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NGHIEN Cl’U S ANH HUONG CUA AP SUAT PHUN XA TO'I PO
CUNG VA HINH THAI BE MAT CUA LOP PHU CACBON GIAN KIM
CUONG TREN NEN THEP AISI 316L

STUDYING THE EFFECT OF SPUTTERING PRESSURE ON HARDNESS AND
SURFACE MORPHOLOGY OF DIAMOND-REDUCED CARBON COATING ON AISI
316L STEEL

b6 Ngoc Ta"*, Pinh Van Hai*, Nguyén Trong Giang?, Pham Vin Liéu’
'Khoa Co khi, Truong Pai hoc Cong nghiép Ha Noi
2Vién Khoa hoc va Ky thuat Vat liéu, Trudng Pai hoc Bach Khoa Ha Noi
*Khoa Co khi, Truong Pai hoc Kinh té€ - Ky thuat Céng nghiép

TOM TAT

Mang cacbon giong kim cuong (DLC) da dugc phii trén thép AISI 316L theo diéu kién dp sudt
khdc nhau bang phucng phdp phiin xa magnetron. Hinh thdi hoc bé mdt, ddc tinh cdu triic mang va
do ciing ctia mau phit DLC da dugc danh gid. Khi gidm dp sudt, ty 1¢ lién két sp®, d6 béng va do ciing
ciia mang tang lén. Tuy nhién, xu hudng nay khong thé tiép tuc duy tri khi dp sudt gidm xudng 3 x 10°
mbar. DO ciing I6n nhdt ciia mang dat 2640 HV, tai diéu kién dp sudt 4 x 107 mbar. Do bong thdp nhdt
R_= 9,7 nm ting véi trudng hop dp sudt 5,5 x 10° mbar.

Tw khéa: Thép khong gi AISI 316L; Mang cacbon giong kim cuong; Phd Raman; Nhdam bé mdt.
ABSTRACT

Magnetron sputtering has coated diamond-like carbon (DLC) films on AISI 316L steel under
different pressure conditions. Surface morphology, film structural properties and hardness of DLC
coated samples were evaluated. When the pressure is reduced, the sp’ bond ratio decreases, the surface
roughness decreases and the hardness of the DLC film increases. However, this trend cannot continue
when the pressure drops to 3 x 107 mbar. The maximum hardness of the film reaches 2640 HV at the
pressure condition of 4 x 107 mbar. The highest roughness is 9,7 nm for the case of pressure 5,5 x 107
mbar.

Keywords: AISI 316L stainless steel; Diamond-like carbon (DLC) film; Raman spectroscopy;
Surface roughnesses.
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1. AT VAN PE

Thép khong gi AISI 316L la moét trong
nhiing vat liéu dugc st dung rong rai trong linh
vuc phau thuat chin thuong chinh hinh [1].
Tuy nhién, do thép c6 co tinh thdp va tinh chét
ma sat kém da han ché tu6i tho va do bén ctia
loai vét liéu nay [2]. Dong thoi, thép con cd thé
gay nhiém doc d6i véi co thé nguoi [3]. D€ khac
phuc hién tugng nay, giai phap la st dung l6p
phu béo vé lam ti cac vat liéu DLC, TiCN, TiC,
CrN, ZrN, polyme va hydroxyapatite da mang
lai nhiing hiéu qua hét stic tuyét voi [4]. Trong
do, giai phap tao 16p mang DLC c¢6 nhiéu tinh
ndng vuot troi nhu: Do cling cao, hé s6 ma sat
thép, chiu mai mon va chéng an mon tét, tuong
thich sinh hoc cao [5]. Cac thong s6 cong nghé
trong qua trinh phin xa tao 16p mang DLC bao
gébm: Ap sudt khi, cong sudt nguédn, dién ap
phan cuc trén dé, khoang cach gitia bia va dé.
Trong do, ap sudt khi c6 anh hudng truc ti€p
dén sy phan b6 ning lugng clia nguyén ti va
ion trong vuing plasma, lam thay d6i dong nang
ctia cac nguyén tit cacbon khi di t6i ling dong
trén dé, do d6 tac dong dén hinh dang lién két
C-C va cau truc mang DLC.

ba c6 nhiing nghién ctu vé sy anh
hudng cua diéu kién ap sudt phun xa téi hang
s dién moi, téi ddc tinh quang hay t6i ddc tinh
ma sat cia mang DLC [6-8]. Tuy nhién, nhiing
tac dong ctia diéu kién ap sudt phin xa t6i cau
trac va do cing ctia mang DLC van chua dugc
dé cap t6i mot cach cu thé. Trong bai bao nay sé
trinh bay két qua nghién ctiu vé sy anh hudng
ctia ap suat phun xa t6i hinh thai bé mat, cau
trac va do cling cua mang DLC khi phu lén
thép AISI 316L.

2. VAT LIEU, THIET BI VA PHUONG PHAP
NGHIEN CUU

2.1. Vit liéu thi nghiém
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Vit liéu nén la thép AISI 316L c6 kich
thudc 16 mm x 16 mm x 6 mm.

Vat liéu phu la bia graphit cé do sach
99,999 %, dudng kinh 50,8 mm, day 3,2 mm
cung cip boi hang Kurt J. Lesker - M.

2.2. Thiét bi thi nghiém

Qua trinh tao mang DLC trén nén thép
AISI 316L dugc thuc hién trén hé thong phun
xa Univex 400 ctia hdng LEYBOLD - Dtic, nhu
hinh 1.

Hinh 1. Hé thong phiin xa Univex 400 phti cacbon
lén nén thép AISI 316L

Buodng dugc hut chan khong dén ap suat
5 x 10° mbar. Thiét lap nhiét d6 dé ¢ 200 °C va
quay véi téc do 10 vong/phat. Mau AISI 316L
dat trén bé mat cta tdm d€ va cach bia mot
khoang 80 mm.

2.3. Phuong phap tién hanh

Trudce khi phti, mau dugc mai phéng,
danh bong bé mat va lam sach bang cach ngam
tdy ddu m& trong dung dich NaOH, loai bé tap
chét ion trong dung dich HNO,, rtta bang nudc
va dung moi axeton, sau do6 sdy kho nhe, cudi
cung la lam sach bing plasma trong moi trudng
khi Ar. Diéu kién lam sach la: Ap suét téng 0,3
mbar, luu lugng khi Ar 100 sccm, cong suét
ngudn DC 50 W, thai gian 15 phut.
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Dbé tang d6 bam dinh gitia mang va nén,
16p 16t Ti sé dugc lua chon. Diéu kién tién hanh
pht 16p 16t: Luu lugng khi Ar cap vao la 10 sccm,
dong phun xa 1 A, thai gian pht 10 phut. Qua
trinh phti tao mang DLC cho moi loai mau AISI
316L dugc tién hanh & cac diéu kién ap suat khac
nhau, trong khi cac théong s6 nhu: Cong suat
nguon, luu lugng khi Ar, nhiét do dé va thoi gian
pht sé dugc giti c6 dinh nhu bang 1.

Bdng 1. Diéu kién cong nghé tién hanh phii l16p DLC
trén nén AISI 316L:

AP cong | LUU | \piep | THOI

- sudit, . lugng . 1. | gian
Mau suat do deé, )

(mbar) W) Ar, C phu,

x107 sccm phut

P1 55 200 20 200 90
p2 5.0 200 20 200 90
P3 4.5 200 20 200 90
P4 4.0 200 20 200 90
P5 3.0 200 20 200 90

bédc diém ciu trac mang DLC phén
tich bang ph6 Raman st dung chtim laze hong
ngoai budc song 632,8 nm trén thiét bi quang
phd micron Raman inVia san xuét tit Cong hoa
Lién bang bric.

Do nham va hinh thai hoc bé mat 16p
pht dugc ddnh gid bang phuong phdp hién
vi luc nguyén ttii (AFM) trén hé thong thiét bi
Park XE-100 AFM.

Do cing mau phu dugc kiém tra trén
thiét bi do doé cling Mico-Vicker ISOSCAN
HV2 AC do hang LTF ctia Dtic san xuit.

3. KET QUA VA THAO LUAN
3.1. Phén tich phd Raman

Ph6 Raman la mét phuong phap phan

tich khong pha huy doéi véi cac mau vat liéu
cacbon v6 dinh hinh va thuong dugc dung dé
phan tich cdu tric lién két nguyén ti C-C bén
trong cac loai mang DLC. Nhin chung, phd
Raman ctia cac mang DLC thuong dugc phan
tach thanh hai dinh, dinh D va dinh G. Trong
do, dinh G (vi tri 1580 cm™) ddc trung cho lién
két C=C dang lai hoa sp* giong graphit, con
dinh D (vi tri 1330 cm™) dai dién cho cum sp’
giong nhu cua kim cuong. Mit khac, ty 1é sp*/
sp* cang nhd, lugng sp* c6 trong cac loai mang
DLC cang 16n, tinh chat cia DLC huéng téi
giong kim cuong hon.

Hinh 2a la két qua phé Raman ctia cac
mang DLC theo cac diéu kién ap sudt phun xa
khac nhau. O day, hinh dang va cudng do tan
xa Raman ctia cac mang DLC thay doi trong
pham vi s6 s6ng 1100 cm™ dén 1700 cm™. Theo
Ferrari [9], ty 1¢ sp’ trong cac mang DLC phu
thudc vao vi tri dinh G va ty 1¢ cuong do tan
xa I[(D)/ I(G). Bé xac dinh vi tri dinh G va ty
1¢ I(D)/I(G) cho cac loai mang nay, mot phan
bb Gaussian da dugc ap dung cho tiing truong
hgp cu thé. Hinh 2b va 2¢ thé hién dinh D va
G tuong ting véi hai diéu kién ap suat 4 x 10°
mbar va 5 x 10 mbar. Két qua xac dinh vj tri
dinh G va ty 1é I(D)/I(G) cho cac mang DLC
nhu 6 bang 2.

[
3
wbng 88 (au)
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Cuéng @4 Raman (a.u)
8 8

a) b)
Hinh 2. Pho tdn xa Raman ciia cdc mang DLC phii trén
dé AISI 316L ché tao theo diéu kién dp sudt khéc nhau
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Bdng 2. Ty I¢ sp’ trong cdc mang DLC theo vao diéu
kién dp sudt phiin xa:

Ap suit, | Vitri T 16
Miu | x10° | dinhG | IDAG | Y %)

(mbar) (cm™) Pl
P1 55 1516 0.35 18.5
p2 5.0 1519 0.28 30.5
P3 4.5 1521 0.24 33.6
P4 4.0 1525 0.19 38.2
P5 3.0 1517 0.31 22.4

Nhu vay, khi ap suit giam ti 5,5 x 107
mbar xuéng 4 x 107 mbar, vi tri dinh G dich
chuyén tu s6 song Raman 1516 cm™ t6i 1525
cm™, I(D)/I(G) giam tti 0,35 dén 0,19. Diéu nay
thé hién lugng sp® tang 1én khi ap sudt gidm.
O day ty 1é sp® trong miu P4 1a 16n nhit va dat
38,2%.

Theo J.Robertson [10], ly do chinh dan
t6i hién tugng sp® tang 1én khi ap sudt giam
lién quan dén dong nang cac nguyén tl cacbon
di t6i ling dong trén bé mat dé. Ap suét gidm,
su va cham gilia cdc nguyén t cacbon sau khi
thoat khoi bé mat bia véi cac phan tu khi giam,
su ton that ning lugng sé nhd hon va do do
ndng lugng va cham véi cac nguyén ti bé mat
mang dang phat trién sé 16n hon, gép phén tao
ra xung dong bé gay lién kiét n va thuc ddy hinh
thanh lién kiét o, bdi vay lugng sp’ tang 1én. Tuy
nhién, khi 4p sudt giam qua 4 x 10° mbar va
xuong t6i 3 x 10° mbar, ham lugng sp’ trong
mang DLC lai giam di. Trong trudng hgp nay,
mat do khi agon trong budng phun xa thap, cac
ion Ar* sinh ra nham thyc hién ban pha bé mit
bia sé it hon, do d6 lam hiéu suat phtn xa giam,
két hgp v6i qua trinh tan xa trong mai truong
plasma, s6 lugng nguyén tt cacbon di téi lang
dong trén dé€ rét it, di€u nay kho hinh thanh cac
mang DLC c6 méat do cao.
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3.2. Do nham va hinh thai hoc bé mit 16p phu

O diéu kién ap sudt cao, su va cham
gilia cac hat trong buong tang lén, bdi vay cac
nguyén ti cacbon bi mat nang lugng trudc
khi di t6i dé. V6i dong ndng nhd, cac nguyén
tt cacbon khong thé thadm nhép vao sau bén
trong bé mat 16p mang dang phat trién, trong
truong hop ndng lugng nay nho hon ngudng
néang lugng dich chuyén nguyén ti bé mit, cac
nguyén tti cacbon chi c6 thé khuéch tan bé mat.
Két qua la hinh thanh 1én cac cum lién két C-C
mang cdu truc sp?. Chinh cac cum céu tric sp?
xudt hién 6 bé mat nay da gop phan lam ting do
nham ctia mang.

c)Rz=5.33 d)Rz=9.70

Hinh 3. Hinh thdi bé mdt ciia cdc mang DLC:
a) 4 x 107 mbar; b) 4,5 x 107 mbar;
¢) 5 x 10° mbar; d) 5,5 x 10° mbar

Két qua hinh anh bé mét 16p phu DLC
quan sat trén kinh hién vi lyc nguyén tu thé
hién nhu & hinh 3. Hinh théai hoc bé mat va do
béng la mot ham phu thudc vao diéu kién ap
suat. Gid tri d0 nhdm R ting tif 2,82 nm dén
9,7 nm khi tang ap suat. Mang dat do bong cao
nhat tng véi truong hgp ap sudt p = 4 x 107
mbar.
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3.3. D cling mau thép AISI 316L phu DLC

D¢ cling cua cac mang DLC la mot ham
phu thudc vao ap suit va dugc thé hién nhu &
bang 3. D¢ cling ctia cic mau phu ting dan khi
giam ap sudt phin xa. Do cing dat gia tri 16n
nhat 2640 HV ting véi truong hop p = 4 x 107
mbar. Tuy nhién, khi dp sudt giam xudng téi 3 x
10~ mbar, 0 cting ctia mau lai bi giam di. Nhiing
hanh vi nay c6 thé dugc giai thich bang su thay
d6i vi tri dinh G va ty 1é cuong do I(D)/1(G)
trong phé Raman nhu da trinh bay & muc trudc.
G day, gi4 tri d6 ciing thay d6i tiry thudc vao ty
1¢ lién két sp’ c6 trong cac mang DLC. Qua so
sanh s liéu bang 2 va bang 3 c6 thé thay ring, do
cing ctia cac mang DLC tao ra c6 do cting gap
25 dén 30 lan so véi thép AISI 316L.

Bdng 3. Gid tri do ciing trung binh ctia mang DLC
theo diéu kién dp sudt:

Ap suit, Tai Th(:ll bo
Mau | (mbar) trong tl;gi:?atéi cling
x107 (g) .. | HV
giay
P1 55 25 10 1632
p2 5.0 25 10 2123
P3 4.5 25 10 2370
P4 4.0 25 10 2640
P5 3.0 25 10 1974
4. KET LUAN

Mang DLC phu trén thép AISI 316L
theo nhiing diéu kién ap sudt phun xa khac
nhau. Hinh thai hoc bé mat va d¢ clng cta
mang 14 mot ham phu thudc vao ap sudt. Ap
suat phun xa tac dong dén qua trinh plasma va
quang duong va cham gitia cac nguyén tu, do
dé anh hudng dén hiéu suat phun xa va chat
lugng mang. Trong dai ap sut khao sat tu 3 x
10~ mbar dén 5.5 x 10~ mbar, mang c6 do cling

cao nhit la 2640 HV & diéu kién p = 4 x 10
mbar, d0 nham dat R =2.82 nm.

DLC Ia loai vat liéu cacbon nén hé sé
ma sat ctia chung rat thap, két hgp véi do bong
va do cting cao. Mang DLC htia hen tré thanh
16p phu bao vé gop phan nang cao tinh chiu
mai mon cho thép khong gi AISI 316L. <
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