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NGHIEN CU'U TAO LGP PHU TiN TREN DUNG CU CAT GOT
BANG PHUGNG PHAP HO QUANG CHAN KHONG

A STUDY ON CREATION OF TiN COATING ON CUTTING TOOL BY VACUUM ARC DEPOSITION METHOD

TOM TAT

Trong bai bdo nay, I6p phd TiN dugc tao trén mii khoan thép gio bang
phuang phap lang dong hé quang chan khong st dung thiét bi phd HCM700.
Trudc tién, TiN dugc pht trén cac mau thép gio P18 vdi bd thong so cong nghé
phd dugc dé xudt nhdm danh gid mot s6 dac dinh cla I6p pha TiN trén mau thép
nhu chiéu day, do cting va thanh phan hda hoc. Sau d6, dp dung quy trinh cong
nghé do dé tao IGp phd TiN Ién céc miii khoan thép gid. Két qua do cho théy, 16p
ph TiN dong déu trén bé mat mau thép va dat cac chi tiéu ky thuat vé do cing
cling nhu ty I& hop thic cta cdc thanh phan Ti va N. Két qua thi nghiém khoan
thép (45 st dung mdii khoan phi TiN da cho thdy IGp phd TiN bam t6t trén bé
mat lam viéc cia mii khoan, khong bi hu héng sau mot thdi gian gia cng. Ldp
ph TiN tao bang phuang phap hé quang chan khdng ¢d tiém nang (ing dung
cho dung cu cdt va chi tiét co khi nham nang cao tudi bén lam viéc.

Tirkhéa: Ldp phu ciing; TiN; hé quang chdn khéng; dung cu cdt got.

ABSTRACT

In this paper, TiN coatingwas created on drills made of high-speed steel by
vacuum arc method using on HCM700 coating machine. At first, the TiN coating
is coated on P18 steel samples using proposed technological parameters to
evaluate the TiN coating properties such as the thickness, hardness and chemical
composition. Then, the coating technological process was applied to create the
TiN coating on the high-speed steel drills. The measurement results showed that
the TiN coating was uniform on the steel sample surface and met the
specifications of hardness and the valid ratio of Ti and N components. Test results
of drilling 45 steel with TiN - coated drills showed that the TiN coating adhere
well to the working surface of the drill, is not damaged after a period of
machining. TiN coating created by the vacuum arc method has the potential to
be applied to cutting tools and mechanical parts to improve working durability.
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1. GIGI THIEU

Cac nghién cliu cong bé trén thé gidi cho thdy cac dac
tinh né&i troi cta I16p pht ciing géc Ti, dac biét 1a TiN c6 do
ciing va dé dai cao, boi tran t6t, tra v&i cac hgp chat héa
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hoc, hé s ma sat thap, chiu mai mon tét trong cac diéu
kién lam viéc khac nghiét [1,3]. L&p phu nay rat thich hgp
dé phu lén bé mat clia céc chi tiét co khi va dung cu cat
nham nang cao chéat lugng gia cdng déng thdi ting tudi
bén lam viéc.

Cac dung cu cat got kim loai trong qua trinh gia cong c6
diéu kién lam viéc rat khac nghiét, truc ti€p chiu anh hudng
cda nhiét cat 16n, ma sat cao gilra phoi véi bé mat dung cu
gay ra cac hién tugng mon dao, nut, va, hu hong. Diéu nay
anh hudng truc ti€p dén chat lugng gia cong. Viéc nghién
cliu cac 16p pha cliing dé tng dung phd lén bé mat cac
dung cu cét got nhdm tang tudi bén va chat lugng 1a hét
sUic can thiét.

Trén thé gidi, I6p phu TiN da dugc nhién ctu va Ung
dung réng rai, thuong mai héa trén thi truong nhung
khong chuyén giao, dao tao [1,2]. M&i hang san xudt déu
ty nghién ctu va xay dung quy trinh riéng phu hgp véi
nang luc san xuat, ché tao cla hang. & Viét Nam da co
mot s6 ¢o s& nghién clu vé 16p pha TiN va cong nghé
phu PVD nhu DPai hoc Bach khoa Ha No6i, Dai hoc Céng
nghé - Dai hoc Quéc gia Ha Noi, hay Trung tam Quang
Dién t c6 thiét bi phuc vu cho cac nghién clu vé vat
lieu mang méng nhung huéng nghién clu Ung dung
chu yéu trong vat liéu vi dién tu, vat liéu tu tinh [5]. Bén
canh d¢6, cac két qua nghién cru do nhiéu nguyén nhan
khac nhau, con nhiéu han ché, cht yéu mdi chi dung lai
& cac nghién ctu trong phong thi nghiém. Vé mat céng
nghé, mac du di sdu nghién ctu rat nhiéu nam nhung
cac nghién ctu chi thuc hién tao mot sé mang co ban
(Ti, Cr, Al) va ciing chua thyc su lam chu dugc céng nghé,
thé hién qua viéc tudi tho clia mang cing ap dung cho
san pham thuc té chua dap (ng dugc yéu cau. Dac biét,
chua c6 cac nghién ctu dng dung cho cac sdn phdm
thuéc linh vuc co khi nhu dung cu cat, khuén mau hoac
cac chi tiét lam viéc trong diéu kién khac nghiét mac du
thi trudng rat rong I6n.

Trong bai bao nay, I6p pht TiN dugc nghién cltu tao
trén bé mat mau thép P18 va ap dung dé pha lén mdai
khoan lam ti thép P18 bang phuong phap h6 quang chan
khéng. Lép phi nay mang cac dac tinh néi trdi, gidp cho
dung cu cdt nang cao chat lugng gia céng dong thai tang
tudi bén lam viéc trong diéu kién gia cdng khic nghiét.
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2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Chuan bi mau thi nghiém

Cac thi nghiém tao I6p phd dugc tién hanh trén cac mau
thép gié P18 tuong tu véi cdc mai khoan dugc st dung vdéi
kinh thudc ®60 x 5mm. Cac mau thép nay duoc gia cong,
ché tao qua cac budc cat phéi, mai, nhiét luyén, danh béng
dé dat dugc chat luong bé mat dat yéu cau trude khi phd. Do
nham bé mat sau danh bong dat R, = 0,04.
2.2. Tao I6p phu TiN trén cdc mau thép va dung cu

L&p phd TiN dugc ché tao bang phuong phap hé quang
chan khong, dugc thuc hién trén thiét bi pht PVD HCM700
tai truong Pai hoc Céng nghiép Ha Noi (hinh 1). Bia Ti dang
tru (99,99%) véi kich thuéc ®100 x 20 mm dugc st dung.

Hinh 1. Hé thdng phd PVD HCM700 tai truong Dai hoc Cong nghiép Ha Noi

Truéc khi phi, mau va dung cu dugc lam sach va xt ly
bé mat. Trudc hét, mau dugc lam sach va tady dau mé bang
xang, xa phong, sau dé s dung cac héa chat nhu methanol
va ethanol 99,99%, acid HCl 3%, axeton khoang 10 phut
mébi dung dich trong bé rtia siéu am dé dat hiéu qua cao.
Qua trinh lam sach bang hoa chat dugc xen ké bai ria nudc
néng (70°C) va nudc khition (DI water) nhiéu lan.

Sau khi dugc lam sach, mau va dung cu dugc say kho va
dua vao trong buéng chan khéng cua thiét bi phd HCM-
700. Hinh 2 thé hién cac mii khoan va dao phay ducc ga
trén bo ga quay dat trong buéng chan khong theo céc vi tri
thiét ké. Trong buéng chan khéng, dung cu tiép tuc dugc
lam sach mét 1an nia bang qua trinh plasma v&i d6 chan
khéng 107 - 10Torr. Trudc khi bat dau pha, chi tiét duoc
gia nhiét va nung néng téi nhiét d6 ~400°C.

Cac théng s6 cong nghé clia qua trinh tao 1&p ph trén
cac mau thép dugc thi nghiém va lua chon nhu trong
bang 1.

Bang 1. Thong s6 cong nghé tao I6p pha TiN

Do mg van V4 90°
Dién ap dé 900V, 80%
Luu lugng khi N, 1000sccm
Dién dp nguon ho quang 75V
Thai gian phd I6p dém 5 phdt
Thdi gian phd 90 phdt

Gia nhiét cho budng chan khong 400°C
SG vong quay bo ga 10Hz
Ap suat chan khong trudic khi x3 khi 6e-3Pa
Ap suat chan khong khi pha 1.2¢0Pa
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Hinh 2. Céc mii dung cu dugc ga ddt trén bd ga quay trong budng chan
khéng (trdi) va hinh dnh chup hd quang trong budng khi thuc hién pht (phai)

Sau khi lam ngudi tu nhién, 1dy cac mau khoi budng
chan khong, tién hanh do kiém céc dac tinh cta I6p phi vé
chiéu day, do ciing va thanh phan héa hoc cla I6p pha dé
hiéu chinh lai b thong s6 cong nghé pha cho phu hgp
hon vai yéu cau dat ra.
2.3. Panh gia dac tinh cta I6p pha TiN

Chiéu day va dé ciing I6p phi

Chiéu day I6p pha TiN trén mau thép P18 dugc chup
bang kinh hién vi quang hoc LEICA DM750M tai Phong thi
nghiém Vat liéu hoc, Truong Dai hoc Cong nghiép Ha Néi.

D6 cung 16p pha TiN dugc do bang phuong phéap
Vickers trén thiét bi kinh hién vi quang hoc LEICA DM750M
¢6 tich hgp cadc mii thir kim cuong hinh chép 4 canh véi tai
trong tur 50N + T000N tai Phong thi nghiém Vat liéu hoc,
Trudng Pai hoc Cong nghiép Ha Néi.

Thanh phdn héa hoc cia Iép phi

Thanh phan hoa hoc ctia I6p pht dugc xéc dinh bang
phuong phép XRD (X-ray Diffaction) tai Trudng Pai hoc
Khoa hoc tu nhién - Dai hoc Quéc gia Ha Néi. Trudce khi do,
mau vt lieu dugc dugc cdt nhd (khodng < 15mm?) dé ga
dat trén may quét. Phan mém PCPDFWIN dugc st dung dé
xac dinh cau tric va thanh phan hoa hoc cta 16p phu.
2.4. Thi nghiém miii khoan sau khi pha TiN

Cac mi khoan sau khi pha TiN dugc thir nghiém dé gia
céng cac 16 tron trén mau thép C45, thuc hién bang may
phay CNC 3 truc Mori Seiki MV-40M. Ché d6 cat dugc chon:
téc dé quay truc chinh 3000vong/phut, budc tién dao
5mm/phut, chiéu sau cat 15mm, sé 16 khoan 210.
3. KET QUA VA THAO LUAN

Cac mau thép sau khi pht TiN (hinh 3) c6 mau vang dac
trung va dugc do kiEm mét s6 dac tinh cua I6p pha vé
chiéu day, d6 cting va thanh phan héa hoc.

Website: https://tapchikhcn.haui.edu.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

Hinh 3. C&c mau thép sau khi pha TiN

Do cirng cta I6p phia

Do cling dugc do trén 4 mau khac nhau, méi mau do it
nhat 3 lan tai cac vi tri khac nhau trén bé mat. K&t qua do
dé clng trén cac mau thir nghiém dugc thé hién trong
bang 2. C6 thé thdy rdng I6p phi cé dé cing trong khodng
2110 - 2240HV, da dat yéu cau ky thuat vé do cing clia I6p
phu tuong duong véi cac tai liéu khoa hoc dugc cong bd
truéc dé (2000 - 2200HV) [4].

Bang 2. Két qua do dd cting trén cac mau thép

Lan do 1 2 3 4
Két qua (HV) 2110 2032 2074 2240
Chiéu day I6p pha
F 2

Hinh 4. Chiéu day 16p phd dugc chup dudi kinh hién vi quang hoc

Két qua do chiéu day 16p phu trén cadc mau thép tha
nghiém dugc thé hién nhu trong hinh 4. Chiéu day 16p phu
nam trong khoang 2,8 + 3,2um, phu hgp véi cac ting dung
phi lén dung cu gia cong cat got [6]. Cau trdc I6p pha sap
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x&p theo kiéu x€p chodng, lién két thanh cac sgi véi do bam
dinh chat trén bé mat vat liéu nén.

Thanh phdn héa hoc cia Iép phi

Biéu d6 do EDS thanh phan héa hoc cta I6p pha dugc
thuc hién trén mdy quét X-quang (X-ray Diffaction-XRD)
dugc thé hién nhu trong hinh 5.

N

423K

378K

Hinh 5. Bi€u d6 phan tich EDS thanh phan hda hoc cda I6p phd TiN

Can cu vao két qua phan tich EDS thanh phan héa hoc
cla mau thép va phan tich phan tram nguyén t6 cla tiing
nguyén t6 c6 thé thdy rang, khéng c6 cac nguyén t6 khac
ngoai hai nguyén té chinh 1a N va Ti. TU d6 khang dinh I6p
phu TiN khéng 1an cac tap chat khac lam anh huéng tGi
tinh chat cha I6p phd. Hon nia, can c vao bang sé liéu ta
nhan thay ti 1& thanh phan phan tram nguyén té cta hai
nguyén t6 N:Ti = 52,82:47,18 xap xi ti & 1:1.

Hinh 6 thé hién mi khoan trudc va sau khi pha TiN. C6
thé thdy I6p pha TiN bém déng déu trén toan bd mdi
khoan véi mau vang ddc trung. Cac ddc tinh ky thuat 16p
ph( da dugc danh gia va xac dinh trén mau phéng, dat cac
chitiéu ky thuat da cong bé.

Hinh 6. Miii khoan trudc (trai) va sau khi phd TiN (phai)

Thirnghiém ddnh gid chét lugng dung cu duoc phi TiN

Cac mii khoan sau khi pht TiN, dugc tién hanh khoan
tht nghiém trén vat liéu thép C45. Sau khoan 200 16, két
qua cho thdy mai khoan van trong tinh trang tot, 16p pha
khéng bi bong tréc. Bang mat quan sat, cac 16 khoan cat
gon, giam tinh trang ba via trén canh va bé mat 16 so véi
mai khoan khéng phu TiN (hinh 7). Soi dugi kinh hién vi
dién tu thi thdy dugc I6p phu van bam dinh tét trén ving
lugi cat, chua cé hién tugng bong tréc I6p pha (hinh 7).
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4. KET LUAN

Bai bao nghién ctu thuc nghiém tao I6p phu TiN trén
cdc mau thép va mii khoan lam tu thép gi6 P18 bang
phuong phép 1ang dong hé quang chan khéng trén thiét bi
phi HCM-700. Két qua danh gia thi nghiém trén mau cho
thay 16p pht TiN bam déng déu trén toan boé mau vaéi mau
vang dac trung va dat cac dac tinh ky thuat vé do cuing,
chiéu day, thanh phan hop thiic 2 nguyén t6 chinh Ti:N dat
xap xi 1:1. Ap dung bé théng s6 cong nghé phu dé phd lén
mai khoan thép gi6 P18. K&t qua thi nghiém mi khoan
dugc pha TiN trong gia céng thuc té thép C45 cho thay I6p
pha TiN khong bi hdng sau mét thai gian gia cong, budc
dau dat dugc cac yéu cau dat ra. Quy trinh cong nghé tao
I6p pha TiN trén cé thé tiép tuc nghién cdiu hoan thién va
ing dung cho cac dung cu cat va chi tiét co khi nham nang
cao chat lugng déng thai tang tudi bén lam viéc.
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Nghién ctu dugc ho trg tai chinh tur dé an “Nghién cau,
thiét ké va ché tao thiét bi phu mang st dung ky thudt PVD,
Uing dung cho cdc san phdm trong nganh céng nghiép hé trg
nhdm ndng cao chdt lugng va tuéi tho” ma s6 BO2-CNHT
thudc Chuong trinh Céng nghiép Hb trg 2019-2020, do Cuc
Cong nghiép - Bo Cong Thuang quan ly.
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