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Table 1 Physical parameters and critical cooling velocity (R.) of BMG
Fe SEER Ad, Ad, Ads Ae, Aey Aes v, v, vs R./K-s™!
1 MgysNijsNdio 0.864 33 0.23119 0.57381 0.73267 0.29861 0.72346 0.5814 0.17463 0.580 56  46.1
2 MggsNigpNd;s '0.8096 0.23839 0.52712 0.61905 0.34375 0.62286 0.45453 0.20755 0.46355° 30.0
3 MgyoNissNdys 0.8654 0.23726 0.63401 0.73134 0.34314 0.62368 0.5814 0.2071 0.47551 178.2
4 MggsCusYio 0.73813 0.2144 0.64952 0.47222 0.36842 0.66152 0.30909 0.2 0.52433  50.0
5 MggoNioNdy 0.9145 0.23051 0.69111 0.83178 0.33951 0.6956 0.712  0.20446 0.57333 1212.4
6 Zrs;TisAloCupNig  0.687 69 0.196 92 0.61903 0.48778 0.24078 0.61095 0.32256 0.13687 0.47843  10.0
7 ZrgsAl; sCuizsNijg  0.6992  0.206 99 0.61198 0.498 78 0.24323 0.63475 0.33225 0.13845 0.48953 1.5
Zr41.2 Tiia.g Cuyz.s Nigg
8 4. 0.38039 0.24269 0.47831 0.62822 0.22027 0.39828 0.45737 0.12377 0.26686 1.4
22.5
9 ZreeAlgNigg 0.72541 0.21849 0.74568 0.55172 0.21622 0.70241 0.38095 0.12121 0.563 18  66.6
10 ZrgeAlsCuyNig 0.723 64 0.21344 0.65749 0.54502 0.22777 0.61901 0.37459 0.12852 0.49168 22.7
11 ZresAlgCuyNig 0.73512 0.20983 0.55158 0.55996 0.23581 0.5739 0.38885 0.13366 0.44348 9.8
12 ZreAlyCuyeNig 0.72237 0.20536 0.5885 0.54023 0.24249 0.58988 0.37008 0.13797 0.45536 4.1
Zrsg s Tie.5 Nig,75 Cuys.2s
8o 0.37307 0.23376 0.44436 0.57179 0.22156 0.35763 0.40035 0.12458 0.23345 1.4
Zr39 58 Tiss. 12 Nio. s Cu
14 B:"'“ 512083 () 385 57 0.24536  0.46566 0.606 77 0.22124 0.388 58 0.43552 0.12438 0.25631 1.4
1.25
Zr43.63 Tirz.37 Nigg Cuyy s
15 oo 0.38406 0.24718 0.49313 0.65419 0.21969 0.41261 0.48609 0.1234 0.27929 5.0
3.75
16 ZryTiyNiggCuoBe;s  0.387 65 0.25157 0.50249 0.679 93 0.21892 0.43636 0.51507 0.12291 0.31055 12.5
Zris.s Tioe Ni
17 B:‘;‘” b Nio Cers 20104 0.25595 0.52341 0.70491 0.21797 0.4769 0.54429 0.12232 0.34711  17.5
.25
Ztiszs Tisps Ni
18 BZ”j a2 Nio Cons 0 20070 0.2603  0.55065 0.72532 0.2168 0.52585 0.57074 0.12158 0.3909  28.0
7.5
19 LagsAlysNig 0.82034 0.28135 0.57106 0.63265 0.31944 0.27504 0.46269 0.19008 0.16966 67.5
20 LassAlsNijCuy 0.81818 0.27273 0.62089 0.62245 0.33784 0.47243 0.45185 0.20325 0.33399 22.5
21 LassAlysCugo 0.816 03 0.2641 0.56353 0.61224 0.35526 0.25507 0.44118 0.216  0.15658 72.3
22 LagsAlsCugo 0.82235 0.28938 0.61212 0.59402 0.38421 0.5449 0.42249 0.23778 0.38409 37.5
23 LassAlLsNisCuoCos  0.818 18 0.27273 0.67253 0.62245 0.33784 0.58346 0.45185 0.20325 0.49603  18.8
24 LagsAlpsNiysCus 0.81926 0.27704 0.72488 0.62755 0.32877 0.57528 0.45725 0.19672 0.430 68  34.5
25 LagsAlsNisCuys 0.8171 0.26842 0.72845 0.61735 0.34667 0.57409 0.44649 0.209 68 0.4958  35.9
26 Pdy;.5CugSiss.s 0.83044 0.14193 0.78267 0.75894 0.1697 0.7917 0.61153 0.09272 0.673 68 100.0
27 Pdy;CugSigy 0.82425 0.14191 0.78417 0.75207 0.16996 0.793 17 0.60265 0.09287 0.69207 125.0
28 PdyNigPs 0.79198 0.16794 0.41793 0.44615 0.16923 0.37374 0.28713 0.092 44 0.239 0.167
29 PdygCusoNisoPao 0.79376 0.17502 0.534 46 0.42308 0.13462 0.53154 0.26829 0.07217 0.38326 0.1
30 Pdyo.sCusSise s 0.83071 0.14329 0.83684 0.78674 0.17295 0.843 61 0.64844 0.094 66 0.739 63 500.0
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2 (xdi) = 23 ()
Ad, = i=1 i=1 1)

"

Z(xidi)

[ii(x,di)/;zllxi]— [é(xjdj)/]i:;xj]
;Z:l;(xzdi)/g;xi

Adz =

(2)
Z [dei -

Ady = B (3)

X, Ady, Ad,, Ad; M THRESRAN T &,
zi, diMin, FANAEEPREFHEFELSS
B, ¥BHMEFING 5, 4, fin, FHAEEF
MNEFHEFELSSE. XBHEFIME; » HE
SFHRATE; C2 HHFINAEE; n=n,+ny0

Ae =M BEFES Ad TEARNERR
A, v W=FLEHEFESFIN:

Di(xe) = D (ze)

vy = .-:11 ,-:21 (4)
Z(x,-e,-) + Z(x,ej)

[g(x,ei)/éxi]— [i(xjej)/ixj]

z;d;) /(zd;) ]

-

V2 = " " oy ny
[g(xiei)/gxi] + [;(xjej)/;xj]
(5)
i [(zie; — zje;) /(zie; + ;) ]
vy = BiEhif (6)

c
AP vy, v, v M THREASRBANTE, z;, ¢
Mn SARAEEPRBAKEFRNEFESSE.
BAEMEF N 2, ¢ M, FBHEEF /D
BAREFHNEFESSE. BAENINEG » R
AEPHATE; C2AHINARE; n=n+n0
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ERE, RFHEHAERATHRES, KNBERAER
MBARFEAZREEZEKRPHEETRIEE
kXK, SIERESESEARRERZEKEFY#
BEDZE, SEEFHYT BEZEEME, BERILMNE
Y 1 R R R F 22 18] B 7 A #0231 2% 28 T A 0
KR, RFRYBOEEM, BETERFHYT
B2, ATEERREER, BHWBREETY
B, YRUAMFERMESR; REYETFFE
BERYE, IR EERMFERLORS, FF
FIER/HKER. B Pd— Cu—Si fl Mg - Ni— Nd
ARERMWEFEREELRERPIRERY, #F
BERFEBEBEBNIRE. MREFENYRE—K
EF, PAd-Cu-SithARZM Mg-Ni-Nd K EZHEF
YRERLERRNE, DMHABEBEELREN R

#£; PA-Ni—-Pf Pd-Ni—-Cu-P R T2 %
RFHhEMCE, HEBEBREN&R; Zr- Al-
T™ (TM=Ni, Cu, TH) M La ERKERHE
TEREWPI-Ni-PMPd-Ni—-Cu—-P/h, H
WP AT E S, HR Zr— Ti—- Be—- TM
BERMEFEEER/ND, HEREBRBAK Zr -
AlI-TM Ml La #3&, XTRBHEAZHAXRERA
5, BRFUBGREFEEE/NFHEE Zr -
Ti-TMHWEE&EKR, HEBEERELNER. N&
R ELKE, Zr-Ti-Be-TM &, Pd &
FAAREMUFELFATHRREHBZR, W Zr
-Al-TM %, Mg ZEM La ERKEREEH —F
FERAEE, 3R La BARRZAB T =K #i
KEXFR, WHRAELHEEEMRN BMG,

ME 2 FME3ATH, R. 5 Ae HARHRIAE
THR/MEMRR, XA ENLRE. BETFHETF
RiER, —MESBHRAER, XFLEEE T R
LENBAEFRES. TNBRFF REMNR
Ml ERAEED, BRKABARHIRE, K
FAGY#, AHBERNIER; BTREAIM

®2 MgE,. ZrE, LaZ, PAEAMBMGH=18% (Ad, Ae, v) 51

ERLHEE (R,) HUEHMETBERERFAHEXES (R)
Table 2 The fit curve equations and squared-coefficients (R) between three related
parameters (Ad, Ae, v) and the R, of Mg-based, Zr-based, La-based and Pd-based BMG

BMG Mg % Zr-Al-TM & Zr-Ti-TM % La % Pd %
SR Ad Ae v Ad Ae v Ad Ae v Ad Ae v Ad Ae v
AD 59.16E3 76.75E2 30.27E2.  49.00E3 15.14E3 89.90E2 24.23E2 6.13E2 3.24E2 1.46E9 -4.01E6 -1.31E6 4.32ES 7.80E3 3.38E3
AQ 3.201E6 1.225E6 61.44E2 12.12E3 50.16E2 40.33E2 32.16E2 52.27E3 41.77E3 8.86ES5 1.47ES 8.49E4 3.84E3 7.58E4 6.33E4
AQ 34.26E3 5.066E6 - 1.28E6 807.61 19.66E2 11.71E2 461.90 36.456 8.945 2.35E3 2.14E2 1.33E2 2.07E3 1.26E3 6.78E2
Bl‘D - 14.92E4 —'.26.71F.3 -14.69E3 - 13.94E4 -58.96E3 -51.93E3 -6.05E3 -20.36E2 -14.53E2 -5.36E9 1.96E7 8.87E6 -1.07E6 -2.86E4 -1.79E4
81® -2.72E7 -6.89E6 -65.77E3 -11.92E4 -41.23E3 -58.27E3 -27.01E3 —-47.10E4 —-66.93E4 -9.58E6 -1.26E6 -1.20E6 -4.48E4 -1.01E6 -1.56E6
Bl® -11.87E4 -2.28E7 7.53E6 -27.50E2 -6.54E3 -50.74E2 -20.94E2 -2.90E2 -170.2 -6.99E3 -7.38E2 -—-4.79E2 7.65E3 -5.03E3 -3.71E3
Bz® 93.74E3  22.62E3 16.92E3  99.19E3 57.31E3 75.78E3 3.78E3 16.93E2 16.39E2 6.54E9 -3.19E7 -2.00E7 6.65ES 2.44E4 2.07E4
Bz® 5.79E7 9.68E6 17.66E4 29.28E4 84.79E3 21.07E4 56.74E3 1.06E6 2.68E6 3.45E7 3.60E6 5.64E6 1.31E5 3.33E6 9.51E6
Bz® 10.23E4 3.41E7 -1.47E7 2.36E3 5.46E3 5.53E3 2.37E3 5.24E2 5.62E2 5.24E3 7.30E2 5.47E2 ‘ 6.71E3 4.67E3 4.42E3
B3(D 0 0 0 0 0 0 0 0 0 —2.66E9 1.73E7 1.51E7 0 [} 0
Bg_® 0 0 0 0 0 0 0 0 0 -4.15E7 -3.42E6 -—8.80E6 0 0 0
Bg® 0 -1.70E7 9.58E6 0 0 0 0 0 0 0 (] 0 0 0 0
RO 0.90401 0.89734 0.93555 0.55048 0.86755 0.8659.6 0.99125 0.99168 0.95465 0.93602 0.96026 0.95581 0.54841 0.85342  0.92255
R® 0.50415 1.00000 0.5835 0.98297 0.98703 0.98676 0.98758 0.9819 0.98237 0.93413 0.94407 0.95081 0.97614 0.99303 0 .9928
R® 0.86212 0.98028 0.89192 0.97908 0.88015 0.92572 0.96605 0.96606 0.97978 0.97601 0.87542 0.84811 0.74319 0.68796 0.70413
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Research of the Relation Between Chemical Bonding Parameters
and Difference in Atomic Size Ratios and GFA of BMG

Cai Anhui,Pan Ye,Sun Guoxiong
(Department of Mechanical Engineering , Southeast University, Nanjing 210096, China)

[Abstract] Three physical parameters such as the difference in atomic size ratios (Ad ), the difference of
atomic electronegativity ratios (Ae) and the ion ratio (v) were calculated by using the weighted average
principle on the basis of the present BMG. The critical cooling velocity for forming glass (R.) of the bulk
metallic glass (BMG) was applied as the target parameter for the evaluation of the glass forming abili;cy (GFA).
The relation between the three related parameters and R was determined by using Origin, the results showed
that a minimum was found in the relations between R, and Ad, Ae and v,and for different alloy systems, the
minimum positions were different one another. As for the BMG with higher GFA, the relations among atom
percent, the difference of atomic size ratios and the difference of atomic electronegativity ratios between atom
pairs were harmonious. The optimum compositional range of BMG and the optimum addition ratio of additive
elements may be related to the‘ minimum phenomena of the relation between three related parameters and R..

[Key words] chemical bond parameters; difference of atomic size ratio; bulk metallic glasses; glass forming

ability; weighted averages principle
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