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Tém tat

Bai bao nay ban vé I6p phd CrN duoc ldng dong trén nén thép SKD61 bang phuwong phép phun xa xung
mét chiéu magnetron trén thiét bi chan khong B30 VTD; st¥ dung nguon xung DC git¥ én dinh & 320 W, dé
thép SKD61 duoc thién 4p & -150 V. Két qua thi nghiém cho thay khi diéu chinh ting lwu long khi N2 trong
dai 4 + 8 sccm va tan sb xung 50 + 150 kHz, téc do ldng dong I6p pha CrN gidm tuong tng chiéu day I6p
phii gidm tir 7,1 xudng 4,2 um. Két qué do phd nhiéu xa tia X (XRD) ctia I6p pht CrN cho thay céu tric tinh
thé 6n dinh & luu long khi N2 1a 6 sccm, véi dinh huéng tinh thé cha yéu theo mét (200), va tng suét nén
duw I6n nhét theo mét (200) bang - 4,11 GPa tng véi tén sé xung 150 kHz.

Tir khéa: Phun xa xung mét chiéu; Lép pha CrN; Buc ap lwe; Ung suét dw.
Abstract

This paper discussed about the CrN layer coating on SKD61 substrate with pulse DC magnetron sputtering
by B30-VTD equipment. The vacuum system has power pulses, kept at capacity of 320 W and bias voltage -
150 V on the substrate. The N2 gas flow is controled in range 4 + 8 sccm and pulse frequency varied in
range 150 + 50 kHz. The experiment results demonstracted the deposition rate of CrN layer was affected by
N2 gas flow and pulse frequency. The coating thickness decreased with increasing gas flow and pulse
frequency from 7.1 down to 4.2 um. The X-ray diffraction (XRD) of CrN coating was shown that the layer has
good stabilization with crystalline structure in N2 gas flow 6 sccm, the main crystal orientation [200], the
maximum residual compressive stress under the surface (200) was - 4.11 GPa in case of frequency pulse

150 kHz.

Keywords: Pulsed DC sputtering; CrN coating; Pressure molding; Residual stress.

1. Gio6i thiéu

Khuon duc ap luc hgp kim nhéom thuong dugce
sir dung dé diic cac vat diic nhe, bén, hinh déng phirc
tap. Khuon 1am viéc trong diéu kién khic nghiét véi
hon 100000 chu ky twong ung 2500 chu ky/ngay;
Nhiét dd nhom 16ng phun vao khudén 670 =+ 710°C, &
van toc 30 = 100 m/s, 4p luc phun 50 + 80 MPa,
gradien nhiét d6 khuon 1a 1000°C/cm [1,2].

B& mit khuén chiu tic dong dong thoi cic qua
trinh co, nhiét, hoa hoc trong chu ky duc, déy ciing 1a
nguyén nhén gy ra cac dang hong bé mat nhu: Nut
do moi co, nhiét; x6i mon do dong chay; dn mon va
han dinh cia nhom long véi bé mat khuon; bién dang,
nat vo [1].

Lép phu CrN ling dong bang phuong phap vat
1y trén nén thép khudn c6 céc tinh chat co hoc tot nhu
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chéng mai mon cao, hé sé ma st thap, d6 cimg cao,
md dun dan hoi thép, do bén bam cao, chdng oxi ho
va an mon [3-7]. Ung sudt nén cao trong 16p phu c6
kha nang chong lai sy hinh thanh va lan truyén vét
nut gdy ra boi Gmg sudt co hodc nhiét trong qua trinh
duc [8,9].

Tuy nhién nghién ctru danh gid mé phong trong
phong thi nghiém kho mo ta hét cac diéu kién thuc té
xay ra trong khudn.

Muc tiéu ctia nhém nghién ciru 1a ché tao 16p
phit cing CrN trén nén thép SKD61 (la vat liéu ché
tao khuén duc ap luc hop kim nhém) bang phuong
phap phtn xa xung mét chiéu cé tir truong (Pulsed
DC magnetron). Khao sat anh huong cia mot s6 yéu
t6 cong nghé chu yéu (ndng do khi nito va tan sé
xung) 1én ciu tric tinh thé, ung sudt mat tinh thé,
chiéu day 16p phu; tir d6 xac dinh ché do cong nghé
phi hop dé ché tao 16p phu CrN trén nén thép
SKD61.
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2. Thi nghiém
2.1. Ché tgo mau thi nghiém

Lép phit CrN duoc ling dong trén nén thép
SKDé1 (JIS: H13-AISI), mau c6 kich thude ¢16, H =
6 mm (hinh 1). MAu thi nghiém sau khi gia cong dat
kich thudc, dwoc nhiét luyén, thim nito vdi chidu sau
16p tham 0,1 + 0,2 mm, d6 cing HRC = 58, mai d4nh
bong dat Ra = 0,08 + 0,16 um. Mau duoc 1am sach
bing hoa hoc, rira trong dung dich aceton, h trg rung
bang siéu 4m véi thoi gian 20 phut trude khi dwa vao
budng chan khéng.

Hinh 1. Mau thép SKD61 thi nghiém.
2.2. Ling dong Ip phii

Ché tao 16p phu bang phuong phap phun xa
xung mot chidu cé tir truong sir dung thiét bj B30-
VTD tai Vién Ung dung cong nghé. Kich thudc
budng chan khong ¢ = 300, L = 500 mm. Khi ling
dong st dung bia Créom tron (99,99%) cé kich thude
¢ = 150 mm, H = 100 mm. Ngudn xung mot chiéu
plasma dugc cung cip boi thiét bi Pinacle Plus 5 kW
(Advanced Energy Inc, USA), c6 dai dién ap diéu
chinh 0 + 625 V, dong dién diéu chinh 0 + 10 A, tin
s6 xung diéu chinh 0 + 350 kHz.
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Hinh 2. So d6 nguyén ly cta thiét bi chan khong
VTD 30 v6i bd DC magnetron va ga mau.

Mau sau khi 1am sach duoc ga dat vao buéng
chan khéng (nhu hinh 2). Cac théng sb duoc giit ¢b
dinh 14 4p suit budng chan khéng 6 x 102 Pa, luu
lwong khi Argon 12 sccm, duy tri ngudn phun xa 1
A/320 V, thién 4p dé -150 V. Khoang cich giita bia
va dé giit khong d6i & 100 mm. Céc thong s6 thay doi
trong qué trinh ling dong 16p phu CrN 1a luu lugng
khi nito trong khoang 4 + 8 sccm va tan sd xung
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trong khoang 50 + 150 kHz.

Mot 16p 16t Crom c6 chidu day khoang 200 nm
dugc ling dong trén nén thép trude khi phu CrN. Lép
Crom gitp cho 16p phu dinh bam tdt véi nén [10,11].
Thoi gian lang dong 16p pha CrN 14 90 phiit.

2.3. Do cdc thong sé 16p phii
2.3.1. Po chiéu day I6p phii

Do chiéu day 16p phii bang thiét bi Calotest ¢6
so dd nguyén ly nhu hinh 3, st dung mot vién bi cho
ty 1én bé mat 16p phu cua mau da dugc kep chit trén
bo gd. Bi dugc truyen chuyén dong quay nho ty vao
méang truot gin ¢ dinh trén truc quay ndi véi dong
co. Khi bi quay, do luc tac dong cua vién bi va luc
ma sat tai vi tri tiép xtic giita bi véi bé mat mau, 16p
phu s& bi mai mon. Dé tang kha nang mai, tai chd tiép
xuc gitta bi véi bé mat 16p phu, nho dung dich bot
kim cuong nhdo pha véi dau nham gitp cho qué trinh
mai dién ra nhanh hon. Bi mai c6 kich thuéc R = 10
mm, bdt kim cuong nhdo kich thudc hat ~ 0,5 + 1
pm, téc do quay ciia truc 40 vong/phut, ap luc bi len
bé mat 16p phu 450 N cho dén khi 16p phu bi mai
mon hét va xut hién nén thép phia dudi. Vét mon do
bi tao ra c6 hinh vanh khin, kich thudc x va y cua vét
dugc do bang kinh hién vi. Khi d6, chiéu day 16p phu
duoc tinh theo cong thire [12]:

X.
s=22
2R

q

0

Hinh 3. Nguyén ly do chiéu day 16p phii bang mai bi.
2.3.2. Cau triic I6p phii
~ Sit dung nhiéu xa tia X (XRD) duogc thuc hién
d€ phan tich xac dinh pha cua 16p phu, nhiéu xa ké
v6i bic xa CuKe, toc d6 quét (20 s') 12 0,03% s
2.3.3. Tinh ing sudt mat mang tinh thé I6p phii
Ung sudt mat (200) cua 16p phu CrN ché tao

trén nén thép SKD61 duoc tinh theo dinh nhidu xa
XRD theo cong thire [13]:

E (d—do)
2y do

oF = (2)
Trong do: or ing sudt theo mat mang tinh thé, E

mo dun dan hoi, d khoang cach mang tinh thé khi

khong c6 tng suat, do khoang cach mang chira ing
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suét, y hé s poisson. Thong s tinh tng suit or 16p
phu CrN:

E =200 (GPa); y = 0,2; do(200) = 2,0680 (A).
3. Két qua va thao luin
3.1. Chiéu day 16p phii

Chiéu day 16p phu, tbc do ling dong 16p phit
CrN trén thép SKD61 & cac ché do khac nhau duoc
trinh bay trong bang 1. Vi luu lwong khi Nito khong
d6i, tdc do hinh thanh 16p phi giam khi tan s0 xung
tang 1én. Tuong tw, khi giir nguyén tin s6 xung, toc
d6 lang dong giam khi ting luu lugng khi N (hinh 4).
Tir hinh 4 ciing thay rang téc d¢ lang dong 16p phu
phu thuc vao ham lugng khi phan ung N», khi duy
tri lugng khi lam viéc Argon khong d6i. Khi luong
khi phan ung ting, kéo theo ap suit bubng chan
khong giam, lam giam kha néng ban pha bé mit bia,
do d6 s6 luong nguyén tir Crom bit ra khoi bé mat
bia giam lam giam toc d6 tao 16p phu.

Bang 1. Anh huong luu luong khi N2 va tan s xung
dén chiéu day cua 16p phu CrN

Luu Ch,leu day l6p Téc do 1éng dong CrN
phu CrN (um), , oA A
luong A A (pm/pht), vai tan so
; VOl tan sO Xxung
khi N (kHz) xung (kHz)
(sccm) <
50 | 100 | 150 | 50 100 150
4 7,1 | 5,7 |52 0,079 | 0,063 | 0,058
6 6,9 | 45 |45 0,077 | 0,050 | 0,050
8 6,71 43 |42 10,074 | 0,048 | 0,047

So sanh véi két qua nghién ciru 16p phi CrN, trén
thép AISI 304 cua J.Lin et all [14] s dung hé thong
CFUBMS véi céc thong sb: tan so xung cb dinh 10
kHz, 16p dinh bam Cr c6 chiéu day 100 nm, tong luu
lugng khi (Ar, N») 22 scem. Thoi gian phu CrNy 70 +
80 phut. [14] da thay doi luu luong khi N; trong tong
Iuwu lwong khi dwa vao khi ling dong CrNy (10 + 70%):
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- Téc d6 lang dong giam khi tang luu lugng khi
Nz tir 10 + 70% tuong tng 55 + 17 nm/phut.
- Téc d6 lang dong 16p phu CrN giagm khi ting
tan s6 xung. Dinh hudng 16p phu theo mat (200) 6n
dinh va bén.
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Hinh 4. DS thi anh huong luu lwong khi N> va tan s6
xung dén toc dg lang dong 16p phu CrN.

Két qua cho thiy tdc do ling dong 16p phu CrN
do chiing t6i ché tao ¢ két qua twong tu khi tang luu
lwong khi Ny tir 4 + 6 sccm va tan sd xung tir 50 +
150 kHz twong tmg véi toe do 79 + 42 nm/phut (hinh
4).

3.2. Céu triic tinh thé

Hinh 5 13 phé nhiéu xa XRD cua 16p pha CrN
ling dong trén nén thép SKD61 véi luu lugng khi N,
va cac tan s6 xung (f) khac nhau. Khi so sanh phd
nhidu xa XRD 16p phu CrN ché tao & cic ché do khac
nhau vé6i 16p phit CrN tiéu chuén [9] cho thay:

Hinh 5a khi luu lugng khi N, = 4 scem, 6 tan sb
xung 50 kHz khong hinh thanh dugc 16p CriNy, cdu
trac tinh thé dinh hudéng khac nhau theo cac mit
(111), (200) tuong mg véi tan sé xung 100 va 150
kHz. Diéu nay cho thiy & luu luong khi N, thzip, kha
nang hinh thanh 16p CrN thap, cuong do phé nhidu xa
thap, d6 rong vach phd 16n. Céu trac tinh thé khong
on dinh, dinh huéng mat khong 13 rang.
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Hinh 5. Pho nhiéu xa XRD lang dong 16p phii CrN trén nén thép SKD61 véi luu lugng khi N, do & tan s6 xung
(f) khac nhau: (a) N2 =4 sccm, (b) N2 = 6 scecm, va (¢) N2 = 8 scem.
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Hinh 5b tuong tmg phd nhiéu xa 16p phu CiN ¢
luu luong khi N> = 6 scem déu c6 céu trac tinh thé
t6t. Tinh thé 16p phu dinh hudng theo cic mit pha
CrN ¢6 cau trac 1ap phuong tim dién. Pinh phd c6
cuong d6 manh nhét twong Ung véi su dinh huéng
theo mat (200). Vi N2 = 6 scem, 16p phu CrN c6 cau
trac tinh thé ro rang ¢ cac tan s6 xung khac nhau,
dinh hudng tinh thé tap trung theo mat (200).

Hinh 5S¢ véi Iuu lugng khi N, = 8 scem, 16p phu
hinh thanh 1a Cr;N & tan s xung 50 kHz, CrN ¢ 100
va 150 kHz. Pinh huéng tinh thé 16p pha CrN chu
yéu theo mat (200).

Tir phd nhiu xa XRD cho thdy khi luu lugng
khi nhé va & tan sé xung thép, cdu tric tinh thé cta
16p phu CrN khéng rd rang, dinh huéng tinh thé
khong on dinh. Cau tric cta 16p phu CrN 6n dinh khi
luu Iugng khi Ny = 6 scem, c4u tric tinh thé mang lap
phuong tam di€n, dinh huéng manh theo mét (200).

So sanh v&i két qua ciia nhém tic gia J-W Lee
[16] nghién ctru 16p phi CrN trén thép SUS420 thay
rang:

Nhan dugc két qua twong tu 1a cdu tric 16p phu
CrN co6 cac hat diph hudng theo mat (200) nhd nhat,
kich thudce 16n nhat theo mat (111).

Khi ting tan s6 xung dan dén ting nang luong
dong ion, cac nguyén tir phat trién theo mat (111) bi
ngin can phat trién qua mit cit ngang. Do vdy cic
nguyén tir dinh hudng theo mit (200), noi nang luong
ngdn can nguyén tir phat trién qua mat cit ngang nho
nhét, do vay dinh hudng theo mat (200) chiém wu thé.

3.3. Ung sudt mdt tinh thé

Tt Bang. 2 thdy rang, khi tan sb xung khong
doi, ng sudt mat (200) thay doi tir tmg suét kéo sang
{rmg suét nén va giam khi tang luu luong khi No. Diéu
nay thé hién qua phd nhidu xa XRD khi xem xét do
rong va chiéu cao dinh nhidu xa mat (200). Véi luu
lwong khi N3 14 4 va 8 sccm, tng sudt thay doi khong
theo quy lut, do céu tric va dinh huéng tinh thé chua
13 rang. Tai luu luong khi N> 1a 6 sccm, ing suét nén
tang khi tan sO xung tang, cao nhit 1a -4,11 GPa & tan
s6 xung 150 kHz. Tir d6 cho thiy 16p phit CrN ¢6 céu
tréic tinh thé, dinh hudng theo mat (200), c6 Gng suit
nén du va ting 1én khi tang tan s6 xung.

Bang 2. Ar}h huéng lwu lugng khi N» va tan s§ xung
dén ing suat mat (200) cua 16p phu CrN

Luu lugng Ung suat mat (200) (GPa), véi
khi N, tan s6 xung (kHz)
(sccm) 50 100 150

4 - 0,48 0,48
6 -0,97 - 3,87 -4,11
8 - - 1,93 -3,14
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Véi toc do lang dong thap 29 nm/phut, ing suat
nén du trong 16p pha nhé - 2,0 GPa [15].

So sanh véi [17], g sudt nén du cta 16p phu
CrN trén nén thép AISI440C thay d6i khi chiéu day
16p phu thay doi, ing suat nén ting tir gid tri - 2 + - 5
GPa va giam xudng - 4 GPa twong ng véi chiéu day
16p phu tang ¢ céac gia tri 3; 30; 50 um.

So sanh v&i [18], tmg sudt nén du cua 16p phi
CrN trén nén thép khong gi thay ddi khi ty 18 ap suét
Ar va Na(Pa/Pr.) thay ddi 0 cacty 16 1:2;1:4;1:5
tuong ung la - 2,55; - 3,4; - 2,99 GPa.

Trong khi d6 tmg suét du cua 16p pha CrN trén
nén thép SUS420 c6 ting suat nén tang tir -0,44-+-1,19
GPa sau chuyén sang tmg suat kéo + 0,22 GPa tuong
{mg thay d6i nhiét do tai 60; 200; 300°C [19].

Trong thi nghiém ciia chung t6i, tmg suit du
mat (200) cua 16p pha CrN ling dong trén thép
SKD61, véi Iuu lugng khi N, = 6 sccm 1a ung suat
nén tang tu - 0,97; -3,87; - 4,11 GPa tuong tng voi
tang tan so xung tir 50; 100; 150 kHz.

4. Két luén

Tinh chat cta 16p phu CrN trén nén thép SKD61
bi 4nh huong ciia cac thong s6 tan s6 xung va ap suit
khi N qua thyre nghiém nhan xét thy:

Téc ling dong 16p phu CrN giam tir 79 + 42
nm/phut khi ting ham lwong khi N trong dai 4 + 8
sccm va tan so xung tur 50 + 150 kHz.

Lép phu CrN ¢é céu tric tinh thé tot, dinh
hudng, khi ting ham lugng khi N, cuong dd nhidu xa
theo mat (200) ting, d6 rong vach phd nhé. Sy hinh
thanh cac pha va dinh hudng tinh thé ciia cic pha
quyét dinh tinh chit 16p phu hinh thanh (d6 ctng,
dinh bam, (g suat)

Ung suét nén du cua 16p phi CrN ting tir - 0,97
+ - 4,11 GPa khi tang tan s xung tir 50 + 150 kHz.
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