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ABSTRACT

This paper concerns on the influence of Ti contents on the properties of
nc-TiC/a-C nanocomposite coatings deposited via co-sputtering of Ti and graphite
targets. Advanced characterization techniques such as XRD, XPS, TEM,
nanoindenter, etc. were employed to determine the structures and properties of
the coatings. Experimental results indicated that at low Ti compositions of less than
8 at.%, Ti exists in the coatings as an amorphous phase. From 8 to 45 at.%Ti, the
formations of nanocomposite were confirmed. Higher than that, the coatings
were almost crystalline TiC. Nanocomposite may have a hardness compara-
ble to that of DLC (about 33 GPa) but the residual stress is much lower. Such new
nanocomposite show great potentials for engineering applications.

TOM TAT

Trong bai bao nay, chung téi nghién ciéru anh hudéng cia ham lwong Ti dén
cac tinh chat cia mang nanocomposite nc-TiC/a-C phi bang phuong phép
magnetron sputtering véi hai &m cuc la Ti va graphite. Cac ky thuat chédn doén
cao cap nhw XRD, XPS, TEM, may do do ctng nano, ... da dwoc st dung dé xac
dinh cdu tric va tinh chat cia mang. Két qué thi nghiém chi ra rdng khi ham lwong
Ti nhé hon 8 at.% thi chwa c6 sw hinh thanh nanocomposite va Ti ton tai trong
mang nhw mét pha vé dinh hinh. V&i ham lwong Ti tor 8 dén at.45% thi sw hinh
thanh nanocomposite dwoc xac dinh. Khi ham luong Ti I6n hon 45 at.%, mang héu
nhw la TiC da tinh thé. Nanocomposite c6 thé dat duoc d cing tuong duong voi
carbon giéng kim cuong (33 GPa) trong khi tng suét ndi chi bdng mét niva. Vat lidu
nanocomposite cho thay tiém nadng g dung ky thuét rét Ién.

I. GIOI THIEU CNx, 45-55 GPa [3]. Hién nay, chua c6
nhiéu nhiing cong trinh nghién ciru mang
nano nhiéu 16p carbide. Thuc chat nhiing
mang nano nhiéu 16p carbide ciing c6 thé
. dat ngudng siéu ctng, vi du nhu: TiC/VC,
Mang nano nhiéu 16p: nhing mang 57 Gpa [4]. Ciing chua c6 nhidu dir lidu
nano nhiéu 16p duoc thiét ké tir hai 16p nghién ctu v& mang nhiéu 16p oxide,
siéu mong tro 1én (khoang 5 - 10 nm) theo  poyyen nhan 1a tbe do phu clia cac mang
m@t chu ky da dugc xac 1ap. Cac 16p ¢6  oxide thip hon rat nhidu so voi cac loai
thé la kim loai, nitride, carpide, oxide. Mot mang khéc. Tuy nhién, cling da c6 nhimng
50 fhi nghi¢ém da chi ra rang, mang nano cong trinh cong bd vé viée phii cic mang
nhiéu 16p kim loai chwa thé dat dén mic  oxide nhu: A1203, ZrO2, TiO2, ... sit dung
d¢ siéu clng trong khi do mang nano nhi€u kg thuat PVD DC-Sputtering [3, 6].
16p nitride thi c6 the dat dén mrc siéu ciing s ) o
(>40GPa). Vi du, nhiing mang sau day co ,§° t’he Ehay rang, cac _l?al mang nano
d6 clmg tir 45 — 55 GPa: TIN/VN, 56 GPa hiéul0prat da dang va chiém mot ty trong
[1]: TIN/(V0.6Nb0.4)N, 41 GPa [2]; TiN/ dang ké trong cac loai mang c6 cau trac

Cho dén nay, c6 thé phan chia cac loai
mang cung chong mai mon cd cau tric
nano thanh nhiirng nhom sau:
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nano cuing va siéu cung dang dugc ung
dung hién nay. Tuy vay, d cimg cua céc
loai mang nay phu thudc rat 16n vao chidu
day ctia mdi 16p trong mang nano nhiéu
16p. V6i cac thiét bi phu cong nghiép viée
dam bao chiéu day cua mdi 16p & cip do
vai nm hau nhu khong thé thyc hién dugc,
vi véy, do clig va tinh chéng mai mon cuia
mang nano nhiéu 16p khong 6n dinh. Van
dé nay s& duogc khic phuc khi 4p dung cu
hinh mang nano mdt 16p — nanocomposite.

- Nanocomposite: dugc hinh thanh khi
c0 cac hat nano tinh thé phan tan trong mot
nén vo dinh hinh hodc tinh thé khac.

Trong nghién ciru nay, ching toi ché tao
nanocomposite v&i cic hat tinh thé nano
TiC (nc-TiC) phéan tan trong nén vo dinh
hinh carbon giéng kim cuong (DLC) bang
phuong phap magnetron sputtering. Nhitng
anh huong ciia ham luong Ti dén cau
tric té vi va cac tinh chit cia mang duoc
nghién ctru mot cach chi tiét.

II. CAC THIET BI THi NGHIEM
1. Phu mang

Trong nghién cu nay, ching t6i ché
tao mang nanocomposite v&i nén DLC
bing phuong phdp magnetron sputtering
st dung hai am cyc (graphite va Ti) cung
mot luc. Hé thong st dung 1a E303A (Sin-
gapore). So d6 cua hé thdng duoc trinh
bay trong tai li€u [7]. Mat d§ ndng lugng
trén graphite 1a 10,5 W/cm?, mat do nang
lugng trén Ti s€ dugc thay doi dé tao ra céc
ham lugng Ti khac nhau. Ap suét qua trinh
phu duge giit ¢b dinh & 0,6 Pa va nhiét do
trén vat can phu 1a 150°C. Cac mang dugc
phu 1én cac tim Si [100] (duong kinh 100
mm, bé day 450 um, do nhim bé mt R =2
nm). Trude khi dua vao budng, cac miéng
Si dwoc lam sach bang siéu am trong dung
dich acetone, sau do tiép tuc duogc lam
sach trong ethanol trong vong 15 phut.
Sau khi dwgc dua vao budng phu, chung
dugc nung néng dén 150°C trong vong 30
phat d& dam bao thai hét khi bi hap thu
trén bé mat vat can phu.

2. Thiét bi chan doan céu tric va thanh
phan hoa hoc

- XRD: cic pha trong mang dugc xac
dinh nho vao thiét bi nhiéu xa tia X (Philips
PW 1710 véi nguén phat tia X 1a CuK 40 kV/
30kmA (budce song 0,1506 nm)). Kich thudc
trung binh ctia céc hat tinh thé duoc tinh toan
bang cong thirc Debye-Scherrer [8]:

p=—F*  (am) (1)
Bcos(0)

Trong d6: D 1a kich thudc trung binh cta
tinh thé theo phuwong vudng goc véi vat thé
nhiéu xa (K=0,91 va A = 0,15406nm), va B
tinh béng radian 13 bé rong cua dinh tai vi
tri mot nira chiéu cao trén phd nhiéu xa tia
X, 0 1a goc Bragg.

- XPS: céu trac héa hoc cua mang dugc
nghién ctru bang thiét bj phd electron tia X
(XPS) st dung pho ké Kratos — Axis voi
ngudn phat ra tia X 1a AIK (1486,71 eV).
Do chan khong trong budng phu XPS la
2x107 torr (2,66x107Pa). Phd dugc nghién
ctru trong khoang tir 0 dén 1100 eV. Budc
nhay 1a 1 eV ddi voi phd thong thuong va
0,1 eV d6i voi phé c6 d0 chinh xac cao
dung dé xac dinh thanh phan hoa hoc. Dé
khép duong cong, phan mém st dung ham
Gauss/Lorentz sau khi d trir phan nén
Shirley voi quy ludt binh phuong téi thiéu.
Dé loai bo 16p tap chét (thuong 1a oxide)
bam trén bé mit ctia mang, trude khi phan
tich, cac dong ion Ar dugc bin pha 1én bé
mit cia mang dé loai bo céc tap chat. Sung
ion Ar dugc su dung la loai Kratos Macro
Beam vo6i dién thé dé gia toc cac ion 1a 4
KeV. Qua trinh loai bé cac tap chét trén bé
mat mang dugc thuc hién ¢ 1,33x107° Pa.

- TEM: d quan sat hinh anh cau trac
nano, kinh hién vi dién tr xuyén qua TEM
(JEOL 4000 EX/II, hoat dong véi thé dién
400 kV) dugc sir dung. Dé chuan bi nhimng
mau cho TEM thi nhitng mang méng duoc
pht 1én cac vién KBr (duong kinh 8 mm,
bé day 1,2 mm). Cac vién nay duoc tao
bang cach nén bot KBr. Bé day ctia mang
pht trén cac vién KBr dugc udc lugng 50
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nm cho tat ca cac mau. Sau khi phu xong
cac vién KBr dugc bo vao trong nude cat,
KBr s& dan dan tan di, mang ndi 1én mat
nudc dugc vot ra lam kho va duoc dua vao
TEM d quan st.

- Laser Tencor: tng suit bén trong cua
mang dugc xac dinh thong qua viéc thay
d6i ban kinh cong ctia miéng Si [100] trudc
va sau khi pht mang bang thiét bi quét la-
ser Tencor. Gia tri cua Gng suat duoc xac
dinh bang cong thirc sau [9]:

Trong do: E/(1-v ) 1a m6 dun ludng cuc
(180,5 GPa véi Si [100] [10]), t va t, lan
luot 13 bé day ctia miéng Si va cua mang,
R1 va R2 1a ban kinh cong cua miéng Si
trude va sau khi phit mang.

E 1
TERR

R, R

- Nanoindenter: d6 cing va mé dun dan
hoi duoc xac dinh bang thiét bi do do ctng
nano (XP) véi miii kim cuong Berkovich.
Chiéu sau dn vao mang cua mii kim cuong
duoc 1ap trinh dé khong viot qua 10% bé day
ctia mang dé tranh anh hudng cua vat can phi
dén két qua do do cung. Trén mdi mau, 10 vi
tri ngau nhién duoc do do ctimg va md dun
dan hoi. Gia tri d6 cing va mo dun dan hoi
ctia mau duoc ldy trung binh cua cac 1an do
(sai 1éch chuan khong qua 10%).

III. KET QUA THI NGHIEM VA
THAO LUAN

1. Thanh phén héa hoc va céu tric té vi
cia mang

(GPa) (2)

O =

Sau khi phu xong va dugc dua ra khoi
budng phu, bé mit cia mang thuong bi
oxy hoa tao nén mot 16p oxide mong. Vi
vay, truéc khi nghién ctru bang XPS bé
mit mang dugc lam sach bang chum ion
ngay trong buéng XPS trong vong 15 phut.
Luong oxy ton tai trong mang (<5%, xam
nhap vao mang trong qua trinh phu) khong
dugc tinh dén trong cac phép tinh vé ham
luong cua XPS. Cac dinh C 1s cho phép
xac dinh su ton tai cia 3 pha sau day: a-
C, TiC va Ti kim loai. Vi tri C 1s cua C-

Anh huéng ciia ham heong Ti dén cdu triie va tinh chdt ciia mang nanocomposite (ne-TiC/a-C)

C trong a-C va C-Ti trong TiC lan luot 1a
284,6 eV va 281,8 eV [11]. Ham luong Ti
¢6 trong mang dugc phi & thé dién trén vat
can phii -150 V thé hién trong bang 1.

Mait d¢ ning lwgng cua Ti C
Ti (W/cm?) (at.%) | (at.%)

0 0 100
0.8 3 97
1.4 8 92
1.8 16 84
2.1 25 75
24 30 70
2.7 36 64
3.0 45 55
3.3 48 52
4.0 53 47

Bdng 1: Ham lwong Ti va C trong mang irng voi
cdc mdt dp nang lwong trén am cwce Ti khdc nhau
(mdt dj nang lwong trén dm cwce graphite la
10,5 W/em?).

TiC a-C

Cuwong do

280 282 284 286 288 290
N&ng lvong lién két (eV)

Hinh 1: Phé XPS ciia C Is ciia mang DLC

co chwa Ti

Hinh 1 cho thiy khi chua c6 Ti thi lién
két C-C dugc quan sat thiy tai 284,6 eV.
Khi ham lugng Ti tang 1én thi dinh carbide
(TiC) tai 281,8 eV bt dau xut hién va 16n
dan (trong khi dinh a-C nho dan). Khi ham
lwong Ti dat 3 at.% hau nhu chua co TiC
(Ti ton tai trong mang dudi dang Ti nguyén
tir). Viéc chua hinh thanh lién két Ti-C khi
ham lugng Ti nho co thé giai thich boi mat
dd nang luong trén am cuc Ti bé (0,8 W/
cm2, mat do nang lugng nay khong tao ra
ning luong dii 16n cho Ti két hop véi C).
TiC dugc hinh thanh khi ham lugng Ti dat
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dén 8 at.% (mat do nang lugng trén am cuc
Tila 1,4 W/ecm2). Khi ham lugng Ti vuot
qué 48 at.% hau nhu khong quan sat duoc
dinh a-C, nghia 13 toan bo C di lién két véi
Ti. Luc nay, mang chinh la TiC.

TiC '[111]' Tic 1200] Tic [220] Si[1(')0] '
// b Ti (at.%)
8 J \/\t/J 36
° —/ \/MJ& 30
N\
fE:J Eg

L Si
30 35 40 45 50 55 60 65 70 75 80
20()
Hinh 2: Pho XRD ciia mang DLC
co chira Ti

Hinh 2 thé hién phé nhiéu xa tia X
(XRD) ctia mang DLC c6 chta Ti. O 3
at.% Ti, mang 13 vo dinh hinh, nhu da dé
cap o trén, Ti ton tai trong mang dudi dang
Ti nguyén tir. Trén 8 at.% Ti, su hinh thanh
clia cic tinh thé TiC dwoc quan sat thay.
Céc dinh tai 35,9°, 41,7° va 60,4°, 20 thé
hién cac huéng nhidu xa lan luot 1a [111],
[200] v [220] cua cac tinh thé TiC. Cudng
do cua cac dinh nay tang lén khi ham lugng
Ti tang 1én. C6 thé thay rang, hudng cia
céc tinh thé 14 ngau nhién.

Kich thuéc cia cac hat tinh thé TiC
duoc tinh bang cong thirc Debye-Scher-
rer (cong thire 1). Két qua tinh toan duoc
thé hién trén d6 thi hinh 3. Tir hinh nay c6
thé thay rang kich thudc tinh thé TiC ting
dan khi ham luong Ti tang. Kich thudc TiC
[111] 16n nhat; TiC [200] va TiC [220] ¢
kich thudc nho hon. Kich thude tinh thé
TiC [111] ting tir 2 nm dén 17 nm khi ham
luong Ti ting tir 8 at.% dén 48 at.%.

Tir cac két qua c6 duge sau khi phan tich
XPS va XRD, c6 thé thiy rang cau triac nano-
composite (cac hat nano TiC phan tan trong
nén vo dinh hinh DLC) dwoc hinh thanh khi
ham luong Ti trong khoang tir 8 at.% dén
45 at.% (cac hat tinh thé nano TiC c6 kich
thude tir 2 nm dén 17 nm va c¢6 hudng ngau

nhién). O ngoai khoang nay, mang co thé 1a
DLC c6 chira Ti nguyén tir hoic la TiC. Mau
nanocomposite c6 36 at.% Ti dugc nghién
ctru bang kinh hién vi dién tir TEM, két qua
hinh anh d3 x4c nhén cu triic nanocompos-
ite cua mang (hinh 4).

o TiC [111]

1ic 12001

8 |

6 | -

4] / . _A {TiC [220]
2

0

Grain size (nm)
S
.\\
I. 1

e A
— i/:/AiA/
] 577 -

0 5 10 15 20 25 30 35 40 45 50

Ti concentration (at.%)

Hinh 3. Kich thwéc tinh thé TiC tinh todn dwoc
tir pho XRD bang cong thirc Debye-Scherrer.

Hinh 4: Hinh anh TEM ciia mang
nanocomposite vdi cdc tinh thé nano TiC
phan tan trong nén vo dinh hinh DLC
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2. P§ clrng

Trude khi phan tich, ching t6i xin so
luge vé DLC. DLC ¢6 thé xem la hon

hop cua hai thanh phan: carbon lai hoa
sp3 (giong kim cuong) va carbon lai hoa
sp2 (giong graphite) [12]. Hién nhién ham
luong sp3 cang cao thi DLC cang cung.
40 360
381 + Bias voltage: - 150 V 1340
36 4 Process pressure: 0.6 Pa — T
< 344 4320 %
5 329 300 2
g 30 \ / 3
IS 280 g
g 26 1260 ©
(2]
T2 240 3
22 N
20 4220
184 200
0 10 20 30 40 50

Ti concentration (at.%)
Hinh 5: Méi quan hé giita ham hrg’ng Ti
voi dj cirng va mé dun dan hoi

Hinh 5 thé hién mi quan hé giira do cimg
va mo dun dan hdi véi ham lugng Ti cua
mang DLC c6 chtra Ti. Khi ham luong Ti
dat dén mot gia tri nhat dinh thi cac tinh thé
nano TiC (rit cing) dugc hinh thanh. Trong
truong hop nay, do cung cia mang khong
chi phu thugc vao ham lugng sp’ c6 trong
nén DLC ma con phuy thudc vao cac tinh thé
nano TiC (kich thudc, huéng, phan trim thé
tich cac tinh thé TiC trong nén DLC). DLC
nguyén chat c6 do cing 33 GPa, mo dun
dan hodi 342,6 GPa. Khi ¢ Ti do cimg cua
mang giam roi sau d6 lai ting do nhimng co
ché khac nhau: khi ham luong Ti thip thi
chua c6 hoic ¢6 rt it cac tinh thé nano TiC
dugc hinh thanh, trong khi d6, ham lugng
sp? trong DLC giam di (do cac nguyén tir va
ion carbon gidm nang lugng vi va cham véi
nguyén tr va ion Ti). Khi ham lugng Ti 16n
hon 16 at.% thi mot luong déng ké cac tinh
thé nano TiC duogc hinh thanh dn dén viée
tang d6 clng ctia mang dén 33 GPa khi ham
lwong Ti dat 36 at.%. Luc nay, néu tiép tuc
tang ham luong Ti thi d§ cimg giam do kich
thudc cac hat tinh thé TiC 16n. Nhu véy, c¢6
thé thiy rang do cing ciia nanocompos-
ite dat dugc gié tri twong duong véi DLC
nguyén chat khi ham luong Ti trong khoang
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35 at.% dén 40 at.%.

4571771 T 7T 7T T T T T
~ 404 ¢ Bias voltage: - 150 V |
S Process pressure: 0.6 Pa 1
o 397 Coating thickness: 1.2 um ]
A 3.0 b

b ]
2 254 1
%) e
< 20 - e
3 ./ 1
o 1.5 9
P \ / ]
é 1.0 1 TT—e j
0.5 A b

00 T T T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50

Ti concetration (at.%)

Hinh 6: Moi quan hé giita ham lwong Ti
véi ikng sudt dw

3. Ung suit ndi

U’ng suat ndi ciia mang DLC ¢6 Ti duoc
thé hién trén hinh 6, c6 thé thay rang khi
c6 Ti, ing sut noi clia mang giam xudng.
Viéc giam ctia ing suat duoc giai thich boi
Viéc tang ham lugng sp2 trong nén DLC vi
céu trac sp2 cho phep giai phong tmg suét.
Mot diéu nita can phai chii ¥ 1a khi c6 T1
thi nang luong cta cac hat di dén vat can
phi bi giam (do c6 nhiéu va cham), diéu
nay ciing lam giam Ung suit trén mang.
Khi ham lugng Ti 16n hon 16 at.%, nhu da
phan tich & trén, mot lugng 16n cac hat tinh
thé nano cimg hinh thanh. Cac hat clng
ngan chan qua trinh g1a1 phong g suét
dan den vige mg sudt ting dan. Tuy vay,
ung suat 16n nhat cia mang nanocomposite
(vao khoang 2 GPa) ciing chi bing mot nira
so v6i g sudt cia mang DLC c6 cung do
ctng. Diéu nay cho phép cai thién dang
ké tinh bam dinh va kha nang chiu tai cua
mang nanocomposite so voi mang DLC co
cung do cung.

IV. KET LUAN

- Ham luong Ti tang lén khi mat 4§ nang
lugng tang Ién trén am cyc. Khi ham lugng
Ti dat 8 at.% thi cac tinh thé TiC dugc hinh
thanh va & 45 at.% thi hau nhu chi ¢6 céc
tinh thé TiC ma khong con pha vo dinh
hinh DLC.
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- Kich thuéc cac hat tinh thé trong
khoang tir 2 nm dén 17 nm khi ham luong
Ti tang tir 8 at.% dén 45 at. %, cac tinh thé
TiC phan tan trong nén v6 dinh hinh DLC
theo cac hudng khac nhau.

- B§ cung ciia mang nanocomposite
tuong duong voi d§ cing cua mang DLC
thuan khiét khi ham luong Ti trong khoang
tlr 35 at. % dén 40 at.%.

- Khi ¢6 Ti thi ndng lugng cta cac hat gia
tdc dén vat can phu bi giam (do ¢ nhiéu va
cham), diéu ndy cling 1am giam tng suat
trén mang. Tuy nhién, khi ham luong Ti
qua 16n thi cac hat ctrng ngén chan qué trinh
giai phong ung suat dan dén viéc Gmg suat
tang dan. Tuy vay, Gng suat 16n nhat cia
mang nanocomposite (vao khoang 2 GPa)
ciing chi bang mot nira so voi (mg sut cua
mang DLC c6 cung d6 cimg. Piéu nay cho
phép cai thién dang ké tinh bam dinh va
kha nang chiu tai cia mang nanocomposite
so voi mang DLC c6 cung do cing.

- Mang nanocomposite v6i nén DLC
cho thay tiém nang rat 16n trong tng dung
k¥ thuat, ddc biét cho cac chi tiét chiu mai
mon.
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