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NGHIEN CU'U THU NGHIEM TAO LGP PHU TiAIN ,
TREN NEN THEP SKD61 BANG KY THUAT HO QUANG CATOT

A STUDY ON FABRICATION OF TiAIN COATING ON SKD61 STEEL SUBSTRATE BY CATHODIC ARCTECHNIQUE
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TOM TAT

Bai bdo nay trinh bay két qua nghién ctiu thi nghiém ché tao I6p phti da thanh phan TIAIN trén nén thép hap kim SKD61 béng phuong phdp hé quang catdt.
Trudc khi pha, bé mat mau duoc x I co hoc bang mai va danh bong, lam sach bang cac dung dich két hgp rung siéu dm va cudi cling st dung plasma trong
budng chan khdng nhdm néng cao do sach va tang kha nang bdm dinh véi nén thép. Qua trinh phi dugc thuc hién trén thiét bi HCM-700 duoc tich hgp hai ki
thudt phd thdng dung la phin xa va hé quang. Phén tich phd tén xa nang lugng tia X (EDX) cho thay I6p phd hinh thanh ¢ thanh phan chinh 1a cac nguyén t6 Ti,
Al'va N, la nguyén t6 cdu thanh dac trung clia 1Gp pht TIAIN. D cling té vi Vickers clia I6p ph sau ché tao dugc do va dat khoang 3200HV. Cac két qua nay cho
thdy da budc dau tao thanh cong I6p pht da thanh phan TIAIN trén nén thép SKD61 bang phuang phap hé quang, 6 cac dac tinh tuang duong I6p pha TIAIN
cdng bo trén thé gidi. Cling tir két qua nay, ¢ thé khang dinh kha nang lam chd thiét bi va cong nghé tao cac I6p pha da thanh phan véi ddc tinh ndi trdi nhu 16p
pha TIAIN, ing dung cho cac san pham co khi yéu cau kha ndng chiu mai mon va 6n dinh nhiét cao nhu dung cu cét gia cong tc do cao, hay cac loai khudn ép,
dap ndng tai Viét Nam.

Tirkhéa: TiAIN, hd quang ca tot, thép SKD6T, EDX, dd ciing té vi Vickers.

ABSTRACT

This paper presents the results of a preliminary experimental study on the fabrication of a multicomponent TiAIN coating on SKD61 alloy steel substrates
using the cathodic arc deposition method. Prior to deposition, the substrate surface was mechanically treated through grinding and polishing, followed by
ultrasonic cleaning in chemical solutions, and finally plasma cleaning in a vacuum chamber to enhance cleanliness and improve adhesion to the steel substrate.
The deposition process was conducted using the HCM-700 system, which is integration of both sputtering and cathodic arc techniques. Energy-dispersive X-ray
spectroscopy (EDX) analysis confirmed that the coating predominantly consists of Ti, Al, and N elements - characteristic components of TiAIN coatings. The Vickers
microhardness of the deposited layer was measured at approximately 3200HV. These results indicate the successful formation of a TIAIN multicomponent coating
on SKD61 steel using the cathodic arc method with the HCM-700 system. The coating exhibits mechanical properties comparable to those reported for TIAIN
coatings internationally. These results also demonstrate the capability to master both the equipment and the deposition technology for fabricating advanced
multi-component coatings such as TiAIN with superior mechanical properties. Such coatings are highly suitable for mechanical components that require excellent
wear resistance and thermal stability, including high-speed cutting tools and hot forging or die-casting molds in Vietnam.

Keywords: TiAIN, Cathodic arc, SKD61 steel, EDX, Vickers microhardness.
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1. GIGI THIEU mét da dong vai trd quan trong trong viéc nang cao dé
Trong vai thap ky qua su phat trién clia cac vat liguva  Pen, khé‘ nang ch,éng mai mon va kha r\éng lam viéc
I6p pht cting véi chiéu day tir vai nano-mét téi micro-  trong diéu kién khac nghiét cho cac chi tiét may va dung

110 | Tap chi Khoa hoc va (dng nghé Trudng Dai hoc Cong nghiép Ha Noi Tap 61-509(9/2025)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

cu cat. Cac I6p pha géc nitride cda kim loai chuyén tiép
nhu TiN, CrN, TiCN... da dugc nghién clu va ting dung
rong rdi trong nganh co khi chinh xac, gia céng kim loai,
khuon mau va hang khéng [1-3]. Trong do6, Titanium
Aluminum Nitride (TiAIN) dugc danh gia la mot trong
nhiing vat liéu pha c6 tinh nang uu viét nho su két hap
hai hoa gilta d6 clng cao, tinh bén nhiét va kha nang
chéng oxy héa vuat trdi [4]. Co ché tang cudng tinh chat
cta I6p phu TiAIN dén tir viéc hgp kim hoa nguyén t6 Al
vao mang tinh thé TiN. Khi ty 1& Al gia tang, su thay thé
nguyén td Al vao vi tri Ti trong mang NaCl cia TiN sé lam
tang cudng tuong tac lién két, dong thoi lam giam kich
thudc hat, dan dén hiéu Ung lam cung hat tinh thé.
Ngoai ra, & nhiét do cao, TiIAIN cé xu hudng hinh thanh
I6p oxit nhém médng, én dinh, gitp bao vé I6p phu khoi
su oxy hoa va giam toc d6 pha huy khi lam viéc trong
mai trudng nhiét do6 cao [5]. Nhiing dac diém nay khién
TiAIN tr& thanh lua chon hang dau trong cac Uing dung
can dé bén nhiét cao, chdng han nhu dao cat téc dé cao,
khuén duc ap luc, hoac linh kién co khi chiu nhiét.

Viéc ché tao 16p pha TiAIN c6 thé thuc hién bang
phuong phép lang dong vat ly trong méi trudng chan
khong véi cac ky thuat nhu phan xa, h6é quang... trong
dé ky thuat hé quang ca-tét dugc sirdung phé bién trong
céng nghiép nh& uu diém tao dugc I6p phu c6 mat dé
cao, d6 bam dinh tét va téc d6 ldang dong nhanh [6]. Tuy
nhién, ky thuat nay cling tén tai nhugc diém la sinh ra cac
hat giot kich thudc micro-mét do hién tugng béc hoi
nhiét cuc b, gdy anh hudng dén chat lugng bé mat I6p
phu. Viéc lua chon diéu kién céng nghé phu phu hop
déng vai trd quan trong trong viéc kiém soat vi cau truc,
thanh phan pha va tinh chat co hoc cta I6p mang TiAIN.

Ngoai cac yéu té ca qua trinh lang dong, vat liéu nén
cling anh huéng I6n dén chat lugng va hiéu qua cla I6p
ph. Thép SKD61 - tuang ducng vdi thép H13 theo tiéu
chuan My ASTM A681 - la loai thép hgp kim dugc st dung
rong rai trong ché tao khuén duc ap luc nhém va magié.
Loai thép nay cé dé bén ca hoc va kha nang chiu nhiét
cao, tuy nhién van c6 nguy cd bi mai mon, nut nhiét hoac
oxy héa trong qua trinh strdung Iap lai & nhiét d6 cao. Do
do, viéc ap dung I6p phu nhu TiAIN 1én bé mat thép
SKD61 khéng nhimng giup cai thién dang ké dé cing bé
mat, ma con tang tudi tho lam viéc cta khudn trong moi
trudng nhiét d6 cao.

Trén thé gidi, cac I6p phu nhu TiAIN, AITiN da dugc
nghién cu va ing dung cho cac sadn pham cao khi, dung
cu va van tiép tuc dugc quan tam. Cac nghién ctu thudng
tap trung vao viéc khado sat anh hudng ctia ty € Ti/Al hodc
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diéu kién ldng dong dén tinh chat I6p phu [7, 8]. Tai Viét
Nam, cac nghién ctu vé tao I6p phl cliing bang phuang
phap PVD, vat liéu va cac tng dung da dugc bat dau tu
hang chuc nam. Tuy nhién, do khé khan vé trang thiét bi,
thiéu cac chuyén gia, va dac biét la chua dinh huéng va
dau tu manh vao san pham ting dung nén sé cac nghién
cltu, cdng trinh cong bé con rat han ché. Cac nghién ciu
mGi chd yéu tap trung vao mét s6 I16p pha don thanh
phan (TiN, CrN, ZrN...), mot vai dé tai gan day co6 dé cap
t&i I6p phl da thanh phan, da I6p [9] nham danh gia anh
hudng cla cac théng sé cong nghé pha va dua ra quy
trinh phd. Hién nay mot s6 doanh nghiép da nhap thiét bi
va cdng nghé phu, nhung chi c6 thé ap dung méi quy
trinh cho 1 loai I6p phd va nén va trén may cé dinh, trong
khi cac ing dung rat da dang. Cac I6p phu da thanh phan
nhuTiAIN la bi kip cila doanh nghiép va c6 rat nhiéu tiém
nang chua c6 nghién cdu sau nao.

Trong bai bdo nay, nhom tac gia thi nghiém ché tao
I6p pha da thanh phan Ti-Al-N trén nén thép SKD61 bang
ky thuat h6 quang ca-t6t sir dung thiét bi pht HCM-700
(thiét bi dugc tich hgp ca hai ky thuat la phan xa va hé
quang). Sau khi phu, mau dugc phan tich thanh phan
bang ky thuat EDX nham xac dinh cac thanh phan nguyén
t6 trong I6p phd. DO cling té vi clia mau ciing dugc do
nham khang dinh I1&p pht tao dugc cé thanh phan va déc
tinh tuong tu nhu 16p phu TIAIN dugc cong bé, qua do
lam r6 khd nang nang cao co tinh ma I6p phd mang lai
cho vat liéu nén. Két qua thu duogc |a co s& ban dau dé ma
rong huéng nghién ctru khao sat t6i uu hda diéu kién phu
cho I6p phuTiAIN trong tuong lai va khang dinh kha nang
c6 thé lam chu thiét bi va cdng nghé PVD trong tao cac
I6p pha da thanh phan cho cac san pham va ting dung tai
Viét Nam.

2. PHUONG PHAP THUC NGHIEM
2.1. Chuan bi mau

Vat liéu nén sir dung trong nghién ctu nay la thép
SKD61, mét loai thép hgp kim dugc st dung phé bién
trong cac ing dung khuén ép néng nha vao do ciing cao,
kha nang chiu mai mon va chiu nhiét t6t. Cac mau (hinh
1) dugc gia cong thanh cac miéng hinh tru véi kich thudc
®12mm va chiéu day 5mm. Trudc khi phd, cdc mau dugc
x{ ly bé mat dé dam bao diéu kién két dinh t6i uu cho I6p
mang mdng.

Quy trinh xtr ly bé mat bao gom:

e Mai co hoc bang gidy nham SiC theo thur ty tir P400
dén P2000 dé loai bo IGp oxit va lam phang bé mat;

e Danh béng tinh bang bot kim cuong Tum trén may
danh béng tu ddong nham dat dugc d6 nhan guong;
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e Lam sach siéu am trong dung moi acetone, sau do
trong ethanol va cudi cing la nudc cat, mdi budc kéo dai
10 phat, nham loai bd dau mé, bui va tap chat;

o Say khé bang khi N, tinh khiét ngay truéc khi dua
vao buéng phu dé tranh hap thu &m tir khéng khi.

Cac budc xtt ly nay la can thiét dé tang d6 bam dinh
ctia mang TiAIN [én nén SKD61, déng thai gidm thiéu su
xudt hién ctia khuyét tat trong mang phu.

Y

Hinh 1. Hinh anh cdc mau thép SKD61
2.2. Hé théng thiét bi phti va nguyén liéu st dung

Hé théng thiét bi tao I6p pha:

Hinh 2. Hinh anh thiét bi HCM-700

LSp phu TiAIN dugc tao ra bang ky thuat hé quang
catét trong méi truang chan khéng, cho phép tao I6p pha
c6 d6 tinh sach cao, kha ndng bam dinh tét véi nén, 16p
phu dat d6 ciing cao nhd vao nguén nang lugng plasma
manh va mat d6 ion cao [10]. Qua trinh pha dugc thuc
hién trén hé théng pht bang phuong phap PVD trén thiét
bi HCM-700 (hinh 2) dugc thiét k&, ché tao va tich hop
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trong khudn khé dé an thuéc chuang trinh cong nghiép
ho trg. Thiét bi c6 quy moé ban céng nghiép véi kha nang
st dung riéng hoac dong thai hai ky thuat phin xa va ho
quang ca-tét trong mét quy trinh phu, dugc tich hgp bo
gia nhiét mau, diéu khién luu lugng khi tu déng va nguén
xung catét.

Cacthéng s6 ca ban nhu sau: Cong suat dau hd quang:
10kW, cong suat nguodn bias: 20kW, d6 chan khéng I6n
nhat: 5x10%Pa, nhiét d6 gia nhiét t6i da: 500°C

Hinh 3. Hinh anh bia ho quang TiAl vdi ti 18 Ti:Al la 7:3

Vat liéu phu: bia hgp kim TiAl (ti [& Ti:Al 1a 7:3) (hinh 3)
¢ dudng kinh 100mm, d6 tinh khiét 99,99%, dugc lap c6
dinh tai 4 vi tri bén canh budng chan khong. Nito tinh
khiét 99,999% dugc st dung va cap vao buéng chan
khong qua bé diéu khién luu lugng khi, dé tao thanh
nitride trong qua trinh lang dong.
2.3. Quy trinh tao I6p phu TiAIN

Qua trinh pha dugc thuc hién lan lugt theo cac budc
sau:

- Budc 1: tao chan khéng nén va gia nhiét so bd

Budng pht dugc hut chan khong dén ap suat nén
khodng 5x107*Pa bang bom turbo phan tt. Sau d6, mau
dugc gia nhiét so bo dén 450°C trong vong 30 phut nham
tang cudng khuéch tan nguyén tu;, loai bd hai am va nang
cao kha nang bam dinh cta I16p mang lén nén [10].

- Budc 2: lam sach mau bang ion Argon (plasma)

Sau gia nhiét, mét giai doan lam sach bé mat bang
plasma dugc tién hanh:

e Argon tinh khiét dugc dua vao budng, nang ap suat
[én khodng 5x1072Pa;

e Dién thé bias am —900V dugc ap lén nén dé tao qua
trinh bdn pha bé mat bang ion Ar*;

e Thai gian lam sach kéo dai 10 phut.

Giai doan nay giup loai bo 16p oxit cudi cing va hoat
hoéa bé mat ca hoc, thic ddy qua trinh két tinh dinh huéng
khi mang bat dau hinh thanh.
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- Budc 3. Lang dong tao I16p TiAIN

Sau khi lam sach, van khi Nitc dugc mé va diéu chinh
& luu lugng 500sccm. Qua trinh hé quang cat6t dugc kich
hoat va thuc hién pha véi cac thong s6 cong nghé qua
trinh phd nhu bang 1 [111.

Bang 1.thdng s6 cong nghé qua trinh phd

Tham sé Gia tri
Dong dién catot 80A
Nhiét do nén 450°C
Luu lugng khi N, 500sccm
Thai gian pht 60 phit
Ap suat budng 5%1072Pa
Gid tri dién thé bias -100V

- BuGc 4. Lam ngudi va lay mau

Sau khi két thac qua trinh 1ang dong, cac mau dugc
gilt trong buéng dé ngudi ti tir dudi chan khéng nham
tranh nut gay do séc nhiét. Sau khi dén nhiét dé phong,
mau dugc thao ra khéi budng, danh dau va bao quan
trong hop kin.
2.4. Do dd cling té vi Vickers

DO cling té vi Vickers cda 16p phu TiAIN dugc do bang
may thi do cling té vi ISOSCAN HV2 AC clia hang
GALILEO, vai tai trong 259 va thai gian gitr tai 10 gidy. Moi
mau dugc do tai 5 vi tri khac nhau dé dam bao dé tin cay
sau d6 tinh gia tri trung binh.
3. KET QUA VA THAO LUAN

Trong méi truong plasma giau nitg, cacion kim loai Ti™,
Al* ti bia bi hé quang béc hai va di chuyén dén bé mat
mau. Cac phan Ung véi N, xdy ra ngay tai ving gan bé mat
nén, hinh thanh nén I6p phad TiAIN két tinh véi cdu tric
tinh thé NaCl [12-14]. Hinh 4 |a &nh cac mau thép SKD61
Vi I6p pha TiAIN dugc tao theo quy trinh trén. Qua kiém
tra sg bd, c6 thé thay I6p pha déu trén toan bo bé mat
mau véi mau sac dac trung, khéng bi bong troc.

T R e

X

Hinh 4. Hinh anh méau SDK61 da dugc pha TiAIN

Vol. 61-No. 9 (Sep 2025)

Cac mau sau phi dugc mang di phan tich thanh phan
hoéa hoc va do d6 ciing té vinhdm khéng dinh I6p phi tao
dugc la TiAIN.

3.1. Phan tich thanh phan I6p phu

Mau c6 I6p phu dugc mang di phan tich EDX nham xéc
dinh céc thanh phan hoa hoc. Két qua phé EDX thé hién

trong hinh 5.
8.55K MK K
5.70K IN K
2.20K TiK
T L
0.0K -‘L

00 13 26 39 52 65 7.8 91 104 11.7 13.0
Lsec: 200.0 0 Cnts 0.000 Kev Det: Octane Elect Plus

Hinh 5. Ph EDX thanh phan nguyén ti trong |6p pha TIAIN

TU phé EDX ¢6 thé thay c6 cac nguyén t6 Ti, Al, va N
xuat hién véi cac dinh tuong tng vai N K, Ti K va Al K tai
khoang 0,1keV; 4,5keV va 1,3keV, cung hai dinh nhd Ti L
vaTi K & vung lan can. Sy cé mat rd rét va cuong do cao
cla cac dinh Ti va Al cho thdy I6p phl da hinh thanh tu
hai thanh phan kim loai chinh nhu mong mudn. Su xuat
hién cta dinh N tuy cé cudng dé thap hon nhung van thé
hién rdé rang, chiing minh rang nito da phan tng thanh
c6ng véiTi va Al dé tao thanh 16p phu nitride TiAIN.

Khong phat hién cac dinh dac trung cldia cdc nguyén
t6 la hoac tap chat nhu O, Fe, hay C trong phé, cho thay
I6p phi c6 d6 tinh khiét cao va qua trinh phu dién ra
trong maéi trudng chan khéng dugc kiém soat tot.

Cudng do dinh Ti cao hon dang ké so véi Al va N trong
cac I6p pha TiAIN do ti 1é Ti thudng dugc duy tri cao hon
dé tang do cung va 6n dinh pha trong céac iing dung chiu
mai mon [15]. Phé EDX thu dugc da khang dinh su hién
dién day da cda ba nguyén té chinh hinh thanh 1&p phu
da thanh phan TiAIN.

3.2. Do ciing té vi Vickers

Hinh 6 biéu dién cac két qua do dé cuing Vickers clia
nén thép SKD61 va I&p pha TiAIN tai 5 vi tri khac nhau. Gia
tri d6 cling té vi trung binh ctia I6p pha TiAIN dat khoang
3200HV, cao hon nhiéu so véi do clng cla thép nén
SKD61 khoang 58 - 60HRC (~700HV).

Su déng nhat gia tri d6 clng & cac diém do khac nhau
cho thay 16p phu c6 tinh ddng nhat cao vé mat co hoc,
phu hgp véi két qua quan sat bé mat va dé day dong déu
cda Iép phd. Cac nghién ctu truéc dé cong bé do cing
mang TiAIN phu bang ky thuat hé quang cat6t véi diéu
kién phu tuong tu trong dat khoang 2200 - 3000HV [6].
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Hinh 6. D0 cling clla mau thép SKD61 (trdi) va mau thép SKD phd TIAIN
(phai)

Cung véi két qua phan tich thanh phan héa hoc bang
EDX, gia tri @6 cing té vi do & trén khéng dinh I6p ph tao
dugc trong nghién ctu nay la TiAIN vé&i cac dac tinh vugt
troi trong viéc nang cao kha nang chéng mai mon va tang
cudng co tinh cho bé mat thép SKD61 [5].
4.KET LUAN

Trong bai bao nay, I6p pha TiAIN da dugc ché tao
thanh céng trén nén thép SKD61 bdng thiét bi pht PVD
HCM-700. Cac két qua phan tich thanh phan hoéa hoc va
do dé cling té vi cho thay da tao thanh cong I6p pha da
thanh phan TiAIN, c6 dé déng déu va dé cing cao, phu
hop cho Ung dung trong méi truong lam viéc chiu mai
mon va nhiét d6 cao.

Két qua budc dau nay khang dinh kha nang tiing budc
lam chu thiét bi va céng nghé trong linh vuc pht PVD clia
nhom nghién clu, tao dugc cac I6p pha da thanh phan
cho cac iing dung thuc tién nhu khuén mau lam ti thép
hgp kim tang nham ca tinh va do bén.
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