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NHIET PQ NONG CHAY CUA CAC KIM LOAI PLATINUM VA
COBALT DUOI AP SUAT CAO
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TOM TAT

Platinum va cobalt I hai kim logi chuyén tiép quy hiém, cé nhiéu ¢ng dung trong doi
song nho céc tinh chdt vat 1y wu viét nhue tinh tro, kha ndng chong dn mon cao va dé dan
dién, dan nhiét tot cua ching nhuwe tinh tro; rdt it bi Gn mon tham chi ¢ diéu kién khac nghiét,
dé dan dién va dan nhiét nrong doi tét. Viéc nghién cizu tinh chdt ndng chay cia platinum
va cobalt 1a nén tang cho nhiéu tién bé cong nghé, gilp nang cao hiéu qud va kha ndng img
dung cua céc kim logi quy ndy trong cac link virc quan trong cua doi song. Trong nghién
ciru nay, dwong cong néng chay phy thugc dp sudt cua platinum va cobalt dioc tinh todn
dia trén su két hop diéu kién néng chay Lindemann véi hé sé Griineisen trong mé hinh
Debye va phuwong trinh Vinet. Két qua tinh todn sé duoc thuc hién téi dp sudt 80 GPa cho
thay nhiét dé néng chay ting tirong doi nhanh theo dp sudt. Purong cong ndng chdy thu dieoc
cua platinum va cobalt duéi &p sudt cao cé su tuwong dong tot véi di lidu thuc nghiém dueoc
duwa ra so sanh. Piéu nay chiing té, mé hinh tinh todn 1y thuyét duroc dé xuat co thé dp dung
dé nghién cizu tinh chdt ndng chdy cua cac kim logi khac trong diéu kién dp suat cao.

Tir khoa: Nhiét @ ndng chay, platinum, cobalt, dp sudt cao, hé sé Griineisen, diéu
kién ndng chay Lindemann.
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1. PAT VAN BE

Nghién ciu hanh vi néng chay cua kim loai chuyén tiép & ap suat cao c6 ¥ nghia khoa
hoc rong rdi, dic biét 1a ddi v6i khoa hoc trai dat va hanh tinh [1-3], vat 1i vat chat ngung tu,
dia vat Ii [4]. Platinum (Pt) va cobalt (Co) la nhiing dai dién tiéu biéu cua kim loai chuyén tiép
vé6i dic tinh kho néng chay, do cang cao, rat it bi an mon ngay ca trong diéu kién khac nghiét
nén duoc tng dung rong rii trong doi sdng [5-8]. Pt duoc sir dung nhiéu trong céc trang thiét
bi thi nghiém, do trang sirc my nghé... Mot s6 hop kim véi Pt co thé duoc sir dung trong y
hoc dé diéu tri ung thu. Co 1a mot nguyén liéu khong thé thay thé cho cac img dung cong nghé
cao nhu xe dién, dién thoai thong minh, tuabin gié va cong nghé quan su. Ngoai ra, Co con
dugc sir dung 1am chat xiic tac trong qua trinh tong hop kim cuong da tinh thé va st dung dé

1Khoa Khoa hoc Tuw nhién, Truong Pai hoc Hong Pirc; Email: nguyenthihongvatly@hdu.edu.vn
2Truong THPT Tho Xudn 4, tinh Thanh Héa

3Truong THCS Cu Chinh Lan, tinh Thanh Héa

4Truong THCS Thiéu Phu, tinh Thanh Héa

103



p-1SSN 3030 - 4628

TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 84 (02.2026) = ISSN 3030 - 4636

phat trién cac tinh thé kim cuong don 16n trong cac ing dung cong nghiép [9] va trong y sinh.
Mot s6 hop kim cua Co duoc timg dung trong céng nghiép nhu céng nghiép dau khi, ma dién,
16p phu bé mat vat lidu, cong nghiép hat nhan, ché tao chit siéu 1am lanh. ..

Trong nhing thap ky qua, cac nghién ciru thyc nghiém [3], [10-12] va Iy thuyét [13-
15] da tap trung vao tinh chit nong chay cua mot s6 kim loai chuyén tiép trong diéu kién
khic nghiét [4], [16-19]. Tuy nhién, viéc xac dinh chinh xac diém néng chay cta cac kim
loai chuyén tiép van 1a mot thach thie ddi véi ca nghién ctru thue nghiém va 1y thuyét boi
van ton tai nhitng su khac biét 16n giita cac phép do bang 6 mang dé kim cuong nung noéng
bang laser [11], [20-22] cac thi nghiém song xung kich [23] va cac mé phong ly thuyét [24-
25]. Nguyén nhan cua nhimng su khac biét nhur vay van dang duoc nghién ctru thém.

Trong bai béo nay, ching t6i nghién ctu tinh chat nong chay va tinh toan sé su phu
thudc ap suat cua nhiét do nong chay cua cac kim loai chuyén tiép Pt va Co ¢ 4p suat 1én toi
80 GPa . bong thoi, so sanh két qua thu dugc véi cac dir lidu 1y thuyét va thuc nghiém cia
cac cdng trinh trude do. Két qua nghién ctiu co thé cung cap thém co so dit liéu vé cac tinh
chat nong chay cua kim loai chuyén tiép Pt va Co dong thoi ciing cung cap mot phuong phap
nghién cau Iy thuyét don gian dé nghién ctiiu hanh vi nong chay cua kim loai noi chung.

2. NOI DUNG VA PHUONG PHAP NGHIEN CUU

Dé nghién ctru bai toan néng chay ciia vat lidu, ching t6i két hop biéu thuc hé sb
Grilneisen trong mo hinh Debye vdi mo hinh nong chay Lindemann [26]. M0 hinh noéng chay
Lindemann duoc F.A. Lindemann dua ra nim 1910 va sau d6 dén nam 2001, nhém cua Wang
va cong su (2001) da chitng minh rang mé hinh nay twong duong véi cong thire sau [27].

T, =constV??.02, D

trong d6, Tm 12 nhiét d6 nong chay cuia kim loai, V la thé tich tinh thé, 6, = heawy / K
la nhiét d§ Debye, @, la gia tri tan sb dao dong cuc dai trong ing voi ban kinh Debye duoc
goi 12 tin s6 Debye.

L4y logarit tu nhién hai vé cta biéu thtrc (1) va thuc hién mot s6 phép bién doi toan
hoc thu duoc:

éln(T,) 28V _élme, 2(1 ) 2)
av 3aov ~ ar 3\v '°)
, aln D |y a A . - , ~ A R 4y
trong do, y, =— P la h¢ so Gruneisen, dic trung cho mirc d phu thugc thé tich
n

tinh thé ctia cAc tan s6 dao dong phonon @, do hiéu tmg phi diéu hoa ctia mang tinh thé gay ra.

O ving 4p suét thip, hé s Griineisen dugc xem nhu khong di, nhung khi ap suit
tang cao, nghién ciru cua W. Zhang va cong su (2014) [16] cho thdy hé sb Griineisen s& giam
dan theo ap suét. Khi xem xét van dé nay, nhiéu Iy thuyét da duoc dua ra [29-31]. Tuy nhién,
cac két qua dau ra duoc tinh toan tir cac ly thuyét nay chua thuc sy mo ta tot cac anh hudng
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ctia 4p suit dén hé sb Griineisen & ving ap suét cao [32]. Trong nghién ctu ndy, ching toi
sir dung d& xuét cua L. Burakovsky va cong sy (2004) dé nghién ctru cac nhiét dd nong chay
cua kim loai, trong d6 hé sé Griineisen duoc xy dung c6 biéu thirc dang [33].

1 ®)
Ve =5+ 4y
trong d6 7,, 7,, S >1 la cac tham s6 phu thudc vao vat liéu nghién ctru, 7 = % la
0

hé s nén, V, la thé tich tinh thé & ap suat khong.
Két hop cac biéu thuc (2) va (3) va thuc hién mot s phép bién ddi toan hoc, két qua
thu duoc:

A

. ] 4
(l—r}‘]#- ®

trong d6 T, 1a nhiét do nong chay cua kim loai & diéu kién mai truong.

7
-

T, =T exp -;671(1—71” )+

Biéu thirc (4) la biéu thic mo ta su phu thudc hé sb nén cua nhiét do néng chay T, .
Trong cong trinh [34], Cohen va cong su (2000) da chimg to rang, phuong trinh trang thai
Vinet cho két qua chinh xac nhat moi lién h¢ ap suat - the tich - nhiét d0 tai ap suat cao. Vi
vay, dé xem xét anh huong cia ap suat dén nhiét do nong chay T chang t6i sir dung phuong
trinh trang thai Vinet dugc xay dung c6 dang sau [35]

P =3K,n " (1—n1’3)expB(K(’, ~1)(1-7" )}

trong d6, K, cdc mddun nén khdi dé'ing nhiét va K(') la dao ham béc nhét theo ap suét

®)

cua K.

3. KET QUA NGHIEN CUU VA THAO LUAN

Pé xem xét vé hiffeu qua ctia mo hinh 1y thuyét hién tai trong viéc tinh todn va phan
tich sy phu thudc ap suat cua nhiét do nong chay cua kim loai Co va Pt, chung t6i st dung
cac biéu thire thu dugc tir Phin 2, trong d6, cac tham sb 7, 7,, s, K,, K, nhiét do nong
chay cta cac kim loai Co va Pt & diéu kién méi truong T, (K) duoc Iy tir thuc nghiém va

duoc dua ra ¢ Bang 1.

Kimloai | K, (GPa) Ks a 72 S Tom (K)
Co 209,345 [36] | 3,244 [36] | 0,88[37] | 0,39[37] | 5,5[37] | 1768 [37]
Pt 280,03 [38] | 6,3289[38] | 1,16 [37] | 1,01[37] | 8,3[37] | 2041 [37]
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Hinh 1. Nhiét @ nong chay cia kim loai Co dwéi anh hwéng ciia cia ap suit

Hinh 1 biéu dién duong cong nong chay ciia kim loai Co dudi anh hudng ciia ap suat
dén 80 GPa (duong lién nét mau den). Mot sé dit liéu thyc nghiém va 1y thuyét trudc day
cling dugc dua vao dé so sanh. Do thi cho thy, nhiét d6 nong chay cua Co ting khi ap suit
tang. Pidu nay phu hop véi thyuc té khi ap suit ting, ap luc tac dung Ién tinh thé ting khién
cac nguyeén tir bi ddy lai gan nhau, tirc 1a khoang cach gitra cac nguyén tur giam. Khi khoang
cach giira cac nguyén tir giam, luc twong tac gitra chung (bao gém lyc Van der Waals, lyuc
ion, ...) trd nén manh hon, can nhiéu ning lwong hon dé pha v& nhiing lién két nay dé vat
lieu chuyén tir trang thai rin sang long. Buong cong néng chay phu hop tét voi cac diém
thuc nghiém cua cac cong trinh duoc dwa ra so sanh va duong cong Iy thuyét cua P. Lazor
va cong su (1993) [39]. Pudng cong néng chay thu dwoc ciing cao hon cac diém thuc nghiém
cua D. Errandonea va cong sy (2001) [17] nhung lai thip hon cac diém thuc nghiém cua
AF. GuHIermet (1987) [40]. Mac du co6 su chénh Iéch nay, duong cong nong chay hién tai
c6 gia tri gan véi thuc nghlem hon so véi duong cong nong chay li thuyet cua W. Zhang va
cong su (2014) [16]. Biéu nay cho thdy két qua cua nghién ciru c6 thé bd sung thém co s&
dir liéu cho hanh vi nong chay cua kim loai Co.
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Hinh 2. Nhiét d9 nong chay ciia kim loai Pt dwéi anh hwéng ciia cia ap suét

Hinh 2 biéu dién duong cong nong chay phu thudc ap suat caa kim loai Pt & nhiét do
phong. Tinh toan sb duoc thuc hién dén 80 GPa (dudong lién nét). Cac diém thuc nghiém cua
D. Errandonea va cong su (2013) (hinh tron mau do) [4], cia A. Kavner va cong su (1998)
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(tam giac mau hong) va cac duong 1y thuyét ciia A. Kavner va cong su (1998) (duong cham -
tur giac mau tim) [42], J. W. Jeong va cong su (1999) (dwong nét gach - tam giac mau xanh la
cay) [19] va F. Simon va cong su (1929) (dudng nét gach-chAm mau xanh da troi) [41] ciing
dugc dua vao dé so sanh. D6 thi cho thiy, nhiét d6 nong chay cua Pt ting khi ap suit ting
tuong tu nhu duong cong noéng chay caa kim loai Co. Dé thi ciing cho thay, két qua tinh toan
ctia nghién ctru phu hop kha tot véi mot sb dit liéu thuc nghiém cua A. Kavner va cong su
(1998). Sy chénh léch nhiét d6 nong chay gitra duong cong ly thuyét cia nghién ciru véi cac
dir liéu thue nghiém duoc dwa ra 13 vao khoang tir 0,6% dén 14%. Mac du van con ¢ su chénh
léch so véi mot s diém thyc nghiém, nhung dudng cong Iy thuyét nay nam trong khoang gitra
cac diém thuc nghiém duoc dua ra, gan vai cac két qua thuc nghiém cua A. Kavner va cong
su (1998) hon so véi cac duong cong nong chay ly thuyét cua D. Errandonea va cong su
(2013) va ca duong cong Iy thuyét cua A. Kavner va cong su (1998).

Su sai khac giita duong cong néng chay li thuyét trong nghién ctru véi cac di liu
thuc nghiém duoc dwa ra di vai ca hai kim loai Co va Pt co thé dugc giai thich do cac
nguyén nhan sau: (1) do han ché cua Iy thuyét nong chay Lindemann khi ap dung cho kim
loai & ap suét cao; (2) do gia thiét cua Burakovsky chwa thuc sy mé ta tét sw phu thudc ap
suit cua hé sb Griineisen; (3) do khi nghién ctu hanh vi nong chay cua Pt va Co ching toi
d3 bo qua yéu t ciu hinh electron trong ciu tric dién tir va coi nhu cau trac tinh thé I 6n
dinh trong khoang ap suat nghién ciu.

So sanh d6 ddc cua dudng cong nong chay cua hai kim loai Co va Pt cho thay do doc
cuia duong cong néng chay cua kim loai Co thip hon dang ké so véi kim loai Pt. Diéu nay
chtng t6 sy phu thudc ap suat caa nhiét do nong chay caa kim loai Pt 1a manh hon so voi
kim loai Co. Nguyén nhan cua su sai khac nay co thé 1a do kim loai Pt ¢6 lién két nguyén tir
manh hon thong qua cac electron 16p d ma né co, tic la can nhiéu nang luong hon dé c6 thé
lam nong chay vat liéu. o thi ciing cho thiy tdc do tang cta nhiét dd nong chay giam dan
& &p suét cao. Chang han, & ap suat P = 2,9 GPa, dudng cong nong chay ciia Co c6 do doc
1a 23,76 K/GPa, duong cong nong chay cua Pt co do dbc 1a 32,25 K/GPa. Trong khi dé, tai
ap suat P =70 GPa, do dbc ciia duong cong nong chay cua Co la 16,58 K/GPa, cua Pt la
17,18 K/GPa.

4. KET LUAN

Trong bai bao, dic tinh néng chay cua cac kim loai chuyén tiép Pt va Co da duoc
nghién ctru bang phuong phap ban thyc nghiémvéi diéu kién 4p suat 1én dén 80 GPa . Cac
duong cong néng chay thu duoc cua Co va Pt déu c6 két qua gan véi mot so dit lieu thuc
nghiém duogc dua ra. Piéu nay cho thiy, phuong phap ma ching t6i dé xuét c6 thé ap dung
dé nghién ctru nhiét d6 nong chay cua cac kim loai khéc trong nhimg diéu kién khac nghiét
hon. Mot s sai khac giira két qua Iy thuyét va thuc nghiém c6 thé duoc giai thich 13 do mé
hinh Iy thuyet ma Chung t6i dua ra chwa mé ta day da hanh vi néng Chay cua vat liéu. Dé
g1a1 quyét van dé nay, can phai duoc tiép tuc nghién ciru mot cach diy du va cé hé théng
tiép. Tuy nhién, cac két qua thu duoc tu nghlen clru nay cling da gop phan 1am ting co S0
dir li€u v€ nong chay ap suit cao, mo rong kién thirc vé cac tinh chét vat li cia trang thai rin
trong diéu kién khic nghiét.
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MELTING TEMPERATURE OF PLATINUM AND COBALT
METALS UNDER HIGH PRESSURE

Nguyen Thi Hong, Nguyen Thi Dung, Nguyen Thi Thao, Trinh Van Toan,
Le Thuy Duong, Le Thi Ly

ABSTRACT

Platinum and cobalt are considered two rare transition metals with wide applications
in life due to their excellent physical properties such as inertness, corrosion resistant even
under harsh conditions, and relatively high electrical and thermal conductivity. Studying the
melting properties of platinum and cobalt has been the basis for many technological
advances, helping to improve the efficiency and applicability of these precious metals in
important areas of life. In the present work, the pressure-dependent melting curves of
platinum and cobalt are calculated based on the combination of Lindemann melting
conditions with the Griineisen parameter in the Debye model and Vinet's equation of state.
The numerical calculation results performed up to pressure 80 GPa show that the melting
temperature increases relatively rapidly with increasing pressure. The obtained melting
curves of platinum and cobalt under high pressure have a good similarity with the
experimental data given for comparison. This demonstrates that the proposed theoretical
computational model can be applied to study the melting properties of other metals under
high pressure conditions.

Keywords: Melting temperature, platinum, cobalt, high pressure, Grineisen
parameter, Lindemann melting conditions.
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