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VPHU'aNG PHAP XAC DINH MI^N GlA TR! HOP LY 
C O A O O X 6 P L O P PHO B O T Hgp KIM 67NI18CR5SI4B 

TREN NiN THEP C45 B A N G PHl^QNG PHAP 
PHUN HVOF 

A METHOD TO DEFINE SUITABLE POROSITY VALUE OF 67Nil8Cr5Si4B 

POWDER COATING ON C45 STEEL 

PGS.TS. Dinh Van Chiln 

Trilftng Dai hoc Mo - Dia chat 

Trong bdi bdo ndy, tdc gid trinh bdy phiidngphdp xac dinh miin gid tri hdp ly cua do xop ldp 

pha bdt hdp kim 67Nil8Cr5Si4B trin nen thep C4S, bdng phUdng phdp phun HVOF. Kit qud nghien 

ciiu cho phep ddnh gid chdt luting ldp phu thong qua do xop, sitdvtng kinh hien vi quang hoc Axiovert 

25CA, cd sii h5 trd cua phdn mem Image - Pro Plus. 

Tit khoa: Phun phu, phun HVOF bdt phun 67Nil8Cr5Si4B, thep C45, do xop. 

ABSTRACT 

This paper presents a method to define the suitable porosity value of 67Nil8CrSi4B powdet 

coating on C45 steel using HVOF spraying method. This result is able to evaluate the quality ofcoatini 

layer based on porosity using optical microscope Axiovert 25CA and Image - Pro Plus software. 

Keywords: Coating HVOF spraying 67Nil8Cr5Si4B powder, C45 steel, porosity. 
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NGHIEN CU'U-TRAO OOl 

1. D A T VAN DE 

Do xop la m6t trong nhiing tinh chat 
quan trong cua ldp phu phun nhiet. Trong qua 
trmh phim, khi cac hat chxia nong chay hit, chiing 
se hi dong d^c va co ngot t h i tich tao th^nh cac 
ro xop te vi. Ngoai ra, do cac hat phun sau khong 
dien hi t khong gian, ciing sinh ro xop. Tuy thudc 
vao qua trinh phun, phiidng phap phun ma ldp 
phu CO the nhan diioc dp xop khac nhau, thong 
thudng do xop ldp phu dat gia tri trong khoang 
tiJf 0,1 d in 15%. Do x6p con phu thudc vao vile 
lUa chgn toi liu hda cac thong s6 phun nhU: Kich 
thudc hat kim loai phun, toe do phun, lUu luong 
phun va khoang each phun v.v...Do do, vile 
nghiln ciiu d l lam giam do xop d in gia tri thap 
nhat cd the, dap Ung nhu cau si£ dung trong eac 
nganh Cong nghiip luon dUpc cae nhk khoa hoc 
quan tam. Co nhilu phUong phap de xac dinh 
do x6p cua ldp phu nhu phUOng phap can kh6i 
luong chat long, phUdng phap do d6 x6p thuy 
ngan, phUcfng phap soi kim tUong...Trong bai 
bao nay,tac gia svf dung kinh hien vi quang hge 
Axiovert 25CA co sU hd trg cua ph^n m i m 
Image - Pro Plus d l xac dinh dd xop ldp phu 
[1], [2]. 

2. N O I D U N G NGHIEN CUtJ 

2.1. Khai quat ve cau true ldp phu 

Cau true ldp phii dugc hinh thanh tU 
nhUng khdi nho kim loai phu, dugc bdi dap sat 
nhau va chong chat lln nhau. Khi phun, ddng 
chat phun dugc gia tdc liln tuc d in b l mat kim 
loai nen, eac phSn tU phun khi va dap vdi kim 
loai nin, d nhilt do ndng chiy, chiing hi biln 
dang. Vile liln ki t vdi vat Hlu n in va vdi phan 
vat ch^t da dUcfc phu tii trUdc, trUdc hit la sU 
bam dinh cd hgc, sau nhd d nhilt do cao nen xay 
ra qua trinh khuyech tan, tao thanh khdi vat lieu 
phu tuong ddi ddng nh£t. 

Trong ldp phu ludn cd Id xdp, ngam khi 
va cac tap chat (hinh 1). Lo xdp hmh thanh do 
nhiing khoang trdng khdng dugc dien diy va do 
khi tieh tu. Cac tap ehat ehu yeu la eae dxit hinh 
thanh trong qua trinh phun. 

Hflkbong 

Htnh 1. Bieu diin cdu trdc rd xop cua ldp phd phun 
HVOF 

2.2. Phuong phap xac dinh do xdp ldp phu 
[3],[4] 

D l xac dinh dp xop eua ldp phu, mau 
duge cat de quan sat theo tilt diln be mat ldp 
phu. Sau khi cat, mau dugc gia cdng b l mat tren 
cac loai giay giap co kich cd tU hat tho den hat 
min va dUOc danh bdng tren cac may chuyen 
dung dam bao ylu cau ky thugit khdng cdn vlt 
xudc tr in b l mat. SU dung kinh hien vi quang 
hgc Axiovert 25 CA (hinh 2) de kiem tra do xop 
ldp phu. 

Hinh 2. Kinh hien vi quang hoc Axiovert 25 CA 
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Hmh 3. Anh chup kit qud do do xop ldp phu 

Do xop dilac do bang each trtlc tiep do 
dien tich cac 16 xop trong khu vUc quan sat ciia 
kinh hien vi va so sanh cac khu vUc nay vdi tong 
dita tich mu3n xem. Phan mem Image - Pro 
Plusdiloc svi dung de xac dinh gia tri d6̂  xop 
ciia mlu bang each chuyen d6i cac vung ro x6p 
thanh mau do, trong khi phan con lai cua cac 
vi cau true 16p p h i dtloc con giii nguyen mku 
sac ban dau cua no (hinh 3). Tii hinh anh, phan 
m^msetinh toan, danh gia sU khae nhau ve mau 
sac cua vimg co mau xam va viing mau do. 

2.3. Kft qua xac dinh do xop 16p phu 

Ket qua do do xop eiia 16p phu bpt hop 
kim 67Nil8Cr5Si4B tren nen true thep C45 
bang phuang phap phun HVOF, v6i 9 mau thUe 
nghiem cho trong bang 1 va hinh 4 la ket qua 
do do xop 16p p h i bpt hpp kim 67Nil8Cr5Si4B 
tiiong ing v6i mau s6 02 dat gia tri la 1,924%. 

Phan tich s6 U^u thUc nghiem trong bang 

1 nhu sau: 

T i ket qua t h i c nghi$m cho trong bang 
1 eho thay dp xop eo xu h idng tang ty le thuan 
theo chieu tang cua thong s6 V (van toe tnmg 
binh dong kim l o ^ phun) va m (l iu l iang cap 
bpt phun). Dat gia tri trpng khodng t i y_, = 
1,186% den3,325%. 

Hinh 4, la anh chup eau true te vi eia ldp 
p h i hot hpp kim 67Nil8Cr5Si4B tren mSu khio 
sat SP 02, eho thay cae vung mau do la nhing dac 
t r ing cho cac ro xop va chiem ty le khong Idn so 
vdi dito tich d ipc khao sat. Dieu do ching to d? 
xop ldp p h i thap. 

trin nen true thip C45bdng cong «g/ie HVOF 

sn 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Ma 

000 

010 

020 

100 

110 

120 

200 

210 

220 

Che do phun 

L 
(mm) 

200 

200 

200 

200 

200 

200 

200 

200 

200 

V 
(m/s) 

800 

800 

800 

900 

900 

900 

1000 

1000 

1000 

m 

T(8/ph) 

300 

400 

500 

300 

400 

500 

300 

400 

500 

Do xop, 

y(%) 

yTN 

(%) 
1,186 

1,924 

1,673 

2,451 

3,102 

2,777 

3,325 

3,292 

3,047 

Htnh 4. Chup dnh phdn tich dp xop ldp phu mAu 
khdo sdt so 02 bang phdn mem Image-Pro Plus tren 

kinh hien vi quang hgc Axiover 25A (1,924%) 

Qua cac kit qua nghiln cUu d trin, tien 
hanh x^y dUng cac dd thi 2D va 3D bieu dien 
mdi quan he giUa do xdp ldp phu vdi eac thong 
sd cdng nghe: Khoang each phun (L), m, V. 

TU dd thi t r in hinh 5 va hinh 6 cho thay 
anh hudng cua eac thong sd cdng nghe phun den 
do xdp ldp phu, theo do eac thdng so phun L, V 
va m trong mien duge khao sat va phan tich co 
th i nhan xet nhU sau: 
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, 

tdc dd trung binh ddng kim lo^i phun V. Neu 
chia mUc tang cua do xdp ra ± a n h 2 giai doan. 
6 giai doan dau khi V = 800-^900m/s dp xop cd 
xu hudng tang nhanh, d giai doan sau khi V = 
900-^lOOOm/s do xop tang cham. 

Trin hinh 7, la do thi 3D md ta sU phu 
thuge cua do xdp ldp phu den cac thdng sd cdng 
nghe phun. Qua dd, cd the nhan thay ro anh 
hudng dong thdi cua 3 thdng sd phun L, V va m 
trong mien khao sat den do xdp ldp phu ro hdn 
nhilu so vdi eae do thi 2D cho tr in hinh 5 va 
hinh 6. 

TU hinh 7, cho thay dd thi bilu dien do 
xdp ldp phu phu thudc vao eae thdng sd cong 
nghe phun L, V va m la nhUng dudng cong 
khdng gian 3 chieu, cd diem eUe tri. 

Hinh 6. Mdi quan hi cda dp xop theo VvdL khi m 
khong doi 

- Xet lan lugt tai cac trUdng hcfp V = 
800m/s, V = 900m/s, V = lOOOm/s tUong Ung 
vdi L = 200 mm; m = 300 H-500g/ph trin hinh 5 
cho thay, khi V = 800m/s va V = 900m/s do thj 
cd dudng dac tinh la dUdng cong va dat miln gia 
tri cUc tri trong khoang m = 400 -H 450g/ph. Khi 
V = lOOOm/s dp xdp giam mUe giam ylu hon. 

- TrUdng hdp m = 300g/ph, m = 400g/ 
ph, m = 500g/ph tUong Ung vdi L = 200mm; V 
= 800 -e-lOOOm/s tren hinh 6 cho thay: Do xdp cd 
xu hudng tang, ty le thuan theo chilu tang cua 

Htnh 7. Quan hi cua dp xop vdi cdc thdng so cdng 
nghe khi L khdng doi 

Trong trUdng hop L = 200mm tai moi gia 
tri L tuong Ung thay doi cac gia tri cua m = 300 -H 
500g/ph; V = 800^ lOOOm/s, tren dd thi hinh 7, 
do xdp CO xu hudng tang ty 11 thuan theo chilu 
tang eua thdng so V va m. Tuy nhiln, dd thj dat 
cUc tri trong khoang m = 400 -̂  450g/ph. Nguyen 
nhan cua hien tugng nay la do khi lUu lugng cap 
bdt phun m tang, mat do hat trong dong chat 
phun tang luc nay sU dien day cua hat phun vao 
b l mat vat lieu nin khdng phai d dang cac hat 
ddn le ma co the dugc lien kit nhilu hat thanh 
chum hat, khi do cac chum hat khdng diln day 
khit khdng gian gay rd xdp. '̂  
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NGHIEN c i i u - TRAO DOI 

3. KET LUAN 
i\ 

T i ket qua nghien e iu cd the d i a ra ket lujn n h i sau: 

- Ldp p h i ed dd xdp thap nhat y = 1,186%, khi V = 800m/s; m = 300g/ph va L = 200mm 
(bang 1) va dat c ie tri khi m = 400 + 450 g/ph. 

- Khi thay doi cac gia tri eua thong sd phun V= 800-i-lOOOm/s; m= 300^500 g/ph dp xdp ldp 
p h i thay dpi thep mdt quy luat va dat mien c ic tri trpng khpang khi m = 400 + 450 g/ph (hinh 7). 

- Ket qua nghien c iu cd the lam tai heu tham khap trpng viec l ia chpn thdng sd cdng nghe, 
nham tao ra ldp kim loai mdi tren be mat chi tiet hoac phue hdi chi tiet bi mdn bang phipng phap 
phun HVOF. Ddng thdi, cd the lam tai lieu tham khao trong linh v ie chuyen nganh. • 

Ngiy nhan bai: 24/3/2016 
Ngay phan bien: 10/4/2016 
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