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TOM TAT

Cdu tric va co ché khuéch tan cia hgp kim Fe-P vé dinh hinh (VDH) da dugc mé phdng
bdng phuong phdp théng ké hoi phuc (TKHP). Ba mé hinh vét liéu F e, P,, VDH dugc xdy dung
vai mat do la mat dé ciia mdu vat lidu thuc cé cdu triic phit hop t6t véi dit liéu thuc nghiém.
Két qud moé phdng cho thdy khi ting mitc do hoi phuc (gidm ndng luong ciia hé), ham phan bé’
xuyén tam (HPBXT) ciia cdc mo hinh Fe P, VDH thay doi khong ddang ké. Tuy nhién s6 lugng
cdc don vi cdu triic (DVCT) va s6 luong bong bong (BB) vi mé gidm manh theo sw hoi phuc.
Két qud nay chi ra rdng, khi hé duoc hoi phuc thi hé s6 khuéch tan (HSKT) ciia cdc nguyén tit
gidm, HSKT gidm dugc cho la do su gidm s6 luong BB.

T khéa: Pon vi cdu tric; VO dinh hinh; Co ché€ khué&ch tdn; Hé s& khuéch tin; Bong
béng; Thong ké hdi phuc.

1. it van dé

Hdp kim VDH c6 tAm quan trong trong thuc t&, trong ng dung cong nghé cic vat liéu
nay thudng dudc st dung nhu cdc hé da thanh phin. Kim loai thiy tinh c6 thé dudc rat mdng
nhung vin ddm béo tinh ng sufit cao va do bén, do déo rat tot. Pién trd suit rat 16n va hau
nhu khong phu thudéc vao nhiét d6. Hon nita, hgp kim tr VPH c¢6 dic trung bdi cac tinh
chat tir mém rat tot va thudng dude diing lam vat liéu hoat dong trong tir trudng ngoai, vi
du nhu 16i bién thé, 16i nam cham dién, cdc 16i din tir, cudn chin, cAm bi€n do tif trudng
[1-4]. Vi vay su hi€u bi€t vé ciu tric ciing nhu mot so tinh chit clia cdc loai vat liéu nay
12 rat can thi€t va quan trong. Mic du da dugc tap trung nghién cttu trong nhiéu nim trd lai
day, tuy nhién cdc nghién cttu vé cd ché& khuéch tin trong vat liéu VDH vin chua dugc gidi
thich mot cdch thda ddng va con nhiéu van dé dang tranh cii. Do Fe-P VDH khong c6 trat
tu xa nén qud trinh khuéch tdn trong vat liéu nay 1a rat khac biét so v6i sy khuéch tan trong
vat liéu tinh thé [4-7]. Trong cong trinh [3,4], ching t6i di dé xuat co ché khuéch tin v&
BB va xac dinh dugc HSKT trong Co va Fe-B VDH. Muc dich chinh ctia bai bdo nay la chi
ra sy khac nhau vé ciu tric va HSKT nguyén ti¥ trong hé Fe, P,, VDH khi nang lugng va mét
do khac nhau.
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2. Giai quyét van dé

Phuong phap TKHP da dugc sit dung dé xay dung ba mo hinh Fe-P VPH chita 50 000
nguyén tr v6i thé tuong tac cip Pak-Doyama [4,5]. CAu hinh ban diu ctia md hinh nhan dudc
bing cach gieo ngiu nhién tat cA cdc nguyén tit trong hop 1ap phuong cé kich thu6c phit hgp
vGi mat do thuc cta vat liéu (7,128g/cm?).

CAu hinh trén dudc chiing ti 1ic manh d€ ph4 v trang thai ban dau va hdi phuc sau 10°
bude mod phéng dé tao ra céc trang thai cin bing ctia hé, budc md phdng dr = 0.01A, md hinh
dyng dugc goi 1a m6 hinh M. M6 hinh M, dugc dung bang cich gidm nang lugng mo hinh
M, den trang th4i hdi phuc tot hon biang cach ldc cac md hinh M, sau 1()0 budc mo6 phdng, dr
= 0 4A va ti€p tuc hdi phuc hé trén 100 000 budc md phdng, a’r =0.01A dé tao ra cac trang
thdi cAn biang mai cho hé. M6 hinh M, dugc x@y dung tuong ty mo6 hinh M, nhung c6 mat do
khéi lugng 16n hon 1,1% so v6i mo6 hinh M, hoiic M. P& chi ra ciu tric va HSKT khac nhau,
cac BVCT va BB vi m6 dudc xac dinh nhu trong cdc cong trinh [4,5]. Vi tri cia cdc nguyén
ti Fe va P trong cdc md hinh M, M, va M, dugc mod ta nhu théfy trén hinh 1.

Mo hinh My

Mo hinh M; . Mo hinh M5

Hinh 1. M6 ta vi tri nguyén tit trong cdc mé hinh xdy dung: Cdc qua cdu méu xanh va dé lin
lugt la nguyén tic Fe va P.

3. K&t qua nghién citu va binh luin

Béng 1 cho thdy vi tri, dd cao dinh thit nhat cia HPBXT cip va so phdi tri (SPT) trung
binh trong ba md hinh xay duyng hiu nhu thay ddi khong ding ké khi gidm ning lugng (mo
hinh M, va M) va ting mat do (md hinh M, va M,). Nhu thiy trong bang 1, k&t qua m6 phong
clia chiing toi phit hdp t6t v6i dit liu thuc nghiém trong cong trinh [6] va két quid mo6 phdng
trong nghién citu [7]. K&t qua nay cho phép sit dung cdc mo hinh xay dung d€ nghién citu ciu
tric va mot sd tinh chit vat Ii trén hé Fe,P,, VDH.

Bang 1. Ddic trung cdu triic ciia mo hinh F. [ T 8 vi tri va dé cao cdc dinh thit nhdt
clia HPBXT; Z, - 50 phoi tri trung binh; 1-1: cap Fe-Fe; 1-2: cap Fe-P; 2-1: cdp P-Fe; 2-2:
cdp P-P.
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R rij A gii(1) Zi
Mo hinh -1 12 22 141 12 22 11 12 21 22
M, 256 238 3.62 3.64 591 236 1051 250 10.00 3.53
M, 258 236 3.60 351 565 216 10.52 2.52 10.09 3.50
M, 250 234 360 332 537 208 10.86 2.61 1043 3.75
FegoPag® 261 238 350 - - - 1040 2.60 8.10 3.50
FegoPao? 236 218 - - - - 10.10 2.60 8.60 -

a la s6'liéu thuc nghiém [6], b la s6'liéu mé phéng trong [7]

Bang 2. S6 don vi cdu triic (DVCT) trong mé hinh Fe-P VDH

S6 nguyén tit bao quanh mot PVCT, np

M6 hinh  Ndng lugng trung binh ciia hé, eV

5 6 7 8 >9
Mo -1.65428 59195 14557 1618 283 6
M, -1.66916 57179 14131 1610 249 2
M; -1.69270 49698 12004 885 120 5

g(r)

r, khoang cach

g(r)

r, khoang céch
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a(r)

r, khoang céch

Hinh 2. Ham phdn bd xuyén tam cdp ciia mé hinh xdy dung; A, B va C ldan lugt la
cdc mo hinh M, M, va M .

Hinh 1 cho thdy vi tri va d cao clia dinh thi nhat HPBXT cép trong ba md hinh thay
ddi khong ddng ké theo mat do va mitc dd hdi phuc. HPBXT cip xuét hién sy tdch thanh
2 dinh nhé & cuc dai thit hai, dinh nhé bén trdi cao hon dinh nhd bén phai. Sy tich dinh nay
thudng dugc gidi thich 1a do c6 su lién quan dén cédc khdi da mit trong cdc kim loai VDH.
K&t qua nay chitng té ring néu chi dwa vao HPBXT thi rat khé phan biét dugc cu tric
khac nhau ciia Fe P, VDH c6 mit do va mitc dd hdi phuc khdc nhau. Bang 2 cho ta thdy
s6 nguyén tif bao quanh mot PVCT gidm dan va s6 PVCT-5, -6, -7, -8 va -9 gidm dén theo
st gidm ning lugng tir -1.65428 dén -1.69270 eV. K&t qua nay ciing dudc thé hién nhu thay
trong bang 3 (hoac hinh 3).

Bdng 3. Phdn b’ bdn kinh ciia cac PVCT

Rg, A 14 15 1.6 17 1.8 1.9 20 21 22 23 24 25 226
Mo 210 2232 5797 17153 22696 10466 6741 3921 2292 1445 912 670 545
M, 153 1752 5204 17346 22623 10299 6250 3294 2139 1303 873 771 428
Ms 384 2544 8057 19436 19656 6844 3529 1261 638 167 87 89 11

Béng 4. S6' BB va khodng cdch dich chuyén binh phuong trung binh ciia nguyén tit khuéch
tan. O day ( x’co) va (X ) lan lugt la khodng cdch dich chuyén binh phuong trung binh ciia

nguyén Fe va P khi nhdy vao BB; n,, ., n, .. lan lugt la s6 BB loai Fe va P.

Nguyén tit khuéch tdn Fe Nguyén tit khuéch tdn P

Mo hinh mress  ness (2R ()@ ()@ (x3)@A)
My 4754 1421 6175 10.61 4.816 5.132
M, 4308 1287 5595 7.806 2.295 2.679
M; 934 475 1409 7.572 2.803 3.558
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Hinh 3. Phdn b6 s6 lugng DVCT theo bdn kinh ciia chiing.

Bang 3 cho thay mot s6 lugng dang ké DVCT véi bén kinh > 1,8A (¢ kich thudc nguyén
tlf), s6 PVCT nay gidm dan theo ban kinh va mic dd hdi phuc, mat do. Phan tich bdng 2 va
3 cho thdy c6 th€ phan biét cdu tric cia Fe P, VDH v6i ning lugng khic nhau thong qua
viéc thong ké cdc PVCT theo s& nguyén tif bao quanh va ban kinh clia ching. Vé mat vat
li ¢6 thé thdy, hé c6 mat do cao, hdi phuc 6t (ning lugng thap) thi s6 DVCT c¢6 ban kinh
(< 1,7A) va sd nguyén tif bao quanh nhé (5 hoidc 6) ting 1én, trdi lai s6 DPVCT c6 ban kinh va
s6 nguyén tir bao quanh 16n s& gidm di.

Theo [3], HSKT phu thudc vao khodng cich dich chuyén binh phuong cia nguyén tif.
Tinh to4n nhu trong [4,5], ching tdi thong ké& dugc khodng cich dich chuyén binh phuong
trung binh va s6 BB clia nguyén tf Fe va P (xem bang 4). Phan tich tuong tu nhu trong cong
trinh [4,5], m6 phdng trong nghién citu nay cho ring HSKT ciia nguyén tit Fe va P trong Fe-
P VPH gidm khi ting mat do va mitc dd hdi phuc 12 do s6 BB gidm. K&t qua thu dugc phu
hgp véi thuc t€, vi khi hé cang bén vitng thi sy dich chuyén ctia nguyén tif trong hé s& cang
trd 1€n kho hon.

4. Két luan

CAu tric va cd ché khuéch tan clia hgp kim Fe-P VDH chita 50 000 nguyén tir da dudc
nghién cttu biang phuong phép md phéng thong ké hdi phuc. K&t qua mo phdng cho thay, ciu
triic ciia Fe P,  VDH thay d6i khong dang k€ theo mic do hdi phuc. Tuy nhién, s§ lugng céc
DVCT va BB vi md gidm manh khi gidm ning lugng hodic mat dd cla hé. K&t qua nay da
gidp ching t6i chi ra ring, ciu tric khac nhau cla cdc md hinh Fe, P, VDH dudc phan bi€t
bdi s6 lugng cdc PVCT trong hé va HSKT ciia nguyén tir gidm khi hoi phuc 1a do s6 Iugng

BB vi mo gidm theo mifc dd hdi phuc.
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ABSTRACT

STUDYING STRUCTURAL AND DIFFUSION MECHANISM IN
AMORPHOUS Fe-P ALLOY

Structural and diffusion mechanism in amorphous Fe-P alloy has been studied with the
use of the relaxation statistic method. Three obtained Fe80P20 models with mass density of
the real amorphous Fe80P20 samples are very close to the experimental data. The result
showed that the radial distribution function of amorphous Fe80P20 models changed slightly
as the relaxation increased. However, the number of the structural components and microscopic
bubbles decreased sharply as the relaxation fell. This result indicated that if the relaxation
occurs, the atom diffusion co-efficient will decrease because of a decrease in bubbles.

Key words: Structural components, amorphous, diffusion mechanism, diffusion co-efficient,
bubbles, relaxation statistics.
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