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_ANH HUONG CUA NHIET PO LEN VI CAU TRUC
VA CO CHE KHUECH TAN CUA MO HINH KHOI Fe,0;
BANG PHUONG PHAP PONG LUC HQC PHAN TU

Nguyén Trong Diing, Pham Thi Hué, Nguyén Anh Dirc vd Nguyén Chinh Cuong
Khoa Vat li, Truong Pai hoc Sw pham Ha Noi

Tém tit: Bai bao nghién ctru s anh huéng cua nhiét d6 1én vi cAu tric, co ché khuéch tan va xac
dinh nhiét do chuyen pha cia md hinh khéi Fe,03 3000 hat bang phuong phap dong luc hoc phéan
tar (MD) v&i thé tuong tac cdp Born - Mayer va diéu kién bién tuan hoan. Cac mau Fe,03 véi kich
thude nano ¢ nhiét do 300 K sau d6 tang nhiét d6 1én (600 K, 900 K, 1100 K, 1300 K, 1600 K,
1900 K, 2500 K, 3000 K). Cac mau nay dugc khao sat, phan tich thong qua ham phan bd xuyen
tam (RDF), s6 phdi tri, phan b goc gilta cdc hat, tir d6 xac dinh nhiét do chuyén pha qua m01 quan
hé gitra ning lwong va nhiét d6. Két qua cho thdy, c6 su anh hudng cua nhiét d6 1én vi cdu tric va
co ché khuéeh tén ctia md hinh.

Tir khod: Nhiét do, vi ciu trac, co ché khuéch tan, nhiét d6 chuyén pha, mé hinh khdi
Fe,0s.

1. M& dau

Hién nay, viéc nghién ctru vi cdu tric, co ché khuéch tan, nhiét d6 chuyén pha cia cac oxit kim
loai: Al,O3, GeO,, SiO,, Fe,03 [1-7] ¢6 kich thudc nano dang dugc sy quan tdm cua cac nha khoa
hoc. Céc oxit kim loai nay c6 kha néng tmg dung rat 16n trong cac linh vyc nhu: dién tir, y hoc, quang
hoc, siéu dan, cong nghiép gom va thuy tinh. Cac nghién ctru co y nghia hét sirc quan trong khong
nhimg gop phan vao nhitng hiéu biét méi vé vét liéu, ma con khang dinh khi ting nhiét do dan dén su
chuyén pha vi cdu triic tir trang thai v dinh hinh sang trang thai 1ong (trang thai vo dinh hinh 13 trang
thai can bang gia bén cua vt lidu).

Céc nghién ctru hién tai chi méi xem xét cac yéu t6 anh “hudng nhu: nhiét do, ap suét, sd hat, thoi
gian thuc hién, co ché khuéch tan [1-3] 1én qué trinh chuyén pha vi cau truc, co ché khuéch tan va
nhiét d6 chuyén pha cua mo hinh. Ngoai ra, cac két qua nay van chua 6n dinh duoc cong nghé cling
nhu xac dinh duoc cac yeu td anh hudng cu thé [1-3, 8, 9]. Nghién ctru mét cach chi tiét vé& su anh
huodng ctia nhiét do 1én vi cAu tric va co ché khuéch tan, tir d6 xac dinh nhiét do chuyén pha cua vat
lidu dang 1a mot doi hoi cip thiét. Vi vay, ching toi tién hanh nghién ciru van dé trén bang phuong
phap dong luc hoc phén tu.

2. N¢i dung nghién ciru
2.1. Phwong phap tinh toan

Ban dau, m6 hinh khéi Fe,05 3000 hat dugc gieo ngau nhién trong mot hinh 18p phuong c6 kich
thude nano. Sau do, cho chay 10000 budc thong ké hoi phuc bang phuong phap dong luc hoc phan tir
véi the tuong tac cap Born - Mayer c6 dang (1).

Uij(r) = g§i+ Bijexp (- RLIJ) (1)
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trong do: q;, g la dién tich cua cac ion; r 1a khoang cach tu nguyén tir thir 1 dén nguyén tir th j va B,
Rjj 1a cac thong so dugc chon. Voi md hinh Fe,O3 cac thong so6 dugce chon 1a: qee=+3e, (o=-2€, Bre.re =
OeV, BFe—O =2453 eV, Bo_o =1500 eV, Rij =29 pm.

Bing 1. Sé nguyén tir trong md hinh Fe,0,
M6 hinh N (hat) NFe (hat) NO (hat)

Fe, O3 3000 1200 1800

Pé thu duoc két qua chinh xac, chung t6i st dung diéu kién bién tuan hoan nhim bo qua bo hiéu
g bé mit. Ban dau, md hinh khdi Fe,05 ¢ nhiét d6 7000 K duoc ha nhiét d6 xudng 300 K sau 20000
budc v6i bude dich chuyén dT = 5 (dT 1a budc dich chuyén trong md phong, ing véi mdi budc mod
phong c6 do dich chuyén nhiét d6 5 K). Cho mé hinh chay on dinh sd hat, thé tich va nhiét d6 (NVT)
20000 budc ¢ nhiét d6 300 K dé hé dat trang thai on dinh, tiép tuc ting nhiét do 1én (600 K, 900 K,
1100 K, 1300 K, 1600 K, 1900 K, 2500 K, 3000 K) sau 20000 budc véi bude dich chuyén dT = 1.

Sau khi thu duoc cac mau & nhiét do tuong g, cho cac mau chay NVT 20000 budc dé cac mau
6n dinh nhiét do, rdi cho chay 100000 budc on dinh s hat, thé tich va nang lugng (NVE) cho dén khi
cac mau dat trang thai can bang. Trong qué trinh nghién ctru, cac miu duoc tién hanh véi cung mot
diéu kién nhu: sd hat, thé tich, ap suét va nang lugng khong ddi trong subt qua trinh thyc hién.

Két qua dugc khao sat chi tiét thong qua ham phan bd xuyén tam (RDF), sb phdi tri, ning lugng,
phan bb goc va mdi quan hé giira nang lwong va nhiét do (xac dinh nhiét d6 chuyén pha tir trang thai
v6 dinh hinh sang trang thai [6ng).

2.2. Két qua va thao luan

M0 hinh khéi Fe,03 3000 hat & nhiét d6 (300 K, 600 K, 900 K, 1100 K, 1300 K, 1600 K, 1900 K,
2500 K, 3000 K) dugc mo phong bang phuong phap dong luc hoc phén tr voi thé tuong tac cip Born
- Mayer va diéu kién bién tudn hoan. Két qua hinh dang ctia mau dugc thé hién nhu Hinh 1.

Hinh 1. Hinh dang mdu Fe,0; 6 nhigt dé 300 K

Hinh 1 cho thiy, miu Fe,O; & nhiét d6 300 K c6 dang hinh 1ap phuong, c6 kich thuéc nano, cé sy
t6n tai cia nguyén tir Fe va O (mau cta nguyén tir sit 1a mau do, con mau ciia nguyén tir oxi la mau xanh).
Khi tang nhiét do tr 300 K 1én (600 K, 900 K, 1100 K, 1300 K, 1600 K, 1900 K, 2500 K, 3000 K),
kich thudc ciia cac mau thu dugc ¢ nhiét do tuong tmg dugc thé hién trén Bang 2.

Bing 2. Kich thwdc ciia mé hinh Fe,0; 6 cdc nhiét dp khdc nhau

Nhiét do (K) 300 600 900 1100 | 1300 1600 1900 2500 3000

Kich thwée (nm) | 3,354 | 3,357 | 3,359 | 3,356 | 3,355 | 3,361 | 3,359 | 3,358 | 3,398

Két qua trong Bang 2 cho thiy, kich thuéc mo hinh Fe,0; khi tang nhi¢t do tir 300 K 1én (600 K,
900 K, 1100 K, 1300 K, 1600 K, 1900 K, 2500 K, 3000 K) bién doi trong khoang tir 3,354 nm dén
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3,398 nm. Ching to, khi tdng nhiét d¢ tir 300 K 1én nhiét d6 3000 K thi kich thudc cta cac mau tang.
Tiép tuc phén’ tich cac dac trung vi cau tric ctia cadc mau (vi tri, d6 cao cac dinh cia ham phan bo
Xuyén tam), két qua dugc thé hién trén Bang 3.

Bing 3. Vi tri, dp cao dinh ham phén bé xuyén tam ciia mé hinh é cdc nhigt dp khdc nhau

Nhiét 39 (K) rij (A) gij A
Fe-Fe Fe-O 0-0 Fe-Fe Fe-O 0-0

300 3,5 1,98 2,7 2,85 8,84 2,31
600 3,46 1,98 2,7 2,8 7,98 2,29
900 3,22 1,98 2,74 2,83 7,26 2,3
1100 3,38 1,98 2,74 2,85 6,95 2,29
1300 3,26 1,98 2,78 2,82 6,57 2,3
1600 3,28 1,98 2,78 2,8 6,15 2,26
1900 3,3 1,98 2,8 2,79 58 2,23
2500 3,36 1,98 2,82 2,8 5,2 2,21
3000 3,36 1,96 2,88 2,61 5,01 2,09

Thyc nghiém

[1]va[8] |3,35va3,11 | 1,93val191 | 2,91va26

Quan sé&t Bang 3 ta thiy, mé hinh Fe,O5 & nhiét d6 (300 K, 600 K, 900 K, 1100 K, 1300 K, 1600
K, 1900 K, 2500 K, 3000 K) c6 vi tri dinh dau tién ciia ham phan bb xuyén tam ludn chiém wu thé.
Khi tang nhiét d6, vi tri thir nhat cia ham phan bd xuyén tim ciia Fe-O c¢6 gia tri khong d6i va do cao
ctia ham phan bd xuyén tim co gia tri giam dan. Diéu d6 chimg t6, khoang cach ndi phén tir ciia Fe-O
khong phu thudc vao nhiét do va mat do cac nguyén tur (phan tur) Fe-O giam dan. N6i mot cach khac,
lién két Fe-O khong c6 trat ty xa ma ludn ton tai trat tw gén, do cao cia ham phan bd xuyén tam thir
nhét & nhiét do 300 K ¢6 gia tri 16n nhét, khi tang nhi¢t do thi d6 cao cia ham phan bd xuyén tam thu
nhit c6 xu hudéng giam dan. Tuong tu, d6i voi lien két Fe-Fe, O-O thi vi tri dinh ddu tién ciia ham
phan bd xuyén tim Fe-Fe giam, O-O ting va do cao ciia ham phan bd xuyén tim déu giam khi ting
nhiét do. Piéu d6 cho théy, ¢6 su anh hudng ctia nhiét do 1én lién két Fe-Fe, O-O va 1én tinh déng nhét
vé mit vi cau tric trong mo hinh hat Fe,0; 14 dang ké. Qua qua trinh khao sat cho thiy, trong ving
nhiét d6 tir 2500 K dén 3000 K thi d6 cao dinh thir nhit ciia ham phan bd xuyén tim cua Fe-O c6 xu
huéng giam manh nhat, tai ving nhiét d6 nay mau Fe,Os xdy ra qua trinh chuyén pha tir trang thai vo
dinh hinh sang trang thai 1ong. Dé khang dinh su anh huong cua nhiét do 1én qua trinh chuyén pha vi
ciu trac, chung toi phén tich s6 phdi tri, ning lwong cia mé hinh & cic nhiét do khac nhau, két qua
dugc thé hién trén Bang 4.

Bing 4. 86 phéi tri, ning lwong ciia mé hinh ¢ cdc nhiét @ khdc nhau

cnl an Z1B Nang lwon

Nhiét 4 (K) Fe-Fe Fe-O O-Fe 0-0 %ev )
300 11,29 5,32 3,55 15,6 - 88690,3
600 11,23 5,34 3,56 15,59 - 88480,9
900 11,2 5,43 3,62 15,73 - 88276,6
1100 11,31 5,44 3,63 15,75 - 88125
1300 11,3 5,47 3,65 15,81 - 87981,9
1600 11,3 5,46 3,64 15,74 - 87767,9
1900 11,3 5,48 3,66 15,83 - 87509,9
2500 11,5 55 3,66 15,84 - 87025,7
3000 11 5,33 3,55 15,39 - 86433,2

Thyc nghiém

[1] va [8] 135val1l1,44 | 525va544 4va 3,63 12va 9,9
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Két qua trén Bang 4 cho théy, khi ting nhiét do thi s6 phdi tri trung binh, mt d6 cua cac lién két
(Fe-Fe, 0-0) giam, ctia lién két (Fe-O, O-Fe) tang va nang luong cua céc mau tang. Khi ting nhiét do
Ién 3000 K thi mat do cac lién két déu giam dot ngdt, cac mau di chuyén sang trang thai i long. Két hop
v6i cac két luan trén cho thay, khi tang nhiét do thi kich thude, nang luong cua cac mau tang. Ngoai
ra, dé ‘phan tich vi cAu trac cta cac ‘mau, chung 61 con str dung phuong phap truc quan hoa dé nghién
ctru s6 don vi vi cdu tric cta cac mau, két qua duogc thé hién trén Hinh 2.

Hinh 2. 86 don vi ciu triic trong mé hinh Fe,0,

Quan sat trén Hinh 2 ta thiy, trong mé hinh Fe,O; ton tai chi yéu la cac don vi cAu triic 4 ¢ Hinh 2a
(FeO,, tuong tmg 1 nguyén tu Fe lién két voi 4 nguyén tir 0O), don vi cAu tric 5 ¢ Hinh 2b (FeOs), don
vi cdu trac 6 ¢ Hinh 2¢ (FeOg). S6 nguyén tir c6 don vi cu tric trong cic mau ¢ nhiét o khac nhau
dugc thé hién trén Bang 5.

Bing 5. S6 nguyén tir ¢é don vi ciu tric (4, 5, 6) ciia mé hinh & nhiét @ khdc nhau

Nhiét do (K) 300 600 900 1100 | 1300 | 1600 | 1900 | 2500 | 3000

S6 nguyén tor co | 417 392 428 456 416 520 516 613 833‘
don vi cau truc 4 id

S6 nguyén tor co | 1452 1484 1457 1452 1457 1443 1407 1432 1368
don vi cau trac 5 D

S6 nguyén tu co | 895 828 840 873 880 823 876 740 524
don vi cau truc 6 D

S5 nguyén tr vo | 236 | 296 | 275 | 219 | 247 | 214 | 201 | 215 | 275 _

dinh hinh -

Két qua & Bang 5 cho thiy, khi tang nhiét do, s6 nguyén tir c6 don vi ciu tric 4 tang, sd nguyén
tar c6 don vi cau tric (5, 6) giam, s6 nguyén tir v6 dinh hinh tang chimng t6 cac mau c6 xu hudng
chuyén dan sang trang thai long. Dé khao sat sy phan bd goc giira cic nguyén tir Fe va O, két qua
duoc thé hién trén Bang 6.

Bing 6. Sw phéin bo géc ciia mé hinh Fe,O,

Nhiét do (K) 300 | 600 | 900 | 1100 | 1300 | 1600 | 1900 | 2500 | 3000
Phan bo | Fe-O-Fe | 95 95 95 95 95 95 95 95 | 95
goc (d0) | O-Fe-0 | 75 75 75 75 75 75 75 75 | 75

Bang 6 cho thiy, khi ting nhiét do, su phan bb goc Fe-O-Fe, O-Fe-O giita cdc nguyén tir Fe va O
khong d6i. Noi cach khéc, su phan bd goc gitia cac nguyén tir Fe, O khong phu thu¢c vao nhiét do.
Ngoal ra, ¢ thé xac dinh dwoc nhiét d6 chuyén pha ciia mé hinh Fe,O; thong qua két qua trén Bang 7
va Hinh 3.

Bdng 7. Ning lwong ciia mé hinh Fe,O; ¢ cdac nhiét dj khdc nhau

Nhiét 300 600 900 1100 1300 1600 1900 2500 3000
do (K)

Nang
lwgng | - 88690,3 | - 88480,9 | - 88276,6 | - 88125 | -87981,9 | - 87767,9 | - 87509,9 | - 87025,7 | - 86433,2
(eV)
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Hinh 3. Nhiét d¢ chuyén pha ciia mé hinh Fe,0,

Quan séat Bang 7 va Hinh 3 ta thay, khi ting nhiét do, nang luong clia cic mau giam dan, riéng tai
ving nhiét d6 tir 1900 K dén 3000 K ning luong ciia mo hinh Fe,O5 ting rit nhanh va xac dinh duoc
nhiét do chuyén pha cia mé hinh 1 2257,92 K tuong tng véi mirc ning lugng -87323,46 eV. Can cir
vao cac két qua khao sat va phan tich trén cho thdy sy anh huong cta nhiét 6 1én vi cdu tric va co ché
khuéch tan ctia mé hinh 1a déng ké.

3. Két luén

Bing phuong phap dong luc hoc phan tir, sy anh hudng cua nhiét do 1én vi cdu tric, co ché
khuéch tan va xac dinh nhiét do chuyén pha ctia mé hinh khéi Fe,O3 3000 hat ¢ nhiét do (300 K, 600 K,
900 K, 1100 K, 1300 K, 1600 K, 1900 K, 2500 K, 3000 K) duoc tién hanh khao sat va phan tich thu
duoc mot s két qua sau:

- Viéc lya chon thé tuong tic cip Born - Mayer, c4c thong s6 dé md phong mé hinh khdi Fe,05
3000 hat c6 két qua phu hop véi thuc nghiém [1, 8] va két qua khdo sét trude day [3].

- Khi tang nhiét 49, kich thudc, nang lugng cia mo hinh ting va nhiét do chuyén pha cua mé hinh
duoc xac dinh 1a 2257,92 K.

- Trong khoang nhiét do tir 300 K dén 2257,92 K md hinh tdn tai ¢ trang thai vo dinh hinh, ¢ cdu
tric cua vat liéu khoi.

- C6 sy anh hudng cia nhiét do 1én qué trinh chuyén pha vi ciu triic, co ché khuéch tan cia mé hinh.

- C6 su khéc biét vé& mat cAu trac cua céac lién két Fe-Fe, Fe-O, 0-O trong mo hinh & cac nhiét o
khac nhau.

TAI LIEU THAM KHAO

[1] Luca Signorini, Luca Pasquini, Lorenzo Savini, Roberta Carboni, Federico Boscherini and
Ennio Bonetti, 2003. Size - dependent oxidation in iron/iron oxide core - shell nanoparticles.
Physical Review B68, 195423.

[2] S. M. Yusuf, M. D. Mukadama, J. M. DeTeresa, M. R. Ibarra, J. Kohlbrecher, A.
Heinemann, A. Wiedenmann, 2010. Structural and magnetic properties of amorphous iron
oxide. Physica B405, pp. 1202-1206.

[3] B. T.H.L. Khanh, V. V. Hoang and H. Zung, 2008. Structural properties of amorphous
Fe,Os; nanoparticles. Eur. Phys. J. D, pp. 325-332.

[4] Teruo Henmi, Kazuhiko Tange, Tetsuo Mingawa and Naganori Yoshinaga, 1981. Effect of
SiO,/AlLO;3 ratio on the thermal reactions of allophane Il infrared and X-ray powder
diffraction data. Clays and Clay Minerals, VVol. 29, No. 2, pp. 124-128.

37



5]

(6]

[7]

(8]

9]

Nguyén Trong Diing, Pham Thi Hué, Nguyén Anh Dirc va Nguyén Chinh Cuong

Troy K. Townsend, Erwin M. Sabio, Nigel D. Browning and Frank E. Osterloh, 2011.
Photocatalytic water oxidation with suspended alpha-Fe,0; particles-effects of nano scaling.
Energy Environ. Sci., 4, pp. 4270-4275.

A. M. Van Dieppen and Th. J. A. Popma, 1976. Mossbauer effect and magnetic properties of
an amorphous Pe,0s. Journal de Physique Collogue C6, supplkment au no 12, Tome 37,
De'cembre, pp. C6-755.

Libor Machala, Radek Zboril and Aharon Gedanken, 2007. Morphous Iron (111) Oxide. J.
Phys. Chem. B, 111, pp. 4003-4018.

Luca Signorini, Luca Pasquini, Lorenzo Savini, Roberta Carboni, Federico Boscherini, and
Ennio Bonetti, Angelo Giglia and Maddalena Pedio, Nicola Mahne, Stefano Nannarone,
2003. Size-dependent oxidation in iron/iron oxide core-shell nanoparticles. Phys. Rev. B 68,
195423.

Wu Zhonghua, Guo Lin, Li Qianshu and Zhu Hesun, 1999. Surface atomic structures of
Fe,O; nanoparticles coated with cetyltrimethil ammonium bromide and sodium dodecyl
benzene sulphonate: an extended x-ray absorption fine-structure study. J. Phys.: Condens.
Matter 11, pp. 4961-4970.

ABSTRACT

The influence of temperature on microstructure and diffusion mechanisms
of Fe,O3 bulk models using the molecular dynamics method

This paper looks at the influence of temperature on microstructure, diffusion mechanisms and
transition temperatures of Fe,Oz bulk models (3000 particles) using the Molecular Dynamics method
(MD) with the Born-Mayer couple-interaction potential and periodic boundary conditions. Models of
nano-sized Fe,O; underwent a temperature increase of 300 K to 600 K, 900 K, 1100 K, 1300 K, 1600 K,
1900 K, 2500 K and 3000 K. These models were examined and analyzed using the radial distribution
function (RDF), coordination numbers and the disposition of the angle between particles. Transition
temperatures were then determined by examining the relationship between the energy and
temperature. The results show that temperature does influence microstructure and diffusion
mechanisms of models.

Keywords: Temperature, microstructure, diffusion mechanisms, transition temperature, Fe,O;
bulk model.
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