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Tém tit:

M6 hinh hgp kim vd dinh hinh NigBss 1000 hat, dugec dung biing phuong phip
Statistical Relaxation. Md hinh ¢6 cdc ham phdn b8 xuyén tim g;(r) phd hop thyc
nghiém. Th€ ning twdng tdc B-B dugc chon, sao che c6 hién tugng mdt s6 hat B & vi tri
rit gin nhau. S& phdi vi riéng Z;; (Ni-Ni), Z;, (Ni-B), Z,;(B-Ni), Z22(B-B) dudc x4c
dinh cho titng nguyén ti. C&u triic vi mé hgp kim vé dinh hinh NigsB3s dudc nghién citu
qua sy phin b8 s8 phdi vi trong md hinh v2 so sdnh v6i cdu tric tinh thé Ni,B.

GIGI THIE U:

Mot trong cdc khé khin 16n nhdt khi mé hinh héa hgp kim v6 dinh hinh trén
m4y tinh, 12 thi€u cdc th€ niing tuong tc cho titng cip hat. Do vdy, d€ tranh phai truc
ti€p tim ting th€ ning tudng tdc, mot so tic gid chon phuong phdp moé hinh héa truc
ti€p tif him phan 8 xuyén tdm g(r) dudc xdc dinh bing thuc nghiém [1,2,3]. Phuong
phdp nay, phin 16n déu cho mé hinh ¢6 ciu triic rit gidng véi thue nghiém. Tuy vay,
viéc chon cdc th€ ning phl hgp ding dé md hinh héa hgp kim v6 dinh hinh, vin c6
mot ¥ nghia nhét dinh. Vi v6i md hinh c6 th€ ning phi hgp, dé dang ti€n hanh nghién
cifu c4c tinh chi't khic, nhu nghién citu tinh chit nhiét dong hoc.

Trong hgp kim v& dinh hinh hé Ni-B, c6 hién tugng mot s& hat B & vi tri rdt gin
nhau, khdc véi hgp kim v6 dinh hinh hé Fe-3B, Co-B [4]. Do dé, th€ ning tuong tic B-B
phéi chon phit hdp véi hién tugng nay.

Viéc phan tich sy phan b& s& phdi vi riéng Z;;, gitp hiéu sau hon cdu tric vi md
ctia hgp kim so vdi tinh thé tuong ng.
PHUONG PHAP DUNG MO HINH:

Mo hinh dung biing phudng phép Statistical Relaxation, tif trang thdi ngu nhién
ban ddu ciia 1000 hat (650 hat Ni, 350 hat B) trong khGi 1ap phudng c6 canh

L= 21,4403& véi diéu kién bién tudn hoan, tudng ng khdi lugng riéng thyc t&€ ciia hgp
kim v6 dinh hinh NigsB3s (€ = 7,067 glcm3). Budc clia qué trinh Statistical Relaxation
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A e ” o
gidm din t¥ 0,5A d&€n 0,005A. Sau 2100 budc, ning lugng clia hé &n dinh & muic
—936,746eV .
Thé ning titng cip tudng Ung dudc nhu sau:
+ Do6i Ni-Ni:
—0,12929(r - 1,82709)* +1,16473(r - 2,50849)* —0,135705 eV

U, @)= néur <3,50A
0 eV afur 23,50 A
+Dbi Ni-B:
. —0,10967(r —1,47709)* +0,98799(r —2,15849)* —=0,11511 eV
U, @)= néur<3,09A
0 eV n€ur>3,09A
+D6i B-B:
—0,087724(c —1,37709)" +0,79028(r — 2,05849)% —0,09208 eV
n€ur < 2,55 fgx
U,, (1) = { - 0,087724(t - 2,17709)* +0,79028(r - 2,85849)? ~0,09208 €V
n€u2,55A <r <3.79A
0 eV n€ur>3.79A

Ngoai viéc tinh cdc ham phin b8 xuyén tdm riéng g;(r), s6 phdi vi riéng Z;
ciing dugc tinh nhu sau: 1dn lugt cdc nguyén ti dugc chon ldm tdm mot mat cau. Néu
nguyén t 1am tim 12 Ni, thi ban kinh mat cu lan lugt 12 ry; va ry2. Trudng hdp ryy, céc
nguyén t& Ni cé tim nim trong mit cdu c6 s& phdi vi Z;; (Ni-Ni) cia nguyén ti Ni.
Trudng hgp 12, cdc nguyén ti B ¢6 tim nim trong mit cdu 12 s§ phdi vi Z;, (Ni-B) ciia
nguyén tif Ni. '

Tuong ty, khi nguyén tl tAim mit cau 1a B thi c6 Z,; (B-Ni) va Zy, (B-B) tuong
iing cdc ban kinh ry;, r22. _

Céc béan kinh 111, 12, I21, I22 12 vi tri thap nha't ddu tién cla cdc ham g(r), gi2(r),
g21(r) va g(r). trong d6 112 =121
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Béng 1.
C4u tric hgp kim v6 dinh hinh NigsB3s
(r, tinh bing A, 111 =3,275 A, 112 = 3,125 A, 10 = 4,625 A)

M6 hinh Thuc Dit liéu Dit liéu Tinh thé
nghiém [4] | Kkhac[5] | khdc [5] Ni,B
Vi tri dinh dau tién
cla ham g(r) :
r; (Ni— Ni) 2,56 252 2,54 2.50 2,60
ry (Ni- B) 2,10 2,10 2,09 2,09
ri(B-B) 2,00 1,90 1,91 1,95
D6 cao dinh dau
tién cla ham gj(r)
g1 (Ni — Ni) 3,85 3,08 3,22 3,27
g1 (Ni-B) 3,89 4,84 4,74 4,83
g1 (B-B) 1,92 1512 1,14 1,08
S6 phdi vi trung
binh 10,29 9,39 925 . ¥
Z11 4,16 : 4,52 4,58 4
Z12 7,72 8,40 8,40 8
231 15,67 14,63 14,58
Z22
BANG 2.

St phan b8 s6 phdi vi Zz; (B-B) khi 1y = 2,425 A
(n — s8 nguyén tif B c6 s& phdi vi Z tudng dng)

Z 0 1 2 3 =

n 74 99 34 58 24 11

KET QUA VA THAO LUAN:

Hinh 1 13 cdc him phédn b8 xuyén tdm riéng g11(r), g12(r), g22(r). Qua hinh 1 va
bang 1, ta thdy mo6 hinh cé ciu tric phdt hgp vdi thyc nghiém va phd hgp véi k€t qua
cdc md hinh dung dugc bing phudng phdp khong dung thé ning tudng tic giifa cdc hat
[5). M6t 8 sai biét trong d9 cao dinh ddu tién clia cdc ham g;(r), 12 chdp nhén dugc
trong pham vi sai s§ thuc nghiém.

Trong cdng trinh [5], c4c tic gid ding phuong phdp dyng lai c4u tric hgp kim v
dinh hinh NigsB3s tryuc ti€p ti¥ s0 liéu thyc nghiém cla ham gij(r) [4]. Cic tdc gid nhédn
dugc hai md hinh c6 cdc ham g;(r) rdt phd hgp vdi thuc nghiém. Qua bdng 1, ta thdy
k&t qud cong trinh [5] vA md hinh vita nghién citu 14 rit gidng nhau. Trong md hinh

o
ciing c6 hién tugng cac hat B § vi tri rdt gan nhau (r ~ 1,6 A).
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S& phdi vi riéng cla tifng nguyén tl ciing phan bd rit rong, ph hgp véi két qud
trong cong trinh [5] va dac tru'ng cho s8 ph6i vi cia hgp kim vo dinh hinh [6] (xem hinh
2) Piéu nay chiing td ring, ciu tric cia hgp kim VDH 1a khong dbng nhat. Su phan bo
s0 ph01 vi nhu hinh 2 dic trung cho hgp kim VPH hé metal- metalloid. Nhitng nguyén t¥
c6 56 phdi vi 16n hon nhiéu so vdi s& phdi vi trung binh xem nhy & trong vang bi nén,
ngugc lai cdc nguyén tif c6 s phdi vi nhd hon nhiéu so véi s& phdi trung binh xem nhu
nim trong ving bi gidn. Nhitng ving nhu vita néu c6 thé xem nhu khuyé&t tat diém
trong cdu tric VDH va c6 thé déng vai trd nhat dinh trong qua trinh khué&ch tén.
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Hinh 2: su phan b s6 phdi vi Z;; =
mo hinh hgp kim vd dinh hinh NigsBas
Nz; - t6ng s& nguyén ti loai i c6 s8 phdi vi 1a z;
Ni tdéng s6 nguyén tl loai i trong mo hinh
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Hinh 1: ham phén b8 xuyén tdm g;;(r)
hgp kim v dinh hinh NigsB3s,
M5 hinh
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Khi nghién cttu hgp kim VPH, ngudi ta thudng so sénh vdi cfu triic cla miu
tinh thé c6 ham lugng tuong duong. Miu tinh thé twong dng véi hgp kim vo dinh hinh
NigsBas 12 NipB ¢6 céu triic dang CuAl,. Khi chuyén sang trang thdi vo dinh hinh, Zj,
gidm mot it so v6i trong tinh thé Ni,B, Z;, lai ting mot it va Zy, ~ 8, it han Z(B-Co) ~ 9
[6] (xem bang 1). Nhu vy, phin 16n nguyén t& B trong hdp kim ludn nim bén trong
mot don vi cdu triic khd bén vitng véi 8 nguyén tif Ni bao quanh, tudng ty nhu trong tinh
thé Ni,B. Tuy nhién, ddi v4i doi B-B thi c6 sy khic bigt.

Trong tinh thé Ni B, cdc nguyén ti B tao thanh chudi thing vdi Zs; = 2, khodng

céch gita B-B 12 2,124 A , tuong tng vdi vi trf dinh cao dau tién trong ham gas(r).

Khi xét s6 phoi vi clia cip B-B Vi 1, = 2,425A (bang 2). Ta thay, chi c6 84
nguyén ti B ¢6 2 nguyén ti ndm k& cdn. Phan 16n cdc nguyén ¥ B con lai ¢6 Zx 16n
hon hodc nhd hon 2. Nhu viy, khi hinh thanh trang thdi v dinh hinh, chudi B-B nhu
trong tinh thé bi pha v&, va phdn cdc nguyén tit B b ddy ra xa nhau.

Qua bang 1, ta thay rl1 (NiNi) trong hgp kim v0 dinh hinh NigsB3s trd nén nhd

hon mot it so vdi trong tinh thé Ni,B (r ~ 2,60;&) va 8 phdi vi trung binh Zyy, Z12, Z21 &
trang théi tinh th€ va vo dinh hinh 12 twong d6i giong nhau, phit hgp vdi ket qua thyc
nghiém. Nhung khi chuyén sang trang thdi v6 dinh hinh, cdc nguyén td B c6 khuynh
hudng len vao gilta cdc khodng trong gilfa cdc nguyén tt Ni 16n hon, tuong t nhu mo
hinh Polk [7].

KET LUAN:

Bing phuong phdp Statistical Relaxation v3i céc thé ning da chon, cho phép ldp
dugc m6 hinh hgp kim v6 dinh hinh NigsB3s ¢6 ciu triic phit hgp vdi thuc nghiém.

Trong hdp kim vé dinh hinh NigsBas, cdc nguyén tf B ¢6 khuynh hudng & trong
don vi ¢6 cdu tric bén viing véi 8 nguyén ti Ni bao quanh. M6t phan nhd céc nguyén
t& B & vi tri rat gin nhau, khdc véi hgp kim v6 dinh hinh hé Fe-B va Co-B.

CAu tric nén clia cdc nguyén ti Ni tuong ty nhu cdu tric cia Co, Fe vd dinh
dinh hinh. Khi hinh thanh hgp kim VDH NigsBas cdc nguyén td B khong hinh thanh
chudi thing nhu trong tinh thé Ni,B.

Chuong trinh tinh s& phdi vi riéng Z; cla téc gid c6 thé dung nghién cdu cdu
trdc chat 16ng, chit rin bing phudng phdp mo hinh hda trén mdy tinh (xem phu luc).

Chiing tdi chdn thanh cdm on TS. Pham Khdc Hung (Vién Vit Ly K§ Thuat BPH
B4ch Khoa Ha Noi) da tin tinh gitip ching t6i hoan thanh cng trinh.

25




Science & Technology Development, Vol.1, No 5-1998

Phu luc:

Program coornumber;

Uses Crt;
Const n = 1000;
na = 800;
1= 22.2633;
rll1 =3.30;
r12 =3.00;
122 =4.00;
121 = 3.00;
Ver x,y,z: array[l..n] of real;

Begin
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ip, A, B, C, D: array[1..n] of integer;
i,j, k, k11, k12, k22, k21: integer;
12, xx, yy, zz, 1; real;

fa, fb, fc: text;

clrscr;

12:=1/2; :

Writeln(* ......Program — coordination number ........ ’);
Writeln(* ... Calculation started ........ *);
Assign(fa,”Model.pas’);

Reset(fa);

Fori:=1tondo

Read(fa,x[i],y[i],z[i]);

Fori:=1tondo

if i<=na then ip[i]:=-1

else ip[i]:=1;
For i:=1 ton do
Begin

k11:=0
k12:=0:
k22:=0;
k33:=0;
For j:=1tondo
Ifi<>jthen
Begin

xx:x[i]-x[j]; if xx>12 then xx:=xx-1 else if xx<-12 then xx:=xx+1;
yy:ylil-y[j]; if yy>12 then yy:=yy-1 else if yy<-12 then yy:=yy+1
zz:z[i]-z[j]; if 2z>12 then zz:=zz-1 else if zz<-12 then zz:=z7+1;

r=sqri(Xx*xx+yy*yy+zz*zz);
If (ip[i]<0) and (ip[j]<0) then
if r<rll then k11:=k11+1;
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If (ip[i]<0) and (ip[j]>0) then
if r<r12 then k12:=k12+1;
If (ip[i]>0) and (ip[j]>0) then
if r<r22 then k22:=k22+1;
If (ip[i]>0) and (ip[j]<0) then
if r<r21 then k21:=k21+1;
End;
Alil:=k11;
Blil=klZ;
Clil:=k22;
Dh=k21;
End;
Assign(fb,’CoNiP20.Pas’);
Rewrite(fb);
Writeln(‘z00°,**,’z11°,”",°z12°,”",’222',"" ' 221");
Writeln(Ib,"z00°,>* /21 17,*.21 2., 222, #221°);
For z00:=1 to 20 do i
Begin
zk1:=0; .
z12:=0;
722:=(0:
z21:=0:
Fori:=1tondo
Begin
If A[i]=200 then z11:=z11+1;
If B[i]=200 then z12:=z12+1;
If C[i]=z00 then 222:=2z22+1;
If D[i]=z00 then z21:=z21+1;
End;
Writeln(z00:4,”",z11:4,”,212:4,”°,222:4,” ,221:4);
Writeln(fb,z00:4,”",z11:4,”°,212:4,”°,222:4,",z221:4);
End;
Close(fa);
Close(fb);
Readln;
End.
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MICROSTRUCTURAL ANALYS
OF THE AMORPHOUS NigB3s ALLOY

V6 Vin Hoang, Té B4 Viin

Abstract:

The model of amorphous NigsBss alloy has been constructed by statical Relaxation
method containing 1000 atoms. the partical radial distribution funtions of the metod are
in good agreement with experimental data. The pair potentials foe all of the bondings in
the system have been adopted to reiceive direct B-B contact. local structure of the
amorphous NigsB3s alloy have been investigated through the coordination number
distribution and comparision with the crystalline Ni,B alloy.
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