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TONG HQOP MANG CUNG CrN BANG PHUONG PHAP
PHUN XA MA ION (SIP)
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Nguyén Thi Hai Yén, Tran Quang Trung
Truong Pai hoc Khoa hoc Ty nhién, PHQG — HCM
(Bai nhdn ngay 09 thang 11 ndm 2006, hoan chinh sita chita ngay 26 thang 05 ndm 2007)

TOM TAT: M&ng CrN duge dimg lam 16p phii bdao vé bé mdt vét liéu do cd nhitng tinh
chdt dic biét nhu: dp cung cao, nhi¢t dg lam viéc lon, dé chéng méi mon va tinh tro hod hoc
cao. Mang CrN duroc tong hop trén de inox bang phwong phdp phin xa ma ion voi dp sudt
khodng 9.107torr. Mang thu duoc co cdu triic tinh thé 16t véi dinh hudmg chii yéu theo mdt (111)
song song véi bé mét mau. Cau triic tinh thé va d¢ bam dinh cia mang phu thugc vao nong do
khi N, va thé hiéu dich trén dé. Mang cé dg chdng dn mon cao khi ngdm trong hai méi trudng
gid (méi truong acetat va méi trieong mé hoi).

I. GIOI THIEU

Ngay nay, mang cimg dang dugc cac phong thi nghiém trén thé gioi quan tdm ngh1en ciru,
boi mot sb tinh chét dic biét nhu: d6 cimg cao, nhiét do 1am viéc 16n, chéng mai mon va tinh tro
hod hoc cao[l- 12]. Trong céc loai mang cirng thudng gip nhu CiN, TiN, TiCN, mang CrN ngay
cang phé bién va trd thanh vit liéu cong nghé quan trong do c6 d§ cimg kha cao (d6 cing
Vickers c6 thé 1én dén 2000 ‘HV), chiu dugc su gia cong nhiét trén 700 " [13-15]; chong mati
mon, 4n mon cao dic biét ddi véi Cl, F va cd d6 bam dinh tét trén dé inox[16],[17], dong thoi
mang CrN it glon hon céc loai mang cimg khac nén né phu hop hon trong viéc bao vé bé mit
céc vt lieu mém (hop kim Al, inox) [1],[17], [18]. V6i nhimg dac tinh né1 bat do, mang CrN
duoc (mg dung ding lam 16p phu bao vé bé mit dung cu cat got, mili khoan, cac by phin may
moc 0 truc, khudn kéo soi khudn duac...[1],[14],[19].

Tinh chét cia mang phu thude rat 16n vao cic phuong phéap tao mang, do do trong nhung
nim gan ddy c6 nhiéu cong trinh nghién ctru tinh chét ciia mang CrN duoc tdng hop bang cac
phuong phéap khac nhau. Trong do, phucmg phép phun xa ma ion (SIP) dwoc xem la phuong
phép hiru hiéu nhét dé tao mang CrN vi co thé diéu kién duoc qué trinh lam viéc, nhiét d6 phu
thip, cho d6 bam dinh t&t, mat do mang cao.

Muc tiéu cta cong trinh nay 1a téng hop mang CIN bang phuong phap phun Xa ma ion, sau
do khao sat cAu tric tinh thé, 46 bam dinh, img suat va do bén hoa hoc cua mang theo thé hiéu
dich va nong dd khi nito.

2. THU'C NGHIEM

Mang CrN duoc téng hop bang phuong phép phiin xa ma ion trong hén hop khi hoat tinh N,
va khi 1am viéc Ar (ca hai c6 d6 tinh kiét 99,99%). Khoang cich bia dé khong dbi 14 4,5cm. Tt
ca cac mang duogc tao tir bia kim loai Cr v6&i dé tinh khiét 99,99%, kich thuéce 10x20cm. Bé duoc
chon trong cOng trinh nay la inox 304 dugc lam sach béng hoa hoc, rira trong may siéu dm véi
aceton, ethanol trLrorc khi dem vao buong chén khong dé tiy 16p oxit bang plasma phong dién
1000V ¢ ap sudt 107 torr. Thoi gian tong hop mang la 60 phut cudng db 0,5A voi ap suét 9.10°
torr, ndng dd N, 50%, 60% thé hiéu djch thay dbi tir OV dén -60V.

CAu tric tinh thé, sy dinh huéng ciia cdc mit tinh thé, g suit mang dugc khao sat tir phé
nhiéu xa tia X. D9 day ciia mang dwgc do bang phwong phép Stylus, tai phong thi nghiém Céng
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nghé Nané. D6 bam dinh dwgc xac dinh bing phuong phap rach sau do dung kinh hién vi SM
(Stereo microscope olympus) tai phong Cong nghé Sinh hoc Phan tir Truong PHKHTN vai d
phéng dai 200 lin, dé quan sat. Dung hai mdi trudng gia, moi trudomg md hdi va moi trudng
acetat, dé kidm tra d6 bén hoa hoc ctia mang tao dugc.

3. KET QUA - BAN LUAN

3.1. Cu tric tinh thé
Quan sat phé nhidu xa tia X cua tit ca cic mau tao dugc, ta nhén thiy, tAt ca cac mang déu

¢6 cu trdc tinh thé t6t. Tinh thé ciia mang dinh huéng cha yéu theo céc mit thude pha CrN c6
chu trac 1ap phuong tdm mét. Pinh pho co cuong d6 manh nhét twong Gng vaoi sy dinh hudéng
theo mit (111) song song véi bé mat de. Tuy nhién, cudng do, vi tri clia cac dinh pho thay doi

khi thay ddi cac diéu kién tao mang.
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Hinh 1. Phd nhidu xa tia X clia cdc mau dugc tfmg hop v6i Va khéc nhau, ndng dd N, = 60%. (S — dinh
nhiéu xa cua de).

Tu phé nhiéu xa tia X cla cac mau dugc tao véi thé hiéu dich khéac nhau: 0, -50V, -60V, tai
ndng 36 N, = 60% cho thdy, khi tang thé hiéu dich tir OV dén -50V cudng do cla dinh dic trung
(111) tang manh, Nhung néu tiép tuc ting thé higu dich trén -50V (Via = -60V) thi cuong do
dinh phd (111) bét dAu giam nhanh méc di tinh thé vAn dinh huéng chi yéu theo mit (111).
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Kh1 ap thé hiéu dich Vg = -50V, mat do mém duoc tao ra tren dé day dac, do cac hat duoc
gia toc dén dé nhiéu hoi s0 v6i khi Vi = 0V. Diéu d6 c6 nghia 1a téc do ngung ty trén mang 16n.
Sy phat trién mang chu yéu theo hudng vudng goc voi mat (111), do d6 do day mang tang va
mang duoc tao ra ¢ ciu triic sg bo chit, dong nhit. Trong khi d6 cudng d dinh phé ti 18 cac vi
tinh thé trong mang c6 bé mat t mang song song bé mat dé. Nhu vy, khi ap thé hiéu dich Vi = -
50V, d6 day ctia mang ting dan dén cudng dé vach phd (111) ting manh. Tuy nhién, khi ap thé
hiéu dich cao hon (V4 = -60V), trong qua trinh tang truéng mang, bé mit mang bi ban pha lién
tuc boi cac ion ning lugng cao, nhu vdy ngoai viéc tdng trudéng mang, ban than mang vira dugc
thanh ldp ciling bi tai phun xa. Lic ndy, t5¢ do tai phun xa 16n hon téc d ngung tu trén mang. Do
do, d6 day cua mang giam. Theo nhu giai thich & trén, thi dé day cula mang giam s& dén dén
cudng do chum nhiéu xa giam. Dé khang dinh lai 1ap ludn trén, ching t6i tién hanh do d¢ day
ctia mang dugce tao khi khoéng co thé hiéu dich va mang dugc tao véi thé higu dich -60V, bang
phuong phap co v6i mdy do d¢ day sir dung stylus. Tir két quéa do (Hinh 2) cho thiy, d6 day cta
mang khi ap thé hiéu dich -60V (850,9 nm) nhé hon gin 3 l4n so véi khi khéng ap thé hiéu dich
(2399 nm).

Nhu vay chirng to r.':“mg, trong truong hop thé hiéu dich -60V, mang bi tai phun xa nén do
day ciia mang giam.

7 Drogrie: pest K33my Dale CELDE Bea £ ol 1

Hinh 2. Min hinh két qua do dd day mang, a) Vig = 0V, b) Vg = -60V

Ngoai su thay dbi cuong do, dinh phd (11 1) con dich chuyén dén vi tri goc 20 thap hon khi
tang thé hiéu dich, nguyén nhén l1a do Ung sudt nén ctia mang ting, boi vi khi c6 thé am 4p trén
dé trong subt qua trinh phi s& gia ting sy bén phé cua ion nang lrong cao 1én bé mat mang, cac
ion nay dé dang chén vao giffa cac nit mang, ddn cac nguyén tir 1an cn ra ngoai va ket qua cudi
cung la mang nd rong. Ung suét cia mang CrN tai dinh (111) dugc ude tinh truc tiép thong qua
cong thuc[20]:

E d-d

Uf iy ( ) (1)
2y dy

trong dé, E = 400GPa: modul Young; d: khodng cach mét mang trong mang chira ing suat; dy =

2,394A°% khoang cédch mit mang trong mang khdi khéng co tmg sudt, dugc xac dinh tir phd
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nhiéu xa; v=0,28: hé s6 Poisson. Tir két qua tinh toan Bang 1, cho thdy, ro rang khi ting thé
hiéu dich thi (mg suét nén clia mang ting.

Bing 1.Ung suét ctia cic mau tong hop voi cac thong so tao mang khic nhau.

P(Ar+N,) (torr) N (%) Thé hiéu dich (V) d(AY G, (GPa)
0 2,393 0,298
9.10° 50
-50 2,405 -3,282
0 2,427 -9,846
9.10° 60
-50 2,433 -11,636

Quan sat phé nhidu xa cta cic mau duogc téng hop véi néng do N, khac nhau 50% va 60%
trong ca hai trudng hop: Vg = 0V (Hinh 3a), Vi = -50V (Hinh 3b), cho théy: khi ting néng do
N, cudng d6 dinh phd (111) ting manh; d réng phd hep lai chimg t6 kich thuéce hat ting, bac
tinh thé ting; dong thoi c6 sy dich chuyén ciia dinh (111) v& vi tri goc 20 thap hon nghia la img
sut nén clia mang ting (Bangl). Trong truong hop nay, nguyén rhén cha yéu 1a do su bén pha
ciia hat trung hoa nitrogen nang lugng cao. Ion N* duoc gia toc bang sut thé katbt (400V), sau
khi trung hoa chung phan xa tir bia va bay thing dén dé, bin pha mang. Ning luong ban pha
cang lén khi ndng d6 N, cang 16n. Ddy ciing 1 nguyén nhan dé giai thich kich thudc hat va (g
suat nén ting khi ting ndng d6 N, tir 50% den 60%.
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Hinh 3. Phé nhidu xa tia X v6i ndng do N, khic nhau, a) V=0V, b) Vi,e=-50V
(S — dinh nhiéu xa cta de¢)
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B 0.9A '
Bcos6 @)

v6i A =1,5406A°; 0 1a vi tri goc nhiéu xa, dugc lay tir s6 liéu do phé nhiéu xa; B do rong vach
nhiéu xa & vi tri % cudng dd cuc dai.
Két qua tinh toan trinh by trong Bang 2 cho thy kich thudc hat tang khi néng do N, ting.

Bang 2 Kich thudce hat ctia cdc mang CrN co ndng d6 N khac nhau

Via (V) N2 (%) B 0 b(nm)
50 0,4947 37,565° 35,359
0
60 0,2502 37,023° 69,411
50 0,8336 37,619° 21
-50
60 0,2306 36,917° 75,206

3.2. b6 bam dinh

D6 bam dinh ctia mang duoc khao sat bang phwong phép rach, trong truong hop mang duoc
tao khi khong 4p thé hiéu dich va khi ap thé hiéu dich -50V. Sau do quan sét vét rach qua kinh
hién vi SM (Stereco microscope olympus) vO1 do phong dai 200 lan.

a) b)
Hinh 4. Anh vét rach ciia cdc mang CrN v6i Ny = 60%; a)Vi = 0V, b) Vig = -50V

Tir 4nh vét rach trén mang cho thiy, vét rach trén mang tao khi khéng ap thé hiéu dich (Hinh
4a) co hinh rang cua, khong déu, hai bén bor vét rach c6 hién tugng bong troc, trong khi vét rach
trén mang phi voi thé hi¢u dich -50V (Hinh 4b) rét sic nét, déu, hai bén bd vét rach thing va
déu.

Két qua dé chimg t6 do bam dinh giifa mang va dé khi c6 thé hiéu dich 4 ap trén dé trong subt
qué trinh phu t6t hon khi khéng ap thé hiéu dich. Trong truong hop ¢o thé hiéu dich, cac ion
dugc gia téc dén dé va ning luong ion dat dén dé cung chinh bang thé dich am ds, o d6 ion khi
lam viéc va ion nguyén tir phiin xa co thé dam sau vao bé mat dé, 1am bién thé chu tric va san
sinh sai hong bén trong. Sy san sinh sai hong va tai phin xa bé mit dé s& lam nhoé 16p phan
gidi, dugce goi la qua trinh gia khuyéch tén, chinh qua trinh nay 1am cho d6 bam dinh gitta mang
va dé tét hon.

Két hgp nhitng két qua khao st v& cdu tric tinh thé cua mang cho thay v§i thé hiu dich -
50V mang thu dugc co cau tric tinh thé va d6 bam dinh t6t nhat.
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3.3. P§ bén hoa hoc
Ap dung tiéu chuén vé& d6 bén chéng in mon, cong trinh ndy da tién hanh thtr nghiém tinh

chét bao vé cia mang CrN bang cach ngdm mAu trong hai moi truong dn mon (moi truong gia):
moi trudng acetat va mdi trudng mo hoi (Bang 3).

Bang 3. Thanh phan va didu kién thir nghiém ciia 2 mdi truong gid

Mbi ‘ Diéu kién thi nghiém
o Thanh phin Thoi gian (h) | Nhiét do
truong (o C)
Acid acetic (CH;COOH) :25%
Acetat Tinh thé Natri acetat (CH;COONa) :50% 24 20+2
Nudc 25%
NaCl :20g/1
Amoniclorua :117,5g/1
.. | Ure(CON Hy),) Sg/l
Mo hdi | Acid acetic (CH;COOH) 2,5g/1 24 402
Acid lactic (CH;.CHOH.COOH) 15g/1
| NaOH. pH=47

a) b)
Hinh 5. Anh bé mit mang dugce tao véi Ny = 60%, Vi = 0V, a) trée khi ngdm, b) sau khi ngam.

a) b)
Hinh 6. Anh bé mit mang duoc tao voi Nj = 60%. Vi = -50V, a) truée khi ngdm, b) sau khi ngém.

Hinh 5 va Hinh 6 la anh chyp bé mat mang duge tgo & cée diéu kién khéc nhau khi dua vao
kinh hién vi soi néi . Quan sit bé mit mang cda cdc mau trude khi ngdm va sau khi ngdm trong
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hai méi trueong gia nhan thay bé mit mAu sau khi ngdm khéng thay dbi, khong ¢é diém an mon,
16c (troc), bong thanh 16p va xdy xac. Nhu vy, mang CrN tro trong hai méi truong an mon. Can
cir theo tiéu chuén danh gia vé tinh chét bao vé cla 16p pht thi tat ca cac mang CrN tao dugc
trong cong trinh nay cé do bén chéng &n mon rat t6t hay mang c6 do bén hoa hoc cao.

4. KET LUAN

Cong trinh nay da tong hop duge mang CrN bing phuong phap phin xa ma ion cé chu triic
tinh the tot v6i mét pha duy nhit va dinh huéng manh theo mat (111) song song v6i be mit dé.
Mot so két luan thu dugc thong qua viée khao sat anh hlrorng ctia thé hiéu dich (Vi) ndng do N,
dén cu trac tinh thé, d6 bam dinh, do bén ho4 hoc cia mang

1. Khi tang thé hi¢u dich thich hop (Vg = -50V khi nong d6 N, = 60%) hogc tang nong do
N, (60%), cudng dé dinh phd (111) tang manh, mang c6 chu trac tinh thé tot hon, bé chit hon
ddng thoi tng sudt nén ctia mang tang. Tuy nhién, mang bi tai phun xa khi thé hiéu dich > -50V.

2. D6 bam dinh ctia mang c¢6 4p thé hiéu dich t6t hon truong hop khéng co thé hiéu dich.
3. Mang CrN tao dugc c6 do bén hod hoc cao dbi véi hai méi trudng gia.

SYNTHESIS OF CrN HARD COATINGS BY SPUTTER ION PLATING

Dinh Thi Mong Cam, Nguyen Huu Chi, Le Khac Binh, Tran Tuan,
Nguyen Thi Hai Yen, Tran Quang Trung
University of Natural Sciences, VNU- HCM

ABSTRAC: CrN film is used as a protective coating on material surfaces for its special
properties such as high hardness, high thermal stability, high corrosion and wear resistance.
CrN thin films were deposited by sputter ion plating on stainless steel substrates at deposition
pressure of 9.1 0*torr. Thin films have good crystal structure, with preferred orientation on
(111) planes parallel to sample surface. Crystal structure and adherence of CrN coatings
depend on the nitrogen content in the sputtering gas and substrate bias. Thin films have high
corrosion resistant in imitative mediums (acetate medium, sweaty medium).

Trang 10



Science & Technology Development, Vol 10, No.05 - 2007

[1]

[2].

[3].
[4].
[5].

[6].
[7]-
8].

[9].
[10].
[11].
[12].
[13].
[14].
[15].
[16].
[17].

[18].

[19].
[20].

TAI LIEU THAM KHAO

. A. Shokouhy, M.M. Larijani, M. Ghoranneviss, S.H. Haji Hosseini G, M. Yari, A.H.
Sari, M. Gholipur Shahraki, Thin Solid Films 515(2), pp. 571-575 (2005).

N. Frangis, D. Papapetros, I. Tsiaoussis, S. Logothetidis, Surf. Coat. Technol.200(22-
23), pp. 6201-6205(2005).

A. Barata, L. Cunha, C. Moura, Thin Solid Films 398, 501 (2001).

G. Wei, A. Rar, J.A. Barnard, Thin Solid Films 398, 460 (2001).

Sanjiv Kumar, V.S. Raju, R. Shekhar, J. Arunachalam, A.S. Khanna, Thin Solid Films
388, 195 (2001).

Fan-Bean Wu, Jeng-Jen Li, Jenq-Gong Duh, Thin Solid Films 377, 354 (2000).

G. Bertrand, H. Mahdjoub, C. Meunier, Surf. Coat. Technol. 126, 199 (2000).

C. Mendibide, P. Steyer, C. Esnouf, P. Goudeau, D.Thiaudiere, M.Gaithanou,
] Fontaine, Surf. Coat. Technol. 200, 165 (2005).

C. Mendibide, P. Steyer, T.-P. Millet, Surf. Coat. Technol. 200, 109 (2005).

X.T. Zeng, S. Zhang, C.Q. Sun, Y.C. Liu, Thin Solid Films 424, 99 (2003).

P. Hones, R. Consiglio, N. Randall, F. Lévy, Surf. Coat. Technol. 125, 179 (2000).

P. Hones, R. Sanjinés, F. Lévy, Thin Solid Films 332, 240 (1998).

A. Lippitz, Th. Hubert, Surf. Coat. Technol. 200, 250 (2005).

SangYul Lee, Surf. Coat. Technol. 193, 55 (2005).

Da-Yung Wang, Jian-Hong Lin, Wei-Yu Ho, Thin Solid Films 332, 295 (1998).

E. Martinez, R. Sanjinés, O. Banakh, F. Lévy, Thin Solid Films 447, 332 (2004).

Lars — Erik Gustavsson, Hollow Cathode Deposition of Thin Film, Uppsala University,
Sweden (2006).

S. K. Pradhan, C. Nouveau, A. Vasin, M.-A. Djouadi, Surf. Coat. Technol. 200,
141(2005).

Peter Wilhartitz, Sabine Dreer, Peter Ramminger, Thin Solid Films 447, 289 (2004).
Nguyén Hitu Chi. Gido trinh vdt Iy mang mong, Truong PHKHTN TP. Ho Chi Minh.

Trang 20





