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Tom tat:

Trong nghién cieu nay, 16p phit phun nhiét HVOF véi bot phun WC-12Co trén nén thép 16Mn digc
thiee hién nham nghién ciru anh hieong ciia cac thong so6 phun bao gom: heu lieong phun (4), khodng céch
phun (B), 1y 1é hon hop khi chdy oxy/propan (C). Pé cirng, dé bén bam dinh va do xop la nhitng tinh chdt
chinh cia 16p phii diege danh gid. Thiét ké thwc nghiém Taguchi véi mdang L9 ciing voi phan tich phirong
sai dwoc sir dung dé toi wu héa cdc thong sé phun va danh gid mirc do danh hwong ciia chiing dén timg tinh
chat 16p phi. Két qua ciia nghién ciru xdc cdc bg thong sé phun t6i wu: A = 32 gam/phit, B = 0,35m, C =
5 cho do cung I6p phu I6m nhét véi 1336,2 HV; A = 32 gam/phut, B = 0,275m, C =5 cho d¢ bén bdam dinh
16n nhat v6i 67,6 MPa; A = 26 gam/phiit, B = 0,35m, C = 6 cho d¢ xdp 16p phit nhé nhat véi 1,36%. Phan
tram anh huéng ciia cdc théng sé A, B, C t6i do cirng, dd xép va dé bén bam dinh lan heot la: C (39,4 %)
>A(33,5%) > B (26,2 %); B (38,9 %) > C (31,9 %) > A (28,7 %), B (55,74 %) > C (31,94 %) > A (11,74
%). Két qua toi wu gitip cai thién dwoc tinh chat I6p phit va mirc dp anh huong cho phép diéu chinh cdc gid
tri thong sé phun theo yéu cau ciia nguoi sir dung. Cdc thi nghiém kiém chirng da xdc minh cac két qua t6i

wu la dang tin cdy.

Tir khéa: HVOFE, WC-12Co, Téi wu héa, Pé ciing, PG bén bam dinh, P xop.

1. Pit van dé

Loép phu tr bot WC-12Co 1a mot giai phap
hoan hao cho viéc ché tao hodc phuc hdi bé mat chi
tiét lam viéc can do ciing cao va kha nang chiu mai
mon kho [1]. D cimg, do bén bam dinh, do xbp
1a nhitng tinh chit chinh anh huéng dén kha niang
chiu mai mon cua 16p phu WC-12Co. Tuy nhién,
qua trinh hinh thanh 16p phu WC-12Co ciing nhu
cac 16p phu phun nhiét khac hau hét phy thude vao
qua trinh va dép va anh huong cua nhiét do hat [2].
Phuong phap phun HVOF véi wu diém cung cip
cho hat phun véi toc do cao, thoi gian tiép xuc nhiét
ctia hat ngan s& han ché viéc chuyén bién pha, ting
hiéu sut va dap hinh thanh 16p phu. Do vay 16p
phit HVOF thudng c6 tinh chit dugc cai thién rd
rét hon so v6i viée thuc hién bang cac phuong phap
phun khac nhu phun Plasma trong khong khi, phun
hé quang dién, phun nd, phun khi chay, phun ngudi
(3, 4].

Tuy nhién, tinh chat cua 16p phu bang phun
HVOF phu thudc nhiéu vao cac thong s qua trinh,
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boi hau hét ching lam thay doi van toc va nhiét do
hat phun lam anh huéng dén chat lugng 16p phii. Do
véy nghién ctru xac dinh thong sé phun phi hop va
danh gia anh huong ciia cac thong s6 13 rat can thiét.
Trén co s& d6, qua trinh t6i uu hoa duge thyc hién
cung véi phan tich phuong sai dé nham xac dinh
cac bo thong s6 phun tbi uu va danh gia mic d6 anh
huong cua ching dén timg tinh chat 16p pha nghién
ctru. Cac thong sb va sb lwong thi nghiém dugc sép
xép theo mang L9 ctia Taguchi. Bén canh do, thir tu
anh huong cua cac thong s6 phun ciing 1a co s¢ dé
xéc dinh thr ty vu tién didu chinh thong s phun d6
dé dat duogc tinh chit ciia 16p phu mong mudn. Cac
thuc nghiém kiém ching véi cac thong sé phun tdi
uu duoc tién hanh dé xem xét do tin cdy ciia phuong
phép trong trudng hop nay.

2. Vit liéu va qua trinh thuc nghiém
2.1 Vit liéu nén va 16p phi

Céc mau phun tir thép 16Mn dang tdm phang
¢6 kich thude 50 x 50 x 6 mm v&i thanh phan hoa
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hoc duoc thé hién trong Bang 1. Bé mat mau phun

Bdng 3. Mang triee giao L9 véi cdc thong sé phun

duoc lam sach, phun tao nham véi gia tri khoang 8 Thi Thong sb phun
+10 pm. Qua trinh do duoc thuc hién trén may do nghiém A B C
d6 nham SurTest cua hang san xuét Elektrophysik 1 26 0,2 4
(Puc). 2 26 0,275 5
Bot phun WC-12Co 14 bot thuong mai duoc 3 26 0,35 6
sit dung 1am nguyén liéu phun dugc cung cip boi 4 32 0,2 S
tap doan Eutectic (M§), v6i ¢& hat tir 15 + 45 um va 5 32 0.275 6
thanh phan cac nguyén té dugc xac minh nhu trong 6 32 0,35 4
Hinh 1 dé tién hanh thi nghi¢m. ; iz o?z% 5 2
Bang 1’. Thanh phan hoa hoc thép 16Mn [5] 9 33 0.35 5
Nguyén to C Si Mn P )
Ty16% | 0,18+0,2 | ~0,55 | 1+1,6 | <0,04 Bang 4. Cac thong so phun khac sw dung trong
Nguyénté| S vV | Nb Ti __ nghién citu

- - - Thong so Gia tri
Tyle% | <004 06,012 5 0’0(3(1)2 02)0,5 Ap suét propan 0,686 (MPa)

Luu lugng propan 60 (I/p)
Ap suat khi nén 0,686 (MPa)

Luu luong khi nén 550 (I/p)
Ap suét nito 0,4 (MPa)
Luu lugng nito 20 (I/p)

Element (keV)
iCK 0.277 5.45 0.09 37.34 1.6503

Atomt Compound Masst Cation K

0.525 1.62 0.19 8.32 1.3242

0.0543
17.1615
79.8097

Hinh 1. Hinh anh SEM va phan tich EDX thanh
phan bt WC-12Co

2.2. Qua trinh thuc nghiém
Qua trinh phun miu dugc thyc hién trén hé
thong thiét bi phun HVOF véi sing phun HP-
2700M cung véi bang diéu khién MP-2100; bo phan
cép bot phun PF-3350. Chiéu day 16p phii dwoc thyc
hién 1a 500 pm véi sai s6 10 = 50 pm. Cac thong sb
phun dugc xac dinh theo ba mtrc (Bang 2) va duogc
sap xép theo méang tryc giao L9 theo Taguchi (Bang
3). Mot sb thong s6 phun khac duge xac dinh va
trinh bay trong Bang 4.
Bang 2. Céc théng s6 phun va mike gid tri dwoc siv
dung trong nghién ciru
Ky Muc
hiéu | 1 2 3

Thong sb

Luu lugng phun A 26| 32 33

(gam/phut)
Khoang cach phun(m) | B | 0,2 | 0,275 | 0,35
Ty 1€ khi chay C 4 5 6
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2.3. Phuong phap danh gia két qua thye nghiém

b. Két qua phép do do xop
Hinh 2. Thiét bi va két qua do dé xop

Do xdp cua 16p phu dwoc danh gia dua trén

tiéu chuan ASTM B276-05:2015 [6] dung cho 16p
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phii gém va céc bit. Gia tri d6 xdp ciia mau phun
duoc tinh 12 gi4 tri trung binh ctia bén gié trj do trén
bdn anh chup té vi v6i do phong dai x200 & bon vi
tri khac nhau. Anh chup té vi duoc chup trén kinh
hién vi quang hoc Axioplan 2-Carl Zeiss (Hinh 2.
a, b). Phép do do clmg té vi (HV,,) voi tai trong la
100 gam, thoi gian nhan tai 1a 15 gidy trén thiét bi
IndentaMet 1106 theo tiéu chuan ASTM E384 - 17:
2011 [7]. Gié tri do d§ ciing phu dua trén d9 sau,
rong ciia vét 1om ciia miii ddm va 1a trung binh ctia
5 két qua do twong Gmg v6i 5 vi tri khac nhau trén
mot mau (Hinh 3). o bén bam dinh giita 16p phu
WC-12Co v6i kim loai nén dugc thuc hién theo tiéu
chuén JIS-H-8666-1980 [8] (Nhat Ban) véi nguyén

&

Po kich thwée
hai duong chéo
ciia vét I3m

1y thiét ké nhu Hinh 4.
LucinF
Mii kim cwong
hinh chop dat
vubng goc véi
bé mit cin do

Vétén
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Hinh 3. Anh nguyén Iy do dé cimg va cdc vét do
trén mot mau do dé cung
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Hinh 4. Nguyén Iy do do bén bam dinh 16p phii va

kich thuéc méu do
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3. Két qua va ban luin
3.1 Két qua thuc nghiém
Mau thyc nghiém sau khi dugc phun tao 16p
phi s& duoc cit nho bang dia cit kim cuong voi
kich thuée 15 x 15 x 6,5 mm va tién hanh dic mau
bang nhya epoxy c6 duong kinh mau duc 1 20 mm
(Hinh 5). Khi nhya kho, cic mau duoc mai, danh
bong qua céac loai gidy giap SiC qua cac ¢ hat tir
1/100 dén 1/2000 mm va duoc lam sach bang con
tinh khiét. Mau dwoc sdy khé trong ti gia nhiét c6
huat chan khong ¢ nhiét do 50°C trong khoang thoi
gian 30 phit truge khi tién hanh chup anh té vi dé
do d6 x6p 16p phu va do cing té vi. Cac mau kiém
tra d0 bén bam dinh 16p phu véi nén, mau phun
dugc mai phang dé chiéu day 16p phu dat 0,4mm
10i duoc cét thanh cidc mau véi kich thude nhu Hinh
6. Thanh phan pha cua 16p pha duoc thyuc hién trén
phan con lai cia cac mau sau khi cat.

Hinh 6. Kich thudc mau kiém tra dé bén bam dinh

l6p phu

Két qua danh gia ciu trac 16p phu thong qua
anh chup SEM cho thay 16p phit WC-12Co c6 chat
lugng tot khi do xOp trén cac miu quan sét 1a thap.
Do bén lién két ctia 16p phu véi nén ciing nhu trong
16p phii 1a cao bai do xdp thap va rat it vét nirt (Hinh
7). Két qua phan tich XRD trén Hinh 8 cho thay
thanh phdn WC bi bién d6i mot phan thanh pha
W,CvaCo,W,C. Su bién ddi pha ciing nhu sy thay
d6i cac thong sd phun lam thay doi van tdc, nhiét do
hat, trang thai va dap va hinh thanh 16p phu dan dén
tinh chat cta cac 16p phu thay doi.
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Lép phi

Bién

gioi X
L6 xop

00V X100 {00Gm 2018 COMFAINS
Mau so 7 Mau so 8
Hinh 7. Anh SEM cau truc lop phi cia cac mau

Mau so 9

Tir cac két qua phan tich cdu tric va thanh
phan trén cho thiy khoang thong sé nghién ciru 1a
phtl hop va tac dong dang ké cuia cac thong s6 phun
dén tinh chét 16p phu. Do vay, cac phép do xac dinh
céc tinh chat co ban cua 16p phi WC-12Co gdm do
ctmg, do x6p, d6 bén bam dinh duoc thyc hién lam
co s& dé t6i wu hoa va danh gia anh huong cta cac
thong s6 phun. Két qua do trung binh trén cac mau
tmg v&i mdi tinh chit duge xac dinh va trinh bay

trong Bang 5.
[8103-1036 (D) - Tungsten Cartide - WC
Méu 3 () Tungsten Carbide - W2C
- 51011204 [0) - Tungsten - W
- [£J02-1138 (D) - Cobait Tungsten Cartide - CosW2C
-
!_
-1 Méu4
i

j — il,_n‘ I

) Y N

Hinh 8. Anh phén tich (XRD) thanh phan pha I6p
phii (cdc mdu 3, 4, 8)
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Bdng 5. Két qua do va gid tri S/N twong iing

- Do bén bam A X
Do cling dinh b6 xop
Thi - L .,
nghiém Gia tri Gia tri Gia tri
do S/N do | SN | do | S/N
(HV,) (MPa) (%)
1 1058,2 {60,491 52,1 |34,34| 3,18 [-10,05
2 1166,8 [61,340| 65,3 [36,30| 2,16 | -6,69
3 1167,3 |61.344| 61,2 |35,74| 1,42 | -3,05
4 1296,0 (61,976 59,5 [35,49| 2,79 | -8,91
5 1180,5 |61,441| 65,6 |36,34| 2,14 | -6,61
6 1229,8 [61,797| 58,3 [35,31| 2,30 | -7,24
7 1095,6 {60,793 | 53,8 |34,62| 2,96 |-9,43
8 1018,9 {60,162 | 55,0 |34,81| 3,37 |-10,55
9 1245,4 (61,790 57,5 |35,19| 1,92 | -5,67

Céc két qua do nhan duoc cho thdy su thay d6i
céc thong s phun 1am anh hudng 16 rét dén cac tinh
chat 16p phu, diéu nay chimg to anh hudéng dang ké
ctia cac thong s6 nghién ctru dén tinh chat 16p phi.
Tir d6, cac gia tri S/N twong tmg cho mdi két qua
thuc nghiém véi timg tinh chat véi dic trung chét
lwong theo Taguchi: 16n hon thi tot hon cho d6 cling
va d6 bén bam dinh; nho hon thi tot hon cho do xbp
[9]. Cac gia tri S/N dugc xac dinh va trinh bay trong
Béng 5 dé 1am co s tinh toan phan mirc anh huong
va xéc dinh b thong s ti uu.

3.2 T6i wu héa thong s6 phun téi do cirng ciia
16p phu

Tir két qua thuc nghiém va cac gia tri S/N
trong Bang 5, tién hanh tinh toan phan muc tic dong
clia cc thong s phun t6i do ctimg 16p phu va duoc
trinh bay trong Bang 6, biéu d6 Hinh 9. a. Két qua
tdi wu xdc dinh mirc thong s phun A B.C, véi A
= 32 g/phut, B = 0,35m, C = 5 cho d¢ cting 16p
phu 16n nhét va co gia tri du doan 1329,6 HV. Phép
phan tich phuong sai x4c dinh phan tram anh huong
clia cac thong sd phun dua trén tong do léch binh
phuong cua cac thong sé (Bang 7 va Hinh 9. b) véi
gia tri: C (39,4 %) > A (33,5 %) > B (26,2 %). Gia
trj do tin cdy duya trén chi s6 P-value déu nho hon
0,05 chimg t6 cac thong sd phun nghién ciru 1a cac
thong s anh huong chinh. Mirc d6 anh huéng cho
phép thir ty ru tién diéu chinh dé cac thong s6 dé dat
d6 ctng 16p phu véi C> A > B.
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Bdng 6. Phdn mitc tdc dong cia cdc thong sé phun
101 do cirng [op phu duwa trén cdc gia tri S/N.
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Bdng 8. Phdn mirc tac dong cia cdc thong sé phun
toi do bén bam dinh dwa trén cac gia tri S/N

, Théng s6 phun , Thoéng s6 phun
Mitrc Muc
A B C A B C
1 61,06 61,09 60,82 1 35,46 34,81 34,82
2 61,74 60,98 61,74 2 35,71 35,81 35,66
3 60,95 61,68 61,19 3 34,87 35,41 35,56
Thur ty anh huong 2 3 1 Thtr ty anh hudng 2 1 3
= - = A B c
£ 358
?‘ 2 '§ 356
s Eh
E g 354 /
o
['..5: E 350
=
26 32 38 0200 0275 0350 4 5 6 348
ST hon s s a % 32 38 0200 0375 0350 4 5 é
S/N: Lém hom thi tét hon a.

0,9%

m Anh huéng ciia A

B Anh huéng cia B
Anh huéng ciia C

m Anh hudng ciasai sb

)

Hinh 9. Mikc t6i wu va % dnh hwéng ciia cac thong

6 phun dén dé cimg 16p phii

Bdng 7. Két qua phan tich ANOVA cho két qua do

0.5%

m Anh hudng cia A

® Anh huéng ciia B
Anh huéng ciia C

m Anh huéng ciiasai sb

b.
Hinh 10. Mikc t6i wu va phan tram dnh hwéng ciia
cdc théng sé phun dén do bén bam dinh 6p phii

Bdng 9. Két qua phdn tich ANOVA két qua do do

cung
« | Bac Téng binh | Trung . | % anh cung cdc mau thyc nghiém
Yéu . . | Tri , 2
% tu phuqng cac binh binh % P hudng véu Bac| Tong Trung Tri | % anh
do yéu to phuong (%) " tu binh | binh binh o P huémg
A 2 18825,2 | 9412,6 |0,025| 33,5 do | phuong | phuong
B 2 14731,3 7365,6 [0,032| 26,2 A 2 | 51,860 | 25,9300 | 0,017 | 28,7
C 2 | 221244 | 11062,2 10,022 | 39,4 B 2 | 70,447 | 35,2233 | 0,012 | 38,9
Saisd| 2 490,4 2452 -- 0,9 C 2 | 57,727 | 28,8633 | 0,015 | 31,9
Téng | 8 56171,3 -- -- 100 Sais6| 2 0,887 0,4433 -- 0,5
Téng | 8 (180,920 - - | 100

3.3 T6i wu hoa thong sé phun t6i do bén bam
dinh cia lép phu

Két qua t6i uu cho d bén bam dinh 16p phu
xac dinh théng s phun A,B,C, v6i A= 32 g/phut, B
=0,275m, C =5 (Bang 8 va Hinh 10. a) cho d¢ bén
bam dinh cua 16p phit véi nén 16n nhit va co gia tri
du doan 1a 67,6 MPa Phan trdim anh huong cua cac
thong s6 phun toi d6 bén bam dinh duoc xac dinh
voéi tht tu: B (38,9 %) > C (31,9 %) > A (28,7 %)
(Bang 9 va Hinh 10. b). Anh huéng cua sai s6 voi
0,5% va céc tri s6 P-value ciia mdi thong s6 déu nho
hon 0,05 chiing t6 do tin cdy cua cac thong sb va két
qua cua nghién cuu.
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3.4. T6i wu hoa thong so phun téi dd xdp cita 16p phit

Théng s6 phun tdi wvu A B,C, v6i A =26 gam/
phut; B = 0,35 m; C = 6 cho d6 xép nho nhét du
doan 1a 1,43% (Hinh 11. a va Bang 10). Két qua
phan tich phwong sai xac dinh phan trim anh huong
clia cac thong s6 phun voi thtr tu anh huong: B
(55,74 %) > C (31,94 %) > M (11,74%). Cac thong
s6 phun diing duoc xac dinh 13 cac thong sb anh
hudng chinh dén d6 x6p 16p phu, két qua phan tich
1a hoa toan c6 y nghia dya trén viéc xac gia tri anh
huéng cua sai s6 va chi s6 P-value bang (Bang 11
va Hinh 11. b).
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Bang 10. Gia tri S/N trung binh cia cac mirc thong
$6 phun t6i dé xop 16p phii

Mite Thong s6 phun
A B C
1 -6,594 | -9,462 | -9,279
2 -7,585 | -7,950 | -7,089
3 -8,548 | -5,315 | -6,360
Thur tu anh hudng 3 1 2
. A B c
£
ﬁ T
.g bssg ok = Ao
g 4
i,
&
2
= 26 2 38 0200 025 0,350 4 5 6
Gid tri thong s& phun
a.
m Anh huéng ciia A
B Anh huong cia B
Anh huéng cia C
m Anh hudng cia sai s6 b

Hinh 11. Mike t6i wu va % anh huéng ciia cdc théng
$6 phun dén dg bén bam dinh cia 16p phii

Bdng 11. Két qua phan tich ANOVA két qua do dé
cieng cdc mau thie nghiém

| Bac| Ton Trun . X
Y;Zu tw bink% binh biih Sgr; Z;gﬁz
do | phuong | phuong
A | 2 |0,38682| 0,193411 |0,047 | 11,74
B | 2 [1,83696| 0,918478 |0,010 | 55,74
C | 2 [1,05242] 0,526211 [0,018 | 31,94
Saisb| 2 |0,01929 | 0,009644 | -- | 0,58
Téng | 8 |3,29549 - - | 100

3.5. Thye nghiém Kiém chirg cac két qua tdi vu

DPé xac minh do tin cdy cua nhitng két qua
t6i uu, cac thi nghiém kiém chimg duoc thuc hién
dua trén cac thong sé phun da xac dinh. Két qua
t6i wu va cac gia tri do trén cac mau kiém ching
dugc trinh bay trong Bang 12. Trén co so cac két
qua nhan dugc danh gia sai sé giita két qua do va
két qua du doan cho thay: Sai léch gitra két qua do
va du doan cua cac tinh chét 1a khong dang ké va
déu nho véi 0,5% cho do cing 1,63% cho dé bén
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bam dinh, -1,5% cho d6 x6p (Bang 12). Cac két qua
kiém chtng d3 xac dinh phwong phap tdi wu hoa
nhiéu thong s6 dén tinh chat 16p phu da thuc hién
cho d0 tin cdy va hi¢u qua cao, mac du cac tinh chét
16p phu WC-12Co bang phun HVOF déu c6 gia tri
tdt, song viéc tdi wu hoa da cai thién duoc dang ké
c4c tinh chét 16p pha nhéan dugc.

Bdng 12. Bang so sanh cdc két qua thiee nghiém
kiém chitng véi két qua dw dodn toi wu theo Taguchi

Tinh Két qua t6i uu .| Sai
2 Gia tri P
chat d SO
l6p phit| A:B:Co| AB.C, |ABC, | do | o0
bo
cing | 13362 - — [1329,6] 0,5
(HV)
bo
bam
don | - 67,6 — 1665 [-1,63
(MPa)
Boxop| - 136 | 1,42 |+4,41
(%) 2 b b

4. Két luan

Trong nghién ciru nay, cic théng sb phun
nghién ctru bao gdm luu lugng phun (A), khoang
cach phun (B), ty 1& oxy/propan (C) duoc t6i wu va
danh gia anh huong cia chung nham cai thién do
cting, d6 bén bam dinh va d¢ xdp 16p ctia phi 16p
phit WC-12Co. Phuong phép Taguchi két hop véi
phéan tich phuong sai ANOVA la cac cong cu dugc
su dung dé thyc hién qua trinh. Két qua xac dinh cac
b thong sé phun véi: A =32 gam/phut, B = 0,35 m,
C =5 cho 16p phii c6 d6 cimg 16n nhét véi 1336,2
HV; A =32 gam/phit, B = 0,275 m, C =5 cho l6p
phti ¢ d6 bén bam dinh 16n nhat véi 67,6 MPa; A
=26 gam/phut, B = 0,35m, C = 6 cho 16p phu c6 do
x6p nho nhat véi 1,36%. Phan trim anh huong cua
cac thong s6 phun t6i 1an lugt d6 cimg, d6 bén bam
dinh va d6 x6p dugc xac dinh: C (39,4 %) > A (33,5
%) >B (26,2 %); B (38,9 %) > C (31,9 %) > A (28,7
%); B (55,74 %) > C (31,94 %) > A (11,74 %). Két
qué cuia cac thi nghiém kiém ching twong dong voi
két qua du doan véi sai léch dudi 5% ching t6 két
qua toi ru 1a dang tin cdy. Phuong phap Taguchi da
duogc cung cip mot giai phap don gian va hiéu qua
dé cai thién tinh chat 16p phu tir cc thong s6 anh
hudng.
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STUDY ON EFFECT OF POWDER FEED RATE, SPRAY DISTANCE, OXYGEN/
PROPANE RATIO ON HARDNESS, ADHESION STRENGTH AND POROSITY OF WC-12Co
COATING BY HVOF SPRAY

Abstract:

In this study, WC-12Co powder was deposited on 16Mn steel to study the effect of spray parameters
including oxygen/propane ratios, powder feed rates and spray distance on coating properties such as
hardness, adhesion strength and porosity. Taguchi's experimental design with L9 array and analysis of
variance were used to optimize spray parameters and evaluate their influence to each coating property.
Results show that the optimal spray parameters were determined with: A = 32 g.min-1, B=0,35m, C=5
for maximum coating hardness at 1336,2 HV; A = 32 g.min-1, B = 0,275 m, C = 5 for maximum coating
adhesion strength at 67,6 MPa; A = 26 g.min-1, B = 0,35m, C = 6 for minimum porosity at 1,36%. The
effect percentage of parameters m, n, S on hardness, porosity and adhesion is: C (39,4 %) > A (33,5 %) >
B (26,2 %), B (38,9 %) > C (31,9 %) > A (28,7 %), B (55,74 %) > C (31,94 %) > A (11,74 %) respectively.
One can be said that obtained results help to improve the coating properties and adjust spray parameters
values according to user requirements based on percentage of impact that have been determined. Moreover,
verified experiments prove that presented results are reliable.

Keywords: HVOF, WC-12Co, Optimization, Hardness, Adhesion strength, Porosity.
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