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Tom tat

Bai bao gidi thiéu két qua thuc nghiém xac dinh chiéu day 16p phu plasma tir bot phun hé gém Al,Oz — 40% TiO, trén
bé mit 16p thép nén cac bon C45 trong quy md phong thi nghiém bang phuong phép kim tuwong hoc, sir dung kinh hién
vi quang hoc Axiovert 25 MAT c6 tich hop phan mém phan tich anh k¥ thuat s6. Két qua cho thiy chiéu day trung binh
ctia 16p phu plasma phuy thudc vao céc thong sé lua chon ché do phun nhu cuong do dong plasma (Ip), khoang cach
phun (Lp), s6 luot phun (np), tbc d6 di chuyén dau sung phun theo quy dao cho trude (vp), trong d6 anh hudng ciia np la
16n nhét, tiép theo 1a Lp; Ip; Gp va vp.

Tir khéa: Phun plasma; vat liéu gbm Al,Oz — TiOy; quy hoach thuc nghiém.

Abstract

This paper presents the experimental research to determine the thickness of plasma coating from ceramic system Al;O3
- 40% TiO; on the substrate of the carbon steel SS 400 in laboratory conditions, using the metallography method with
the optic microscope Axiovert 25 MAT integrating the digital picture processing software. The results demonstrated
that the average thickness of the plasma coating depends on the process parameters such as the current of plasma (lIp),
the distance of spraying (Lp), the number of coating (np), and the transverse speed of plasma gun alongside the
trajectory(vp), among which the most noticeable is np, following Lp; lp ; Gp and vp.

Keywords: Plasma spraying; ceramic material Al,O3 — TiO»; design of experiment.

1. Pat van dé vat litu y sinh Ti-6Al-4V [1]; AlOs/TiOz;
Al;03 + 3 mol% Y203-ZrOo; bot thuong mai
Metco 130 voi cdu trac nano AT va ciu tric
nano AT bién tinh; bot phun v6i ham lugng
%TiO, thay ddi & cac mirc 13% TiOz; 40%

Trén thé gioi, cong nghé phun phii nhiét
trong d6 c6 phun bang plasma di duoc nghién
ctru tmg dung dé tao 16p phu gém Al,O3 va t6
hop bot phun nhu: bot phun Al,O3 18n bé mat
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TiO2 va 50% TiO2; bot phun Al2Os/cachit Bo;
Al;O3/Ni5Al;  bot phun Nil8Cr5Al4B,...
Nhig 16p pht ndi trén thuong duge phun 1én
bé mat lam viéc cua cac chi tiét xy lanh bang
thép cac bon ché tao may va thép hop kim
khong gi va nhiéu hop kim khéc [2 + 15]. Dén
nam 2018, mot sb nghién ctru khac vé dic diém
t6 chirc t& vi va tinh chat 16p vat liu phun
ngudi cu tric nano nHA c6 dic tinh dan dién,
nhiét rat tot boi két cAu tir cac tinh thé nho trén
bé mat 16p kim loai nén 1a TC4 ¢ nhiét d6 thip
1a k¥ thuat rat 1y tuong vi cac hat Ti trong 16p
dém trung gian gitra 16p phu nHA va kim loai
nén lam ting dang ké tinh ning chéng gi cua
16p phu [16], [17].

O Viét Nam, mot vai ung dung cong nghé
phun phu duogc trién khai tir nhitng nam 2012
dén nay tai Vién Nghién ctru Co khi (Bo Cong
Thuong) vé 16p phi plasma Nil8Cr5AI4B trén
bé mit 16p thép cac bon chiu mai mon co hoc
[18], [19]; Vién K¥ thuat Nhiét doi (Vién Han
1am Khoa hoc va Cong nghé Viét Nam) vé 16p
phu kép NiCr5Al chéng an mon héa hoc bang
cong nghé phun hd quang dién [20].

Cac yéu t6 cong nghé chinh anh hudng dén
chat luong 16p phu plasma tir vat liéu hé gbm
c¢6 anh huong dén chat lugng va higu qua phun
phu duogc nghién ctru khao sat gdm c6: Do con
ludng phun (oc), phu thudc vao loai sung phun;
gbc phun tao boi huéng phun va bé mit 16p
kim loai nén (on); duong kinh vét phun (dp); &p
sudt moi truong xung quanh (p); d6 che phu
gitta cac 16p phu (4f), phu thudc vao quy dao di
chuyén cua sung phun va s6 luot phun; nhiét d
cia vat phun (Tp); khoang cach phun (Lp);

cuong d6 dong phun plasma (Ip); luu lwong cp
bot phun (Gbyp); toc do di chuyén dau phun (vp)
va mot sb yéu té diéu kién bién khéc.

Mot vai nghién ctru dién hinh trong nuéc
chu yéu di vao huéng tng dung k¥ thuat phun
plasma dua vao cac thong sd co ban theo
khuyén cédo cta nha cung cip thiét bi phun
plasma dé lua chon ché do phun ¢ quy md
phong thi nghiém va san xuét thir nghiém ddi
v6i cac chi tiét may lam viéc dudi tai trong co
mai mon co hoc [18], [19], [20]. Vi vay, trong
cong trinh nay dua ra dé& xuat nghién ctru khao
sat bang thuc nghiém anh huéng cia mot sd
ché do phun plasma tao 16p phu gébm hé gém
Al>,O3 — 40%wt. TiO2 (str dung bot thuong mai)
dén chiéu day 16p phi nhiam muyc tiéu dinh
hudng cho tng dung dé ché tao cac chi tiét co
khi 1am viéc ¢ diéu kién chiu mai mon co hoc
trong moi truong nhiét 4m va chiu tai trong co
hoc vira va nhd.

2. Phuwong phap nghién ciru
2.1. Thiét bi phun tao l6p phii plasma Al20; -
TiO:z

Thiét bi phun plasma dé phun tao 16p phu
plasma trén cac mau dang tdm phang va dang
dia da duoc Phong Thi nghiém (PTN) trong
diém Quéc gia “Cong nghé Han va Xu 1y bé
mat” (Vién Nghién ctiru Co khi) sir dung, thiét
bi dugc nhap khau tir My. Anh toan canh thiét
bi phun plasma va dau sung phun cho trén Hinh
2.1. Céc thiét bi phy tro sir dung dé g4 lap mau
va dau sung phun trong qua trinh thi nghiém
déu co sin tai xuong thuc nghiém tryc thudc
PTN “Cong nghé Han va Xt Iy bé mat” (Hinh
2.2 va Hinh 2.4).
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Hinh 2.1. Anh toan canh thiét bi phun plasma (a) va sing phun plasma do My ché tao sir dung cho thi nghiém phun
tao 16p phu plasma hé gbm Al,O3 - TiO; (b) hién ¢ tai Vién Nghién ctru Co khi, B Cong Thuong

Hinh 2.2. Anh tai mot thoi diém thi nghiém phun tao 16p phi hop kim hé gdm Al,O3 — TiO;,
trén mau thép SS400 trong phong thi nghiém

VRS 7

Hinh 2.3. Anh mot s6 phéi composite
thép C.45- Al,O3/TiO; sau khi phun plasma

2.2. Phwong phap thwc hién thi nghiém

Mau dang tdm phéang tir thép C.45 thuong
hoéa, c6 chiéu day 6 = 4 + 5mm, véi kich thudc
cac chiéu canh hinh vudng 1a 50 x 50mm (Hinh
2.3). Vat li¢u phun tao 16p phu str dung la bot

Hinh 2.4. Kinh hién vi quang hoc
Axiovert 25 MAT dung cho thi nghiém

hop kim hé gbm AlO3 - 40 Wt%TiO, thuong
mai dugc nhap khau va cé san trén thi truong &
Viét Nam (k¥ hiéu theo nha cung cap 1a hing
PARAMAX).

Ché do phun plasma cho trong Bang 2.1.



44 Vii Dwong, Nguyén Thanh Ting | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 3(52) (2022) 41-50

Bang 2.1. Diéu kién thi nghiém phun plasma tao 16p phu Al,03 — TiO2

Thong s6 CN chu yéu Kyhiéu | Muc0 Miic 1 Mic2 | Budce didu
chinh
Khoang cach phun, Ly, mm X1 100 150 200 50
Cuodng d6 dong plasma, Ip, A X2 400 500 600 100
Luu lugng cap bot, Gp, kg/h X3 1,7 1,9 2,1 0,2
Tbc d6 phun, vp, mm/ph X4 50 60 - 10

Moi truong phun: khong khi

Phéi vat liu sau khi phun dugc lam ngudi
trong khong khi va cat ldy mau dé nghién ctru

khéo sat t6 chire té vi, do chidu day 16p phit Al,O3

- TiO; theo dting quy trinh gia cong mau soi chup
t6 chirc té vi cia PTN “Kim loai hoc va Nhiét

luyén” tai Truong Pai hoc Bach khoa Ha Nai.

Bang 3.1. Két qua do chiéu day 16p phi plasma Al,Os - TiO, trén cic mau nhom 1

trong Bang 3.1 va Hinh 5.1.

3. Két qua thi nghiém va thio luin
3.1. Nhém mau sé 1

Két qua thi nghiém do chiéu day 16p phu
nhém mau thim do dinh huéng cong nghé cho

S6 [ Mish Chiéu day 16p pht plasma Al,03 - TiOz, &p, pm Trung binh,
™ Vi tri 1 Vi tri 2 Vi tri 3 Vitri 4 Vitri5 | Optb, M

01 | 000 | 118,36735| 142,85714 | 175,51020 | 110,20408 | 126,53061 | 134,69390
02 | 010 | 220,40816 | 155,10204 | 240,81633 | 228,57143 | 167,34694 | 202,44898
03 | 020 | 163,26531 | 204,08163 | 265,30612 | 208,16327 | 200,00000 | 208,16327
06 | 120 | 248,97050 | 220,40816 | 240,81633 | 208,16327 | 228,57143 | 229,38776
07 | 200 | 236,73469 | 277,55102 | 240,81633 | 244,89796 | 253,06122 | 250,61224
08 | 210 | 281,63266 | 318,36735 | 293,87755 | 261,22449 | 273,46939 | 285,71430
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f) Mau s6 05, 5p.06 = 285,714um,
(phun 4 16p)

Hinh 3.1. Anh két qua do chiéu day 16p phu plasma Al,03 — TiO2 biang phuong phap kim tuong hoc (miu nhom 1)

Phan tich s6 liéu thuc nghiém cho trong
Bang 3.1 va cac anh minh hoa trén Hinh 3.1 d6i
v6i nhom mau thi nghiém s6 1 cho thiy c6 dic
diém nhu sau:

- Mau s6 01, ma s6 (000), nhan dugc sau khi
phun 2 16p & ché do Lp =100mm; I, = 400A;
Gp = 1,7kg/h, vp = 50mm/ph (Hinh 3.1,a), chiéu
day trung binh cta 16p phu plasma, do dugc tai
05 vi tri khac nhau gia tri 8p.01 = 134,6939um.

- Mau s6 02, mi s6 (010), nhan dugc sau khi
phun 3 16p & ché d6 L, =100mm; I, = 500A;
Gp = 1,7 kg/h; vp = 50 mm/ph (Hinh 3.1,b).
Chiéu day 16p phu plasma trung binh 1a 8poz =
202,44898 um, tang thém 67,755um (tang
50,3%) so v&i chiéu day ctia nd & mau sb 01
ké trén.

- MAu s6 03, mi s6 (020) sau khi phun 3 16p &
ché d6 Ly = 100mm; I, = 600A; Gp = 1,7kg/h; vp
= 50mm/ph (Hinh 3.1,c). Chiéu day 16p phu
plasma trung binh la &p.o3 = 208,16327, tang thém
73,469um so v6i mau s6 01 (ting 54,54%).

3.2. Nhém méu sé 2

- Méu s6 04, ma s6 (100), nhan dugc sau khi
phun 4 16p véi ché do Lp = 150mm; I, = 400A;
Gp = 1,7kg/h; vp = 50mm/ph (Hinh 3.1 d).
Chiéu day 16p phi plasma trung binh c6 gia tri
bang Sposa = 229,387um, ting thém 21,224um
(tang 10,19%) so vi mau s6 03 trén day.

- Mau s6 05 mi sb (110), nhan duoc sau khi
phun phun 4 16p & ché d6 L, =150mm;
I, =500A; Gp = 1,7 kg/h;vp = 50 mm/ph (Hinh
3.1,e). Chiéu day 16p phu plasma trung binh 1a
Op.os = 250,612um, tang thém 21,224um (tang
9,25%) so voi chiéu day ciia nd & miu s6 04.
Trén Hinh 3.1,e cho thay hinh dang gidng 16p
phii trong thi nghiém nay twong ty nhu mau sd
04 da xét.

- MAu s6 06 ma s (120), nhan duoc sau khi
phun 4 16p ¢ ché do: L, =150mm:; I, = 600A,
Gp = 1,7kg/h;vp = 50mm/ph. Anh trén Hinh 3.1,f
cho thiy chiéu day 16p phu plasma co gia tri
bang dpos = 285,714um, ting thém 53,326um
(ting 24,55%) so v6i mau sd 05 di xét.

Gom c6 06 mau dién hinh c6 ky higu s6 11 + 17. Két qua thi nghiém cho trong Bang 3.2 va trén

Hinh 3.2.

Bang 3.2. Két qua do chiéu day 16p phu plasma Al,O3 — TiO2 trén cac mau thudc cac nhoém 2 & 3
S6 | Ma Chiéu day 16p phit gdm AL;O3 — TiO2, 5p, pum Trung binh,
TN |80 ™ Viui 1 Vi tri 2 Vi tri 3 Vitri 4 Vi tri 5 Sp.tb, pm
11 | 011 | 285,71429 | 302,04082 | 330,61224 | 297,95918 | 297,95918 | 302,85714
12 | 021 | 342,85714 | 326,53061 | 330,61224 | 330,61224 | 289,79592 | 324,08160
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13 | 101 | 367,34694 | 314,28571 281,63265 363,26531 342,85714 | 333,87755
15 | 121 | 318,36735 | 342,85714 355,10204 334,69388 371,42857 | 344,48979
16 | 201 | 338,77551 | 306,12245 400,00000 326,53061 363,26531 | 346,93878
17 | 211 | 383,67347 | 338,77551 375,51020 371,42857 334,69388 | 360,81657
18 | 211 | 391,83673 | 379,59184 436,93878 351,01041 379,59184 | 369,79590
21 | 022 | 542,85714 | 481,63265 432,65306 497,95918 481,63265 | 487,34690
22 | 102 | 816,32653 | 791,83673 804,08163 771,42857 795,91837 795,91837
24 | 122 | 791,83673 | 800,00000 804,08163 808,16327 808,16327 | 802,44898
25 | 202 | 800,00000 | 808,16327 820,40816 767,34694 808,16327 | 808,81633

Mbi trwong phun: khong khi; Toc do di chuyén dau sing phun plasma vp = 50 = 60mm/ph
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Phan tich sb li¢u thi nghiém dbi v6i nhom
mau s6 2 cho trong Bang 3 va cac anh trén
Hinh 6 ta thay:

-Mau sb 11, ma s6 (011), sau khi phun 5 16p &
ché do Lp, = 100mm; 1, =500A; G, = 1,9kg/h;
Vp = 60mm/ph, (Hinh 3.2,a). Chiéu day 16p phu
plasma Al;03 — TiO» trung binh 1a 8p.11 = 302,857um,
tang thém 17,142um (ting 5,99 %) so v6i mau sb
06 da xét ¢ trén (Spos = 285,714um).

- Mau s6 12, mé s (021), sau khi phun 5 16p
& ché @6 L, =100mm; I, = 600A; G, = 1,9kg/h
va Vp = 60mm/ph (Hinh 3.2,b). Chiéu day 16p
pht plasmaAl;O3 — TiO2 trung binh c6 gia tri
Op12 = 324,08um, ting thém 21,22um (tang
khoang 7%) so véi chiéu day cua ndé & mau sb
11 ¢ trén (8p.11 = 302,857um).

- MAu s6 13, ma s6 (101), sau khi phun 5 16p
v6i cac thong sb Lp = 150mm; I, = 400A:;
Gp = 1,9kg/h va vp = 60mm/ph (Hinh 3.2,c).
Chiéu day 16p phu plasma Al,O3 — TiO2 trung
binh c6 gia tri 1a 8p.13 = 333,877um, tang thém
31,02um (tang 10,24%) so v6i mau s6 11.

3.3. Nhém miu s6 3
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- Mau sb 15, ma sb (121), nhan duogc sau khi
phun 6 16p véi cac théng sé Ly = 150mm;
lpb, =600A; G, = 1,9kg/h va vp = 60mm/ph
(Hinh 3.2,d). Chiéu day 16p pha plasma
AlbO3 — TiO, c6 gia tri trung binh bang
Op.1s = 344,489um, tang thém 10,61um (tang
3,17%) so véi chidu day cua né & mau sb 13 &
trén.

- Méu s6 16, mé s6 (201), sau khi phun 6 16p
v6i cac thong sb Lp = 200mm:; I, = 600A;
Gp = 1,7kg/h va vp = 60mm/ph (hinh 3.2,e).
Chiéu day 16p phu plasma Al,O3 — TiO; trung
binh c6 gia tri bang Sp16 = 346,938um, ting
thém 16,326um (tang 2,45%) va khong dang
ké so véi chiéu day cia n6 & mau s6 15
(0p.15 = 344,489um).

- MAu s6 17 c6 mi s (211), sau khi phun 6
16p & ché do L, = 200mm; 1, = 500A; Gp = 1,8
kg/h va v, = 60mm/ph (Hinh 3.2,f). Chiéu day
16p phu plasma Al203 — TiOz trung binh la
dp.17 = 360,816um, tang thém 16,326um (ting
4,739%) so v&i mau sb 16.
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Hinh 3.3. Anh két qua do chiéu day 16p phu plasma Al,O3 — TiO2 bang phuong phap kim twong hoc (miu nhoém 3)

Gom c6 05 mau dién hinh c6 ky hiéu sd 18
+ 25. Két qua thi nghiém cho trong Bang 3.2
va trén Hinh 3.3. Tir d6 cho thdy cac dic diém
nhu sau:

- MAu sb 18, ma sb (211), sau khi phun 6
16p v6i cac thong sé Ly = 200mm; 1, = 500A;
Gp = 1,9kg/h va vp = 60mm/ph (Hinh 3.3,a).
Chiéu day 16p phu plasma Al,O3 — TiO> trung
binh c6 gia tri dp1s = 369,796um, ting thém
25,306 pum (ting 7,346%) la dang ké so voi
mau s 15 (8p.15 = 344,489um).

- MAu s6 21, ma sb (022), nhan dugc sau
khi phun 8 16p & ché d6 L, = 100mm;
I, =600A; Gp = 1,9kg/h) va vp = 60mm/ph
(Hinh 3.3,b). Chiéu day 16p phu plasma Al,Os
— TiOz ¢co gia tri bang Sp21 = 487,346um, ting
thém 117,795um (tang 31,78%) la rat dang ké
so v6i chiéu day cua né & mau sb 18 (8pis =
369,795um).

- Mau s6 22, ma sb (102), sau khi phun 12
16p véi cac thong sé Lp =150mm:; I, = 600A;
Gp = 1,9kg/h va vp = 60 mm/ph (Hinh 3.3,c).
Chiéu day 16p phu plasma Al,O3 — TiO> trung
binh 1a &2 = 795918um, ting thém
117,795um (tang 31,78%), rit dang ké so vai
mau s6 21 da xét trén day.

- Mau s6 24, ma s (122), sau khi phun 12
16p voi cac thong s6 L, = 100mm; 1, = 600A;
Gp = 2,1kg/hva vp = 60mm/ph (Hinh 3.3,d).
Chiéu day 16p phu plasma Al,03 — TiO2 trung
binh c6 gia tri 8p.24 = 802,449um, ting thém gan

6,63um (ting 0,84%), tic 1a hau nhu khong
dang ké so v6i chiéu day 16p pha nhan duoc
trén mau sd 22 ké trén.

- MAu s6 25, mi s (202), nhan dugc sau
khi phun 12 16p & ché do L, = 200mm;
lo, =400A; Gp = 2,1kg/h; va v, = 60mm/ph
(Hinh 3.3,e). Chiéu day 16p phu plasma Al,O3
— TiOz trung binh la &p25s = 808,816um, tang
thém 6,357um (tang 0,79%), tirc 1a hau nhu
khong dang ké so véi chiéu day 16p phii nhan
dugce trén mau sb 24 d3 xét.

Phén tich cic két qua thyc nghiém trén ba
nhom mau thi nghiém trén ddy cho thay dic
diém chung 13 qua trinh phun plasma vdi bo
thong sb da chon déu kha 6n dinh va khi sb
lugt phun cang tang thi chiéu day 16p phu
nhan dugc cang 16n. Hinh dang cua 16p phu
plasma Al,O3 — TiO; twong dbi dong déu theo
mit cat ngang 16p phu va c¢6 hinh dang 16i 16m
mo ta theo 16p phu trén cung tuwong dbi déu
theo chiéu doc cac mau khao sat (Hinh 3.1,
a+f; cac Hinh 3.2, a+f; cadc Hinh 3.2, a+f).
Qué trinh phun v6i dong plasma khi ting
cuong do ngudn tir Ip = 400A dén I, = 600A
khi dong thoi khoang cach phun dugc ting dan
trong khoang Ly = 100 + 150 mm 1a kha 6n
dinh. Cac thong s6 Gp = 1,7 = 2,1kg/h; vp = 50
+ 60mm/ph khong anh huéng nhiéu dén chiéu
day 16p phu, ma sb luot phun méi dong vai tro
quan trong hon ca cho sy hinh thanh toan bd
16p phu cubi cing c6 chiéu day cang ting. C6
thé cho rang khi tang cac thong s6 phun nhu I,
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va Gp 1én mirc cao nhét trong mién quy hoach,
dam bao diéu kién thugn lgi hon cho van
chuyén luong bot phun dén bé mit 16p thép
nén C45 véi dong ning va luu luong 16n hon,
két qua cudi cung lam cho chiéu day 16p phu
plasma tang 1én.

4. Két luan

1) Chiéu day trung binh cua 16p pha plasma
Al,03 — TiO; tAt ca cac mAu thi nghiém c6 gid tri
trong khoang tir 8po1 = 134,693um dén Spos =
285,714pum (nhém 1); tir 8p11 = 302,857um dén
Opis = 369,795um (nhém 2) va tor Op21 =
302,857um dén 8p25 = 808,816um (nhom 3) véi
quy lut nhin chung 13 ting ty 1¢ thun theo chiéu
tang cta thong s6 Ly, Ip; Gp Va np. Trong do, thi
tu anh hudng ciia ching téi chiéu day 16p phu
manh nhat 13 np, tiép theo d6 1a Lp, I va Gp;

2) Anh hudng cia théng sé Lp 6 dic diém
phirc tap hon nén can cé nghién ctru toan dién
hon theo diéu kién quy hoach thuc nghiém day
du véi 27 thi nghiém dé co du sb liéu thong ke
toan hoc xay dung mo hinh todn hoc thuc
nghiém. Van dé nay nhém nghién ctru s& gidi
thiéu trong khuon kho mot bai bao khac.
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