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Nghién ctru ché tao 16p phu compozit Cu/TiB;
trén nén thép lam khuon H13
bang phuong phap phu laser

Tran Vian Nghia, Nguyén Thanh Hung, Phung Tuin Anh

Tém tit—Trong bai bao nay, nhém tac gia di
nghién ciru ché tao thanh cong 16p phii compozit
Cu/TiB: trén bé mit nén thép lam khudn dip
néng H13 bing cong nghé phi laser. Két qua thi
nghiém cho thiy, 16p phi ¢6 té chirc twong ddi
dong déu, cac hat héa bén TiB. phin bé phan
tan trén nén kim loai dong. Chiéu day 16p phi
dat khoang (500-600) pm. Két qua phan tich
hién vi dién tir quét (SEM) cho thay, 16p phii ¢6
lién két dang han véi nén thép H13 dam bao kha
niing lién két chit ché véi nén. Do cirng té vi clia
16p phii dat cao nhat 1én dén hon 700 HV0.2, 16n
hon rd rét so véi dd cirng vat liéu nén (khoang
220 HV0.2). Tuy vay, phian bé dd cing chua
dong déu, do cing 16p phi cé6 xu hwéng giam
khong nhiéu cho dén khoang cach (500-600) pm
s0 v6i bé mit 16p phi, sau d6 giam nhanh vé dd
cirng ciia nén

Tir khéa—Lop phii compozit Cu/TiB2, cong nghé
phii laser, thép HI13, d cirng té vi

1 GIOI THIEU

Trong san xuét cong nghiép hién nay, nang cao
tudi tho ciia khuon ngay cang trg thanh mot
van dé ndi troi va 1a tiéu chi danh gia mirc do phat
trién ky thuat cong nghiép ché tao khuon [1].

Tuy nhién, khudén thuong phai lam viéc trong moi
truong khic nghiét, nhat 1a véi cac loai khudn dap
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noéng, khuén dap ngudi, do vay thuong xay ra cac
dang pha huy nhu bién dang déo, nit, mai mon bé
mat 1am viéc cua khuon. Di véi cac day chuyén san
xuét lién tuc khi d6 bat budc phai dimg lai dé tién
hanh stra chita, thay thé. Diéu nay s& gay nén nhiing
thiét hai to 16n vé mat kinh té cho cac nha san xuét
[2,4,7].

Su pha hiy khudén thuong xay ra trén bé mat
khuén, hon nita d6i voi khudn dap nong, trong cac
dang pha huy thi mai mon 12 mét dang pha huy
thuong gip nhét va kho tranh khoi. Vi vay, nghién
ctru xr 1y bé mat nham nang cao tinh ning chdng
mai mon ctia bé mat khuén tir d6 kéo dai tudi tho
lam viéc cua khuédn trd thanh mot van dé cép thiét
hién nay.

Mot trong nhitng k¥ thuat bé mat duoc ting dung
nhiéu hién nay 1a k¥ thut phu laser. Pay la cong
nghé bé mit tién tién thay thé cho cong nghé han va
phun phi nhiét truyén théng. Phuong phap nay ¢
vu diém & chd no sir dung ngudn nhiét 1a chﬁm tia
laser tap trung lam néng chay kim loai nén, glup
tao nén mot lién két kim loai glu’a lorp phu véi nén
¢6 @6 bam dinh cao hon va it r& xdp hon phun phu
nhiét truyén thong. Hon nita, ving bi anh hudng
nhiét cua kim loai nén kha nho. Trong linh vuc ché
tao khuén, ky thuat phu laser c6 thé tién hanh ché
tao moi cling nhu phuc hoi cdc bé mit chong mai
mon cua khuon, dac biét 1a cac khudn dép nong [2,
3,4,7].

Khuon dap nong thudong phai lam viéc trong moi
treong nhiét d6 cao, chiu ma sat manh véi phoi va
do @6 thuong bi mai mon méanh ligt, hon nita khuén
con phai chiu sy tdc dong cuia an mon nhiét, ing
suat nhiét... nén tudi tho giam trong thay.

DPong (Cu) 1a kim loai c6 kha ning dan nhiét,
dan dién tét va c6 kha nang chéng an mon & nhiét
d6 cao. Tuy nhién, dong 1a kim loai c6 do clng
thap, kha nang chong mai mon kém, dé xay ra
bién dang deo va dan dén pha hay. Do d6 cin pha1
pha tap vao nén dong mot pha thir hai cirmg hon dé
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cai thiét tinh ning chéng mai mon cua 16p phi.
Céc nghién ctru da chi ra rang, cic pha cimg phu
thém nhu oxit, sulfit, cacbit, borit (chéng han nhu
MoS,, SiC, TiB>...) khi dua vao nén dong s& hinh
thanh cac composit co tinh ty boi tron va cé kha
ning chéng mai mon cao. Khi dung cac composit
nay dé ché tao mot 16p phu trén bé mat khudn dap
noéng s€ cai thién dugc rd rét kha nang tan nhiét
ctia khuon, ciing nhu tinh chét tu boi tron s& lam
gidm anh hudng cua ma sat trong qua trinh lam
viéc [8-10]. Trong nghién ctu nay, nhém tac
gialya chon pha hoa bén 1a TiB; boi hat TiB, ¢6
kha nang din nhiét twong ddi tét [3, 5, 6], vi vay
su pha tap ciia n6 khong 1am mat di tinh dan nhiét
ctia 16p phu dong.

Nhoém tac gia st dung phuong phap phu laser
ché tao mot 16p phu compozit Cu/TiB; trén nén
thép lam khuon dap nong H13 dé nang cao tudi tho
cua khuon.

2 THINGHIEM

Trong nghién ctru nay, nhom tac gia st dung
thép lam khuon dap nong H13 dang tdm lam vat
lidu nén, vat liéu pha dau vao 1a bot TiB; (d6 tinh
khiét 99,95% theo khdi lwong) c6 kich thudc hat
khoang 5 pm va bot kim loai dong (d6 tinh khiét
99,95% theo khdi lwgng) dang cau co kich thudc
(70-150) pum. Céc vat lidu thi nghiép dugc cung cip
boi Cong ty Beijing Changsha Tianjiu (Trung
Qudc). Thanh phan hoa hoc cia thép H13 va hinh
thai dau vao cta cac loai bot duge chi ra trong bang
1 va hinh 1.

Béng 1. Thanh phén héa hoc vét liéu nén (thép H13)

Nguyén t6 Ham lwong %
Cc 0,32-0,45

Si 0,80-1,20

Mn 0,20-0,50

Cr 4,75-5,50

Mo 1,10-1,75

\ 0,80-1,20

S <0,30

P <0,30

Fe Con lai

b) B6t TiB2, x1000
Hinh 1. Hinh thai d4u vao ctia cac vat liéu phu

Vit liéu thép H13 (vat liéu nén) duogc cit thanh
cdc mau c6 kich thuée 75x50x15 mm (dai x rong x
day), duoc mai thd dé loai bo 16p oxi hoa bé mat,
sau d6 duoc rira sach bﬁng dung dich axeton. Cac
loai bot vat liéu phu 1a Cu va TiB; dugc tron déu
v6i nhau theo cac ti 18 bao gdbm kim loai dong Cu
va 10% TiB2, 15% TiB,, 20% TiB,, 25% TiB:
(% khdi luong) va sau d6 duge phi déu trén bé mit
mau nén bang cong nghé phu laser, chiéu day 16p
bot phu khoang 0,8 mm.

Nguyén cong phu laser dugc tién hanh véi cac
tham sd cong nghé nhu sau: ning lugng laser
800 W, toc do quét 15 mm/s, do chong 1an gitra cac
dai phu 1a 30%.

Mau sau khi phii dugc cit diy thanh cic miu
nho 15%x15x15 mm (dai x rong x day) dé phan tich
t6 chirc va tinh chét cta 16p phu.

3 KET QUA VAPHAN TIiCH

Hinh thai b& mit mau thu duoc sau khi tién hanh
pht laser dugc chi ra trén hinh 2.



Tap chi Phat trién Khoa hoc va Cong nghé, tap 20, s6 K5-2017

e < -

(g
6 5

|
4 3 2 1

b) Lép phi 15%TiB2

i u||||m|||||||||u|m||||n||m||

T

i'|"'W”'rl"'l'lill|llll|lll|.|l|||||||
A 5 4 3 2

d) Lép phu 25%TiB2
Hinh 2. Hinh thai b& mat mAu sau phu laser

Hinh 2 cho thiy két qua hinh thai bé mat tho dai
ddi v6i cac mau thu duge sau phu laser véi cac ti 1€
thanh phan vat liéu phii khac nhau, ham luong TiB
cang 16n, bé mit co cang nhiéu cu trac dang cu,
bé mat 16p pht nhap nho, 15 rét nhét khi ham luong

TiB: 14 25%.

T chirc té vi cta 16p phu dwoc thé hién nhu

trong hinh 3.

c. 25%TiB; - x55
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f. 25%TiB; - x543

Hinh 3. T6 chirc té vi 16p phii theo mit cit ngang

Ttr hinh 3 cho théy, 16p phii ¢6 to chie tuong ddi
déng déu, mot phﬁn vat liéu nén da duoc hoa tan
vao 16p phu tao ra mot 16p phu téng hop. Céc hat
TiB; hoa bén (dang hat mau den) phan tan dong
déu trén nén kim loai ddng (Mau sang hon), nhung
van con mot vai ving xdy ra hién tugng thién tich
nhe. Mot phén vat lidéu nén bi hoa tan vao 16p phu
tai nhitng vi tri chong l4n giita hai dai phii (ving t6
chirc mau den giira cac dai dong). Chiéu day 16p
phii vao khoang (500-600 pm), chiéu day ving anh
hudng nhiét khoang 200 pm.

Két qua phén tich hién vi dién tr quét SEM (hinh
4) cho thay rd hon vé cdu triic 16p phu ciing nhu

trang thai lién két gitra 16p phu va nén. Ta thiy,
giita vat liéu phu va nén khong phat hién cac vét
gdy, bong tréc, cac ving chuyén tiép rd rang, lién
tuc. Didu nay thé hién gitra 16p phu va nén da hinh
thanh mot lién két dang han, dam bao 16p phu c6
tinh bam dinh cao.

a) 10%TiB;, x200

Y S

b) 20%TiB,, x200

d) 10%TiB,. x500
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e) 20%TiB,, x500

f) 25%TiB,, x500

Hinh 4. C4u trac 16p phu theo mit cit ngang

T6 chiic va thanh phan bén trong 16p phu khi
phan tich SEM két hop phan tich phd tan sic ning
luong EDS duoc chi ra trén hinh 5. Két qua nay
mot 1an nita khing dinh ring, 16p phu c6 t6 chirc
tuong dbi dong déu, cac hat hoa bén TiB, duoc bao
quanh boi kim loai dong, dong thoi trong 16p phu
cling xudt hién cac thanh phan cua vat liéu nén,
diéu nay ching to, mot phan nén di dwoc hoa tan
vao 16p phu, tao ra ving chuyén tiép, dam bao cho
sy hinh thanh lién két han gitra 16p vét liéu phu va
nén.

a)20%TiB,, x2000

RERNER.

,
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c) Bieudo cuongddé EDS

Hinh 5. Anh phén tich SEM két hop phén tich phé tan séc
nang lugng EDS

Dé danh gia kha ning chéng mai mon cua 16p
phi, sau khi tién hanh phu laser, mau duoc xir 1y bé
mit va sau d6 duoc do do cimg té vi. Phép do dugc
tién hanh trén may do do cimg té vi, thang do
HV0.2 va thoi gian dat tai 10s. Két qua do do cimg
dugc thé hién trén hinh 6.

600

400

D6 cing té vi HV0,2

300

200

T T T T T
0 200 400 600 800 1000

Khodng cach tir bé mat, um

Hinh 6. Phan bd d6 ctmg té vi theo chiéu day 16p phit

Tir hinh 6 ta thdy, 16p phu c6 d6 cing tuong dbi
cao, cao hon rd rét voi d cliing cia nén (khoang
220 HV0.2) diém cao nhat co gia tri 1én dén trén
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700 HV0.2 d6 cling c6 xu huéng giam déan theo day
16p phu (chiéu day khoang 500-600 pum). D cling
giam dan khi vao dén ving chuyén tiép (hay con
goi 1a ving anh huong nhiét) va giam nhanh khi
vao dén phan vat liéu nén. Tuy vay, 16p phu c6
phan bd d6 cimg chua dong déu, nguyén nhan ¢
thé do do tham udt giira kim loai long Cu va TiB,
thdp, din dén sy phan bd khong dong déu cua pha
hoéa bén TiB,. Piéu d6 chi ra rang, 16p phu c6 tic
dung nang cao kha ning chéng mai mon cua vat
liéu nén.

4 KET LUAN

Trong nghién ciru nay, nhom tac gia da ché tao
thanh cong 16p pha compozit Cu/TiB; trén bé mat
thép lam khuén H13.

Lép phi ¢6 t6 chic twong dbi dong déu, cac hat
hoa bén TiB, phan bd phan tan trén nén kim loai
ddng, mot phan vét liéu nén duoc hoa tan vao 16p phi,
tao ra lién két han bén chit gitra 16p phi va nén. Chiéu
day 16p phu vao khoang (500-600) pm.

Do cung té vi cua 16p phi twong ddi cao, cao
nhit 1én dén hon 700 HVO0.2 va d6 cing c6 xu
huéng giam dan theo day 16p phu, tuy vay, 16p phu
c6 phan bd do ctng chua dong déu, khi vao dén
vung vat liéu nén, do cirng s€ giam nhanh vé do
clng cta nén
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Investigation of Cu/TiB, composite coating
prepared by laser cladding on H13 die steel

Tran Van Nghia, Nguyen Thanh Hung, Phung Tuan Anh

Abstract—In this study, the Cu/TiB:
composite coating was successfully prepared by
laser cladding on H13 hot work die steel. The
experimental results show  that the
microstructure of the coating is relatively
homogeneous distributed and the TiB2 hard
particles are dispersed in the copper Cu coating.
The coating thickness of approximately 500-600
pm. Scanning electron microscopy (SEM)
analysis showed that there is a metallurgical
bond between the coating and the substrate,
which ensure a strong binding ability. The

maximum microhardness of the coating is up to
700 HV0.2, which is significantly greater than
the hardness of substrate (about 220 HV0.2).
However, the hardness distribution is not
uniform, and show a slow decreasing trend to
the depth of (500-600) um off the surface, then,
quickly reduce to the matrix hardness

Keywords—Cu/TiB2  composite laser
cladding, H13 steel, microhardness

coating,



