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s y ANH HUONG CUA SO HAT LEN VI CAU TRUC CUA MO HiNH HAT Fe 

N g u y e n T r o n g D u n g \ N g u y i n Chi'nh CLfting\ 

Ma i Th i Lan^ . N g u y e n Van H a n g ^ va P h a m K h a c Hung^ 
^Khoa Vdl ly. Trudng Dai hoc Supham Hd Npi 

'^Vien Vdl ly Ky thudl, Trudng Dai hpc Bdch khoa Hd Npi 

Tom tal. Vi ciu triic ciJa mo hinh hat sk nano, khoi sfl dung the nhiing Sutton-Chen 
dUcJc nghien cflu va mo phong bang phUdng phap dong lUc hoc phan tfl (MD). Cac 
mo hinh hat sSt nano cd dang hinh c5ii dUdc khao sat vdi s6 nguyen tii tUdng iJng 
2000 hat, 3000 hat, 4000 hat va 5000 hat tai nhict do 300 K vdi dieu kien bien 
khong tuan hoan. Mo htnh hat sat khoi 3000 hat cung duoc khao sat 6 nhiet do 300 
K vdi didu kien bien tuan hoan. Cac dac trUng ve cau triic dUcic phan tich qua ham 
phan b6 xuyen tam, mat do, phan b6 so phoi tri. Cac kk qua cho thay co sU anh 
hu6ng ciia so hat len vi cau trtic cua mo hinh, d cac mau co s6 hat khac nhau thi co 
dac trung cau trtic ciia 16p I5i va ]6p be mat khac nhau. 
Tif khda: Vi cau tnic, mo hinh Fe, mo phong, 

1. Md dau 
Trong cac Iinh vtJc khoa hoc, cong nghe, vat lieu nano luon danh dUdc sit quan tam 

dac biet ciia cac nha khoa hoc trong va ngoai nUdc do chting co nhflng dac diem, tinh chat 
khac biet so v6i cac vat lieu kh6i. Nguyen nhan chinh dSn dfin su khac biet nity la do hat 
CO kfch thu6c nano sc chiu anh hu6ng ciia cac hieu iing luring tti, hieu flng bfi.mat (hieu 
ling kfch thu6c). Khi ki'ch thfldc ciia hat cang giam thi dien tfch b6 mat tong cpng cang Idn 
va hicu ting tdi ban sc xay ra khi kfch thfldc cua hat dii nho dc so sanh vdi cac ki'ch thfldc 
tdi han ctia mot so tfnh chat. Chfnh vi sti thay doi Idn va cac tt'nh ch§t cua vat lieu dan d6n 
su thu htit, tap trung ldn ciia cac nhit khoa hoc nham nghien cflu va tao ra cac loai vat lieu 
mdi vdi cac tinh nang vfldt troi. 

Trong qua trinh nghien cflu cac Ioai vat lieu nano Ifl ndi chung, vat lieu Fe vd dinh 
hinh noi rieng dfldc quan tam hdn ca vi vat lieu nay co rat nhieu flng dung trong khoa 
hpc va cong nghe. Mat khac vat lieu Fe vd dinh hinh la vat lieu gia can bang nen chiing 
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ludn cd XU hudng dich chuy& ve trang thai can bang (tUdng ilng vdi cau triic tinh the), 
khi nung ndng vat lieu den mpt nhiet dp dii ldn se xudt hien hien tudng tinh die hoa (nhiet 
do tinh the hoa dudc xac dinh la miic dp ben nhiel cua vat lieu). Da cd nhieu cdng trinh 
nghien eiiu v6 vat lieu He, luy nhien, cho den nay cd rat it nghien cdu ve vi cau triic cda 
cac hat nano I'c b5ng md hinh MD, Cac nghien edu chi mdi dttng lai d viec xem xet cac 
yeu to iinh hudng nhu nhicl dp, ap suat, ki'ch thudc hat. Ngpai ra, kdt qua ctia eac nghien 
cdu nay van chua dn dinh dUdc cdng nghe cung nhu xac dinh dUde cac ydu td anh hudng 
(nhiet dp, ap suat, so hat, thdi gian Ihitc hien, cd che khuyech tan,...) den vi eau Jriic ciia 
vat lieu [ 1 -5), Vi the trong bai bao nay chung tdi trinh bay mpt each kha chi tiet ve sU anh 
hudng eiia so hat len vi eau triic cua md hinh bang phUdng phap md phdng ddng lUc hpc 
phan tii. 

2. Noi dung nghien ciiu 

2.1, Phuong phap ti'nh loan 

PhUdng phap Dpng luc hpc phan ttt (DLHPT) la phUdng phap dUdc tinh toan dua 
tren cd sd cua phUdng trinh dpng luc hpe (F = m.a) cua cac nguyen (phan) ttt. Doi vdi 
phudng phap DLHPT [9-11] ta cd the theo ddi dttdc su chuyen dpng cua cae nguyen 
(phan) ttt thep thdi gian va cd the xac dinh dttdc cac yeu 15 anh httdng len vi cju tnic eua 
md hinh nhtt: nhiet dp, ap suat, kich thttdc hat,.,. Ngoai ra, trpng qua trinh md phdng viee 
chpn ths tttdng tac quydt dinh den tinh ehinh xac cua ket qua. Chi'nh vi vay, ehung tci stt 
dung the lttdng tac nhung Sutton-Chen [7, 8]. 

JV 

trong dd: r, 
nhung, pl la mat dp dien tfl thfl /. 

la khoang each giiia hai nguyen tfl thfl ? va j , F la liic tfldng tac hay ham 
( ; ) • 

£(CV) 
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Bdng I. Cdc gid tri tham sd cua md hinh 
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De xac dinh chi'nh xac ket qua, ngoai viec Ifla chpn the tfldng tac thich hdp thi van 
d̂  quan trpng khdng kem la phai chpn dilu kien bicn phii hdp. Bien tii do (bien cd viing 
bao quanh khong gian la chan khdng) ap dtang doi vdi md hinh nano va bien tuan hoan (ia 
vflng bien ma nhflng nguyen tfl tfldng tac vdi nhflng nguyen tfl ciic ben phai, ben trai, tren, 
dfldi, trfldc va sau khong gian lfnh toan) ddi vdi mo hinh khoi va thfldng dfldc sfl dung doi 
vdi cac he Idn. Ngay nay vdi sfl trd giup ciia khoa hpc may tinh, sfl ra ddi cua cac Ioai may 
tfnh cd tdc dp tfnh toan cao va dung Ifldng bp nhd ldn dan den kich thfldc md hinh cua vat 
lieu dfldc tang Ien dang ke [12, 13]. 
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Su dnh lufdng cua so hat lin vi cdu true cda mo hinh hat Fe 

Tren cd sd khao sat cac ylu to anh hfldng den vi eau cua md hinh chiing tdi chpn 
phfldng phap DLHFF, the nhung va dilu kien bien thi'ch hdp d nhiet dp 300 K de nghien 
cflu vi ĉ u true cua hat Fc. 

2.2. Ket qua va thao luan 

Cac mau nano 2000 hat, 3000 hat, 4000 hat, 5000 hat dung dieu kien bien khdng 
tuan hoan con mSu khoi 3000 hat dflng dilu kien bien tuSn hoan bang phfldng phap dpng 
lflc hpc phan tii vdi the nhiing Sutton-Chen. Cac mau dfldc thflc hien d nhiet dp 300 K vdi 
on dinh nhiet 50.000 bfldc, hoi phiJC vdi 1.000.000 bfldc cho din khi he dat trang thai can 
bang, cac kit qua phan tfch vi cau tnic dfldc trinh hay Irong Bang 2. 

May 
Nano 2000 
Nano 3000 
Nano 4000 

Nano 5000 
Khoi 3000 

Thue 
nghiem 

Bdng 
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2.55 
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2, Ket qud hdm phdn 
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bd xuyen tdm cua Fe d 300 K 
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Qua quan sat Bang 2 ta thSy doi vdi mau khdi, mSu nano khdng cd trat tu xa, ludn 
tdn tai trat ttt gjn vdi dinh ham phan bo xuyen tam thtt nhat chiem uu the. Khi ta tang 
nhiet dp mSu, cac vi tri dinh tign ra xa va thay ddi nhiSu so vdi kdt qua thttc nghiem, cdn 
cudng dp dinh giam dSn vd 1 chttng td khoang each npi phan ttt cua cac phan ttt trong u-at 
M gan khdng phu thudc vao sd hat. Nhttng didu dd khang dinh viec xay dung md hinh 
hat nano va mlu khoi cua he kha thanh cdng. Tuy nhien, eudng dp dinh ctta ham phan 
bd xuyen tam thtt nh5t eua mau khdi va nano cd sU thay ddi dang ke nhtt: Cudng dp dinh 
ham phan bd xuyen tam ctta mSu nano cao hdn cUdng dd dinh ham phan bo xuyen tam 
cua mau khdi, khi tang sd hat cttdng dp dinh cua ham phan bo xuyen tam cua mlu nano 
giam chttng td cd stt anh httdng cua sd hat len ti'nh khdng ddng nhll vd mat clu true trong 
md hinh. 

De khang dinh stt anh httdng cua so hat len U'nh khdng ddng nhll cua md hinh, 
chung tdi tidn hanh phan tich cac gia tri cua mlu nano: mat do, so phdi tri trung binh, the 
nang trung binh, ddng nang trung binh, nang lttdng Irung binh dttpc the hien d Bang 3. 

Bang 3. Kit qud phdn tich mdu nano (3000,4000, 5000) hpt 

Mau 
Nano 2000 
Nano 3000 
Nano 4000 
Nano 5000 

0.076583 
o.oimi 
0.073021 
0.07517 

ZTB 

11.4709 
11.70984 
11.88911 
11,99042 

-2.22589 
-2.24837 
-2.26392 
-2.27335 

0.040319 
0.040332 

0.041267 
0.040722 

-2.22266 
-2.23262 
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Ket quii trong Bang 3 cho thay khi tang so hat trong md hinh se dan den rnat dp 
cac nguyen (phan) ttt Irong inau tang lam tang so phdi tri trung binh Uong mau, the nang 
trung hinh giiuii, ddng nang trung binh lhay ddi khdng dang kc din den nang lupng trung 
binh ciui mlu giam. Kel qua Ircn cd Ihc giiii thi'ch rang khi liing so hat lam cho mat dp cac 
nguyen ttt tiing din den sU va chain gitta cac nguySn Itt trong mlu tang va khoang each 
gitta ciic nguyen ttt giiim. 

Kdl qua tren cho lhay su anh hudng cua so hat len vi cau true cua md hinh the hien 
id qua sd phoi In', De nghien cttu cu the hdn chung tdi khao sat so phdi tri cua ralu nano 
d 300 K (Bang 4). 

ndng 4. Bdng sd lieu sd phoi tri cua mda nano d 300 K 

l.dp bi> mat 

NaiK. 2()()() hat 
Niino 3000 hat 
Nano 4000 hat 
Nano 5000 hat 

Ldp loi 

Nano 2000 hat 
Nano 3000 hai 
Nano 4000 hai 
Nano 5000 hai 

5 
(IllOllO 
0 0006 
0.0008 
0.0004 

So phdi tri 
6 

0.0129 
0.0082 
0 0075 
0,0047 

7 
0.0345 
0.0232 
0.0205 
0.0196 

ciia mau d Idp be mat 
8 

0.0633 
0.0593 
0.0501 
0.0484 

9 
0.0799 
0.0780 
0.0728 
0.0671 

10 
0.0613 
0.0536 
0.0541 
0.0506 

Sd phoi tri cua mau d Idp Idi 
11 

0 044 
0.0381 
0 0352 
0.0322 

12 
0.1061 
0.1092 
0.1106 
0.1130 

13 
0.2666 
0.2890 
0.2981 
0.3055 

14 
0.2503 
0.2606 
0.2649 
0.2722 

15 
Q.0731 
0.0725 
0.0770 
0.0780 

16 
0.0070 
0.0073 
0.0080 
0.0081 

17 
0.0002 
0.0002 
0.0003 
0.0003 

Ket qua d Bang 4 cho thSy cd sfl khac biet kha Idn gifla so phdi tri d Idp bl mat va 
so phdi trf d Idp loi. Trong dd sd phdi trf 6 Idp be mat ludn nhd hdn so phoi tri Idp Ioi do 
cac nguyen tfl Idp bl mat khdng cd dfl cac so phdi trf nhfl cac nguyen tfl nam trong Idp Ioi. 

Dilu do khang dinh, khi lang so hat dan den mat do cac nguyen (phan tfl) trong Idp 
Idi, vd tang dfln den sd phdi trf tang, cfldng dd dinh cua ham phan bd xuyen tam thfl nhil 
giam, nguyen nhan chu yeu cfla hicn tfldng nay la do hieu flng kfch thfldc gay ra. 

3. Ket luan 
Nghien cflu sfl anh hfldng so hat Icn vi cau true cua hat Fe bang phfldng phap md 

phdng ddng lflc hoc phan ifl dfldc tien hanh thdng qua 04 m5u nano (2000, 3000,4000 va 
5000) hat, 01 mau khoi 3000 hat d nhiel dp 300 K cho kit qua: 

- Md hinh hat Fe dfldc xay diing bang md hinh ddng Itic hpc phan tfl vdi the nhiing 
Sutton-Chen va cac dicu kien bicn thfch hdp da cho kel qua phu hdp vdi thflc nghiem va 
nhflng tinh loan trfldc dd cua cac nhdm nghien cflu khac. 

- Xac dinh dfldc hinh dang cac nguyen tfl trong mo hinh nano, khoi cd dang hinh 
c3u va dflpe Iicn kit vdi nhau bdi dam may dien tfl. 

- Xac dinh dfldc sfl anh hfldng cua so hat Ien vi cau true cua md hinh la do so hat 
tang dSn din mat dp sd hat tang lam tang sd phoi tri d ca ldp bl mat va Idp Ioi. 



Su dnh hudng ctia .id hai len vi cdu trtic cda nw hinh hat Fe 

- Cau true chu yeu Irong md hinh la cac nguyen ttt I'd tap trung chli yeu trong ldp 
loi ciia md hinh con ldp vd tap trung it hon din den su khac bicl vc mat vi clu true eiia 
md hinh. 

- Nguyen nhan ehi'nh din den sU khiic biet nay la do hieu ttng kich thudc, khi so hat 
tang dan den mat dp cac nguyen (phan) ttt lang lam tang sd phoi tri ldp vd, ldi din den 
ki'ch thttdc md hinh tang. 
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ABSTRACT 
The influence of the number of particles on the fc particle model's micro-structure 

The micro-structure oi an iron-nano panicle model and the embedded Sutton-Chen 
block was studied and simulated using the molecular dynamics method (MD). The 
spherical iron - nano particle models with the number of atoms respecdvely at 2000 
parucles, 3000 particles, 4000 particles and 5000 pardcles was examined at 300 degrees 
K in the aperiodic boundary condition. The iron block model with 300 particles was 
also examined at 300 degrees K in the periodic boundary condition. Features of the 
structure were analyzed to determine radial distribution function, density, distribution 
of coordination number The results showed that the number of panicles influences the 
microstructure of the model in the way that models with different number of particles will 
have different features in their core structure and surface structure. 
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