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DANH MUC CAC KY HIEU VA CHU VIET TAT

TKHP Thong ké hoi phuc
PLHPT Pong lyc hoc phan tir
HPBXT Ham phan bd xuyén tam
Nguyén tir Cr Nguyén tir tinh thé

Nguyén tir CB Nguyén tir tinh thé & viing bién giita pha tinh thé va pha VDH

Nguyén tir CV Nguyén tir tinh thé khong & viing bién giita pha tinh thé va pha VDH

Nguyén tor Am Nguyén tir vo dinh hinh

Nguyén to AB Nguyén tir v dinh hinh & viing bién giira pha tinh thé va pha VDH

Nguyén tor AV Nguyén tir v dinh hinh khéng & ving bién giira pha tinh thé va pha

VBH
SPT S6 phdi tri
VPH V6 dinh hinh
NP Hat nano

MEPA Thé ning trung binh cta 1 nguyén tir
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1a cAc nguyén tir Bo va sdt.




DANH MUC CAC BANG BIEU

Trang
Bang 2.1. Bang 2.1. Céac h¢ s6 cua thé twong tac cap Pak-Doyama doi véi hé hat 6
nano Fe
Badng 2.2 Bang 2.2. Hé so cua thé niong tdc cap nguyén tir Pak-Doyama doi Véi 7
hé hat nano Fe-B
Bdng 3.1. S6 buéc <tcy> va 6 ney nhén diroc trong 6 khoang thoi gian. 12
Bang 3.2 Bang 3.2 Cac ddc diém cia bon mau hat Nano; Py surace 00Mg ting | 14

1& mdt dg s6 nguyén tir & 16i va bé mat; Zrere, Zres tuong 1ng & sé phoi
tri trung binh cua cap Fe-Fe va Fe-B.




Vi

DAI HOC THAI NGUYEN
TRUONG PAI HQC SU PHAM

THONG TIN KET QUA NGHIEN CUU
1. Théng tin chung:

- Tén d¢ tai: Nghién ciru vi cdu triic va tinh chit nhi¢t dong trén cac hat nano kim loai bang
phuong phiap mé phéng

- Ma s6: DH2017-TN04-06

- Cha nhiém d¢ tai: ThS. Giap Thi Thuy Trang

- T6 chirc cha tri: Truong Pai hoc Su pham — Pai hoc Thai Nguyén

- Thoi gian thyc hién: 24 thang (Tl thang 1 nam 2017 dén thang 12 nam 2018)
2. Muc tiéu

- Xay dung va phan tich dugc cdu tric cac hat nano kim loai Fe va FexBioox thong qua viéc phan
tich ham phan bd xuyén tim (HPBXT), phan b s6 phdi tri (SPT), str dung truc quan héa 3 chiéu
va khao sat sb lugng cac loai don vi cAu triic va mam nano tinh thé.

- C gang dua ra duoc co s¢ 1y thuyét dé co thé gii thich thoa dang vé vi cau tric, va mot sd tinh
chit nhiét dong trén cac hat nano kim loai.

3.Tinh méi va sang tao:

- Nghién ctru da chi ra sy I6n 1én cua ¢am tinh thé trong qua trinh tinh thé hoa bat ngudn tir su sap
xép lai cac nguyén tir trong viing bién giira pha vo dinh hinh va pha tinh thé va dan dén su giam
nang lugng cua hat nano.

- Khao sat véi hat nano FexBioox Ndng d6 Bo cao, chling tdi xét hai mau hat nano FegoBio & nhiét do
900 K, két qua md phong chi ra sy tinh thé hda phu thuéc manh vao cach tao céc hat nano nay.
Diéu nay la do nguyén tir Bo da can tré qué trinh tinh thé hat nano FexBioox.

4.Két qua nghién ctru:

- Bing phuong phap mo phong dong luc hoc phan tu, chung toi da tao ra dugc cac hat nano Fe,
Fe-B ¢6 dang hinh cau vai thé tuong tac cip Pak - Doyama, lan luot chira 10000, 5000 nguyén ti &
cac nhiét d6 300 K va 900 K. Chung t6i ciing di khao sat duoc nhitng dic trung vé ciu tric va tinh
chat nhiét dong cua cac hat nano nay.

- Mb phong chi ra, khi cac hat nano Fe va FegsBs VDH (ndng do B nho) dugc 1 nhiét trong mot
thoi gian du dai (c& khoang 107 budec DLHPT) & nhiét do 900 K, thi chiing tinh thé hoa thanh cau
trdc tinh thé bee. Co ché tinh thé hoa trong hat nano dién ra nhu sau: (i) O giai doan dau céc dam
tinh thé nho hinh thanh, phan bé déu khip trong hat nano va nhanh chéng bi bién mat; (ii) Sau thoi
gian  da dai, cac dam tinh thé 6n dinh d dwoc tao ra trong I8i cua hat nano, cac dam nay phat
trién nhanh theo moi huéng bao phu 15i va sau d6 lan ra gan bé mat hat nano. (iii) Khi qua trinh
tinh thé hoan thanh, hat nano tinh thé bao gom: phan 16i Ia tinh thé Fe bee va phan vé ¢6 cau tric
x6p vo dinh hinh.
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- Phan tich thé nang trén mot nguyén tir cua céc loai nguyén tir khac nhau véi truong hop dam tinh
thé 6n dinh, chling t6i thay rang, thé niang nay giam dan theo thi ty sau: Nguyén tir AB — Nguyén
tir CB — Nguyén tir CC. Nghia 13, sy I6n 1&n cua dam tinh thé bat nguon tir sy sap xép lai cac
nguyén tir trong viing bién giita pha vo dinh hinh va pha tinh thé va dan dén su giam nang lugng
cua hat nano.

- Khao sat véi hat nano FexBioox Ndng d6 Bo cao, chling tdi xét hai mau hat nano FegoBio & nhiét do
900 K, két qua md phong chi ra sy tinh thé hoa phu thuéc manh vao cach tao cac hat nano nay.
Diéu nay l1a do nguyén tir Bo da can trg qua trinh tinh thé hat nano FexBioo-x.

5.San pham:
5.1. San pham khoa hoc
1) Kien Pham Huu, Trang Giap Thi Thuy, and Hung Pham Khac (2017), “The study of separation
of crystal Fe and morphology for FeB nanoparticle: Molecular dynamics simulation”, AIP
Advances 7, 045301.
2) GTT Trang, P H Kien, P K Hung (2017), “Study of crystallization mechanisms of Fe
nanoparticle”, IOP Conf. Series: Journal of Physics: Conf. Series 865, 012003.
3) Giap Thi Thuy Trang, Phonesavath C., Khic Hung Viét va Pham Hitu Kién (2017), “M6 phong
su bién d6i cAu trac trong hat nano st theo nhiét d6”, Tap chi Khoa hoc & cong nghé, Dai hoc
Thai Nguyén 172 (12/1) tr. 31-35.
5.2. San pham dao tao
Hudng din 02 dé tai NCKH SV di duoc danh gia xuat sic.
1) Doan Thi Thu Trang (2017), Tim hiéu phwong phép tao hat nano tinh thé Fe bec tir hop kim FeB
bang phwong phdp mé phéng, Bé tai NCKH sinh vién, Truong Pai hoc su pham — Dai hoc Thai
Nguyén.
2) Nguyén Thi Linh (2018), Nghién ciru cdu triic va qud trinh chuyén pha ciia Nickel bang phwong
phap mé phong, Dé taii NCKH sinh vién, Truong Dai hoc su pham — Pai hoc Thai Nguyén.
3) D¢ tai 1a mot phan luan an cua Nghién ctru sinh Giap Thi Thiy Trang (dang thuc hién), M
phong cdu triic va qud trinh chuyén pha cia cdc vét liéu vé dinh hinh, Trudng Pai hoc Bach Khoa
Ha Noi.
5.3. San pham tmg dung
Mau cac hat nano kim loai va hop kim Fe, Al, Ni va FeB
1) MAu c4c hat nano Fe
2) Mau cac hat nano Al
3) Mau céc hat nano Ni
4) Mau cac hat nano FeB
6. Phuong thirc chuyén giao, dia chi wng dung, tiac dong va lgi ich mang lai cia két qua

nghién ciru:
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- Phuong thirc chuyén giao: Tryc tiép hoic qua thu dién tir
- bia chi ing dung: Truong Pai hoc Su pham — Dai hoc Théai Nguyén
- Tac dong va loi ich mang lai cua két qua nghién ctu:
Déi véi linh virc gido duc va dao tao
e K&t qua dé tai cung cap nhirng thdng tin va hiéu biét can thiét vé vi cau trdc, tinh chat
nhiét dong trong cac hat nano kim loai.
e D@ tai s& cho thiy kha ning tng dung cua hat nano trong &ng dung cdng nghé va y hoc.
e Bao cdo d¢ tai Ia tai liéu tham khao cho hoc vién cao hoc nganh vat Iy.
Déi vai linh vuc khoa hoc va cong nghé c6 lién quan
e M0 phong c6 thé cung cap cac sb liéu va thong tin du doan trudc vé ciu tric va cac tinh
chat cua hat nano kim loai cho nha nghién ctiu thuc nghiém va ly thuyét.
e Két qua md phong cung cap sb lidu can thiét vé ciu trac va cac co ché vat ly xay ra
trong hat nano kim loai dé cac nha nghién ctru tng dung va cdng nghé déi chiéu.
Déi véi phat trién kinh té - xa hoi
e K&t qua cua dé tai gop phan dang ké thuc diy su dam mé tham gia nghién ciru va khdm
pha khoa hoc cua hoc vién cao hoc va sinh vién.
Déi vai to chire chu tri va cac co so tng dung két qua nghién cau
e K&t qua ciia dé tai gop phan phat trién khoa hoc va cong nghé cua Nha truong. Dé tai
cling 1a mot tai liéu tham khao bo ich ddi voi hoc vién cao hoc, sinh vién nghién ciu
khoa hoc va gop phan dang ké trong dinh huéng doi méi giéo duc trong linh viuc md
phong.

Ngay thang nam 2019

T6 chirc chi tri Chii nhi¢m d@ tai
. Coa £ (ky, ho va tén)
(ky, ho va tén, dong dau)



INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Study on microstructure and thermodynamic properties of metal
nanoparticles by simulation method.

Code number: DH2017-TN04-06

Coordinator: MSc. Giap Thi Thuy Trang

Tel.: 0280 3856 893; Mobi: 0919.973.117

E-mai: giapthuytrang@dhsptn.edu.vn

Implementing Institution: Thainguyen University of Education
2. Objective(s):

- Constructing and analyzing the structure of Fe and FeB nanoparticles through the analysis of
radial distribution function, coordination number distribution, using visualization and survey the
number of nanocrystalline structure and nucleus units.

- Give a theoretical basis to be able to explain satisfactorily about microstructures, and some
thermodynamic properties on metal nanoparticles.

3. Creativeness and innovativeness:

- The study has shown that the growth of crystalline clusters in the crystallization process
originates from the rearrangement of atoms in the boundary region between the amorphous phase
and the crystalline phase and leads to the reduction of particle energy. nano.

- Survey with high concentration of FexBioox hanoparticles, we consider two samples of FegoBio
nanoparticles at 900 K temperature, the simulation results show that the crystallization depends
strongly on how to create these nanoparticles. This is because Bo atoms interfere with the FexBigo-x
nanoparticle crystal process.

4. Research results:

- By molecular dynamics simulation method, we have created Fe, Fe-B nanoparticles with
spherical shape with the Pak-Doyama pair potential, which in turn contain 10000, 5000 atoms in
the heat 300 K and 900 K. We also investigated the structural and thermodynamic properties of
these nanoparticles.

- Simulation shows that when Fe and FegsBs GDH nanoparticles (small B concentration) are
annealed for a long enough time (about 107 steps of DLHPT) at 900 K, they crystallize into
structure. bcc crystal. The crystallization mechanism in nanoparticles takes place as follows: (i) In
the early stages small crystals of crystals formed, evenly distributed throughout the nanoparticles
and quickly disappeared; (ii) After a long enough incubation period, stable crystalline clusters were
created in the core of the nanoparticle, which grew rapidly in all directions covering the core and
then spread to the surface of the nanoparticle. (iii) When the crystal is completed, crystal
nanoparticles include: the core part is Fe bcc crystal and the shell has amorphous porous structure.

- Analyzing the potential energy on an atom of different types of atoms with a stable crystal cluster,
we find that this potential energy decreases in the following order: AB atom — CB atom — CC



atom. That is, the growth of the crystal cluster stems from the rearrangement of atoms in the
boundary region between the amorphous phase and the crystal phase and leads to a reduction in the
energy of the nanoparticle.

- Survey with high concentration of FexBioo-x Nanoparticles, we consider two samples of FegBio
nanoparticles at 900 K temperature, the simulation results show that the crystallization depends
strongly on how to create these nanoparticles. This is because Bo atoms interfere with the FexBigo-x
nanoparticle crystal process.

5. Products:
5.1. Science products
1) Kien Pham Huu, Trang Giap Thi Thuy, and Hung Pham Khac (2017), “The study of separation

of crystal Fe and morphology for FeB nanoparticle: Molecular dynamics simulation”, AIP

Advances 7, 045301.

2) G T T Trang, P H Kien, P K Hung (2017), “Study of crystallization mechanisms of Fe
nanoparticle”, IOP Conf. Series: Journal of Physics: Conf. Series 865, 012003.

3) Giap Thi Thuy Trang, Phonesavath C., Khuc Hung Viet va Pham Huu Kien (2017), “Simulation
about structural change in iron nanoparticles depend on temperature”, Journal of science and
technology, Thai Nguyen University 172 (12/1) tr. 31-35.

5.2. Training results

1) Doan Thi Thu Trang (2017), Study of creation Fe bcc crystalline nanoparticles from FeB alloy
by simulation method, Student scientific research topic, Thai Nguyen university of education.

2) Nguyen Thi Linh (2018), Study the structure and phase transition of Nickel by simulation
method, Student scientific research topic, Thai Nguyen university of education .

3) The Project is part of doctoral thesis which be long to Ph.D Giap Thi Thuy Trang (Processing),
Molecular dynamics simulation of microstructure and phase transition of amorphous materials,
Hanoi University of science and technology.

5.3. Applied products
10 models of Fe, Ni, Al, FeB nanoparticles
1) Model of iron nanoparticles: 10 models of iron nanoparticles at temperatures of 300, 900K; 490,
598, 713, 835, 946, 1070, 1542, 1771K
2) 3 models of FegsBs nanoparticles, and 2 models of FegBio nanoparticles with two different
patterns
3) Al nanoparticle models
4) Ni nanoparticle models
6. Transfer alternatives, application institutions, impacts and benefits of research results:
- Transfer alternatives: Directly or via email

- Application address: University of Education - Thai Nguyen University
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- Impacts and benefits of research results:
For education and training

e The results of the research provide necessary information and understanding about
microstructure, thermodynamic properties in metal nanoparticles.

» The topic will show the applicability of nanoparticles in the application of technology and
medicine.

* Report of the topic is a reference for graduate students in physics.
For related fields of science and technology

* Simulation can provide predictable data and information about the structure and properties of
metal nanoparticles to experimental and theoretical researchers.

+ Simulation results provide necessary data on the structure and physical mechanisms that occur in
metal nanoparticles for researchers to apply and contrast technology.

For socio-economic development

* The results of the project significantly contribute to the passion for participation in research and
scientific discovery of graduate students and students.

For host organizations and research application establishments

» The results of the project contribute to the development of science and technology of the
University. The topic is also a useful reference for graduate students, scientific research students
and significantly contributes in the direction of educational innovation in the field of simulation.



MO PAU
1. Ly do chon dé tai

Ngay nay, vat liéu nano rat c6 tiém nang ting dung trong cudc séng ciia chiing ta. Chang han
nhu trong linh virc y té, mot nghién ctru di cho két qua kha quan khi sir dung cac hat nano vang dé
chéng lai nhiéu loai ung thu. Khong dimg lai & d6, cic nha khoa hoc con nghién ctru mot dy an
nanorobot v cling dic biét, voi nhitng robot c¢6 kich thude siéu nho, ¢ thé di vao bén trong co thé
con nguoi dé dua thude diéu tri dén nhitng bd phdn can thiét lam ting hiéu qua didu tri, ngay ca
nhitng can bénh ung thu khé chira nhat nhu ung thu ndo, cac bac si co thé dé dang diéu tri ma
khong cAn mé hop so cta bénh nhan hay bat ky phuong phap hoa tri doc hai; Trong linh vuc dién
ttr, nhitng bo vi xir 1y dwoc 1am tir vat liéu nano kha phd bién trén thi truong, mot sé san pham nhu
chudt, ban phim ciing dugc phit mét 16p nano khang khuan. Pin nano trong tuong lai s& c6 cau tao
theo kiéu dng nanowhiskers, cdu triic dng nay s& khién cac cuc cia pin c6 dién tich bé mit 16n hon
rat nhiéu 1an, gitp no luu trit dwoc nhiéu dién nang hon khi ma kich thudc cia vién pin s& ngay
cang duoc thu hep lai...Trong linh viee may mac, mét y tuéng vo cung dac biét voi loai quﬁn 40 ¢co
kha nang diét vi khudn gay mui h6i kho chiu trong quan 4o di tré thanh hién thyuc voi viée ap dung
cac hat nano bac. Ung dung hitu ich nay da duoc 4p dung trén mot s6 mau quén 4o thé thao. Khong
chi dimg lai ¢ cong dung khir mui, cong nghé nano c6 thé bién chiéc 4o dang mic thanh mot tram
phét dién di dong; str dung cac ngudn ning lugng gio, nang lrong mat troi va véi cong nghé nano
¢6 thé sac dién cho chiéc smartphone moi lac moi noi.

S& di vat liéu nano c6 nhiéu dic tinh tha vi dé ung dung la do kich thudc cia chung rat nho
bé, co thé so sanh véi cac kich thudc téi han ciia nhiu tinh chit hoa li trong vat lidu. Vi du nhu
hiéu tng dudng ham (dién tir c6 thé tirc thoi chuyén dong xuyén qua mot 16p cach dién), do dé cac
vat liéu dién tir xy dung & kich ¢& nano khong nhitng c6 thé dugc dong goi day dic hon trén mot
chip ma con c6 thé hoat dong nhanh hon, véi it electron hon va mét it nang lugng hon nhiing
transistor théng thuong; Su thay d6i cta nhing tinh chat nhu tinh chét dién va tinh chat quang phi
tuyén (non-linear optical), thi du khi ta kich thich mét chim luong tu, chim cang nho thi nang
lwong va cudng d6 phat sang ciia nd cang tang; Nhiing tinh chét cin ban cia vat chit, ching han
nhu nhiét d6 noéng chay ciia mot kim loai, tir tinh ciia mot chét ran va vung cAm cua chit ban dan
phu thudc rit nhiéu vao kich thudc cia tinh thé thanh phan, mién 1a ching nam trong gidi han cua
kich thudc nanomet. Mdi quan hé nay mé dudng cho sy sang tao ra nhiing thé hé vat chat voi
nhitng tinh chat mong mudn, khong chi boi thay ddi thanh phan héa hoc ciia vat liéu ma con boi su
diéu chinh kich thudc va hinh dang.

Nhu vay, vat lidu kich thudc nano mét mang nhiéu tinh chét di thuong so véi vat liéu khdi va
ching da co rat nhleu ung dung quan trong trong khoa hoc cong ngh¢, k¥ thudt va y hoc. Vi vay,
tim hiéu thong tin vé Vi cdu trac cling nhu cac qua trinh blen d6i bén trong hat nano 1 rat quan
trong va can thiét. Chinh vi vdy ma huéng nghién ciru vé dic tinh cau trac va cac tinh chét di
thuong cua hat nano da va dang thu hat dugc sy quan tam nghién ciru manh mé ctia cac nha khoa
hoc trong va ngoai nudc. Tim hiéu thong tin vé cdu trac ciia cac hat nano chi c6 thé dugc nghién
ctru bang phuong phap mé phong vi rat kho dé c6 thé theo ddi truc tiép chuyén dong cua nguyén tir
bang thuc nghiém. M6 phong 1a phuong phap nghién ciru, khao sat cac hién twong vat 1i xdy ra
trong vat liéu bang cac ki thuat sir dung may tinh, cy thé 14 sir dung chuong trinh may tinh dé mé ta
mot qua trinh hodc mét tdp hop cac trang thai vi mé ctuia hé vat 1y theo mot mo hinh cho trudc.
Phuong phap nay khong chi kiém ching dugc cac 1y thuyét ma con gitip tién doan cac két qua thuc
nghiém mot cich nhanh chéng, du bio duoc nhimg vét lidu méi va nhiing tinh chit cua
chung... Trong nghién ciru, mé phong c¢é thé tim hiéu cac co ché vi mé cua cac hién twong, khao sat



su bién d6i cua hé & mirc nguyén tu, theo doi dugc dién bién cua hién tuong & nhitng thoi diém
mong mubn. Trong cong ngh¢ vat liéu, phuong phap md phong céd thé tao ra duoc nhitng vat licu
moi theo yéu cau sir dung. Mo phong s& 14 cong cu hitu hiéu dé quan sat, du doan cac qua trinh
bién ddi cu truc.

Nhom céc vat lidu nano Fe va cac hop kim cta chiing dwoc quan tim béi rat nhiéu 1y do. N6
1a vat lidu tir tinh thong dung nhat, c6 thé duoc str dung trong cac 161 bién 4p dién va cac phuong
tién luwu giit tir tinh cling nhu chat xuc tac. Trong vai nim gin day nhiéu cong trinh da nghién ctru
vé vat lidu nay nhung chiing t6i chi tim thiy mot vai cong trinh nghién ciru vé cdu tric va tinh chat
nhiét dong trén cac hat nano Fe, FeB bang phuong phap thyc nghiém, mo phong. Cho dén nay van
chua c6 mot mo hinh vat 1y théng nhit nao dwgc dua ra ma c6 thé giai thich théa dang vi cau trac
cling nhu cac tinh chat nhiét dong trén cac hat nano nay. Sy két tinh ciing nhu ciu triic vi md ciia
hat nano con nhiéu vin dé dang b6 ngd va chua duge tim hiéu mot cach d'?ly du. Cu thé, co ché két
tinh & muic nguyén tir 1a chwa rd rang, van chua rd bé mat ty do anh huéng nhu thé nao dén su tao
mam va su phat trién tinh thé, tinh chét da thu hinh ctia cac hat nano...Lam rd chi tiét ciu tric dia
phuong cua hat nano 1a quan trong, boi vi né lién quan dén mot sé dic tinh cu thé duoc tim thay
cho céc vat lidu nay. Do dé chung toi dwa ra ¥ tudng thuc hién nghién ctru cdu tric va tinh chat
nhiét dong cua cac hat nano Fe, FeB bang phuong phap mo phong dong luc hoc phan tir thong qua
viéc phan tich HPBXT, phan bé SPT va phuong phép truc quan hoa.

2. Muc tiéu dé tai

- Xay dung va phan tich dugc cAu trac cac hat nano kim loai Fe va Fe-B thong qua viéc
phén tich ham phén bo xuyén tam (HPBXT), phén bo so phoi tri (SPT), sir dung truc quan hoa 3
chi€u va khao sat so0 lugng cac loai don vi cau tric va mam nano tinh thé.

- C6 gang dua ra duoc co sd 1y thuyét dé co thé giai thich thoa dang vé vi cu triic va mot s6
tinh chit nhiét dong trén cac hat nano kim loai.

3. Phuwong phap nghién ciru ciia dé tai

- Sir dung cac phan mém mé phong théng ké hdi phuc, md phong DPLHPT va mot s6 phuong
phap phan tich vi ciu tric hat nano.

- Sir dung phurong phap truc quan héa 3 chiéu dua trén phan mém Matlab dé quan sat vi cau
tric va qua trinh bién ddi trén hat nano kim loai & mtrc d6 nguyén tu.

4. P6i twong va pham vi nghién ctru ctia dé tai
- Pi twong nghién ciru 14 cac hat nano kim loai Fe, Fe-B vo dinh hinh

- Pham vi nghién ciru 1a nghién ctru 1y thuyét co ban vé vi cau trac, tinh chét va cac hiéu ing
vat 1y trong hat nano kim loai trong dai nhiét do 200-2500 K; Nghién ciru vi cau trac hat nano kim
loai trén cac mau mo phéng theo kich thudc cua hat, diéu kién nhiét 6 va ap suat khac nhau;- Pua
ra co s ly thuyétgiai thich méi lién hé giira tinh chat nhiét dong va qua trinh hinh thanh cac “pha
trung gian” trong hat nano kim loai.

5. CAu truac caa dé tai

Ngoai phan mé dau, két luan va tai liéu tham khao, dé tai duoc chia thanh 3 chwong: Chuong
1 gi6i thiéu tong quan vé phuong phap md phong, 1y thuyét chuyén pha, 1y thuyét tinh thé hoa va
dic diém vé ciu tric, tinh chat ctia cac hat nano kim loai; Chwong 2 trinh phuong phép st dung dé
nghién ctru dé tai va cac k¥ thuat tinh toan, phan tich cac dic trung ciu trac; Chwong 3 trinh bay
cac két qua va nhirng thao ludn vé cdu tric va tinh chit nhiét dong cua cac hat nano Fe, FeB.



Chuong 1 TONG QUAN

Pé tai da tham khao 50 tai liéu dé tong két cac noi dung co lién quan, bao gdom: (i) Phuong
phép md phong DLHPT va thong ké hdi phuc; (i) Ly thuyét chuyén pha va ly thuyét tinh thé hoa;
(iii) Pac diém cau trdc va tinh chat cua cac hat nano kim loai.

Phirong phéap md phéng PLHPT va thong ké hoi phuc: M6 phong DLHPT cho phép theo ddi va du
doan sy bién d6i theo thoi gian caa hé cac phan tir (nguy@n tir) co twong tac. Chuyén dong cua céc
nguyén tir trong khdng gian md phong tuan theo cac phuong trinh chuyén dong Newton. Md phong
DLHPT tao ra mot chudi cac cau hinh bién d6i theo thoi gian. Cac cau hinh phu thudc vao thoi
gian nay tao ra quy dao ciia CAC nguyén tir tir vi tri ban dau cho téi khi két thic qué trinh mé phong.
Tinh chét nhiét dong hoc vi mé co thé thu dugc bang cach bién doi cac thdng tin chi tiét tir cac tap
hop & mic vi md dua trén co s¢ cia co hoc théng ké. Phuong phap thong ké hoi phuc thuong
duoc sir dung trong md phong ciu tric vat liéu vo dinh hinh trong diéu kién céc qué trinh
dién ra it phu thuoc vao nhiét do. Vé ban chat, phuong phap thdng ké hoi phuc 1a phuong
phap MD duoc xét ¢ nhiét do T =0 K.

Ly thuyét chuyén pha: Pha 1a tap hop nhitng phan dong nhat caa vat chat. O diéu kién can bang,
chlng c6 cung thanh phan, ciing trang thai va duoc ngin cach vai cac pha khac bai bé mat phan
chia. Khi nhiét d6 hay &p xuit cua hé thay doi s& kéo theo su ting niang luong tu do. Luc d6 hé cé
xu hudng bién doi sang trang thai can bang mai véi nang luong ty do nhé hon tic 1a ¢ sy chuyén
pha. Chuyén pha thuong duoc khoi dau bang sy tao mam cia pha mai. Qua trinh nay duoc thyuc
hién bai su khuéch tan caa cac nguyén tir, phan tir dé két tu véi nhau tao thanh mam. Cac mam 16n
dan theo thoi gian va vat liéu chuyén sang pha mai khi qué trinh nay két thic. Bong hoc chuyén
pha mo ta quan hé giita phan vét chat da chuyén sang pha méi va thoi gian chuyén pha & céc nhiét
d6 khac nhau. Bong hoc chuyén pha thuong dugc biéu dién bang biéu thirc Johnson-Mehl-Avrami
(IMA):

X, =1—exp(—kt") (1.1)

trong do6: t 1a thoi gian chuyén pha; k 1a hang s6 tdc do chuyén pha va c6 gia tri xac dinh ¢ mdi
nhiét do xac dinh; n 1a hing s6 Arvami.

Ly thuyét tinh thé héa

Trong qué trinh tinh thé hoa, dong luc tao mam va phat trién 14 sy giam ning luong tu do cua hé.
Li thuyét Nhiét dong hoc nghién ctru sy hinh thanh va 16n 1én ciia mam tinh thé dwa vao khao sat
su bién d6i ning luong tu do ctia nd. Xét hai trudng hop tao mam khac nhau. Néu mam dugc hinh
thanh trong hé vat liéu tinh khiét dwoc goi 12 mim dong nhit. Trudong hop mam xuét hién trén cac
phan tir khac pha cua hé duoc goi 14 mam khong dong nht.

Mam dong nhat: Gia sir trong mot hé tinh khiét & nhiét do nhét dinh xuat hién mot dam nguyén tir
c6 thé tich 12 V va dién tich bé mit 1a S. Khi tao thanh dam, cac nguyén tir chuyén tir pha ban dau
(v6 dinh hinh) kém bén virng sang pha méi (tinh thé) bén viing hon. Ning luong cua hé cac
nguyén tir nay thay d6i do hai nguyén nhan: cac nguyén tir & pha méi c6 nang luong thip hon &
pha ban dau; miat khac khi pha méi dugc hinh thanh, bé mét ngin cach giita hai pha lam xuét hién
ning lugng bé mat dam.

Mam khéng dong nhdt: Theo 1i thuyét nhiét dong hoc, mot trong cac yéu t quan trong khi
xét dén co ché tao mam 1a nang lugng bé mit cia dam. Vi hé df”)ng nhat thi d6 1a nang luong bé



mat gitra pha méi hinh thanh va pha ban dau. Véi hé khong déng nhét, do trong hé c6 cac tap chit,
khuyét tat thi cdn xét t&i ca nang luong mét phan cach giita pha méi, ban dau véi thanh phan khong
ddng nhét xuét hién trong hé. Xét truong hop don gian sau: mam khong dong nhat c6 dang chom
cAu ban kinh r, chiéu cao h xuit hién trén bé mit tap chét, 0 1a g6c hop bdi gitra mat cAu cia mam
va bé mat tap chét. Khi dé trong hé vat liéu tdn tai cac thanh phﬁn khac nhau: cac nguyén tir 6 pha
ban dau (o), nhém cac nguyén tir tao mam & pha méi (B) va cac phan tap chit ma cic mam hinh
thanh trén d6 (8) (hinh 1.1).

Hinh 1.1 Su hinh thanh mam tinh thé khéng dong nhat.

Cdu tric va tinh chdt nhiér déng cia cac hat nano kim logi va hep kim:Cac hat nano dang
dugc nghién ciru, img dung rong rii trong khoa hoc, cong nghé va y hoc. Nhiéu nghién ctru vé vi
cAu trac, hiéu ung kich thudc va tinh chét ddng hoc cua cac hat nano kim loai da dugc thuc hién
bang ca thuc nghiém, 1y thuyét va mé phong. Cu thé nhu: Debouttiere va cong sy cho thay hat nano
vang boc boi cac nguyén tir Gd duge dung dé lam ting d6 twong phan trong cong hudng tir hat
nhan. Khi tron hat nano vang hay bac vao thuy tinh dé chiing c6 cac mau sic khac nhau, Letfullin
da phat hién hat nano vang cé thé tiéu diét cac té bao ung thu. Str dung phuong phép thuc nghiém
nhu tan xa tia-X, nhiéu xa notron...cac nha thuc nghiém dd cung cép rit nhiéu dir liéu quan trong
vé& vi cu triic va cac tinh chat dong hoc clia cac hat nano. Zhu va cong sy str dung phuong phap mo
phong & mirc nguyén tir da cong bd mot sb két qua thi vi vé hiéu tmg kich thudc va cac tinh chat
bé mat trén hat nano kim loai nhém. Cho dén nay, nguoi ta da phat hién hinh dang, tinh chét va ciu
tric ciia hat nano phu thudc manh vao diéu kién va cac phuong phéap ché tao chung. Thoi gian gan
day, mot s6 phuong phap cho phép tao ra cac hat nano kim loai, hop kim vé dinh hinh. Céc hat
nano (NP) v6 dinh hinh va tinh thé dugc quan tdm nghién ciru va phat trién boi vi chiing ¢6 nhiéu
tinh chat tha vi va c6 nhiéu ang dung quan trong trong céc linh vyc cong nghiép khac nhau. Ching
han, c&c hat nano sit va sit vo dinh hinh thé hién tinh chat tir va tinh chit hip thu quang doc do,
diéu nay c6 thé din dén nhitng tng dung tién tién cua ching trong céng nghé nano. Ciu trdc cua
NP vé dinh hinh bao gém hai phan: phan I8i c6 ciu tric twong tu nhu ciu tric cua mau khéi, trong
khi phan vo c6 cau trdc x5p hon. Nhin chung trang thai vo dinh hinh 14 khong bén viing, nén khi
dugc 0 ¢ nhiét d6 va ap suét thich hop, thi cac hat nano ciu trac VDH c6 thé bi tinh thé hoa thanh
cAu trac tinh thé bec, fee hodc hep. Su két tinh cua cac hat nano vo dinh hinh da dwoc nghién cau
boi cac thi nghiém. Két qua chi ra rang so véi mau khéi, sy két tinh trong NP bao gdm cac qua
trinh riéng ¢ ngudn gdc tir cau trdc x6p cua bé mat hat nano. Chang han nhu, Changsheng va cong
su chimg minh nhiét do chuyén pha thily tinh va pha tinh thé cta cac hat nano Co phy thudc vio
kich thudc cua hat. Bang phuong phap mo phong DLHPT, hai nha nghién ctru S. Ozgen va E.
Duruk cho thay: Trong qué trinh lam lanh tir tir hat nano nhom tir nhiét do 700 K xudng 300 K, ho
phat hién hat nano nhom trai qua ba trang thai khac nhau 1a: trang thai 1ong, trang thai tinh thé yéu
(weak-crystal) va trang thai thiy tinh. Sy chuyén pha 16ng sang pha tinh thé hodc sang pha VDH
cling da dugc tim thay trong cac hat nano Al,03 va CdSe/CdS nhu c6 thé thdy trong cac cong trinh.



Chuong 2 PHUONG PHAP TINH TOAN
2.1 Xay dwng mo hinh dong luc hoc phéan ti
2.1.1 Thé twong tic

Mot trong cac dai lugng quan trong ciia phuong phap mé phong la thé ning tuong tac cua
cac nguyén tir. Khao sat dai lugng nay thu dugc nhiéu thdng tin can thiét vé co ché vi mo cua hién
tuong vat li dién ra trong mo hinh.

Xét mot hé gom N nguyén tir, thé twong tic ctia hé duoc xac dinh nhu sau:
U(rlirz'--rN):ZUee +ZUNN +ZUNe (2.1)

U : thé tuong tac cua hé;

S, tong thé twong tac giira cac electrron ;

SUp tong thé twong tac giira cac hat nhan;

U : tong thé tuong tac giira cac hat nhan véi cac electrron;
Ne

2.1.2 Kich thwoc ciia mé hinh

Giita cac nguyén tir trong hé vat lidu ludn cé luc tuong tac va do d6 ludn ton tai thé ning
tuong tac giita chiing. Goi re 1a khoang cach giita hai nguyén tir ma thé twong tac giita chiing coi
nhu bang khong. Khi d6 thé twong tac giita cic nguyén tir trong pham vi ¢6 r < r¢ S0 vGi nguyén tir
ta xét 1a dang ké va cac nguyén tir trong pham vi nay can duoc dua vao khao sat. Nhu vay, kich
thudce tdi thiéu cia mé hinh duogc chon 13 L = 2re.

2.1.3 Piéu kién bién tudan hoan

Trong mo phong, sé nguyén tir duoc sir dung chi tir vai nghin cho dén vai triéu nguyén tu.
Kich thuéc mé hinh nay 1a rat nho so voi cac mau khdi thuc té. Bé khac phuc han ché nay, phuong
phap md phong sir dung diéu kién bién tuan hoan. Piéu kién bién tuan hoan gitp khong gian
khao sat cua vat liéu duoc lap di lap lai twong ty nhu mau khdi. Khi d6 han ché dugc anh
hudng cua diéu kién bién. Gieo ngau nhién mot hé gdm N nguyén tir vao trong khong gian
mo phong 1a hinh hop 1ap phwong co kich thude L x L x L. Cu thé, toa d6 cta nguyén tir thi i
dich chuyén trén phuong truc X voi diéu kién bién tudn hoan dugc xac dinh nhu sau:

X (i) = (i) — L khi x(i)>L

. (2.2)
X (i) = (i) + L khi x(i)<O0.

2.1.4 Céc thong sé ciia md hinh

Khi hé ta xét dat trang thai can bang, cac dai lugng vat 1y khong d6i theo thoi gian nhu
nang lugng, nhiét do, &p suat...Trong mo phong biang phuong phap MD, c¢6 mét s6 tap hop duoc
giit khong d6i nhu NVE, NVT, NPT... v6i N la sé nguyén tir caa hé, P,V va T twong tng 1 &p
sut, thé tich va nhiét d6 cua hé. Xét mo hinh NPT, ning luong toan phan cua hé (E) duoc xac
dinh bang tong dong ning (K) va thé ning (U) cua hé theo hé thirc:

E=K+U. (2.3)

Thé niang cua hé duoc xac dinh bai hé thic sau:



U=3U, (%) (2.4)

i>j

Pong ning cua hé ¢ thoi diém t duoc xac dinh théng qua van toc cua cac hat:

1 PRY
K(t):EZmi (V. (1)) - (2.5)
Nhiét do T(t) cua hé & thoi diém t dugc xac dinh boi cong thirc:

g.NkBT () =K (t). (2.6)

2.2 Xay dung mo hinh dong luc hgc phan tir ciia hat nano Fe

Thé twong tac cap Pak-Doyama da dugc st dung nhiéu trong cac md phong truéc day khi
nghién ciru vé céc vat liéu Fe, FeB, thé nay c6 dang:

U(r)=

a(r+b)’ +c(r+d) + e, 0<r<r,; 29)
0, r

cutoff

<r

trong d6 U(r) 1a thé twong tac c6 don vi eV, r 1a khoang cach giira cic nguyén tir tinh bang A, rex 12
vi tri cuc tiéu thir nhat cia HPBXT, cac hé s6 a, b, ¢, d, e dugc xac dinh tir s6 liéu thuc nghiém vé
module dan hdi (Bang 2.1).

Bang 2.1. Cac hé so cua thé tiwong tic cap Pak-Doyama doi véi hé hat nano Fe

Hé s a b c d e et

Fe - Fe -0,18892 -1,82709 1,70192 -2,50849 -0,19829 3,14 A

Sau khi xac dinh thé twong tac giita c4c nguyén tir trong mo hinh, chiing toi tién hanh xay dung va
khao sat mé hinh bang phuong phdp PLHPT. Cac phuong trinh chuyén dong duoc giai s6 bang
cach sir dung thuat toan Verlet. Bugc md phong bang 4,6x104 s. Ching tdi gieo ngau nhién 10000
nguyén tir trong mot hinh cau béan kinh 34 A véi diéu kién bién ty do. Sau dé chay théng ké hdi
phuc cho dén khi hé dat trang thai can bang. Dé tao thanh cac mau vai cac nhiét do khac nhau,
chding tdi nung néng mau trén dén 300K va tiép tuc hoi phuc nhiét mau nay thém 2 x107 bude dong
luc hoc phan tir dé hé can bang, goi hé nay 1a mau 300. Chung t6i ciing da chuan bi hai mau 300 dé
kiém tra anh huéng cua cac cau hinh ban dau va thiy rang cu hinh ban dau da khéng anh huéng
dén céc thuoc tinh ciu tric. Bé nghién ciu qua trinh tinh thé héa ching t6i da chuan bi mau thi hai
bang cach nung néng mau 300 dén 900 K va sau d6 u nhiét mau 2 x107 budc, mau nay duoc goi la
mau 900.

2.3 Xay dung md hinh dgng luc hoc phan tir caa hat nano FeB

Tuong tu Vi xay dung mé hinh hat nano sit thi hat nano FeB ciing dugc xay dung véi mé hinh sir
dung thé tuong tac cap Pak-Doyama c6 cong thirc:

U(r)_{a(r+b)4+c(r+d)2+ e, 0<r<r .
0, r

cutoff

<r




Trong d6 U(r) la thé nang twong tac cap va rij 1a khoang cach gitra cac nguyén tir tinh bang A,
reuott 14 ban kinh ngat; cac hé sé a, b, ¢, d va e duoc xac dinh theo cac s liéu thuc nghiém. Céc
thong s véi hat nano FeB dugc dua ra trong Bang 2.1.

Bang 2.2. Hé so cia thé twong tic cap nguyén tir Pak-Doyama déi véi vat liéu kim logi Fe-B

Cap a (ev/ A% b (A) c (eV/ A? d (A e (eV) rea(A)
Fe-Fe -0,18892 -1,82709 1,70192 - 0,50849 -0,19829 3,44
Fe-B - 0,22407 -1,47709 2,01855 - 2,15849 -0,23519 3,09
B-B -0,08772 -2,17709 0,79028 - 2,85849 - 0,09208 3,79

Chung t6i dung mau hat nano FeesBs VDH chira 5000 nguyén tir véi thé tuong tic Pak-
Doyama & nhiét ¢6 900 K bang phuong phap mé phong dong luc hoc phan tir. Cu thé, 5000 nguyén
tir duoc gieo ngau nhién trong hat nano kich thuéc 28 A vai diéu kién bién tu do. Sau d6 chay
thng ké hoi phuc cho dén khi hé dat trang thai can bang. Pé tao thanh cac mau véi cac nhiét do
khéc nhau, chiing tdi nung néng mau trén dén 300K va tiép tuc hdi phuc nhiét mau nay thém 2 x107
bude dong luc hoc phan tir dé hé can bang, goi hé nay 1a mau 300. Chung t6i ciing da chuan bi hai
mau 300 dé kiém tra anh huong cua cac cau hinh ban dau va thay riang ciu hinh ban dau da khéng
anh hudng dén céc thudc tinh cau trac. Bé nghién ctiiu qua trinh tinh thé hoa ching toi da chuan bi
mau bang cach nung néng mau 300 dén 900 K, sau dé hdi phuc khoang 9.107 budc.

Chung t6i ciing dung thém hai mau hat nano FegBio VDH chtra 5000 nguyén tir bang hai cach: (i)
gieo ngau nhién 5000 nguyén tir Fe va B trong qua cau ban kinh 28 A (ii) cach gieo ngau nhién
4500 nguyén tir Fe trong qua cau ban kinh 28 A va 500 nguyén tir B ¢ 16p cau bé mat. Cac budc
tiép theo 1am gidng nhu tao mau FegsBs.

2.4 Phan tich cac dic trung vi ciu tric, tinh chét caa vat liéu

2.4.1. Ham phan bé xuyén tam

Trong md phong vt lidu & trang thai VDH, mot dai luong tuan theo quy tic thong ké duoc sir dung
dé xéac dinh cAu trac cua vat liéu & mire nguyén tir, d6 1a HPBXT. HPBXT ¢6 thé duge xac dinh tir
thuc nghiém thong qua TSCT. Tir HPBXT, phan b SPT trung binh va TSCT s& duoc tinh toan sb
trong mo phong.

N 12 s6 nguyén tir chira trong thé tich V ctia mau vat liéu.

):P(r), (2.10)

0

g(r

trong d6 o la mat dd nguyén tir trung binh trong thé tich V ciia miu vat liéu, p(l’) la mat do

nguyén tir 6 khoang cach r tinh tir nguyén tr trung tam.
2.4.2 So phai tri

S6 phdi tri trung binh Z.p dugc xac dinh bang biéu thac tich phan pick thir nhat cia HPBXT tuong

ang: Zy :4npjjgaﬁ(r)r2dr (2.11)
0
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3.1 Vi ciu tric va tinh chit nhiét dong ciia hat nano Fe
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Hinh 3.1 Sw phu thugc ciia sé lieong nguyén tir Cr vao budc 4 doi véi mau 900.

Trong hinh 3.1, chidng tdi biéu dién sb lwong nguyén tir Cr (N¢r) phu thudc vao sé budc (thoi gian)
1. Qué trinh ¢6 thé duogc chia thanh ba thoi ky. Trong giai doan dau tién, chung toi khdng tim thay
bat ky dam tinh thé 6n dinh nao. Chi c6 rét it cic mam hinh thanh va tan ra trong thoi gian ngén.
Trong giai doan thir hai Nc; ting nhanh cho thiy su I6n 1én déng ké cua cac dam tinh thé. Trong
giai doan thtr ba, Ncr dao dong nhé xung quanh mét gié tri ¢6 dinh, cho thay qué trinh tinh thé héa
hoan thanh.

Inano(r)

Hinh 3.2 Cac HPBXT duoc xdc dinh trong giai doan dau tién (1) va trong giai dogn thir ba (3).

Céc ham phan b xuyén tam cip (HPBXT) dugc xé4c dinh tai trong giai doan dau tién va thi ba
dugc biéu didn nhu hinh 3.2. HPBXT & giai doan thir ba c6 nhiéu dinh thé hién ciu tric tinh thé,
con HPBXT & giai doan dau twong ty nhu HPBXT cua mau khéi, diéu nay cho biét rang ciu tric
cua hat nano ¢ 900K trudc khi ¢ van 1a vo dinh hinh.
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Hinh 3.3 A) S6 lwgng nguyén tir Cr duroc phét hién trong 3.10° buéc ¢ giai doan dau tién; B) so
lwong nguyén tir Cr duoc ghi lai trong khoang thoi gian nay.

Hinh 3A, cho thiy s6 N trong 3.10° budc trong giai doan dau tién, c6 thé thay rang N, thay doi
trong khoang tir 0 dén 30 nguyén tir. Didu nay c6 nghia 1a cac mam hinh thanh va tan ré trong thoi
gian ngan.

Dé xac dinh nguyén tir nao 1a nguyén tir Cr trong khoang thoi gian xem Xét, tai moi buéc MD
chding t6i tim cac nguyén tir Cr va ghi lai ching. S6 luong nguyén tir Cr dwoc ghi lai duoc hién thi
trong hinh 3B. C6 thé thiy riang hat nano v6 dinh hinh chira mot s6 nhém nhé bao gom cac nguyén
tr vo dinh hinh ¢ gan nhau va cac nhém nay phan bd khap moi noi trong hat. Cac nguyén tir Am
ciia cac nhom nay sap xép giéng mang tinh thé bi méo. Poi khi chung sap xép lai va tao thanh
mam. Xem xét thém chung tdi thay sé lwong nguyén tir Cr duoc ghi lai trong 16i 16n hon nhiéu so
v6i bé mit, diéu nay 1a do ciu trac vo dinh hinh x4p cua bé mit.

A) B) o

P R ‘@ ‘ A \‘\1‘
E)

D)

Hinh 3.4 Anh chup su sdp xép cac nguyén tiz Cr: A) Ner = 188; B) Ner = 568;
C) Ner = 1651; D)Ner = 4440; E) Ner = 6162; F) Ner = 8907

Trong hinh 3.4, chiing tdi truc quan hda vé su sip xép cac nguyén tir Cr tai vai thoi diém khac nhau
trong giai doan thi hai. Dau tién, c6 hai ¢am tinh thé hinh thanh trong I8i. Sau d6, cac dam nay Ién
I&n va hop nhat thanh mot dam 16n. Cudi ciing, dam phat trién bao pha khip trong hat nano. Diéu
dang luu y 14 cac nguyén tir Cr tap hop gan nhau va tao thanh hai dam. T hinh 3.4 cho thiy: (i)
Giai doan thir hai khoéng gidng nhu giai doan dau tién, & day, cac dam tinh thé 6n dinh da duoc
duoc tao ra trong I8i; (ii) Cac mam méi lic ndy khong dugc tao ra & nhiing noi khac nhau, ma chi &
cac vling bién caa dam tinh thé; (iii) Su 16n I&n cua cac dam tinh thé bi ding lai khi dén gan bé
mat. Nhu vay, tan xuat hinh thanh mam trong cac ving bién Ién hon nhiéu lan so véi viing vo dinh
hinh. Cac dam tinh thé phat trién theo hudng bao phu 15i va sau d6 lan ra bé mat. NP tinh thé héa
hoan toan bao gom 16i ¢6 cau truc tinh thé bee va bé mit ¢6 cau tric vo dinh hinh xdp.
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Su phu thudc theo thoi gian caa MEPA cho cac loai dam khac nhau duoc hién thi trong hinh 3.5,
c6 thé thay rang ddi véi cac dam tinh thé nho, MEPA cia nguyén tir CB gan véi MEPA cua
nguyén tir AB va MEPA ctia nguyén tir CC thing giang manh, c6 nghia la cac ¢am tinh thé khdng
6n dinh. Khi kich thuéc cia cac dam tinh thé ting 1én, MEPA cta nguyén tir AB ting lén, diéu nay
¢6 lién quan dén sy 16n 1én ciia dam tinh thé tir 18i ra bé mat, noi nang lugng ciia cac nguyén tir I6n
hon ning lugng trong 18i. Trong truong hop cac dam tinh thé 16n, MEPA cia céc loai nguyén tir
khéc nhau giam dan theo th ty sau: Nguyén tir AB — Nguyén tir CB — Nguyén tir CC. Theo d6
1a sy 16N 18n ciia dam tinh thé dan dén su giam ning lugng cua hat nano.

18] A 18 i
21] 21
2.4 2.4 > 3
I T A L.
et =
DT 2.7
%
£ 2 . e e 0
= ;e 18] At s e AN A b
o CB-atom
21 « AB-atom 21 D
2.4 244
e e
o 2.7
3.0 30
0 40 80 120 160 200 M 40 80 120 160 200
Buwdc x 1000 Buwéc x 1000

Hinh 3.5 MEPA cua céc logi nguyén tiz khac nhau phu thugc vao so buéc cho cac dam tinh thé
kich thuéc khac nhau: A) Ner = 15-85 nguyén tiz; B) Ner = 600-700 nguyén tir; C) Ner = 4100-
4400 nguyén tur; D) Ncr = 8900-9100 nguyén tu.

MEPA cua cac loai nguyén tir khac nhau phu thudc vao sb luong nguyén tir Cr trong dam dugc thé
hién trong hinh 3.6. Tai diém 120 nguyén tir trong d6 MEPA cua nguyén tir CC va nguyén ti CB
nho hon nguyén tir AB. Piém nay twong ng voi kich thudc téi han. Cac dam co kich thuéc 16n
hon gia tri toi han 12 6n dinh va ¢6 xu huéng phaét trién. Tom lai, céc két qua trén chi ra rang ¢ giai
doan dau cua viéc u cac mam nho khac nhau xuét hién ¢ khap moi noi trong hat nano. Do cau tric
x6p ctia bé mat, nén mam hinh thanh trong 18i 16n hon nhiéu so véi bé mat. MEPA cuaa cac nguyén
tir CB va nguyén tr CC cua cac dam nho 1a gan véi MEPA cua cac nguyén ti AB. Cac mam nho
khong 6n dinh va tan ra trong thoi gian ngan. Sau thoi gian t dai mot sé mam gan nhau tao ra mot
dam tinh thé on dinh trong I8i cua hat nano. Khong giéng nhu dam nho, MEPA cua céc loai
nguyén tir khac nhau tng véi dam 6n dinh giam theo thtr tu: nguyén tir AB — nguyén tir CB —
nguyén tir CC. Thir tw ndy dan dén dam tinh thé phét trién 16n hon. Su I6n 1én ciia dam tinh thé bi
can tré khi ving bién cia dam tinh thé di chuyén dén bé mat hat nano. Do d6, dam tinh thé phat
trién theo hudng bao phu 16i va sau d6 lan ra bé mat. Mau két tinh hoan toan bao gom pha tinh thé
trong 18i va pha v6 dinh hinh trén bé mat
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Hinh 3.6 Si phu thugc ciia MEPA vao sé lieong nguyén tir Cr trong dam tinh thé.
3.2 Vi cAu tric va tinh chit nhiét dong ciia hat nano Fe,Bioox

3.2.1 Co ché tinh thé héa va vai trd ciia nguyén ti Bo trong qué trinh tinh thé hoa hat nano
FexBi1oox

0 nguyén tir Cr

I3
A

S

Budgc x20000
Hinh 3.7 S6 nguyén ti tinh thé Ner phu thugc vao thoi
gian déi véi mau FegsBs durot 11 ¢ 900 K.

Khao sat su bién d6i s nguyén tir tinh thé theo thoi gian s& cung cap nhirng thdng tin quan
trong vé su bién d6i cau tric hat nano. Hinh 3.7 chiing tdi vé& s6 nguyén tir tinh thé Ne, nhu 12 ham
cua thoi gian (bude PLHPT) trong hat nano FegsBs & nhiét d6 900 K. Theo hinh 3.7, su thay doi s6
nguyén tir tinh thé theo thoi gian c6 thé chia thanh 3 giai doan. Trong do, giai doan 1 kéo dai toi
diém A, & mdi budc DPLHPT, chung t6i phat hién hozc khéng c6 nguyén tir tinh thé nao hoic chi
thdy s lugng nhé cac nguyén tir tinh thé. Cac mam nay khong bén viing va tan ra trong thoi gian
rat ngén. Giai doan thtr 2 kéo dai tir diém A dén B, ¢ day s6 lugng nguyén tir tinh thé ting nhanh,
khong gidng giai doan 1, hinh thanh cac mam tinh thé 6n dinh va mam nay Ién dan theo thoi gian.
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Trong giai doan thir 3, s0 nguyén tir tinh thé Ner dao dong manh quanh gié tri xac dinh va so
nguyén tir tinh thé Nc, tang khong dang ké theo thoi gian.

Vi nong do nguyén tir B rat nho so voi nong do nguyén tir Fe, do d6 ching toi chi xét
HPBXT cua cip Fe-Fe ma khong can xét ciap Fe-B va B-B. HPBXT ddi vai cap Fe-Fe dugc Xac
dinh & giai doan dau va giai doan thir 3 dwoc vé nhu thay trong hinh 3.8 HPBXT cua pha rin hinh
thanh tng véi giai doan 1 twong tw nhu HPBXT caa mau khdi VDH. Trén hinh 3.8 cho thay do cao
va vi tri clia cyc dai thir nhat 1an luot 1a 3,21 va 2,51 A. Dic biét dinh thir 2 cia HPBXT ¢ giai
doan dau bi tach thanh 2 dinh nho, dinh nho bén trén trai dat tai vi tri 4,1 A, dinh bén phai dat tai vi
tri 5 A. Dinh nhé bén trai cao hon bén phai (d cao 1,5 so véi 1,1). Trong khi d6, HPBXT xéc dinh
trong giai doan 3 ¢ nhiu dinh rd nét chi ra cau trac tinh thé. Binh thir nhat c6 d6 cao 5,4 dao dong
quanh vi tri 2,55 A tuong ung voi khoang cach ngin nhat (3Y2a/2), ¢ day a 1a hang s6 mang. Tuy
nhién dinh nay c6 dic diém khong tach ra hoan toan vi ton tai pha VDH. Binh thir 2 chira khoang
cach 242a c6 @6 cao 3,4 duoc thay quanh gié tri 4,1A. Binh thir 3 ¢6 do cao 4,4 va vi tri quanh gia
tri 5 A tuong tng véi khoang cach 3%2a va (11/4)Y2a. Gidng nhu dinh thtr nhét, dinh tha 3 khong
thay sy tach dinh. Két qua thu duoc khi phan tich HPBXT nhu trén ching t6 sy téch tinh thé Fe bee
tir hat nano FegsBs VDH.

gFe-Fe(r)

T T T T T
0 5 10 15 20

-

Hinh 3.8 HPBXT cua mau FegsBs, nhiér dg 900 K & giai doan
thet 3 la duwong (1) va o giai doan 1 la dwong (2).

Bang 3.1. So budc <tey> va so Ney nhdn duoc trong 6 khoang thoi gian.

Khoang thoi gian 1 2 3 4 5 6

Ncv 44 63 118 99 338 501
<t (56 budc) 1373 | 1634 | 15563 | 21668 | 95259 | 96622
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Hinh 3.9 Anh phdn bo khéng gian cia cdc nguyén tir

tinh thé ¢ 16i duoe xdc dinh trong sdau khodng thoi gian.

Pé chi tiét hon vé sy tao mam nhu thé ndo, ching tdi quan sat cac mam trong 6 khoang thoi gian
tach biét, mdi khoang thoi gian kéo dai 5x10° budc va tat ca thuoc giai doan 1. Thoi diém bit dau
cua khoang thir i 1a ti (i=1,2,...,6; t; < t, <...< tg va ti1-ti>5.10° Trong cac khoang thoi gian
quan sat cac mam khong 6n dinh va tan trong thoi gian ngan. Biéu d6 cho thay rang mot sé nguyén
tir trong hat nano 1 nguyén tur tinh thé trong thoi gian ngan. Ching toi ki hiéu thoi gian sdng trung
binh cia mam 1 <tnuciews™. Chiing t6i ciing tim thay cac nguyén tar 1a nguyén tir tinh thé o 16i trong
khoang thoi gian quan sat. S6 lugng cac nguyén tir ndy duoc ky hiéu 1a ncy. Céc gié tri ncy va
<tauclews> duoc liét ké trong Bang 3.1. Ching ta c6 thé thiy rang ca hai déu tang nhanh tir khoang
thoi gian thir nhat dén thir sau, nghia 1a hat nano vé dinh hinh sau khi  thi nhiéu nguyén tir di theo
con dudng hinh thanh mam va thoi gian séng ciia mam trg nén dai hon. Trong hinh 3.9, chling ti
vé& anh phan b khong gian cac nguyén tir tinh thé & 16i dugc xac dinh trong sau khoang thoi gian
trén. Trong khoang thoi gian 1 va 2, cac nguyén tir CV phan b déng déu khip trong hat nano,
nhung dén khoang thoi gian cudi chiing c6 xu huéng két dam lai gan nhau.

Anh chup su phan bé cua cac CB-atoms, CV-atoms phat hién trong giai doan thir 2 dugc thy trong
hinh 3.10. Tai thoi diém dau t; c6 hai dam tinh thé 6n dinh ndm trong 16i, sau d6, céc dam nay phat
trién va hop nhat thanh mot dam 16n tai thoi diém ts.

A R

Hinh 3.10. Anh chup vé sw phdn b6 cia cdc CB-atoms, CV-

atoms trong giai doan thit hai tai ba thoi diém ti(A), ta(B), t3(C)
Hinh.3.10 cho thdy anh chup nhanh cac Am-toms trong 15i va b& mit hat nano thu dugc ¢ thoi
diém cubi cua giai doan thir 3. C6 mét lugng nho cac nguyén tir vo dinh hinh (Am) nam trong 15i.
Boéi vi hau hét cac nguyén tir trong 15 14 nguyén tir tinh thé (Cr) tao thanh mot hat 16n véi cau tric
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tinh thé bee, do d6 cac nguyén tir Am trong 18i dong vai tro nhu cac khuyét tat cia mang bee. Nhur
thé hién trong hinh bén tréi, cac nguyén tir B trong 151 dai dién cho khuyét tat & dang nguyén tir xen
ké.

3.2.2 Cdu truc dia phwong ciia hat nano FegBio va FegsBs

Dé nghién ctu tinh chit da thu hinh cia hat nano FegBaio va FegsBs, chiing toi di chuan bi
cac mau FegoB1o va FegsBs ¢ 300K va sau khi tinh thé héa ¢ 900 K.

Bang 3.2 CAc ddc diém cua bon mau hat nano; O,.e/surtace 140N NG 12 Mt d6 s6 nguyén tir &
16i va bé mdt; Zrere, Zre- tuong 1ing 1 56 phai tri trung binh cua cdp Fe-Fe va Fe-B.

Céac mﬁu Ncr Nam Ecr, eV Eam, eV pcore psurface Zre-Fe Zre

FegsBs 0 5000 | - -2.7185 0.0843 0.0458 11.73 | 0.52
vo dinh hinh

FeesBs tinh | 4056 | 944 | -2.8262 -2.5845 0.0872 | 0.0405 |12.29 | 0.57
the

FeoBio VO |0 5000 | - -2.6458 0.0896 0.0381 10.79 | 1.08
dinh hinh

FegBio tinh | 2313 | 2687 | -2.9400 -2.3294 0.0896 | 0.0385 11.13 | 1.06
the

Tinh chat da tha hinh cua hat nano duoc nghién ciu théng qua s6 lugng cac loai nguyén ti
khac nhau va hat tinh thé. Két qua cho thiy cac mau tinh thé duoc xem xét chi c6 mét hat tinh thé.
Dic diém cua bdn miu duoc liét ké trong Bang 111, c6 thé thiy rang cau tric v dinh hinh va tinh
thé khong chi khac nhau vé sb luong nguyén tir Cr, ma con khéac nhau ¢ sé phdi tri trung binh va
nang lugng Eav. Mat d6 cua bé mit bang khoang 42% — 55% so vai 18i cho thay bé mit c6 cau tric
x6p hon so véi 16i.

Nhu thay trong hinh 3.15, cac mau tinh thé bao gdm mat hat tinh thé va cac cum nguyén tir vo dinh
hinh riéng biét. Cac hat tinh thé c6 cau tric bee khuyét tat (the bee structure with defects) . Béi voi
mau FegBio, hat tinh thé ndm hoan toan bén trong 16i, trong khi pha vé dinh hinh bao phu toan bo
bé mat va phan Ién cua 16i. Nong do B trong viing v dinh hinh I6n hon ndng d6 B trong viing tinh
the.

Hinh 3.11 Anh chup sap xép nguyén tiz cho mdu FegsBs tinh thé: A) cac nguyén tiz Am trong I6i;
B) Nguyén tir Am ¢ bé mat; C) Nguyén tiz Cr; va doi véi mau FegoBio tinh thé: D) Cac nguyén tir
Am trén bé mat; E) Cac nguyén tiz Am trong 16i; F) Nguyén tiz Cr. Hinh cau mau xanh va mau
dé twong ing 1a cac nguyén tir Bo va sdt.
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KET LUAN VA KIEN NGHI

1. Cac két qua chinh caa dé tai
Sau thoi gian nghién ciru, dé tai cia chung t6i da thu duoc mot sé két qua chinh nhur sau:

1. Bang phuong phap mé phong dong luc hoc phan ti, chiing toi da tao ra dugc cac hat nano
Fe, Fe-B c6 dang hinh cau voi thé tuong tac cap Pak - Doyama, lan luot chira 10000, 5000 nguyén
tr & cac nhiét d6 300 K va 900 K. Ching t6i ciing da khao sat duoc nhimng dic trung vé cau tric va
tinh chat nhiét dong cua cac hat nano nay.

2. M6 phong chi ra, khi cac hat nano Fe va FegsBs VDH (ndng d6 B nho) duoc u nhiét
trong mot thoi gian du dai (¢ khoang 107 budec DPLHPT) ¢ nhiét dd 900 K, thi ching tinh thé hoa
thanh cau tric tinh thé bee. Co ché tinh thé hoa trong hat nano dién ra nhu sau: (i) O giai doan
déau cac dam tinh thé nho hinh thanh, phan bé déu khip trong hat nano va nhanh chéng bi bién mat;
(ii) Sau thoi gian u du dai, cac dam tinh thé 6n dinh d3 duoc tao ra trong I8i cua hat nano, céc dam
nay phat trién nhanh theo moi huéng bao phu 16i va sau d6 lan ra gan bé mat hat nano. (iii) Khi qua
trinh tinh thé hoan thanh, hat nano tinh thé bao gom: phan 16i 1a tinh thé Fe bce va phan vo ¢6 cau
triic xop vo dinh hinh.

3. Phan tich thé nang trén mot nguyén tir ciia cac loai nguyén tir khac nhau véi truong hop
dam tinh thé on dinh, chdng t6i thay rang, thé nang nay giam dan theo thi tu sau: Nguyén tir AB —
Nguyén tir CB — Nguyén tir CC. Nghia 13, sy I6n Ién ciia ¢am tinh thé bat ngudn tir sy sap xép lai
cac nguyén tir trong vung bién giita pha vo dinh hinh va pha tinh thé va dan d&n su giam ning
lugng cua hat nano.

4. Khao sat voi hat nano Fe,Bigox Ndng dd Bo cao, chling toi xét hai mau hat nano FegBio &
nhiét d6 900 K, két qua md phong chi ra su tinh thé hoa phy thudc manh vao céch tao cac hat nano
nay. Didu nay la do nguyén tir Bo da can tré qua trinh tinh thé hat nano FexBioo-x.

2. Kién nghi

Mic du nhitng dic trung vé cdu tric va qua trinh tinh thé hoa cia cac hat nano Fe, Fe-B da
duoc nghién ciru, nhitng van con nhiéu khia canh lién quan van chua duoc hiéu r5. Cu thé, cac
trang thai trung gian gitra cac dang vo dinh hinh va tinh thé chua dugc nghién ctru, sy khong dong
nhit v& cdu tric trong cac hat nano va 1y thuyét vé tinh thé héa & cip do nguyén tir van chua rd
rang...Trong cac nghién ciru tiép theo, chung toi s& phat trién cac két qua md phong trude diy vé
co ché tao mam, phat trién tinh thé va su tién hoa cu trac vi mé trong hat nano. Chung tdi ciing s&
thuc hién phan tich c6 hé théng vé ciu trac ciia cac cum gidng nhu tinh thé dé xac dinh cac trang
thai trung gian. Cu trac vi mé dia phuong cta hat nano vé dinh hinh va tinh thé ciing s& dugc xem
Xét.
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