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TOM TAT

Cdc I6p phii chong mai mon da chdt dya trén mang TiN c6 tiém ndng iing dung trong cac
nganh co khi va linh vue quoc phong. Trong nghién civu nay, ching t6i thic hién ché tao mang
Ti,Zr1N bang phwong phap phin xa phan iing magnetron rf trén cdc dé Titan (VT1-0), nghlen
cieu sw danh hwong cua nong do khi N, trong hén hop khi No/Ar dén cdc tinh chdt co hoc va tinh
ma sat ciia mang, cu thé la dg cimg vi mé bang phuong phap Knoop, hé $6 ma sat, thé tich mai
mon bang phuong phap mai mon; do day cua mang bang phirong phdp giao thoa dnh sang Két
qua cho thay & nong do khi N, trong hon hop khi NolAr 6-8% dam bdo hinh thanh mang c6 do
day dong déu véi do cung vi mo lén dén 25,69 GPa, hé s6 ma sdt lhap hon 0,15 va thé tich mai
mon thap hon 107 mm®. Nghién ciru di chimg minh dwoc rang, viéc bé sung thém thanh phan
nguyén t6 Zr vao mang TiN gitip cdi thién cdc tinh chdt ciia mang mong.

Tir khoa: Phin xa magnetron rf; Mang TiZrN; Do cimg; Hé s6 ma sat; Thé tich mai mon.
1. MO DAU

Ngay nay, cac 16p phu chong mai mon dua trén cac hop chét chiu lira da duogc sir dung rong
rdi dé cai thién hiéu sudt va tudi tho ctia cic dung cu gia cong co khi, lam ting kha ning lam viéc
clia cac bé mat hoat dong chiu ma sat va mai mon cao. Hi¢u qua cuia viéc st dung céac 16p phu
duoc xac dinh boi nhiéu yéu to: d cing, kha niang khuéch tan trong vat liéu, kha nang bam dinh
trén vat liéu dung cy, kha nang duy tri cac ddc tinh & nhiét do cao,... Trong nhiing ndm gﬁn day,
nhiéu tac gia va nha nghién ciru da tap trung vao viéc cai thién kha ning lam viéc cua mang TiN
bang cach bd sung vao thanh phan mang mét sb nguyén té (Al, Zr, Cu, Si,...). Két qua nghién
clru cua Golosov Dmitriy va cong su [1] da chimg minh rang, mang TiAIN ¢6 d6 cung va kha
ning chdng mai mon cao gap 2 lan so voi mang TiN tmyen thong. Két qua nghién ctru ciia Cui-
feng Wang va cac cong sy [2] ciing dd dua ra két luan riang, do cting ciia mang TiAIN va mang
TiAIVN c6 d6 cimg cao hon va c6 do bén t6t hon mang TiN.

Trong sb d6, mang Ti,Zr.xN dang duoc nhiéu nha nghién ciru quan tim va hudng téi. Trong
thuc té, viéc bd sung thém nguyén td Zr vao mang TiN gitip cho mang TixZr 4N c6 kha ning
chiu oxy héa 1én dén 800 °C. Khi lam viéc & moi truong co nhiét d cao, bé mit 16p pha s& hinh
thanh mot 16p mang ZrO,, hoat dong nhu mdt rao can khuéch tan, ngin can sy xam nhép cua oxy
bao v€ 16p phu khoi qua trinh oxy hoa [3]. Nghién clru cuia Yu-Wei Lin va cong su vé cau tric Va
tinh chét ciia mang tinh thé nano (TiZr)N1x [4] da chira rang, 16p phu TiZrN c6 d6 cimg cao, on
dinh nhiét dong lyc va do bén lién két 1a do mot sb yeu t6: Cac nguyén tb trong mang co sy
tuong dong vé mit cau tric va kich thudc hat; Su thay thé cac nguyén tir Ti bang cac nguyén tur
Zr dan dén sy gia tang lién két Ti-Zr; Khi N, cung cép cho qua trinh tao mang thuc dy qua trinh
chuyén d6i pha hdn hop TiN, ZrN, TiZr va TiZrN thay doi thanh mot pha TiZrN dong nhat.

Trong hau hét cac truong hop, 16p phu chdéng mai mon dya trén nitride da thanh phan duoc
tao ra bang phwong phap ling dong hd quang chian khong [5] hodc phuong phap phin xa
magnetron phan ing. Phuong phap phin xa magnetron s€ c6 nhiéu wu diém boi kha ning tao cac
16p phu trén cac vat liéu nhay cam vé nhiét, do chinh xac va do dong nhét cao, d6 bam dinh tot
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va it bi pha tap do sir dung méi truong chan khong siéu cao. Dé tao mang Ti,Zry N, ngubn phun
xa thuong dugc sir dung 1a cac bia kim loai riéng biét hodc hop kim cua ching. Diédu nay s&
mang lai nhiing han ché vé mit pha tron déng nhét cua cac nguyén t trong mang, ciing nhu sy
chénh 1&ch 16n v& nhiét d6 nong chay cua cac nguyén t [6]. Mot trong nhimg nghién ctru dang
chd y hién nay d6 la s dung mdt loai bia tong hop, hay con goi 1a bia kham de lang dong mang
mong, tire la myc tiéu s bao gdm cac kim loai thanh phan dugc chén vao nhau dé giai quyét cac
van dé trén.

Vi vay, nghién ctru ndy hudéng dén viéc tao ra mang mong Ti,ZriN bing phwong phap phin
xa phan tng magnertron rf, s dung loai bia kham. Nhom nghi€n ctru xac dinh cac dac tinh co
hoc va ma sat, s anh huong cua cac thong sO cong ngh¢ (trong diéu kién ngudn khi phan tmg N>
cung cap khac nhau). Tir d6 tim ra pham vi va thong sb kiém soat dé tim ra 16p phu c6 tinh chat
t6i wu nhat.

2. THU'C NGHIEM

Mang Ti,Zr,xN dugc ché tao bang phuwong phap phin xa phan ng magnetron rf trén dé kim
loai Titan VT-1 trong thiét bi chan khong VU-2MP (BY-2MII, Nga) dugc lap dit tai phong thi
nghiém Khoa Cong nghé va K¥ thuat dién ti, truong dai hoc Quéc gia Tin hoc va Vo tuyén dién
tir Belars. So @ hé thong phiin xa dugc trinh bay trong hinh 1. Trong qua trinh phin xa, cac dé
kim loai dugc dat trén gia do kiéu vong xoay cach bé mit bia 81 mm. Ap suét ciia budn chan
khong dat duoc 1a 107 Pa va sau d6 tién hanh 1am sach so bd bé mit cac dé kim loai. Khi 1am
viéc Argon (Ar, do tinh khiét 99,98%) dugc cung cép cho nguén ion dén khi budng lam viéc dat
ap suat 102 Pa. Trong thoi gian 1am sach, nang luong ion va dong phong dién dugc cai dat c¢b
dinh 1an luot 1 5 phut, 500 eV va 700 mA.

Nzubn lam sach ion Gia d& de kim loai
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Hinh 1. So do ldp dat hé thong phiin xa magnetron.

Tiép tuc sau qua trinh 1am sach so bo 1a qua trinh phun xa 16p TixZr,N 1én bé mit cac dé. Dé
tién hanh qué trinh nay, gia do dé duge dua vao khu vuc phun xa. Loai bia dugc sir dung la bia
Titan VT-01 (Ti, do tinh khiét 99,95%) c6 duong kinh @ = 80 mm va d¢ day 1a 5 mm. 4 vién
Zircon hinh tru (Zr, d6 tinh khiét 99,9%) c6 duong kinh @ = 14 mm dwoc kham phan bd déu voi
duong kinh 14 42 mm (hinh 2). Ty 1€ tinh toan cta ty 1& Zr/Ti trong mang lang dong 1a 3:7 (TiZr-
70). Khi 1am viéc Ar va N, (d6 tinh khiét - 99,98%) duoc tron vao nhau va dua vao budng chin
khong bang bo diéu khién luu lugng ty dong RRG-1. Trong sudt qua trinh phun xa, dong khi Ar
dugc giit ¢d dinh Q4 = 50 ml/phut. Dong khi nito duge thay ddi & mdi qua trinh khac nhau tir 0 —
7 ml/phdat.

Qua trinh lang dong, ngudn magnetron dugc sir dung 14 loai nguén MAC-80 vé&i dong dién
phong tir ngudén magnetron 1a dong xung ludng cuc khong ddi xing voi cuong do I = 1,5 A,
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cong suat W, = 1,5 kW, tan s6 lap F=10 kHz va khoang thoi gian T = 3us. Khi d6, dong phong
dién phu thudc vao khi 1am viéc N, duoc cung cap thay doi tir 451 dén 507 V. Thoi gian phiin xa
mac dinh cho cdc qua trinh 1a 20 phat. B§ day cua mang moéng phu thude vao dong khi lam viéc
N, duoc cung cip thay doi tir 2,1 dén 2,7 pm.
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Hinh 2. Bdn vé va hinh anh thuc té bia téng hop TiZr-10.

Do day cua mang moéng duoc xac dinh bang phuong phap giao thoa 4nh sang bing may giao
thoa quang hoc POI-08. D¢ cling vi md cua mang duoc xac dinh bang may Leika VMHT Mot
bang phuong phap do ddu do Knoop (tai trong 5 g va thoi gian t=10 s). Hé s6 ma sat va d6 mai
mon thé tich xac dinh bang may do ma sat MT-4 bang phuong phap mai mon qua lai trong diéu
kién ma sat kho. Pau mai 1a mot vién bi duong kinh @6,3 mm tir thép ShKh15, tai trong 5 mN,
tbc d6 20 mm/s, do dai mai mon 7 mm va sb lan chay mai la 1000. B¢ mai mon thé tich duoc
tinh toan dya trén chiéu rong va chiéu dai duong ma sat theo cong thirc:

L{R2 arcsin(d]—d\MR2 —dz}
v 2R 4

mm —

,mm®,

n
trong do, L 1a chiéu dai duong ma sat, R 1a ban kinh vién bi, d 1a d¢ rong duong ma sat, n 1a $6
lan chay mai.
3. KET QUA VA BAN LUAN
3.1. Toc d9 phiin xa

Diu tién 14, nghién ctru khao sat thé phan xa va toc do phin xa (hinh 3) ctia mang Ti,Zr,N
theo ty 1¢ khi N, dwa vao trong qua trinh phun xa. C6 the thay rang, khi tao mang TiZr trong moi
truong chi c6 khi lam viéc Ar thi thé phiin xa thu dugc 1a U, = 451 V. Khi tang nong do khi N,
thi thé phun xa tang dan tuyen tinh va dat gia tri Uy = 507 V khi nong do khi N, Gy, = 12,28%.
Viéc kiém soat duoc toc do phun xa la rat quan trong {trong qua trinh phin xa magnetron, vi n6
khong chi gitp thu duge san pham theo d¢ day yéu cau, ma con anh huong dén két cau va qua
trinh phan tmg giita cdc nguyén tir muc tiéu bi bin pha va cac chat c6 mit trong budng chan
khong (Nz, 0,, H,0,.. )

Tir d6 thi sy phu thudc cta téc d6 ling dong vao nong do khi N, (hinh 3) ctia mang thay rang,
tbc do ling dong mang trén dé Titan trong moi truong khi Ar c6 gid tri 1a 1,98 nm/s. Khi tang
dan khi N, trong hén hop khi lam viéc Ar/N, dén 12,28%, toc do lang dong mang giam xudng
1,77 nm/s, diéu nay 1a do mat d6 khi N, trong budn lam viéc tang, dan dén viéc can trd qua trinh
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ban pha bé mit bia va qua trinh phan tmg tao hop chit. O nong d¢ khi N, cao hon (Gnz > 12,28),
mang Ti,ZrxN c6 g suat bén trong 16n, dan dén gay nit va bong troc mang khoi dé Titan. Két
qua nghién ctru ctia Golosov Dmitriy va cong sy [7] chi ra rang, tbc d6 phiin xa TiAlyN khi sir
dung loai bia kham TiAl-10 va TiAl-20 cao nhat lan lugt 1a 1,15 nm/s va 1,43 nm/s vé déu giam
khi tang nong d¢ khi N,. Twong tu, két qua nghién ciru ctia Lam Ngoc Nam va cong su [8] ciing
cho théy réng, tde do phun xa mang TiN cao nhét dat 1,17 nm/s khi néng do6 khi N, dat 2% va
giam khi ting néng d6 N,. So sanh cac két qua, téc do phin xa tao mang Ti,Zr.,N 16n hon khi
tao mang TiN va Ti,Al,N, diéu nay c6 lién quan dén hé sd phiin xa ctia Zr cao hon Al va Ti.
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Hinh 3. Su phu thudc cia toc do lcfng dong vao n(;ng do khi N,.

3.2. Tinh chit co hoc va mai mon
3.2.1. Tinh chdt co hoc

Tinh chat co hoc va mai mon 1a mét trong nhimg déc tinh co ban, dac trung cho 16p phu
chong mai mon, két hop vai céac tinh chat nhu oxy hoa, d§ tuwong thich vat li¢u, va kha nang phan
g v61 moi trudng bén ngoai ma cac mang mong s€ duge ap dung vao cac myc dich khac nhau.
V6i moi nong do khi Np dg climg vi mb cua mang TixZri«N dugc khao sat (hinh 4), khi ting
nong do khi N trong hon hop khi 1am vi€c Ar/Np, d§ cimg vi md cia mang ting manh va dat gia
tri cao nhat la 25,69 GPa khi luong khi N, dua vao 1a 4 ml/phat (G, xap xi 7,4%). Sau do, do
clirng clia mang suy giam va dat gia tri 16-17 GPa ¢ nong d6 N, la 12,28%.
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Hinh 4. Su anh huong cia néng dé khi N, dén dé curng vi mé cia mang TixZri4N.
Viéc c6 thém nguyén t6 Zr trong mang di gitip cai thién do cimg ctia mang TiN [8] 17,2%.
Tuong tu, nghién ctru [7] cling két luan rang, khi bo sung thém Al vao qué trinh phun xa, do
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ctng cua mang TixAl1N tdng 20% so vi mang TiN khi thyc hién cung phuong phdp. Dang chu
v, d0 cung ctia mang con c6 the ti€p tuc tang khi tang thém ham luong Al trong bia tong hop.
3.2.2. Tinh chdt mai mon

Ngoai tinh chit co hoc, tinh chat mai mon cling la théng s6 quan trong dé danh gia chét luong
cua cac 16p phu ing dung trong cac linh vyuc chong mai mon. Tur (hinh 5) c6 thé thiy rang, sau
nhing lugt mai dau tién, cac mang Ti,Zr1.N c6 hé s6 ma sat K gan nhu khong doi.
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Hinh 5. Sir dnh huong ciia chu ky mai mon dén hé sé ma sdt ciia mang TiZriN.
Mang khi phin xa trong diéu kién khi lam viéc 1a Ar c6 gid tri h¢ s6 ma sét twong doi cao 1a
K '=0,7 (hinh 5, dudng a), tuong tng v6i mang mong trén, the tich mai mon cua mang dat duge
14 2,38 x®* mm? (hinh 6). Khi tang nong do khi N, tham gia phun xa 1én dén 12,3%, hé s0 ma sat
cua mang dugc cai thién va giam xuong 0,7-0,18 (hinh 5, cac duong b — e). Trong tredng hop
nay, thé tich mai mon ciia mang xac dinh dugc trong (hinh 6) la 107 - 8,97 x®mm* Vi su gia
tang cua nong d6 khi N, > 12,3%, hé s6 ma sat bat dau ting manh va vuot qua 1,0 sau chu ky tur
50 — 100 lan. Didu nay lién quan dén sy phé4 hily bé mit cia cac mang c6 tmg suit du cao.
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Hinh 6. Sw anh hwéng ciia nong dg khi N, dén tinh chdat mai mon ciia mang mong.
(Hinh 7) cho thiy cac hinh anh vé vét ma sat ciia mang Ti,ZrixN ling dong & cac ndng do khi
N, khac nhau trong hdn hop khi Ar/N,. Khi khéng cung cap khi N cho qua trinh tao mang, chiéu
rong cua dudng ma sat la 234,3 pm, (hinh 7a). Hinh dnh cho thay su pha huy 16p phu xay ra voi
sy tach 16p ciia mang khoi chat nén. Khi dit mang trong hdn hop khi Ar/N,, chleu rong cla
duong ma sat giam va tai Gy, = 7,4%, dat gia tri 1a 83,5 um (hinh 7b). Co thé thay rang vét ma
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sat ¢ do mon dong deu doc theo toan bd chi€u dai cua nd. Khong co sy pha huy 16p phu va sy
tach 16p cia n6 khéi 16p nén.
RN fi i

a— Gy = 0% (do phong dai x10); b— GN2 =7,4 % (do phong dai x50).
Hinh 7. Puong ma sdt ciia mang TiZr1N ling dong ¢ cdc nong dé khi N, khac nhau.
4. KET LUAN

Phuong phép phun xa phan tmg magnetron rf két hop str dung bia tong hop 1a mot phuong
phap hiéu qua dé tao cac 16p phu chong mai mon da thanh phan. Phuong phap nay dam bao tao
mang dong nhat vé do day, dién tich bé mit ciing nhu thanh phan theo ty 16 mong mudn. Cac
tinh chat co hoc va mai mon cua mang TiZr,N dugc tao ra bang phuong phap phtn xa phan
g magnetron rf phu thudc vao ndng d6 khi N, tham gia phan tng. Khi N, gitip tao thanh mang
TiXZrl N voi cau tric 1ap phuong tam dién (111) va hinh thanh lién két kim loai — cong hoéa tri
bén vitng 1am thay doi tinh chét hoa 1y. Dleu nay giup cho cac tinh chat co Iy cua mang phu dugc
cdi thién. Tuy nhién, vi€éc tim ra gia tri nong d6 N, cung cip dé ra mang c6 tinh chét t6i wu va on
dinh con phu thudc vao nhiéu thanh phan khac ciia qué trinh tham gia phan mg. Néu nhu néng
d6 N, cung céap cao, s& xuit hién hién tuong nirt giy va bong tréc mang do tng suit cao. Nghién
ctru ndy di chi ra rang, & ndng d6 khi N trong hdn hop khi Ar/N, cung cép trong khoang 6 — 8%,
mang TiyZri 4N thu duoc co do cu‘ng vi md 1én dén 25,69 GPa, hé s6 ma sat nho hon 0,15 va thé
tich mai mon nhé hon 107 mm?. So sanh véi mang TiN cung phuong phap, mang Ti,Zr,«N cho
phép tang kha ning chéng mai mon va ting do ctng vi mo 1én gan 17,2%.
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ABSTRACT
Fabrication of TiZrN wear-resistant thin films by reactive rf magnetron sputtering

These wear-resistant coatings based on TiN films have potential applications in the
mechanical and defense industries. In this study, | studied the fabrication of TiyZr;«N film
by rf magnetron reactive sputtering on titanium substrates (VT1-0), the influence of N, gas
concentration in the N,/Ar gas mixture on the mechanical and tribological properties of
layers, namely microhardness by Knoop method, friction factor, volume wear by abrasive
method and thickness of films by light interference method. The results showed that the
mechanical and frictional properties of Ti.Zr, 4N films are affected by the concentration of
N, gas in the N,/Ar working gas mixture, the sputtering rate of film formation, and the
annealing process after heat treatment. At a concentration of N, in the N,/Ar gas mixture
6-8%, the formation of a film of uniform thickness with a microhardness of up to 25.69
GPa, a friction factor lower than 0.15 and an volume wear, is ensured 10”7 mm lower. The
study demonstrated that the addition of elemental Zr to the TiN films improves the
properties of the thin film.

Keywords: Magnetron sputtering rf; TiZrN films; The microhardness; The friction factor; The volume wear.
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