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SU ANH HUONG CUA $6 HAT LEN VI CAU TRUC CUA MO HINH HAT Fe

Nguyén Trong Diing', Nguyén Chinh Cuong!,
Mai Thi Lan®, Nguyén Vin Hong? va Pham Khic Huing?
 Khoa Vit ly, Truimg Bai hoc Su pham Ha Nii
2Vign Var ly Ky thudt, Truamg Pai hoe Bech khoa Ha Néi

Tém i1, Vi cdu tric cia mé hinh hat sit nano. khéi st dung thé nhiing Sutton-Chen
duge nghién cdu vi md phong bing phuong phip déng luc hoc phin tif (MD). Céc
md hinh hat st nano ¢é dang hinh ciu dudc khao sit v6i s6 nguyén i wdng tng
2000 hat. 3000 hyt, 4000 hat va 5000 hat tai nhiét dé 300 K véi diéu kién bién
khéng tudn hoin. Mé hinh hat st khi 3000 hat cing dudgc khio sét & nhiét d6 300
K v6i didu kién bién tudn hoan. Cic diic trung vé cu triic duge phan tich qua ham
phan b4 xuyén tim, mét d6. phan bb s6 phéi tri. Cac két qua cho thiy c6 sy anh
huding ciia s6 hat 1én vi cdu ric cia mé hinh, @ cac miu c6 sb hat khdc nhau thi c6
diic trung chu tric cua I8p 16i va 16p bé miit khac nhau,

Tic khéa: Vi chu tric. md hinh Fe, md phong.

1. M4 dau

‘Trong céc linh vuc khoa hoc, cdng nghé, vat liéu nano ludn danh dudc st quan tam
dic biét ciia cdc nha khoa hoc trong va ngoai nudc do chiing ¢6 nhiing dic diém, tinh chat
khdc biét s0 véi cdc vat idu khbi. Nguyén nhan chinh dan dén sy khdc biét nay 1a do hat
¢6 kich thudc nano sé chiu anh hudng cia cdc hiéu ung lugng ui, hi¢u (ing bé. mit (hiéu
iing kich thudc). Khi kich thudc ciia hat cang giam thi dién tich bé mit téng cong cang 16n
va hidu ding 16i han s& xay ra khi kich thuc cia hat di nhé dé so sanh véi céc kich thuée
t6i han cia mot 6 tinh chét. Chinh vi sy thay di 16n vé cac tinh cht cua vat ligu dén dén
su thu hiit, 1dp wrung 18n ciia cdc nha khoa hoc nhim nghjén ctu va tao ra céc loai vat lidu
mdi v8i cic tinh ning vugt rdi.

‘Irong qué trinh nghién ciu céc loai vét liéu nano 1 ndi chung, vat li¢u e vd dinh
hinh néi riéng dugc quan tam hon ci vi vat liéu ndy cé rat nhiéu dng dl{ng trong khoa
hoc va cdng nghé. Mat khéc vét lidu Tie v6 dinh hinh 1a vat liéu gid can bang nén ching
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ludn ¢6 xu hudng dich chuyén vé trang théi cin bung (tuong ting véi cdu tric tinh thé),
khi nung néng vét liéu dén mot nhiét d6 di 16n sé xudt hién hién wong tinh thé ho4 (nhiét
dé tinh 1hé hoa dugc xic dinh Ja mic do b&n nhiét cia vat liéu). P cé nhiéu cong trinh
nghién ciu vé vat liéu Fe. tuy nhién, cho dén nay c6 rat il nghién ciu vé vi cdu (riic cia
cac hat nano l‘c bing mé hinh MD. Céc nghién ciu chi méi dimg lai 3 viéc xem xét céc
yéu 14 dnh hudng nhu nhiét g, dp sult, kich thudc hat. Ngoai ra, két qua cla cdc nghién
citu nay van chua on dinh dugc cong nghé ciing nhut x4c dinh dudc céc yeu 16 anh hudng
(nhié1 do. 4p sudl, sb hat, thdi gian thyc hién, co ché khuyéch tan....) dén vi chu {ruc clia
vt lidu [1- 5] Vi thé lrong bai bdo nay chiing 5i trinh bay mot cach Kkhé chi tiél vé sy anh
hudng ciia s6 hat 1én vi cu tric cia md hinh bing phuong phap m phong déng luc hoc
phén uf.

2. Nbi dung nghién citu
2.1. Phuong phép tinh toan

Phudng phép Dong luc hoc phén tr (DLHPT) la phuong phép dudc tinh toén dya
trén co s& clia phudng trinh dong luc hoc (F = m.a) cda cdc nguyén (phan) 1. Déi véi
phuong phip DLHPT [9-11] ta c6 thé theo d6i ducc sy chuyén dong cua cac nguyén
(phan) tif theo thdi gian va c6 thé xac dinh dudc cic yéu 16 anh hudng 1én vi chu tnic cta
mb hinh nhu: nhiét dg, 4p suét, kich thudc hat.... Ngoai ra, trong qua trinh mé phéng viéc
chon thé tuong téc quyét dinh dén tinh chinh xdc ciia két qua. Chinh vi vy, chiing t5i st
dung thé lu‘dng léc nhl.'lng Sutton-Chen [7. 8].

a

Ey = L 3 i D (ry,) + F(p) véi ®(r,;) :s(—)n

1= |_7;. Ty
N a\"
Fp) = —ECL Vi = X plry).p(ri) = (—-)
j=lg# Ty
wrong dé: ,; la kholmg cach giifa hai nguyén tif thi @ va j, F 1a luc twdng téc hay ham
nhing, p, 1a mat do dién i thu 7.
Bdng 1. Cdc gid tri tham sb ctia mé hinh

£ (V) o(A) N m c Reog(4)
0.017306 3.471392 8.137381 4.7877 24.9390 10

. PE xéc dinh chinh xac két qua, ngoai viéc Iua chon thé (tong téc thich hgp thi van
dé quan trong khdng kém 1a phai chon diéu kién bién phu hgp. Bién tu do (bién c6 ving
bao quanh khong gian la chan khdng) dp dung déi véi md hinh nano va bién tuan hoan (1
viing bién ina nhitng nguyén t{f tuong téc vdi nhitg nguyén L cuc bén phai, bén tréi, trén,
duéi, truéc va sau khong gian tinh toan) déi véi mé hinh khéi va thudng dudc st dung dbi
véi cac h§ 16n. Ngay nay véi sy trg gitip cliia khoa hoc mdy tinh, sy ra doi ciia céc loai mdy
tinh ¢6 téc dd tinh toan cao va dung Iugng bé nhd 16n dén dén kich thuc mé hinh clia vat
liéu dugc tang 1én dang ké (12, 13].
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Sur dinh hutdng ciia s6 hat 1én vi cdu triic ciia mé hinh har Fe

Trén ¢d $8 khdo sét céc yéu (6 anh hudng dén vi cAu cia md hinh ching (8i chon
phuong phdp DLHPT, thé nhing va diéu kién bién thich hgp ¢ nhiét d6 300 K d€ nghién
ciu vi cau tric cua hat Fe.

2.2, Két qua va thio luan

Céc mau nano 2000 hat, 3000 hat, 4000 hat, 5000 hat ding diéu kién bién khong
wan hoan cdn miu khdi 3000 hat ding diéu kién bién tudn hoan bing phudng phdp dong
Ifc hoc phan i véi thé nhing Sutton-Chen. Céc miu dugc thyc hién & nhiét do 300 K véi

6n dinh nhiét 50.000 budc, hdi phue vdi 1.000.000 budc cho dén khi hé dat trang thii can
béng, cdc két qua phan tich vi cdu triic duge trinh biy trong Bang 2.

Bdng 2. Két qua ham phén bé xuyén tam ciia Fe d 300 K

Mau ol ore [y |y | [ g(m) [ 9(r) | gra) [ 90ra) | 9(rs)
Nano 2000 | 2.55 | 4.6 | 6.80 | 8.95 [ 11.15 3.8123 1.4433 1.274¢ 1.1674 1.104§
Nano 3000 | 2.55 | 4.6 | 6.75 | 8.90 [ 11.15 3.9807 1.4711 1.302¢ 1.196§ 1.129
Nano 4000 | 2.55 | 4.6 [ 6.75 | 8.95 | 11.05| 3.8924 1.441§ 1.2879 1.1793 1.113§
Nano 5000 | 2.55 | 4.6 [ 6.75 | 8.95 | 11.1 | 3.7993 1.4404 1.2734 1.1634 1.0982
Khoi 3000 | 2.55 [ 4.65 | 6.85 | 9.1 | 11.35 3.623( 1.378( 1.273¢ 1.132| 1.073
Thic 1 56| 427 | 501 | 658|854 | 331 | 150 | 118 | 1.24 | 1.06
nghiém

Qua quan st Bang 2 ta thy ddi vdi mau khdi, mau nano khéng c6 trt ty xa, luon
180 tai trat ty gin v6i dinh ham phin bd xuyén tam thif nhét chiém wu thé. Khi 1a ting
nhiét d6 méu, cdc vi tri dinh uén ra xa va thay déi nhidu so véi két qua thyc nghiém, con
cuong dj dinh gidm din vé | chUng t6 khodng cdch noi phan W cua céc phan t{ trong trét
t gin khong phu thude vao sé hat. Nhimg diéu dé khdng dinh viéc xay dyng md hinh
hat nano va miu khdi ciia hé kha thanh cong. luy nhién, cudng dé dinh cia ham phan
b xuyén 1am thi nhit ciia mau khéi va nano ¢ sy thay déi ddng ké nhu: Cudng do dinh
ham phan bé xuyén tdm ciia miu nano cao hon cudng d dinh ham phén b xuyen tam
cia mau khéi, khi ting s6 hat cu’dng do dinh cia ham phan b6 xuyen tam cua méu nano
gidm chiing 16 ¢6 sy 4nh hudng cda sb hat 1én tinh khong déng nhat vé mit céu tric trong
md hinh.

Dé khang dinh sy dnh hudng cua 6 hat 1én tinh khéng dong nhit cia mé binh,
chiing t6i tién hanh phan tich cac gia tri cia méu nano: mat dd, s6 phi tri trung binh, thé
nng trung binh, dong niing trung binh, néng lugng trung 5inh dugc thé hién 8 Bang 3.

Bdng 3. Két qud phdn tich mau nano (3000, 4000, 5000) hat

Mau P Zrs Urg Krp Ers
Nano 2000 0.076583 11.4709 -2.22589 0.040319 -2.18557
Nano 3000 0.072772 11.70984 -2.24837 0.040332 -2.20804
Nano 4000 0.073021 11.88911 -2.26392 0.041267 -2.22266
Nano 5000 0.07517 11.99042 -2.27335 0.040722 -2.23262
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Két quét trong Bang 3 cho thdy khi ting so hat trong mé hinh sé din dén mat o
céc nguyén (phin) wr trong miu tang lam ting 56 phéi tri trung binh llong méu, thé ning
trung hinh giim. déng niing trung binh thay déi khon° déng ké dan dén ning lugng trung
binh cda mau gidm. K& qua trén ¢6 (he gidi thich riing khi ting s6 hat 1am cho mat d§ cdc
nguyén L ting dan dén sy va cham gitra cdc nguyén i trong mau (ing va khodng cdch
giva ciic nguyén W giam.

Két qua wrén cho thdy sy anh hudng cia 56 hat lén vi cau lruc ctia mé hinh thé hién
10 qua sb phdi tri. PE nghién cdu cu thé hon chiing 16i khao sat 6 phéi tri ciia mau nano
3300 K (Bang 4).

Bdng 4. Bang sb liéu s6 phéi tri ciia mdu nano 8 300 K
S6 phéi tri ciia mau ¢ ldp bé mit

Ldp be mit

5 g 7 R g T
Nao 5000 Tl | 00000 | 0.0129 | 0.0345 | 0.0633 | 0.0799 0.0613
Nano 3000 at | 00006 | 0.0082 | 0.0232 | 0.0593% | 0.0780 0.0536
Nano 4000 Tt | 0.0008 | 00075 | 0.0205 | 0.0501 | 0.0728 0.0341
Nano S000 Tt | 0.0004 | 0.0047 | 0.0196 | 0.0484 | 0.0671 0.0506
P S5 phéi tri cia mau & ldp 16
Lép ol 0 P 3 i 05 % 7
Nano 2000 hat | 0044 | 0.1061 | 0.2666 | 0.2503 | 0.0731 | 0.0070 | 0.0002
Nano 3000 hat | 0.0381 | 0.1092 | 0.2890 | 0.2606 | 0.0725 | 0.0073 | 0.0002
™ Nano 4000 hat | 00332 | 0.1106 | 0.2981 | 0.2639 | 0.0770 | 0.0080 | 0.0003
Nano 5000 hat | 0.0322 | 0.1130 | 0.3055 | 0.2722 | 00780 | 0.0081 | 0.0003

Két qua & Bang 4 cho thdy c6 sy khic biét kha 1dn gita s phi tri & 1p bé mit va
56 phoi Ui & I3p 16i. Trong d6 s6 phéi tri & Idp bé mit luén nhd hon sb phéi tri 18p 16i do
cdc nguyén (i Idp bé mit khéng c6 du cic sb phéi tri nhu céc nguyén 1 nim trong 18p 16i.

Diéu dé khiing dinh, khi ting s6 hat din dén mat do cic nguyén (phan ) trong 16p
16i, vd tang diin dén s phoi tri tang. cudng dé dinh cda ham phan bd xuyén tam thid nhit
gidm. nguyén nhan chu yéu cua hién tugng nay 1a do hiéu wng kich thudc gy ra.

3. Kétluan

Nghién ctfu sy dnh hudng s6 hat 1én vi cau tric cla hat Fe biang phucng phdp md
phong dong Iy hoc phin 1 duge tién hanh théng qua 04 mau nano (2000, 3000, 4000 va
5000) hat, 01 méu khdi 3000 hat & nhiét dd 300 K cho két qua:

- M@ hinh hat I'e duge xdy dung bang m hinh déng luc hoc phan 1l véi thé nhing
Sutton-Chen va cac diéu ki¢n bicn thich hgp da cho két qua phu hop véi thyc nghiém va
nhiing tinh todn trude dé cia cic nhém nghién ciu khac.

- Xdc dinh dugdc hinh dang cdc nguyén f trong mé hinh nano, khéi cé dang hinh
cau va dugc lién két véi nhau bdi dam may dién ui.

- Xdc dinh dudc sy dnh hudng ca s6 hat 1én vi ciu tnic ciia mé hinh la do s6 hat
tang dén dén mét do s hat ting lam tang 56 phéi tri & ca 18p bé mét va 13p 16i.
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Su dnh huing ciia 58 hat 1én vi cdu tric ciia mé hinh hat Fe

- Chu tric ch yéu uong mé hinh 13 cdc nguyén f Fe ap 1rung chd ycu trong 16p
16i ctia md hinh con 16p vé tap trung it hon dén dén sy khic bigt vé mit vi chu tric cla
ma hinh.

- Nguyén nhan chinh din dén sy khéc biét nay 13 do hicu ting kich thudc, khi s6 hat
ting dan dén mét db cdc nguyén (phan) 1 ling 1am ting s phéi tri 16p vo, 16i din dén
kich thudc md hinh ting.
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ABSTRACT

The influence of the number of particles on the fe particle model’s micro-structure

‘The micro-structure of an iron-nano particle modcl and the embedded Sutton-Chen
block was studied and simulated using the molecutar dynamics method (MD). The
spherical iron — nano particle models with the number of atoms rcspectively at 2000
particles, 3000 particles, 4000 particles and 5000 particles was cxamined at 300 degreces
K in the aperiodic boundary condition. The iron block model with 300 particles was
also examined at 300 degrces K in the periodic boundary condition. Features of the
structure were analyzed Lo determinc radial distribution function, density. distribution
of coordination number. The results showed that the number of particles influences the
microstructure of the model in the way that models with different number of particles will
have different features in their core structurc and surface structure.
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