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Tom tat

Cac hat macro thuong @nh hudng khong t6t dén tinh chét cta céac I6p phi ché tao bang phuong phap | béc
bay hé quang ca-tét. Dé han ché céc hat nay hinh thanh trén cac I6p phi cé thé dung cac tam chén dé loc
chédn bét ching. Céc tdm chan hinh dia c6 duong kinh Dr khéac nhau sé dnh huéng dén sé luong céc hat
macro va téc do phd mang. CAu trac, hinh théi cua céc hat macro va mang phi duoc khdo sat bang céc
thiét bi hién vi quang hoc, hién vi quang hoc soi néi, hién vi dién tt, phé tén séc nang lwong EDS va nhiéu
xa XRD. Két qud khao sét cho thy viéc str dung céc tAm chédn véi kich thuéc cang 16n gilp lam gidm mét
d6 cac hat macro nhung ciing lam suy giam chiéu day mang phu va téc dé phd I6p mang CrN.

T khoa: Bbc bay hd quang ca-tot, CrN, hat macro, tAm chan, SUS420
Abstract

Macro-particles often have a negatively affect on the properties of the coatings fabricated by arc cathodic
evaporation. To prevent these macro-particles forming on the coating, a blocking plate can be used to filter
out them. Disc-shaped blocking plates with different diameters of Dr influence the number of macro-particles
and the deposition rate of the coating film. The structure and morphology of macro-particles and coatings
were investigated by optical microscope, stereoscopic optical microscope, electron microscope, energy
dispersive spectrum (EDS), and XRD spectrum. The results show that the use of a larger diameter of the
blocking plate reduces the density of macro-particles but also reduces the thickness of the coating as well as

deposition rate of CrN film.
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1. Giéi thiéu

Thép khong gi ho martensite nhu SUS420
thudng dugc st dung 1am mot $6 dung cu nhu dao,
kéo, khudn ép nhya,... nho déc tinh c6 tinh chéng an
mon tuong ddi t6t va c6 kha ning hoa bén bang nhiét
luyén. Mot s6 nghién ciu da 4p dung thém céc 16p
pht nitorit nham nang cao dic tinh bé mat va kha
nang bao vé ciing nhur tudi tho cho chi tiét 1am tir thép
khong gi loai nay [1-4]. M¢t trong cac phuong phap
thong dung dé 1a st dung phuwong phap hd quang ca-
t6t dé tao ra moi trudng plasma cé nhiét d6 cao lam
hoa hoi bia vat liéu kim loai nhu Cr, Ti hodac Zr va
ion héa cac kim loai trén cling nhu céc khi phan ing
dua vao nhu nito dé tao ra cac mang phu hé nitorit co
dd cting cao cho cac bé mat duge phu bao vé [1]. Tuy
nhién, mot trong cac nhugc diém chinh cia phuong
phap nay d6 1a vi hd quang tao ra nhiét d6 qua cao
nén co thé lam bbc bay ca “cum” vat liéu kim loai
trén bé mat bia va cac cum nay thuong c6 kich thudc
16n va bbe bay dén bé mat can phu dé tao ra cac hat
16n duogc goi 1a hat macro hodc micro-droplet & 16p
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phu. Cac hat nay thudng c6 kich thudc 1én va dé
bong tréc lam anh hudng x4u dén dic tinh bé mat coa
16p phu nhu d¢ cung, tinh bam dinh va kha nang
chéng an mon cua 16p phu [5]. Mot sb nghién ctru da
sir dung cac thiét bi phi ¢6 co ché loc bang tir truong
dé han ché cac hat macro nay tao thanh trén 16p phi
tuy nhién thuong thiét bi c6 gia thanh cao [6-7].

Nghién ctru nady tép trung vao viéc st dung cac
tam chin dit giita “dudng di” cua hoi vat liéu boc bay
tir bé mit bia vat liéu phu dén bé mat mau hay chi tiét
can phu trong cac thiét bi bdc bay hd quang ca-tot
truyén thong c6 gia thanh ré hon vi khong c6 co ché
loc tir tinh nhu céac thiét bi cao cdp khac. Viéc thay
dbi kich thude cta tim chan loc (voi cac ty 1& duong
kinh ciia tim chén so v&i duong kinh cua bia Cr la
Dy¢/D; khac nhau) 1am anh huéng dén mat d6 va toc do
tao mang phu noéi chung cta phuong phap nén sé
duoc khao sat trong nghién ctru nay.

2. Thye nghiém

Thép martensite SUS420 c6 thanh phan hoa hoc
nhu trong bang 1 dugc gia cong cit thanh cac mau
kich thudc P20x10 mm. Sau d6 dugce nhiét luyén:
voi nhiét d6 880 °C va gitt nhiét trong 1 gio, téi &
nhiét d6 1030 °C trong 1 gio bang 16 chan khéng va
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lam ngudi bang khi dong (khi nito), cubi cing dwoc
ram & 550 °C trong 2 gio. PO cing sau khi nhiét
luyén theo quy trinh trén dat trung binh khoang
46 HRC thich hop véi mot sé tmg dung khudn mau
trong nganh ép nhya.

Béng 1. Thanh phan héa hoc ctia thép SUS420

Nguyén t6 C Si Cr Mo Ni Mn N P S

% khéi
lwong

0,36 0,46 12,84 0,28 0,17 0,78 0,17 0,02 0,01

Cac mau sau nhiét luyén duoc dem di mai béng
gidy rap tir tho t6i min (#100, #240, #600, #800,
#1000 va #1500), sau d6 dwoc danh bong bang may
danh bong co hoc dang dia c¢6 toc do quay tbi da 600
vong/phiit sit dung dung dich mai Al,O;. Cac mau
sau danh bong duoc lam sach bing nude va may rung
siéu 4m vai acetone rdi sdy kho bang khi Ar.

Mau sau d6 dugc dem di phii CrN bang thiét bi
phit PVD h¢ hd quang ca-t6t (Dreva Arc 400, Dic).
Khi hoat dong thi hé théng s€ tao ra moi truong
plasma ¢ nhiét do rat cao lam bdc bay, hoa hoi va
ion hoa bia vat liéu kim loai ciling nhu ion héa céac khi
phan tng nhu nito dwoc dua vao budng bdc bay.
Déng thoi cling co thé tao ra cac cac cum vat lidu 16n
goi 1a cac hat macro. Cac ion kim loai va ion nito cé
thé két hop hay ling dong 1én bé mat mau dit ¢ trong
budng bdc bay dé tao thanh 16p phi. Néu khong ¢6 co
ché ngan chin thi cac hat macro ciing cé thé bay toi
bé mit mau can pha va anh huong dén chat luong 16p
phu.

So dd bd tri tAim chin duwoc mo ta trén hinh 1.
Tam chén bang thép C45, dang dia, day 5 mm, ¢
duong kinh Dy duge bd tri dat gitra “duong di” cta
hoi vt lidu bdc bay tur bé mit bia vat liéu pht 1a crom
(Cr) va bé mit mau thép SUS420 trong budng phan
mg cua thiét bi boc bay hé quang ca-tot. Cac hat
macro thuong trung hoa vé dién hoic c6 khdi lugng
16n nén quy dao chuyén dong sau khi thoat ra tir bé
mit bia vat liéu thuong di thang nén c6 thé bi chan lai
boi thm chén co thé khong dén dugc duoc bé mit
mau phi tiy thudc vao twong quan ty 1& duong kinh
tAm chin Dr so v6i duong kinh bia D,. Nguoc lai, cac
ion crom mang dién tich dwong c6 thé “chay vong”
qua tim chin dudi tic dung ciia dién truong giy ra
boi thién ap Upies = - 30 V dé dén bé mat mau phi.
Gia tri am trong thién ap dé thé hién dé mau vat liéu
SUS420 duge phan cuc v6i dién thé am (a-not) so véi
bia vat liéu Cr dugc phan cuc duong (ca-tot). Trong
nghién ctru nay s& tién hanh khao sat anh hudng cia
viéc sir dung tam chin ¢ cac duong kinh khac nhau
véi cac gia tri Dy/Dy = 0, 50, 70 va 100%.

Qua trinh phu trai qua cac budc co ban gém lam
sach b& mit mau bang ché do hollow cathode cia
méay va sau do6 phu CrN véi cac théng sb chinh thé
hién trong bang 2.
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Cac mau sau khi phu dugec dem di phan tich
XRD bang thiét bi X pert PRO, chup anh FE-SEM
hinh thai 16p pht véi cac hat macro va vi phén tich
EDS thanh phan hoa hoc bang thiét bi JSM-7001FA,
chup anh va phan tich d6 nham bé mit bang thiét bi
kinh hién vi quang hoc ky thuat s6 (kinh hién vi soi
ndi) Keyence VHX — 6000.

Plasma
joncrém Tam chén

| / ion crom

Hatmacro

|t
Upias—-30V

Catot Anot
™ Q)

Hinh 1. So d6 bo tri tam chan gitta bia va mau.

Béng 2. Céc thong s chinh ctia qué trinh 1am sach bé
mit va phii CrN 1én bé mit mau

Qua trinh 1am sach

Tén thong sb Gi4 tri
Luu lugng khi Ar 60 sccm
Dong hollow cathode 120 A
Thién ap (BIAS) 22V
Thoi gian gia nhiét 15 phut
Qua trinh phu
Loai bia st dung Cr (99,95%)
Thoi gian gia nhiét 15 phut
Nhiét 6 budng phit 300 °C
Thoi gian phu 30 phut
Thién ap (BIAS) 30V
Luu lugng khi N» 350 sccm
Luu lugng khi Ar 10 scem
Dong ctia ngudn hd quang 80 A

3. Két qua va thio luin

Hinh 2 thé hién anh FE-SEM chup bé mat va
mit cit ngang ciia mau phi khong st dung tim chin
(Dy/Dy = 0%) cho thiy di tao dwoc 16p phu cé chiéu
day khoang 0,75 um, tuy nhién bé mit mau cé rat
nhidu hat macro c6 kich thuée 16n (16n t6i ~ 3 um).
Céc hat nay thuong c6 do cimg thip va c6 thé bong
troc rat dé dang, dé lai cac vét rd co thé 1am anh
huong rat xau dén do ctmg, do bam dinh va kha ning
bao v¢ ciia mang.
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Hinh 2. Anh hién vi FE-SEM cuia (a) bé mit va (b) mit cit ngang ciia 16p phu CrN tao thanh trén nén thép

SUS420 khi khong dung tim chén.

Két qua vi phan tich thanh phan hoa hoc trung
binh toan vung bé mit tuong tng trong hinh 2.a bang
EDS trén hinh 3 ctia mau khong st dung tdm chén cho
thdy ty phan phan trim nguyén tir ciia Crom va Nito
xap xi nhau chtng t6 pha nitorit tao thanh trén bé& mit
mau chu yéu 1a CrN phu hop véi cac két qua phan
tich XRD trong hinh 4. Ngoai ra, con c6 mot lugng
nho cac nguyén td nhu Fe, Mn va Si ¢6 thé 1a do 16p
pht méng nén tin hiéu nhan dugc moét phan nho bi
anh hudng ciia nén thép SUS420.

a.t. %
52,60
46,15
0,83
0,33
0,08

Element
Cr

N

Fe

Mn

Si

Hinh 3. Kég quéa phén tich phd tan sic ning lugng
EDS trén bé mat 16p phu CrN khi khong dung tam
chan.

Hinh 4 thé hién cic két qua phan tich XRD cua
cac mau phu & cac ché d6 dung tim chén c6 dudng
kinh khac nhau cho thiy cac mau pha déu co6 cac dinh
nhiéu xa Gmg véi pha CrN. Tuy nhién cuong do cac
dinh nhiu xa nay giam dan trén cic miu phu véi
duong kinh tdm chén cang ting. Piéu nay ciing ching
t6 khi ting dwong kinh tAm chan (ting ty 1¢ D;/Dy) thi
mang cang mong hon hay toc do phu mang CrN cang
giam di.

Hinh 5 1 c4c anh chup bang hién vi Keyence bé
mit cac mau cho théy c6 su thay ddi vé mat do cac
hat macro & cac ché d6 D;/Dy, = 0, 50, 70 va 100%. O
ché 46 D;/Dy = 0% (khong st dung tdm chin), cac
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hat macro (cac hat t5i mau trén anh) c6 kich thudc
trung binh tuong déi 16n va mat do day. Diéu nay cho
thdy hat macro c6 s6 luogng 16n cung véi kich thuée
hat kha thd to trai déu trén bé mat miu. Ché do
Dy/Dy, = 50%, s6 lugng cac chdm den di giam xubng,
didu nay cho thay hiéu qua lam giam so lwong hat
macro cua viéc su dung tdm chdn so voi ché do
khong sir dung tim chan. Tuy nhién higu qua la chua
thyc sy 16n boi van con quan sat duoc nhing chdm
den kha nhiéu. Diéu nay cho thdy hat macro van con
khé thé to dugc hinh thanh trén bé mat miu. Ché do
D//Db =70%, co $6 luo‘ng hat macro ,dé giam xuéng
rat nhieu. Gan nhu 1a c6 két qua tot nhat trong cac ché
d6 thyc nghiém. B& mat mau kha dong déu, it chim
den cuia hat macro. Khi ty sb Dy/D, = 100%, quan sat
dugc rat nhiéu nhitg cham den nho hon. B& mit thay
nhiéu vét xudc cia nén thép chung to 16p phu rat
mong hodc mang phu khong lién tuc dudi dang cac
“dao0” nho tréng giébng nhu cac hat macro mau den
nhung ban chét ¢ thé 1a cac cum vat liéu phu. biéu
nay dugc thé hién rd hon bang anh hién vi quang hoc
Keyence (trong ché do mo phong anh SEM) trén hinh
6.

Hinh 6 thé hién anh hién vi quang hoc soi ndi
Keyence chup & ché do mo phong anh SEM c6 thé
quan sat thdy rat nhiéu vét xudc nhé cua bé mat mau
thép nén trudc khi phu, diéu nay co nghia 1a mau ¢
ché d6 Dy/Dy = 100% gan nhu khong dugc phit hodc
16p phu rat moéng cho thiy tdc do phu giam di rat
nhiéu do kich thuéc tdm chin ting 1én vdi ti 16 duong
kinh Dy:Dp = 1:1.

Nhu vay c6 thé thiy viéc st dung tim chén c6
kich thu6c cang 16n thi c6 thé lam giam déng ké sb
luwong cling nhu mat d§ cac hat macro nhung ciing
lam giam rat nhiéu tbc do phu ciia phuwong phap nay.
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Hinh 5. Anh chyp bé mit bang kinh hién vi quang hoc soi ndi Keyence (x1000) ciia cac mau phu & cac ché do
Dy/Dy = (a) 0%; (b) 50%; (c) 70% va (d) 100%.
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Lens: E500:X1000;

Hinh 6. Anh chup hiét} vi quang hoc soi ndi Keyence
(x1000) m6 phong ché do chup SEM cua mau phu &
cac che do Dy/Dy = 100%.

4. Két luan

Viée sir dung cac tim chin co thé gitip loc b6t
cac hat macro trong qua trinh phi mang CrN bing
phuong phép hd quang catdt. Kich thudc tam loc
cang 16n thi cac hat macro cang it tuy nhién chiéu day
16p phu (téc d6 phi mang) cang giam. Pudng kinh
tdm chin co gia tri khoang 70% so véi duong kinh
bia vat liéu phu cho hi¢u qua chén loc cac hat macro
t6t nhét trong cac ché do khao sat ciia nghién ctru
nay.

Loi cdm on
Nghién ctru nay dugc tai trg boi Truong Dai hoc

Bach khoa Ha Noi (HUST) trong d& tai ma sb T2018-
PC-088.

Céac phan tich FE-SEM dugc sy hd tro cta dai
hoc Shimane (Nhat Ban) theo chuong trinh SAKURA
2019. Cac anh hién vi quang hoc soi ndi duge sy hd
tro cua cong ty Keyence tai Viét Nam.
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