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Tom tit:

Trong nghlen ciru nay, 16p phu cirng crom nitorit (CrN) va titan nitorit (TiN) duoc lang dong bang phuong phap
bay hoi hd quang catot trén bé mat thep SKD61 sau nhiét luyen va tham nito. Céu tric té vi va tinh chit ciia bé mat
cac miu dugc khio sat bang kinh hién vi quang hoc, kinh hién vi soi ndi, may do d9 cirng té vi, d9 bam dinh ciia 16p
phi dwge danh gia theo Tiéu chuin VDI 3198 va kiém tra kha nang ch(mg mai mon Cau tric té vi ciia 16p bé mat
xir 1y duplex gom 16p phit méng CrN hoic TiN c6 chiéu day khoang 2 pm trén nén thép SKD61 thAm nito (~90 pum).
Do bam dinh ctia mang CrN va TiN trén thép thAm nito dugc ning cao so véi do bam dinh cta 16p phi trén nén
thép nhiét luyén. P bam dinh 16p phi CrN va TiN trén nén thép nhiét luyén chi dat HF6, trong khi d6 d§¢ bam dinh
16p phii twong ng trén nén thép thAm N dat HF2-HF3. P§ cirng bé mit va kha ning chéng mai mon cia thép dugce
cai thién nho qua trinh xir 1y dong thoi cong nghé ling dong plasma hd quang catdt va thim nito. MAu phii TiN trén
nén thép thim nito c6 d9 cirng va kha ning chiu mai mon t6t nhat. Piém dang chii y 13 16p phii TiN thé hién dd cig
bé mit va kha ning chong mai mon cao hon 16p phii CrN.

Tir khéa: cong nghé xir Iy bé mit duplex, crom nitorit, 16p phii cirng, titan nitorit.
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Abstract:

In this study, CrN and TiN hard thin films were deposited on nitrided SKD61 steel or heat-treated substrates using the
cathodic arc plasma evaporation method. The microstructure and surface properties of thin films were investigated
by optical microscope, stereo microscope, microhardness test, adhesion test by Verein Deutscher Ingenieure (VDI)
3198 standard, and abrasion test. The microstructure of the duplex-treated surface layer consists of a thin CrN or
TiN coating with a thickness of about 2 pm on a nitrided SKD61 steel substrate (~90 pm). The adhesion of CrN
and TiN films on the nitrided substrate was enhanced compared to the adhesion of the coatings deposited on the
heat-treated steel substrate. The adhesion of CrN and TiN coatings on heat-treated steel substrates only reached
HF6, while the adhesion of the corresponding coatings on N-impregnated steel substrates reached HF2-HF3. The
surface hardness and wear resistance of the steel were improved by the simultaneous processing of cathodic arc
plasma deposition and nitriding technology. The surface of thin film TiN coated on N-treated steel substrates has
the best hardness and wear resistance. It is noteworthy that TiN coating exhibits higher surface hardness and wear
resistance than CrN coating.
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1. Dt van de

'Lép phu bao vé (cung, chong an mon hay mai mon)
ché tao bang phuong phap ling dong plasma bay hoi ho
quang catdt da duoc tmg dung rong rai trong cong nghiép
boi nhitng wu diém ndi tréi nhw 16p phi xit chat, dong déu,
toe do phu 16n va co thé tao nén da dang céc loai hinh 16p
phu dang don hop phan nhu TiN [1], CrN [2, 3], ZiN [4]
hay da hop phan nhu TiCrN [3, 5], CrAIN [5] hodc 16p phi
don 16p [5]... Trong d9, 2 16p phu TiN va CrN 1a 2 16p phu
pho bién nhat [6]. Tuy nhién, chénh léch do cimg giita 16p
phu véi nén thép qua cao s& lam giam do bam dinh gitra 16p
phu véi nén thép.

Hién nay cong nghé xu 1y duplex (duplex treatment) la
mot phuong phap bién d6i tinh chat bé mat kim loai, khi
2 hodc nhiéu hon cac cong nghé xu ly bé mit duoc thuc
hién két hop tuan tu, két qua bé mat kim loai ¢ tinh chét
vuot troi so véi viée st dung ting cong nghé don 1é. Trong
mot s trudng hop, thuat ngit duplex duoc hiéu theo nghia
hep 1a su két hop cua 2 cong nghé xur 1y hoa nhiét luyén
va phu physical vapor deposition (PVD) 16p phu ctng chiu
mai mon [7, 8]. Phén bd d6 clng cua 16p phu 1én nén thép
khong duogc tham (phu thong thudng/khong phai phu kép)
duge thé hién nhu hinh 1A. Khi chiu lyc gy bién dang, img
sudt khong lién tyc giira 16p phu va nén gdy ra su chénh
léch modun dan hdi Young. Thém vao do, nén c6 do cing
thip khong c6 kha ning chiu tai dé hd tro tét cho 16p phu
day, dan t&i 16p pha dé bi pha huy dudi mot tai trong khong
cao. Sau khi xtr 1y bé mat duplex (16p phu PVD trén nén
thép thim nito) s& két hop wu dlem cua ca hai phuong phap.
Lép phu PVD tao bé mit co hé sb ma sat thip, co kha ning
chong mai mon va do cimg bé mit cao. Lop thdm nito (hoa
nhiét luyén) trung gian c6 kha ning chéng tng suét cit, do
bén dut giy va kha ning chiu tai va ngoai ra con tao gradient
d6 clmg va ung suat (hinh 1B) thay doi mot cach tir tir (tir
ngoai bé mit vao bén trong chi tiét) dé han ché chénh léch
{mg suét, do d6 nang cao duoc do bam dinh cho 16p phu.
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Hinh 1. Tinh chét co hoc cuia (A) Xt Iy don: Vat liéu+ Lép phu cirng; (B)
XU ly kép: Vat liéu da nhiét luyén héa bén bé mit + Lép phu civng [8].
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Nghién ctru cua D.T. Binh va cs (2017) [9] da st dung
thiét bi phtin xa xung mot chiéu B30 va thiét bi Dreva-400
ctia Trung tim Quang dién tir, Vién Ung dung Cong nghé dé
nghién ctru phit CrN va TiN (don 16p) trén nén thép SKD61
sau nhi¢t luyén. Tuy nhién, chua c6 cong trinh nao so sanh
dic tinh 16p phi TiN va CrN trén nén thép SKD61 thim thé
khi theo cong ngh¢ duplex tai Viét Nam.

Nghién ctru ndy trinh bay két qua nghién ctru cong nghé
duplex ché tao 16p phu TiN va CrN trén nén thép SKD61 da
thim nito va so sanh voi 16p phu trén nén thép nhiét luyén
thong thuong.

2. Doi tuong va phuong phap nghién ciiu
2.1. Vit ligu, ché tao va ky hiéu mau

Thanh thép SKD61 cua Cong ty Daido (Nhat Ban) co
thanh phan (theo khi lwong) 0,387% C, 5,413% Cr, 1,035%
Si, 0,758% V, 1,182% Mo va 0,41% Mn duoc cit thanh cac
mau c6 kich thudc @22x7 mm. Cac mau thép duge xir 1y
nhiét, bao gém t6i (1030°C/30 phut) va ram 2 lan (580°C/2
gi0) trong 10 t6i chan khong Turbo2 Treater M cua Vién
Cong nghé - By Cong Thuong. Sau khi ram, tat ca cac mau
dugc mai va danh bong bang may Tegramin 30 dat d6 nham
Ra<0,5 um. Ky hi¢u mau sau nhiét luyén (t6i + ram) la H.
Dé tao 16p hoa bén trung gian, mau dugc tham nito trong 10
thim kiéu giéng T-01a & nhiét do 525°C, thoi gian thdm 8
gi0, voi méi trudng thdm duoc duy tri n dinh véi ty 18 luu
lwong khi Q,,/Q,, khoang 0,2.

Céc loai mau trude khi phit déu duoc mai va danh bong
bang bot kim cuong ¢& hat 1 pm dé dam bao d6 nham bé
mat chi tiét, Ra khoang 0,03 um. Nén thép tham nito duge
ky hiéu N.

Thuc hién pha CrN va TiN 1én mau thép sau nhiét luyén
H va sau thim H-N bang may phu hd quang Dreva-400
(Pc) trong thoi gian 15 phat. Thiét bi phi PVD sir dung bia
Ti va Cr duong kinh @100 mm c6 d¢ tinh khiét 99,955%,
v6i khoang cach tir bia téi mau phu khoang 150 mm. Qua
trinh phu duoc thyc hién trong diéu kién ap suit2,4x1072 Pa,
nhiét do 300+5°C, luu lwong khi N, (d6 tinh khiét 99,99%)
khoang 250 cm?/phut. Thoi gian phii khoang 30 phat. Ché
d6 phu dugc lya chon dé t6i wu d6 bam dinh va giam sb hat
macro trén thiét bi cua don vi. Ky hiéu mau phu TiN trén
nén thép nhiét luyén va nén thép tham N 1an luot 1a H-TiN,
H-N-TiN. Tuong tu, ky hiéu H-CrN va N-CrN lan luot 1a
mau phu CrN trén nén thép nhiét luyén va tham N.

2.2. Thir nghiém phan tich ddc tinh mdu

Nghién ciru str dung thiét bi ctia Trung tdm Danh gia
Khéng phd huy (NDE) - Bo Khoa hoc va Cong nghé dé
chuan bj va phan tich tinh chat bé mit cua cic mau qua



cac trang thai ché tao. Mau kim tuong bé mit va mat cat
ngang duoc tim thyc va quan sat trén kinh hién vi quang
hoc Axiovert A1 MAT. Kinh hién vi soi noi Keyence (VHX-
7000) dugce sir dung dé chup anh mat cat ngang xac dinh céu
tao mau phu theo cong nghé xir Iy duplex. Do cimg bé mat
va do cung té vi duoc do trén thiét bi LM- 300AT.

D6 bam dinh cua 16p phu duoc do theo tiéu chuan VDI
3198 bang cach sir dung dau do HRC gia tai 150 kg 1én bé
mit mau nghién ciru (st dung thiét bi 751-Wilson Wolpert),
sau d6 chup anh bé mat vét dam bang kinh hién vi quang
hoc Axiovert A1 MAT. Hinh anh chup vét an duge ddi chiéu
v6i thang phan loai cta tiéu chuan VDI 3198 [10] nhu hinh
2. Tiéu chi ddi chiéu v6i thang phan loai dya trén hinh dang,
s6 luong vét nirt té vi xuyén tim, mirc do bong troc cua lorp
phu & vi tri xung quanh dudng bao tron bén trén cua vét an
Gia tri HF cang nho thi do bam dinh cta 16p phu cang tét.
Thir nghiém ma sét bi trén tim phing (ball on flat) dugc
thyc hién theo tiéu chuin ASTM G133-05, sir dung thiét
bi CETR UMT-2 v&i d6 16n ciia tai 1a 1 N, bién do chuyén
dong ctua bi 10 mm, tan s 5 Hz.

Bam dinh kém

Bam dinh tét VDI 3198 test

indentation load
+

delamination

Hinh 2. X4c dinh d§ bam dinh theo Tiéu chuan VDI 3198 [11].

L0 chiic tesvi‘nen thép H
tten bé mat ‘mau

msssssssm Khoa hoc Ky thuét va Céng nghé | Ky thuat co khi, ché tao mdy; Ky thuat vét lidu va luyén kim

3. Két qua va ban luan
3.1. Céu tric té vi

Hinh 3A 14 anh t6 chtrc mau thép sau nhiét luyén H (sau
t6i + ram) bao gom t chirc mactenxit ram va cacbit khong
hoa tan (hinh cau). Céu tric 16p pha kép hinh 3B, ngoai
cung 1a 16p phu c6 chiéu day khoang 2 pm, tiép dén 1a 16p
thAm nito trung gian c6 chiéu day khoang 90 pm, trong
cting 14 nén thép.

3.2. Pj cirng té vi

Do cimg cac mau nghién ctru duoc thé hién trong hinh
4. MAu sau toi dat do cimg t6i da khoang 650 HV (twong
duong 55 HRC) cua thép SKD61. Tuy nhién, thép sau toi
thuong khong dwoc sir dung vi gion va tng suit du 16n. Do
vay, thép duoc ram dé co do cung thap hon (520 HV) nhung
d6 bén tang nhim dam bao co tinh téng hop cho nhimg tng
dung trong thyc té. Thép sau tham nito c6 d6 cimg khoang
1185 HV, gitip chi tiét thAm c6 kha ning chéng mai mon cao.

Sau khi phu CrN, d6 cing bé mit déu ting 1én so véi
nén. Lép phu PVD cung trén thi truong thudng c¢é chidu
day khong qua 5 um. Do d6, d cting do trén bé mat 16p phu
nhu hinh 4 chiu anh huéng boi do cimg cua nén thép. DO
cmg bé mit mau phu H-TiN va N-TiN lan luot 1a 1845 va
2256 HV, trong khi d6 d6 ctirng mau phi H-CrN va N-CrN
lan lugt 14 1650 va 2013 HV. Nhu vy, d6 cimg cta 16p phi
TiN cao hon CrN trong cing diéu kién ciing phu hop véi
cong bé trén thé gisi [11]. P6 cung 16p phu theo cong nghé
duplex cao hon 16p phu thong thuong do 16p tham N ¢6 do
clng trung gian (gitra 16p phu - nén nhiét luyén) va c6 kha
nang chiu tai nén t6t hon nén thép nhiét luyén.
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Hinh 3. Hinh anh té chrc té vi: (A) Nén thép (H) va (B) T4 chirc té vi theo mat c&t ngang mAu phd theo cong nghé duplex (N-crém nitorit).
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Hinh 4. D6 cirng bé mit cia mau nghién ciru.
3.3. Dy bam dinh

D6 bam dinh 1a thong sb k¥ thudt quan trong trong cong
nghé pha PVD noi chung va hd quang catdt néi riéng. Mot
trong nhitng hudng nghién ctru chinh hién nay cua cac nha
khoa hoc trén thé giéi 1a tim ra giai phap ning cao d6 bam
dinh giira 16p phu d6 cing cao voi nén kim loai do cimg
thip. Lép pha co d6 bam dinh t6t mdi dam bao kha ning
bao vé bé mat trudc tac dung mai mon, va dap cia moi
truong lam vigc... Két qua xac dinh d¢ bam dinh cua hai 16p
phu TiN va CrN trén nén thép nhiét luyén va thAm dugc thé
hién trong hinh 5.

Hinh 5. Hinh anh bé mit mau phi sau thir nghiém bam dinh theo Tiéu
chudn VDI 3198. (A) H-titan nitorit, (B) N-titan nitorit, C) H-crém nitorit,
(D) N-crém nitorrit.

Két qua cho thdy, cac mau phu theo cong nghé xir 1y bé
mit kép c6 do bam dinh cao hon mau phu thong thuong.
Trong cong nghé xiur 1y bé mit kép, mau c6 do bam dinh
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cao do lop thAm N nhu mot 16p dém lam giam chénh Iéch
d6 clmg (mg sudt) gitra 10p phu do cling cao véi nén thép
nhiét luyén do cimg thdp nhu da dé cap & trén [8]. Theo tiéu
chuan VDI 3198, d6 bam dinh cta H-CrN va H-TiN chi dat
HF6, trong khi d6, d6 ctirng mau phii kép N-CrN va N-TiN
dat gia tri khoang HF2-HF3.

3.4. H¢ $6 ma sdt

Kha nang chéng mai mon dic trung cho kha nang chong
mat mat vé khdi lwong (bén ngoai bé mat) dudi tac dong co
hoc bén ngoai. Thong thuong, mdt vat li¢u c6 do cung bé
mit cao thi ciing c6 kha ning chdng mai mon cao. Hé s
ma sat va toc do mai mon thudng duoc st dung dé danh gia
kha ning chéng mai mon cua mot vét liéu. Toc d6 mai mon
duogc xac dinh theo sy hao mon khdi luong hoac thé tich
mat mat trong thi nghiém kiém tra mai mon. Ddi véi 16p
phu mong chi day mot vai pm, viéc xac dinh chinh xac khéi
luong vat li€u bi mAt mét hodc thé tich bi mon rat kho thuc
hién va sai s6 trong phuong phéap 16n. Thay vao do, hé sd
ma sat duoc cac nha nghién ctru 16p phu mong sir dung dé
danh gia kha nang chong mai mon cua 16p phu. Vit lidu co
kha nang chéng mai mon t6t néu c6 hé sé ma sat nho. Hé s6
ma sat dugc xac dinh truc tiép trén may do, do do, phan anh
duogc qua trinh mai mon ctuia bé mit vat liéu trong thi nghiém
kiém tra mai mon.

Két qua cua thi nghiém kiém tra mai mon bi trén mit
phing (ball on flat) dugc thé hién trong hinh 6. Tir két qua
thuc nghiém co thé théy, hé s6 ma sat ty 1¢ nghich véi do
clmg trén bé mat mau. Cac mau xtr Iy bé mit kép co hé sd
ma sat chi khoang 0,2 so mau thAm N (0,356) va nhiét luyén
(0,555). Hé s6 ma sat ciia cac mau ty 18 nghich voi do cing
té vi do duoc.
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Hinh 6. Két qua xac dinh hé s6 ma sat mau thép & cac trang thai xt ly bé
mat khac nhau.
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Mot diém dang chii y 1a hé s ma sat mau phu PVD
trén nén nhiét luyén H-CrN (0,236) va H-TiN (0,215) c6
hé s ma sat 16n hon so v6i mau pha kép tuong tmg N-CrN
(0,204) va N-TiN (0,195). Nguyén nhan c6 thé giai thich la
do mau ph trén nén nhiét luyén c6 do bam dinh kém, trong
qua trinh thtr ma sat, 16p phi c6 thé bi bong troc ra lam ting
d6 nhép nho trén bé mat tiép xic. Ngoai ra, 16p phu bong
troc, vy 6 thé dong vai tro 1a hat mai va chuyén co ché mon
dinh (adhesive wear) thanh mon hat mai (abrasive wear).
Mau phu TiN trén ca nén nhiét luyén va thadm N déu c6 hé sd
ma st nho hon mau phi CrN trén nén twong tmg. Nguyén
nhan dugc giai thich do hai mau phu ¢6 d6 bam dinh véi nén
tuong dwong nhau trén cing mot loai nén (HF6 véi nén H
va HF2-HF3 véi nén N), trong khi ca hai mau phu TiN déu
¢6 d6 cting cao hon mau phu CrN trén ciing nén tuong tng.

4. Két luan

Nghién ctru dd ché tao thanh cong mau phu theo cong
nghé duplex, ciu tric mau theo mit cit ngang gdm co 16p
phit TiN va CrN c¢6 chiéu day khoang 2 pm, 16p tham N ¢6
chiéu day khoang 90 um, trong ciing 1a nén thép SKD61 sau
nhiét luyén.

Cong nghé xir Iy bé mat duplex 1a mot giai phap dé nang
cao d6 bam dinh, kha ning chong mai mon (hé s6 ma sat
nho) hon so voi cong nghé phi truyén thdng. P bam dinh
ctia ca hai 16p phit TiN va CrN trén nén thép thdm N dat gia
tri HF2-HF3, trong khi d6 d6 bam dinh tuong tng trén nén
nhiét luyén chi dat HF6. Hé s6 ma sat do trén bé mit mau
phu theo cong nghé duplex chi khoang 0,2, so v6i hé s6 ma
sat mau H-TiN va H-CrN 1an luot 1a 0,215 va 0,202. Do
bam va kha nang chong mai mon cao ciia 16p phii Duplex
dugc giai thich do sy hd trg cta 16p tham N lam giam chénh
léch tng suét ctia 16p phi so v6i nén thép nhiét luyén.

Trong nghién ctru nay, 16p pha TiN ¢6 dd cimg cao hon
16p phit CrN trén ca nén thép nhiét luyén H va thim N.
Trong khi do, khong c6 su khac biét gitta 6 bam dinh cua
hai 16p phu trén cting mét loai nén (H hodc N).

Nghién cuu duoc thyc hién tir nhiém vu cép Bo Khoa
hoc va Cong nghé: “Nghién ctru ché tao thiét bi va xay dung
quy trinh cong nghé thdm nito thé khi trong chan khong
hoan thién cong nghé Duplex”. Nhom tac gia xin tran trong
cam on.
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