gidi hé phuong trink dic trung
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vé bin chat AFEM hoan toan khic so véi FEM truyén théng. V& hinh thirc thi AFEM lai
¢6 nhiing diém giéng FEM truyén théng & diém sav:

#) Ma trin 4 cimg tong thé K , véc to chuyén vi niit téng thé Qva véc to lyc ot thng thé
F cia h duge ghép ndi tuong img tr ma trin d§ cing, véc to chuyén vi va véc to [we oit cia
céc phén tir.
if) véc to chuyén vi nit va véc to lyc nit nhin dugc tir didu kién bién trong tmg sau khi
gidl phrong trinh dic trung:
KQ=F 29)
Viéc thiét 14p va giai phuong trinh (20) duoe 13p trinh trén phin mém Matlab. Bai toan
kéo ding tim don truc va bai todn trugt thuin tiy (xem Hinh 1) dwgc mé phong d& tim dic

tnmg dan héi chia cac thm vat ligu graphen, BN, ong BN va SWCNT. Thong so cua cic vat ligu
dugc dua ra trong Béng 3.

Bng 3. Céc hiing s& luc vi chidu dai lién két ban diu cha lién két C-C vi B-N & nhiét 36 0 K.

Vit liga Neuyén  Nguyén c, G G )
tirl W2 ealimolAY)  kealimolrad®)  kealmolrad) (A
Graphen, SWCNT c C 1051 195 198 1,42
Ong vi tm BN B N 856 95 191 145

Trong d6 chiu dai lién két ban diu J, duge 14y tir thi Liéu tham khao [15]; cdc hing s8 lue
ciia lién ket C-C duge tham khao ti [16], ctia lién két B-N tham khio tir [17].
Mb dun dan hdi ¥ va mé dun trugt G duge tinh dya trén bién dang va img sudt tuong fmg
nhwr sau:
y=%.6=%, 2n
£ 4
trong d6 o v £ 13 img sult phép va bién dang dai trong thi nghiém kéo ding tam; 7 va 7 Rimg
sudt tiép va bién dang goc trong thi nghiém trugt thudn tiy ciia tm,
Goi 713 d§ diy cfia tdm vt ligu. Ta c6 m3 dun din héi hai chilu, ¥,, va md dun din bdi
trrgt hai chiéu, G, duge xac dinh nhu sau:
Y,=YtvaG,=Gt

3.KET QUA VA THAO LUAN
3.1. Két qua ciia m hinh tim

Két qua dugc dua ra trong Bang 4 cho thay ring md dun dan hdi va md dun din hi trugt
tinh boi phuong phip AFEM cho két qua thip hom khoang 5 % so véi két qua tinh dugc tir
phuong phép MD. Trong khi d6, h¢ sé poisson co duge tir pheong phap AFEM tang nhe so véi
két qua tinh dugc tir phuong phip MD. Vi trong cing mdt loai vét lidu, hé s§ poisson theo
phuong zigzag cao hon so véi phwong armchair. Tuy nhién, sai khic d6 chi khodng 0,01 nén ¢
thé bd qua. Sai lgnh két qua hé s8 poisson tinh bang AFEM so vé&i ket qui tinh bing MD trong
Bing 4 la rét nhé, khoing 0,5 %. Néi chung, cac két qua tinh toin bing phuong phip AFEM la
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rét ghn véi céc két qui tinh bing mé phong MD. Diéu dé cho thiy tinh ding dén cha phwong
phap AFEM dugc dé xudt trong nghién ciu nay.

Beén canh d6, cic két qui tinh toan djc trung dan hdi cia vat ligu st dung AFEM ciing
dugc so sanh véi cic két qua tinh todn bang cic phuong phdp khic dugc liét ké trong bing 4. Sir
dung phuong phip AFEM tinh ra mé dun dén hdi hai chiéu ciia graphen 1 353 N/m (phmmg
zigzag) va 347 N/m (phuong armchair); mé dun dan héi trugt 13 152 N/m va hé sb poisson xap
xi 0,18. Cic két qua d6 rat gan voi cac két qud cia céc téc gia khidc nhu: Yakobson [18) sir dyng
mb hink v6 méng dya wén him thé Tersoff-Brenner, Popov v& ¢ong s [19] sit dung mé hinh
dong luc hoc tinh thé, Kudin va céng sz [20] sir dung mé hinh v6 dya trén tinh todn DFT, c@
nhir Sahin va cfng sy trong cac tai lidu [15]. Va ket qua thu (Guoc tr AFEM cfing rét sat véi két
qué do tir thure nghigm [21 - 23], khn 46 day tim duwoc gia thiét s =335 A.

,Bdng 4. Dic trung ¢n hdi coa tim graphen va thm BN don 16p duoc nghién ciru va so sanh véi cac két
qua ciia cic nghién ciru khic,

Vitligu  Phuongphap nghiénciru, e Médundanhdi M6 dun tmrot hai Hé b
Jt hai chién E, (N/m)  chiéu G; (M/m) Poisson
Graphen« AFEM 353 (zig) 152 0,179 (zig)
347 (arm) 0,175 (arm)
MD, Le and Nguyen 2014 [24] 364 (zig) 158 0,15-0,17
352 (amm)
DFT & mb hinh v6, Kudin et 345 150 0,149
2. (2001) [20]
DFT, Sahin et al. (2009) [15] 335 0,16
M3 hinh vé véi him thé 160 0,19

Tersoff-Brenner, Yakobson et
al. (1996) (18]

M8 hinh déng lyc hoc tinh thé, 1002 GPa 414 GPa 0,21
Popov et al. (2000) [19] (m6 dun dan h3i)  (mé dun iruety

Thi nghigm tg;hakvéll cong ?ﬂémg 1029 GPa 440 GPa 0,17
&m, siéu am, slee et al. N 3. .

1970 [21] ] (m6 dun dan héi)  (md dun truot)

Tan xa tia X khéng dan héi, 1092 GPa 485 GPa

Bosak et al. (2007) (22] (m6 dun dan héi)  (md dun truot)
Thyce nghigm, Lee et al. (2008) 340 = 50

[23]
BN AFEM 271 zig) 114 0,226 (zig)

266 (arm) 0,222 (arm)

MD, Le and Nguyen 2014 [24]  3gp (zig) 117 0,19-0,22
271 (arm)

DFT & md hinh v, Kudinet 271 112 0,211

al. (2601) [20] ’

DFT, Sahin etal. (2009) [15] 267 0.21

DFT & phuong trinh cin bing, 275.g

Andrew et al. (2012) [25]

Tén xa tia X, Bosak et al. 776 GPa 321 GPa 0,21
(2006) (26} (md dundinhdi)  {mé dun truoty
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Dic tung dan héi cia vat ligu BN tinh boi AFEM: md dun dan hdi 1a 271 N/m (phuong
zigzag) vi 266 N/m (phuong armchau-) mb dun din hdi trugt 13 114 N/m va hé s Poisson xap
xi 0,22. Nhiing gla tri dc tmg dan hoi cia BN néu trén rat phiz hop véi cdc gia tri twong g
clia cac nghién ciru trude diy boi cac phuong phap khéc nhu sir dung tinh toan DFT [15, 20, 23],
mé phong MD béi Zhang va céng su [27]. Véi gidi thiét d5 day tam ¢ = 3,35 A, m6 dun din héi
va mb dun din hdi trugt ciia BN tinh bing AFEM rét gin vm gid 11 thye nghiém dugc do bai
Bosak va chng syt [26].

3.2, Két qua ciia md hinh §ng

Qua thi nghiém kéo theo phirong hurdng tryc ciia dng, gia tri md dun dan hdi cia cdc ng
vit ligu duge dwa ra & Bang 5.

Bang 5. Mé dun dim hdi hai chi¢u Y, (N/m) cia SWCNT va dng BN don 16p theo dudmg kinh ng, d.
Ti 1& chiéu 8 trén dudmg kinh cb dinh L/d = 15.

Chisé Ong SWCNT Gng BN don Iép
{n, m) d(A) Y, (N/m) d(A) Y, (N/m)
4.0) 3,13 300,8 3,20 2271
(5.0 391 3157 4,00 2385
(6,0) 4,70 3249 4,80 245,5
(7.0 5,48 3309 5,60 250,2
3.0 6,26 335,0 6,40 253,3
9.0 7,05 337,9 7,20 255,6
{10,0) 7,83 340,1 7.99 2573
15,0y 11,74 3454 11,99 2614
20,0y 15,66 474 15,99 263,0
(3.3) 4,07 3333 4,15 2522
(4.4) 542 34,1 5,54 2574
(5.5) 6,78 3435 6,92 260,0
(6,6 8,14 2454 831 261,5
a7 9,49 46,6 9,69 2624
(8.8) 10,85 3474 11,08 263,1
9.9 12,20 348,0 12,46 263,5
(10,10} 13,56 3484 13,85 263,8
(12,12 16,27 3439 16,62 264,2

Két qua cho thiy, & cing mdt dudng kinh, g!a tri md dun dan hdi cta rmg dang armchair
1én hon so véi ong dang zigzag. Tuy vay cd hai gia trj déu tang khi dudng kinh Ong ting va tién
sat gia trf clia Vit liéu dang tim tuong \ing khi dudng kinh 6ng di lém.
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4. KET LUAN

Trong nghién ciru niy, AFEM duge aé xuét 48 tinh cic dic tnmg dan hi ciia ce vit ligy
ludi na n6 lyc giac. Thi nghiém kéo diing tim vi thi nghiém truot thuén tiy dugc md plmng dya
trén AFEM d¢ tinh t0dn m6 dun dan héi, md dun dan hbi truot va hé sé Poisson cla thm
graphen, tim BN don L6p. Ket qué thn duge rét ghn véi cic két qua tinh todn bing phmmg phép
Kkhc nhu DET, MD, .. Biéu d6 cho thiy tinh diing d4n ctia AFEM trong nghién ciru ndy.

Vi vt liu dang 6ng, qua bli todn kéo diing tim theo phuong huong tryc, md dun dan hm
ciia dng duge xdc dinh. No ting khi dudmg kinh Ong ting va tién t&3 gid tri coa vat lidu dang tim
tuong img khi dudng kinh ong du 1on.

Mic du trong nghién cim ny chi tip trung tinh tosn cho cae vét lign na nd cin mic dang
lyc gidc, AFEM hoan toan c6 thé &p dung cho cic chu tric vit lléu kbéc. Bén canh 44, do ma
trin duge tinh ra dudi dang hién nén cac phin tir cia AFEM d& xudt trong nghién ciru ndy cé thé
duoc dua vao cAc phin ém phé.n tir hiru han thuong mai. So véi céc phrong phip mo phong &
thang na né nhu DFT, MD, va tinh toan TB, AFEM 14 mét phuong phép don gian, nhanh chéng
tim ra dic tnmg din héi ciia cée vit ligu chu triic na nd.

Ldi cim om. Nghién cim niy dugo tii trg béi Quy phit tridn khoa hoc v cdng ngh¢ quéc gia
(NAFOSTED) trong dé tai ma sb: 107.62-2014.03.
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ABSTRACT

DERTERMINATION OF ELASTIC PROPERTIES OF NANOSHEETS AND NANOTUBES
BY ATOMISTIC FINITE ELEMENT METHOD

Nguyen Danh Truong', Le Minh Quy

School of Mechanical Engineering, Hanoi Uriversity of Science and Technology,
No 1 Dai Co Viet, Hanoi.

“Bmail: Truong.nguyendanh@hust edu.vn

An atomnistic finite element method (AFEM) was applied to determine elastic properties of
graphene and boron nitride (BN) monolaycr sheets. Using the same force field parameters,
deviations between results obtained by AFEM and those by melecular dynamics simulaticns
appear within 5 % for Young’s and shear moduli. By comparing simulation results with
available data in the titerature for these 2 sheets, it may be concluded that the proposed AFEM is
a simple and fast technique to analyze accurately elastic properties of nanostructured materials.

Keywords: Atomistic finite element method, elastic properties, nanomaterial.
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