DAl HOC THAI NGUYEN
TRUONG PAI HQC SU PHAM

PHAM XUAN TRUONG

NGHIEN CUU CAU TRUC
VA CO CHE KHUECH TAN TRONG SiO, LONG
BANG PHUONG PHAP MO PHONG

LUAN VAN THAC SI KHOA HQC VAT CHAT

THAI NGUYEN - 2017




DAl HOC THAI NGUYEN
TRUONG PAI HQC SU PHAM

PHAM XUAN TRUONG

NGHIEN CUU CAU TRUC
VA CO CHE KHUECH TAN TRONG SiO, LONG
BANG PHUONG PHAP MO PHONG

Chuyén nganh: Vat Ii chat rin
M3 sb: 60.44.01.04

LUAN VAN THAC ST KHOA HQOC VAT CHAT

Ngwoi hwéng dan khoa hoc: TS. Pham Hiru Kién

THAI NGUYEN - 2017




LOI CAM DOAN

T6i xin cam doan day 1a dé tai cua riéng t6i, do chinh tdi thuc hién dudi
sy huéng dan cuaa TS. Pham Hiru Kién va trén co sé nghién ciu céc tai lieu
tham khao. N6 khong tring két qua véi bat ki tac gia nao tirng cong bd. Néu sai
t6i xin chiu trach nhiém trudc hoi dong.

Thai Nguyén, ngay thang 4 nam 2017

TAac gia luan vin

Pham Xuan Trwong



LOI CAM ON

T6i xin bay to 10ng biét on su sic dén TS Pham Hitu Kién, thay da nhiét
tinh huéng dan va giap d& cho tdi trong qué trinh hoan thanh luan vin.

T6i xin chan thanh cam on cac thay, cd gido Khoa Vit 1y, Truong Dai
hoc Su pham Thai Nguyén da tao diéu kién cho toi duoc hoc tap va lam viéc
trong qua trinh thuc hién luan van.

Xin chéan thanh cam on Phong dao tao, Truong Pai hoc Su pham Thai
Nguyén di tao diéu kién thuan lgi cho tdi trong qué trinh thuc hién luan van.

Cubi cuing t6i xin cam on gia dinh, ddng nghiép, anh chi em I6p Cao hoc
Vit ly chat rin K23 da danh nhiéu tinh cam, dong vién, giup d& toi vuot qua
nhitng kho khan dé hoan thanh luan van.

Thai Nguyén, ngay thang 4 nam 2017

Tac gia luan vin

Pham Xuan Trwong



MUC LUC

LOT CAM DOAN ...ttt i
LOT CAM ON .....oooeeeeeeeen ettt i
IMUC LUC ..ottt sttt n e iii
DANH MUC CAC KY HIEU VA CHU VIET TAT ..o, iv
DANH MUC BANG ..ot eestssssses st senassasssa s anes v
DANH MUGC HINH ..ottt vi
MO DAU ..ottt 1
1. LY O CROM Q8 A1 ..o 1

3. Phuong phap nghién cliu Ca dé tai..........covvveveerreeeresrereeeeseesssessesserenes 2
4. Dbi tugng va pham vi nghién ciu cha d& tai.......coveeveeeeeeeeeeeeee s 2
5. Du Kién dOng gOp c0a A8 TAl......coviveeeeeeeeeeeeeeeee e, 2

B. CAU TIUC CUA A8 A1 1v.vvveeeeeeeeeee ettt et ee ettt ettt eneeeeree e, 2
Chuong 1 TONG QUAN ........cooieieeeeeeeeeseet ettt 4
1.1. CAu tric va cac tinh chat vé vat liéu SiO; & trang thai long..................... 4
1.2. Mot $6 phurong phap mo PhONG.......c.ovevevieeeeeeieeeeeeeeee e, 7
1.2.1.T6ng quan Vé cac phuong phap mo phong ........c.evveeerveersrensieeenenes 7
1.2.2. Cac phuong phap mO phONg.........cccvvviiiiiiiiieie e 9

1.3. M0 phong co ché KNUECH tAN...........covivrieeceeeeeeeeeeeee e, 12
1.3.1. Cac dinh TUAL KNUECH tAN ...t 12
1.3.2. Co ché KNUECH TN ..o 13
Chuwong 2 PHUONG PHAP TINH TOAN.........ccocoovovverieeeeeeee e, 20
2.1. Phuong phap dong luc hoC phan tlr.......ccoccvvvveveiieiieeceee e 20
2.2, TRE tWONE TAC ....vvecveeeeeeessee ettt ese st ene st 24
2.3. Gan dUng EWald-HanSeN...........cccoovvvvevrieeirsessesesesesesessssesseseenenes 25
2.4. Xac dinh cac dic trung vi cau tric va tinh chat caa md hinh ................ 26
2.4.1. HAM Phan BO XUYBN tAM........o.oveeeieieeeiceieeee e 27
2.4.2. Xac dinh s phéi tri va 6 dai 18N Ket..........ccovvevveeveeeeeeeeeene 30



2.4.3. Xac NN PhAN DO GOC .....eveeieeeeeeeeeeeeeeeee e 31

2.4.4. Xac dinh co ché KNUECh taN..........covveveeeeeeeeeeee e, 32
Chuong 3 KET QUA VA THAO LUAN ......cc.cooiireeeceeeeeeee e, 35
3.1. Khao sat cau tric cia SiO 16ng theo 4P SUAL...........cccoveveeveeereeeseeans 35
3.2. Khao sat tinh da thu hinh cta SiO2 10Ng .....ccveivviiiii e, 41
3.3. Khao sat co ché khuéch tan trong SiO, 1ong theo nhiét dd.................... 46
KET LUAN . ..ot es sttt en e 57
CONG TRINH PA CONG BO LIEN QUAN PEN LUAN VAN ............... 58

TAL LIEU THAM KHAO......cooooieieeeeseeeeeteeeee e 59



DANH MUC CAC KY HIEU VA CHU VIET TAT

VDH
HPBXT
DLHPT
SPTTB
SPT
BKS
PBGLK

: V6 dinh hinh

: Ham phan bd xuyén tam

: Bong luc hoc phan tir

: S6 phdi tri trung binh

: S6 phéi tri

: van Beest, Kramer and van Santen

: Phan bé goc lién két



DANH MUC BANG

Bang 2.1. Cac hé sb cla thé BKS d6i V&I hé SiOs......ccoeveeevieeeeeeeirenn, 25
Bang 3.1. Céac dac tinh cau tric caa SiOz IONG. ..c.veveeeeeeseeeeeeeeee e 37
Bang 3.2. Phan bd lién két cau O gita hai don vi cau tric SiOx véi mla sd
nguyén ta O tham gia lién két cau giira hai don vi cau tric SiOy lan
can. Céc cot tiép theo chi ra ty 1& phan tram lién két cau twong tng
véi m. Vi du, 16,20% sé lién két gitra hai don vi cau trdc 1an can cé
hai nguyén tir O tham gia cau lién két & &p suat nén 9,83 GPa. ..... 41
Bang 3.3. Ty I¢ cac phan ung SiOx— SiOy va OSiy— OSiy trong SiO; long theo
nhiét do 2600K, 3000K, 3200K VA 3500K. ovvvvovvoooveeeeoeoooon 48



Hinh 1.1.
Hinh 1.2.
Hinh 1.3.
Hinh 1.4,
Hinh 2.1.

Hinh 2.2.
Hinh 3.1.

Hinh 3.2.
Hinh 3.3.
Hinh 3.4.

Hinh 3.5.
Hinh 3.6.
Hinh 3.7.
Hinh 3.8.
Hinh 3.9.

Hinh 3.10.
Hinh 3.11.

Hinh 3.12.

Hinh 3.13.

DANH MUC HINH

So dd nghién ciru bang phuong phap Mo phong...........cceeeeveeeene. 8
Co Ché KNUECH tAN XEN K&......ovoveveeeeeeeeseeee e 14
Co ché khuéch tan qua Nt KNUYEE ........c.oveeeeeeeeeeeeeeeeee s 16
Co €hé KNUECH tAN TAP tE ... 17
M® hinh tinh to4n gan dung Ewald —Hansen trong khong gian 2 chiéu,
mang tuan hoan 3x3 dugc dung 18n tir 6 co so ¢6 tim n (0,0).............. 26
Mo hinh hoa cac loai phan ang trong SiO; 10Ng.....c.ccccvvviiveienen. 33
Ham phan bb xuyén tam thanh phan cua SiO, long & cac ap suat
Khac nhau va T=3200K. .......cccooieieee e 36
Mang cau tric cta mau SiO2 16ng ¢ 3200 K.......c.ovveveeeeeeeeerereenan, 38
CAC AON VI CAU TIUC .ot e e ee et s et en e enenen 39

Su phu thudc caa ty 1é cac don vi cau tric SiOs, SiOs va SiOg vao

&p suat ctia mau SiO, & NNidt @0 3200K..........cvveeeeeeeeeeeeereeeen. 40
Phan b khoang cach lién két trong: a) SiOy, b) SiOs va ¢) SiOe. .. 42
Phan bé goc lién két O-Si-O trong cac don Vi Cau tric: ................. 43
Phan bd géc lién két Si-O-Si giita cac don Vi CAU trUC ................... 44
Phan bd goc Si-O-Si trong cac don Vi CAU trUC........cc.cvvveveeereieans 44

Su phu thudc caa mat do vao &p suat caa mau SiO; long & nhiét do

Hinh minh hoa C4C doN Vi CAU trUC ....eevveeeeeeeeeeee e, 47
Su phu thudc caa cac loai phan ung khac nhau theo buéc BLHPT.
N R T L2510 T 49
S6 lwong dam va sb luong nguyén tir trong dam 16n nhat d6i voi hai
truong hop: 1/ Cac 6 phéi tri dugc chon ngau nhién trong ciu trdc
mang; 2/ Cac 6 sai hong phat hién trong hé. Nhiét do la 2600 K. .. 49
Su phu thuodc sb lwong cac nguyén tir trong dam 16n nhat theo budc
DLHPT. Nhiét d0 12 2600 K. ....ccveoiiiiiiiie e 50

Vi



Hinh 3.14. S dam khong phan ung va sé lwgng nguyén tir trong dam 1én nhat

cho cac khoang thoi gian khac nhau. Nhiét @6 la 2600 K. ............. 52
Hinh 3.15. S6 dam phan ung va sb luong nguyén tir trong dam 16n nhit theo
cac khoang thoi gian khac nhau. Nhiét d6 la 2600 K. .................... 52

Hinh 3.16. S6 luong nguyén ti trong dam 16n nhat va khoang céch dich chuyén
binh phuong trung binh theo khoang thoi gian khac nhau, moi
khoang thoi gian 1a 2000 buéce. Nhiét do 1a 2600 K., 53
Hinh 3.17. S6 luong nguyén ti trong dam 16n nhat va khoang céch dich chuyén
binh phuong trung binh theo khoang thoi gian khac nhau, mdi
khoang thoi gian la 5000 budc. Nhiét @6 la 2600 K. ..................... 53
Hinh 3.18. S& luong nguyén tir phan tng va sd nguyén ta trong dam khéng
PRAN GNG TGN NNAL ..o 55
Hinh 3.19. Hinh minh hoa su phan trng cho cac truong hop......cccccoveveiene. 56



