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Tom tat

Cong nghé phun plasma dugc dung dé phun vat liéu dac biét vai myc dich tao 16p cach nhiét hodc chiu mon tir hé hop
kim Al,O; - TiO,. Tuy 16p phun nay c6 nhimg uu diém vuot troi so voi cac nhém vt lidu truyén théng nhu thép hop
kim hodc hop kim cing, xong con tity thudc vao ché do cong nghé s& anh huong dén chit luong 16p phun. Bai bao
nghién ctru phuong phap danh gia chat lugng 16p phun khi thay ddi ché do cong nghé, trén co s¢ d6 dé xuat ché do
cong nghé toi wu nham cai thién chat lugng vat liéu va nang cao hiéu qua ciia cong nghé nay trong tng dung cong
nghiép.

Tir khéa: Cong nghé phun plasma; do chiu mon; thong s6 cong nghé; chit lugng 16p phun; phuwong phéap danh gié.

Abstract

Plasma spray technology is widely used for the deposition on special material to obtain the thermal barrier or wear
resistance coating from system Al,Oz - TiO,. Although this coating is distinguished by super-performance in
comparison with the traditional materials such as alloyed steel or hard alloy, its quality also depends on the technology
parameters. This paper focuses on the methodology of the evaluation of the performance of the spray coating in the
dependence of changing technology parameters aiming for setting the optimal technology to improve the quality of the
material and enhance the efficiency of this technology in the industry.

Keywords: Plasma spray technology; wear resistance; technology parameters; quality of the deposition; evaluation
methodology.

1. Pit van dé bon, thép khong gi, hop kim [1 + 4], san phim

Trén thé gidi, 16p phit gém hé Al,Os - TiO» dung cho y sinh [5] nham céi thién va nang cao

v61 ham luong TiO2 khac nhau, thuong dugc
tao ra bang phuong phap phun phii nhiét, trong
d6 c6 phun plasma trén bé mit 16p nén thép cac

tinh ndng chong mai mon co hoc, an mon hoa
hoc cho nhiéu doi tugng san pham co khi lam
viéc trong moi truong va tai trong khac nhau
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hoac moéi truong y sinh Ti-6Al-4V [1];
Al2O3/TiO2; Al,O3 + 3 mol.% Y203-ZrO2; bt
thuong mai Metco 130 véi cau tric nand AT va
cau triic nand AT bién tinh. Bot phun v6i ham
luong % TiOz thay ddi ¢ cac muc 13% TiOz;
40% TiO2 va 50% TiO2; bot phun Al20s/céc bit
bo; Al203/Ni5Al; bot phun Nil8Cr5AI4B,...
Nhitng 16p pht noi trén thuong dugc phun 1én
bé mat lam viéc cua cac chi tiét xy lanh bang
thép cic bon ché tao may va thép hop kim
khong gi va nhiéu hop kim khéc [6 + 19]. Pén
nam 2018, mot sé nghién ctru khac vé dic diém
t6 chuc t& vi va tinh chat 16p vat liéu phun
ngudi cAu trac nand nHA c¢6 dic tinh dan dién,
nhiét rat tot boi két ciu tir cac tinh thé nho trén
bé mit 16p kim loai nén 1a TC4 & nhiét do thap
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 niang chdng gi cua
16p phu [20], [21].

Céc tinh chat cua 16p phu anh hudng dén
kha ning chiu mon, cach nhiét va choéng gi
(trong mdi trudng xam thuc), phai ké dén, bao
gom: do day, do xdp, do climg cua 16p vat liéu
duoc phun Ién vat li¢u nén.

Pic tinh vé kich thudc hinh hoc 16p phu
duoc khao sat trén kinh hién vi quang hoc [7],
cling nhu do h¢ s6 ma sat vat liéu 16p phu trén
may do Tribo-Technic [22]. Tuy nhién hai chi
tiéu ndi trén chua du dé c6 danh gia mot cach
tong hop vé chit luong 16p phu plasma dam
bao du yéu cau ky thuat dé tmg dung cho chi
tiét may lam viéc trong diéu kién mai mon co
hoc dudi tai trong vira va nhd.

Mot vai nghién ctru dién hinh trong nudc
cha yéu di vao huéng ung dung k¥ thuat phun
plasma dya vao cac thong sd co ban theo
khuyén céo cta nha cung cip thiét bi phun
plasma dé lwa chon ché do phun & quy mé
phong thi nghiém va san xuit thir nghiém déi

v6i cac chi tiét may 1am viéc dudi tai trong co
mai mon co hoc [3], [7], [23]. Lop phu plasma
Al,O; - 13% TiO, phun trén chi tiét ung dung
thong qua 16p 16t cong nghé trung gian NiCrAl
da 1am rd cac 16 xp va cac cau ndi giira cac
luot phun va 1am ting tinh ning chdng gi cua
n6, bao vé tét hon cho chi tiét phun [19].

Céc yéu t6 cong nghé chinh anh huéng dén
chat luong 16p phu plasma tir vat liéu hé gbm
c¢6 anh huong dén chét lwong va hiéu qua phun
phii duge nghién ciru khao sat gdm co: Do con
ludng phun (¢c), phu thudc vao loai sting phun;
goc phun tao bai hudng phun va bé mit 16p
kim loai nén (awn); duong kinh vét phun (dp); &p
sudt moi trudng xung quanh (p); do che phu
gitta cac 16p phu (4f), phu thudc vao quy dao di
chuyén cta sting phun va s6 lugt phun; nhiét do
cia vat phun (Tp); khoang cach phun (Lp);
cuong do dong phun plasma (Ip); luu lugng cp
bot phun (Gpyp); toc d6 di chuyén dau phun (vp)
va mot sO yéu té diéu kién bién khac.

Tuy nhién, cac nghién clru trén méi chi tap
trung danh gia riéng r& ting tinh chat 16p phi,
chiu anh huong cua timg thong s6 cong nghé.
Do vay can tap trung nghién ctru danh gia anh
hudng tong hop cia ché do cong nghé dén mot
sO tinh chat quan trong dic trung cho 16p phu
hé gbm nay. Pay 1a muc tiéu chinh cta nghién
clru.

2. Phuwong phap nghién ciru

Dé phun tao 16p phu plasma trén cac miu
dang tdm phang va dang dia nguoi ta di sir
dung thiét bj phun plasma nhap khau tir My.
Anh toan canh thiét bi phun plasma va dau stng
phun cho trén Hinh 1. Cac thiét bi phu trg st
dung dé ga lip mau, dau sung phun trong qué
trinh thi nghiém déu c6 san tai xuong thuc
nghiém tryc thudc Phong thi nghi€ém trong
diém qudc gia Cong nghé han va Xur 1y bé mit.
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Hinh1. Anh toan canh thiét bi phun plasma (a) va sung phun plasma do My ché tao st dung cho thi nghiém
phun tao 16p phu plasma hé gom Al;Os3- TiO; (b) hién ¢6 tai Vién Nghién ctru Co khi, B Cong Thuong.

Mot s6 mau thi nghiém sau khi phun tao 16p
phu plasma Al,O3 - 40%wt TiO2 1én bé mat 16p
thép nén SS400 dugc cat iy mau khao sat to
chtrc té vi va do do cung té vi tai cac tiéu vung

Hinh2. MAu thi nghiém phun tao 16p phii plasma Al,Os - 40%wt. TiO,

Pé do d6 xbp 16p phun, cic miu sau khi
phun phu c6 dang hinh vuoéng 50 x 50mm va
hinh dia tron & 50mm, dugc cit thanh nhitng
mau nhé c6 kich thude chidu dai trong khoang
25 + 30mm. Vi tri I?iy mau dugc lua chon tai 03
phan ving dic trung can khao sat khac nhau
gdm ving tdm va cic tiéu ving khac nhau &
khoang cach 10 + 20mm tinh tr tdm ra. Céc
mau nho nhan dugc sau d6 dugc dem di xir ly
toan by bé mit theo mit cit ngang 16p thép nén
SS400 va 16p phu plasma Al,O3 - TiO2. Viéce
danh bong, 1am sach, tim thyuc theo quy trinh.

khac nhau theo bé mit phun phu. Sau d6 duoc
gia cong bé mat khao sat theo mit cit ngang
16p phit - 16p thép nén (Hinh 2, Hinh 3).

Hinh3. May do d¢ ctng té vi dudi tai
trong nho

Sau d6 tién hanh nghién ctru khao sat va chup
anh t6 chirc té vi vat liéu tai cac tiéu ving ciu
trac ddc trung dd chon, bao gdm 16p phu
plasma AlO3z - TiOz, 16p thép nén SS400 va
bién gidi gitta 2 16p d6 trén kinh hién vi quang
hoc Axiovert 25 MAT.

Vit liéu phun tao 16p phu st dung 1a bdt hop
kim hé gbm Al,O3 - 40 Wt%TiO, thwong mai
duoc nhap khéu va c6 sin trén thi truong & Viét
Nam (ky hiéu theo nha cung cép 13 hing
PARAMAX).
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3. Thi nghiém va théo luin két qua

3.1. Khdo sdt d¢ day I6p phun: Ché dd phun plasma cho trong Bang 1.

Bang 1. Diéu kién thi nghiém phun plasma tao 16p phu Al,Os - TiO2

A £ . A i , , , Budce
Thong s6 CN chu yéu Ky hiéu Muec 0 Muc 1 Miic 2 didu chinh
Khoang cach phun, L,, mm X1 100 150 200 50
Cuong do dong plasma, Ip, A X2 400 500 600 100
Luu luong cip bot, Gp, kg/h X3 1,7 1,9 2,1 0,2
Téc @6 phun, vp, mm/ph X4 50 60 - 10

Két qua thi nghiém do chiéu day 16p phi nhém mau tham do dinh huéng cong nghé cho trong

Bang 2 va Hinh 4.

Bang 2. Két qua do chiéu day 16p pha plasma Al203 - TiOz trén cac mau

Sb M 56 Chiéu day 16p phi plasma Al203 - TiO2, 8p, um Trung binh,
TN Vi tri 1 Vi tri 2 Vi tri 3 Vi tri 4 Vi tri 5 dp.tb, um
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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e) Mu s6 07, 8p.05 = 250,612 pm,
(phun 4 16p)

f) Mau s6 08, Sp.06 = 285,714 um,
(phun 4 16p)

Hinh 4. Anh két qua do chiéu day 16p phu plasma Al,O3 - TiO, bang phuong phéap kim twong hoc (mau nhém 1).

Phan tich sd liéu thuc nghiém cho trong
Bang 2 va cic anh minh hoa trén Hinh 4 d6i véi
nhom mau thi nghiém, cho thiy nhiing dic
diém nhu sau:

- MAu s 01, ma sd (000), nhan duoc sau khi
phun 2 16p & ché do L, =100 mm; I, = 400 A,
Gp = 1,7 kg/h, vp = 50 mm/ph (Hinh 5, a), chiéu
day trung binh cta 16p phu plasma, do dugc tai
05 vi tri khac nhau gia tri dp.o1 = 134,6939 um;

- Mau sb 02, mi s (010), nhan duoc sau khi
phun 3 16p & ché d6 L, = 100 mm; 1, =500 A;
Gp = 1,7 kg/h; vp = 50 mm/ph (Hinh 5, b).
Chiéu day 16p phu plasma trung binh 1a 8poz =
202,44898 pm, tang thém 67,755 pum (tang
50,3 %) so voi chiéu day cta né ¢ mau sd 01
ké trén;

- Méu s6 03, ma s (020) sau khi phun 3 16p
& ché do Ly = 100 mm; 1, =600 A; G, = 1,7
kg/h; Vp = 50 mm/ph (Hinh 5, ¢). Chiéu day 16p
phu plasma trung binh la Jpoz = 208,16327,
tang thém 73,469 um so v&i mau sb 01 (ting
54,54%);

- Méu s6 06, ma sb (100), nhan dugc sau khi
phun 4 16p véi ché d6 Lp =150 mm, I, = 400 A;
Gp = 1,7 kg/h; vp = 50 mm/ph (Hinh 5, d).
Chiéu day 16p phu plasma trung binh c6 gia tri

bang Sp.os = 229,387 um, ting thém 21,224 um
(tang 10,19%) so véi mau s 03 trén day;

- MAu s6 07 ma s6 (110), nhan duoc sau khi
phun 4 16p & ché d6 Ly =150 mm; I, =500 A;
Gp = 1,7 kg/h;vp = 50 mm/ph (Hinh 5, ¢). Chiéu
day 16p phu plasma trung binh 1a 0Opos =
250,612 pum, tang thém 21,224 pm (ting
9,25%) so voi chiéu day ciia nd & mau sb 04.
Trén hinh 5, e cho thdy hinh dang giéng 16p
phu trong thi nghiém nay tuong ty nhu mau sb
04 da xét;

- MAu s6 08 ma s6 (120), nhan duoc sau khi
phun 4 16p & ché do: L, =150 mm, I, = 600 A,
Gp = 1,7 kg/h;vp = 50 mm/ph. Anh trén hinh 5,
f cho thiy chiéu day 16p phu plasma c6 gia tri
bang 8p.os = 285,714 um, ting thém 53,326 um
(tang 24,55%) so véi mau sb 05 da xét.

3.2 Khdo sdt dp cirng té vi

Do cing té vi 16p phit plasma Al,O3 - TiO2
dugc xac dinh ¢ thang do HVo, voi ché do
phun lga chon: Lp= 100 + 150 mm (budc 50
mm); lp =400 + 600 A (budc 100 A); Gp = 1,7
+ 2,1 kg/h (budc 0,2 kg/h) va vp = 50 + 70
mm/ph. Két qua thi nghiém cho trong céc
Béang 3, 4. Hinh anh cac vét do d6 cung té vi
(HVo2) trén mot sé miu dién hinh cho trén
Hinh 5, a = d.
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Bang 3. Do cimg té vi vat liéu 16p thép nén SS400 gan bién gidi véi phi plasma Al,03 - TiO2

Ky Do cung té vi do tai cac vi tri khac nhau tir phai qua trai, HVo.
hi¢u Bén trong 16p thép nén SS400 Bién gi¢i 2 16p
Mau - Trung binh | 4 (200 pm) | 3 (150 um) | 2 (100 um) | 1 (50 pm) 0 (gbc toa do)

04 195,2 188 182 190 221 316

05 199,7 184 179 221 263 237

06 2117 180 175 208 236 120

07 196,0 197 158 179 250 294

08 172 157 155 176 200 144

09 166,5 155 163 180 168 145

Bang 4. Do cing té vi vat liéu 16p thép nén SS400 gan bién gidi voi phu plasma Al,Os - TiO2

Do cung té vi do tai cac vi tri khac nhau tir trai qua phai, HVo.

Ky |Bién giéi

higu | 216p Bén trong 16p phu plasma Alz0s - TiO2

mau | 0(gde | 1(50 |2 (100(3 (1504 (2005 (250(6 (300 7 (350 | 8(400 um)/ |Trung binh
toadd) | um) | um) | um) | um) | pm) | um) | pm) | 9(450 pum)

04 316 389 | 485 | 303 | 417 | 380 - - - 394,8
05 237 389 | 522 | 265 | 559 | 597 - - - 466,4
06 120 272 | 452 | 581 | 587 | 434 | 583 556 732/237 492,6
07 294 299 | 404 | 582 | 512 | 459 | 639 680 600 521,875
08 144 555 | 647 | 508 | 591 | 456 | 541 615 - 552,8

09 145 515 | 440 | 586 | 470 | 492 | 622 611 708/661 567,2

<—Lop thep B.G. Lép phu— «Lop thép B.G. Lép phu—
a) Mau 56 04, x 200 - b)Mau 50 05x 200

«— Lop thép BG. Lép phi — <—L0p thép B.G. Lép phi —
¢) Mau s6 06, x 200 d) Méu s0 08, x 200
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«Lép thép B.G. Lép phu —

) Mau s6 11, x 200
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<« Lop thép B.G.

Loép phu —>
g) Mau s 18 x 200

Phan tich két qua thi nghiém trong Bang 3,
Bang 4 va Hinh 5 d6i v6i nhém mau tham do
dinh hudng cong nghé phun tao 16p phu plasma
cho thay:

- Mau s6 04: d6 cung té vi 16p thép SS400
c6 gid trj trung binh 1a 195,2 HVo .. D6 clng té
vi do trén duong bién gidi lién két 2 16p thép
SS400 - 16p phu plasma 1a 316 HVo,2, con bén
trong 16p phu plasma Al2O3 - TiO2 1a 394,8
HVo.2, 16n hon dang ké so voi do cimg té vi bén
trong ludp thép SS400;

- Mau s6 05: do cung té vi trung binh cia
16p thép nén SS400 1a 199,7 HVo,, con trén
bién giéi lién két 2 16p co gia tri bang 237
HVo, va bén trong 16p phu plasma AlO3 -
TiO2 12 466,4 HVo2, 16n hon nhiéu so véi do
ctg té vi bén trong 16p thép SS400;

- Méu sé 06: d6 ctng té vi trung binh 16p
thép SS400 14 211,75 HVo 2, trén bién gidi 2 16p
thép SS400 - 16p phu plasma Al,O3 - TiO2 ¢o
gia tri bang 120 HVo2 va 16p pha plasma la
492,6 HVo2, 16n hon 2,32 14n so vé6i d6 cimg té
vi trong 16p thép SS400;

B.G.

Lép phi —
f) Mau sb 13, x 200

~ «Lép thép B.G.

Lép phu —»
h) Mau so 19, x 200
Hinh 5. Anh chup t6 chtre té vi c6 vét do d6 cung té vi (HVo2)

- Mau s6 07: do ctng té vi trung binh cua
16p thép nén SS400 c6 gia tri 1a 196 HVop, trén
bién gidi 2 16p 1a 294H Vo2 va 16p phu plasma
AlLO3 - TiO2 14 521,875 HVo 2, 16n hon 2,66 lan
so voi do cing té vi bén trong 16p thép SS400;

- Mau sb 08: do ctng té vi trung binh cua
16p thép nén C.45 co gia tri bang 172 HVo2,
trén bién gidi 2 16p 1a 144 HVo2 va 16p phu
plasma Al>Os - TiO2 la 552,8 HVo2, 16n hon
khoang 3,2 1an so v&i do cung té vi bén trong
16p thép SS400;

- Mau s6 09: 16 p thép nén SS400 c6 do
cting té vi trung binh 1a tai 04 diém do cach déu
50 pm (tinh tir bién gidi 2 16p di vao 16p thép)
dao dong trong 166,5 HVo 2, trén bién gidi 2 16p
14 145 HVo va 16p phu plasma Al2Osz - TiO: la
567,2 HVq 5.

3.3. Khdo sdt dé ré xop

Két qua thyc nghiém khao sat trén 09 miu
quy hoach thuc nghiém truc giao kiéu L9 cho
trong Bang 5. Anh t6 chtrc té vi va phan tich d6
x6p cla vat liéu 16p phii cho trén Hinh 2 va
Hinh 3. Ché d6 phun tao 16p phu plasma Al,O3
- TiO2 trén bé mait thép nén SS400 lya chon &
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day duoc tién hanh dé nghién ciru khao sat su
anh huong dong thoi cia ca 3 théng sb cong
nghé dau vao gdm khoang cach phun (Lp);
cuong d6 dong plasma (Ip) va luu lwong cip bot

phun (Gp) dén ham muc tiéu dau ra 1a d6 xbp
xé4c dinh bang phuong phap kim twong hoc (yp)
khi chon tham sb toc do phun ¢ muc ¢d dinh
(Vp = 60 mm/s).

Bang 5. Do 16 xdp kim tuwong hoc cua vat liéu 16p pha plasma Al,O3- TiO2

sé | Mz L ! G, Dd x6p trung binh 16p phi plasma Al,O3 - TEOE' %

TT | S6 mm A kg/h | Thuc nghiém | Tinh todn mo6 phong tl}r)oronigeg}(})i
1 000 100 400 1,7 14,520 14,675 1,07%
2 010 100 500 1,7 13,538 12,88 -4,86%
3 020 100 600 1,7 11,355 11,125 -2,02%
4 100 150 400 1,7 10,985 11,159 1,59%
5 110 150 500 1,7 9,695 10,111 4,29%
6 120 150 600 1,7 7,765 8,8491 13,96%
7 200 200 400 1,7 8,125 8,2424 1,44%
8 210 200 500 1,7 7,773 7,6868 -1,11%
9 220 200 600 1,7 7,321 6,9176 -5,51%

Phan tich s6 liéu thyc nghiém trong Bang 5
cho thay:

- Méu s6 1 (md sé 000) nhan dugc khi phun
v6i 3 thong sb cong nghé chinh dau vao chon &
mirc thap nhat trong mién quy hoach thuc
nghiém: Lp = 100 mm; I,= 400 A va Gp= 1,7
kg/h, co d6 xOp 16p phii plasma dat gia tri yp1 =
14,52%. Ap dung phuong phap binh phuong
nho nhat dé xir 1y cac sb liéu thong ké toan hoc
thyc nghiém ddi véi mang quy hoach tryc giao
kiéu L9 nhan duoc do xdp trung binh tinh toan
mo phong co gia tri 1a 14,675%. Sai sb giita cac
gia tri thyc nghiém véi tinh toan mo phong la
rat nho (+1,07%).

- Ché @6 phun d6i v6i miu s6 2 (mé sb 010)
duoc chon véi diéu chinh thong sé cudng do
dong plasma 1én mirc trung binh trong mién
quy hoach thuc nghiém: Lp = 100 mm; I, = 500
A va Gp = 1,7 kg/h. O ché d6 thi nghiém nay
dam bao tao ra dugc 16p phu plasma Al2Os -
TiO2 co lién két v6i 10p thép nén SS400 twong
dbi tot. o xdp trung binh cua 16p phi c6 gia tri

1a yp2 = 13,538%, giam 6,76% so voi mau sb 1
trén day. Do x0p tinh toan theo md hinh ham hoi
quy ¢6 gia trj 13 12,88 %. Sai sb gitra cac gia tri
thyc nghiém vdi tinh toan mé phong 14 rat nho
(- 4,87%).

- Do x0p clia mau thi nghiém sé 3 (mi s6
020), nhan duoc & ché do phun cé diéu chinh
dong plasma 1én cao nhat trong mién quy hoach
thuc nghiém (Ip = 600 A), con hai thong sé Ly =
100 mm va Gp = 1,7 kg/h van chon & mirc thép.
Do xbp trung binh cua vat liéu 16p phu co gia
tri 14 yps = 11,355%, giam 14,99% la rat dang
ké so v6i mau sd 2 da xét & trén. Do xdp tinh
toan theo md hinh ham héi quy co gia tri 1a
11,125 %. Sai sb giita cac gia tri thuc nghiém
vai tinh toan mo phdng la kha nho (- 2,02%).

- Mau thi nghiém sé 4 (md sé 100) nhan
dugc ¢ ché do phun trong mién quy hoach thuc
nghiém véi: Lp= 150 mm; lp= 400 A va Gp=1,7
kg/h. O day diéu chinh khoang cach phun 1én
mirc trung binh, con Ip va Gp van chon & mirc
thip trong mién quy hoach thuc nghiém. o
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x6p cuia vat lidu 16p phu plasma Al2O3 - TiO2 &
thi nghiém nay co gia tri trung binh la yps =
10,985%, giam 3,258% so voi hai miu sé 3 ké
trén. Do x6p tinh toan theo md hinh ham hdi quy
c6 gia tri 1a 11,159%. Sai s giita cac gia tri
thuc nghiém véi tinh toan mo phong la kha nhé
(+1,59%).

- Ché d6 phun d6i voi mau sé 5 (ma s6 110)
dugc chon véi didu chinh thong s khoang cach
phun va cuong d¢ dong plasma 1én muc trung
binh trong mién quy hoach thyc nghiém: L, =
150 mm; 1, = 500 A, con luu lugng cép bo giit &
mirc thap trong mién quy hoach thuc nghiém G,
= 1,7 kg/h. Lép phu plasma Al2O3 - TiO2 c6 do
x6p trung binh 13 yps = 9,695%, giam 11,74 % so
v6i mau sd 4 trén ddy. Po x6p tinh todn mod
phong co gia tri 1a 10,11%. Sai so giita cac gia
tri thuc nghiém véi tinh todn mé phong 1a rat
nho (+4,29%).

- Mau thi nghiém s 6 (md sé 120) nhan
dugc ¢ ché do phun trong mién quy hoach thuc
nghiém vaéi: Lp = 150 mm; I, = 600 A va Gp =
1,7 kg/h. O day diéu chinh khoang cach phun
1én muc trung binh, con Ip va Gp van chon &
muirc thap trong mién quy hoach thuc nghiém.
Do xbp cua vat liéu 16p phu plasma Al2Os -
TiO2 ¢ thi nghiém nay cé gia tri trung binh la
vp6 = 7,765%, giam manh dén 19,36% so véi
hai mau sé 5 & trén. Do xbp tinh toan theo mo
hinh ham héi quy co gid tri 1a 8,8491%. Sai s6
gilra cac gia tri thyc nghiém véi tinh toan mo
phong 1a kha 16n (+13,96%).

- Do xbp cua mau thi nghiém sé 7 (ma sb
200), nhan dugc & ché do phun co6 diéu chinh
dong plasma 1én cao nhit trong mién quy hoach
thuc nghiém (Ip =400 A), con hai thong s Lp =
200 mm va Gy= 1,7 kg/h chon ¢ muc thap. o
x6p trung binh cta vat lidu 16p phu c6 gia tri 1a
vpr = 8,125%, giam 14,99% la rat dang ké so
v6i mau s6 2 dd xét ¢ trén. PO xOp tinh toan
theo mo hinh ham héi quy c6 gia tri 1a 7,6868

%. Sai sd gilra cac gia tri thyc nghiém voi tinh
toan mo phong kha nho (- 1,11%).

- Méu thi nghiém s 8 (md sd 210) nhan
duoc ¢ ché d6 phun trong mién quy hoach thuc
nghiém vaéi: Lp= 200 mm; l,= 500 A va Gp=1,7
kg/h. O day diéu chinh khoang cach phun 1én
muc trung binh, con Ip va Gp van chon & mic
thip trong mién quy hoach thuc nghiém. Do
x6p cia vat lidu 16p phu plasma Al2O3 - TiO2 &
thi nghiém nay c6 gid tri trung binh 14 ypg =
7,773%, giam 3,258% so v&i hai mau s 3 ké
trén. Do x0p tinh toan theo mo hinh ham hdi quy
c6 gia tri 1a 11,159 %. Sai sd giira cac gia tri
thuc nghiém véi tinh toan mo phong la kha nhd
(+1,59%).

- Ché d6 phun d6i v6i mau sb6 9 (ma sd 220)
duoc chon véi didu chinh thong sé khoang cach
phun va cudong d6 dong plasma 1én mirc cao nhét
trong mién quy hoach thyc nghiém: L, = 200
mm; Ip = 600 A, con luu luong cap bo gitt & mirc
thap trong mién quy hoach thuc nghiém Gp = 1,7
kg/h. Lép phi plasma Al,Os - TiOz c6 do xbp
trung binh 1a ype = 7,321%, giam 5,81% so v&i
mau so 8 trén day. Do xdp tinh toan mé phong co
gia tri 14 6,917%. Sai sd giita cac gia tri thuc
nghiém vai tinh toan mo phong 1a - 5,51%.

Nhén xét: trong tit ca 9 mau thi nghiém da
xét trén day, tac dong cua khoang cach phun
(Lp) dam bao cho dong nang va dap cua cac hat
phun Al>Oz - TiO2, cuong d6 dong plasma (Ip)
va luu luong cip bot (Gp) déu dam bao yéu cau
phun cin thiét dé tao ra duogc 16p phii c6 su lién
két twong ddi tot v6i 16p thép nén SS400. Do
x6p trung binh cua vt liéu 16p phi plasma Al,O3
- TiO2 ¢6 xu huéng giam ty 18 nghich theo chiéu
tang ctia 3 thong sd Lp; Ip (khi xét diéu kién bién
la Gp va Vp chon & mdt mirc ¢b dinh khong doi).

4. Két luan

1. Chiéu day trung binh cta 16p phu plasma
Al,O3 - TiO; tit ca cac miu thi nghiém co6 gia
trj trong khoang tir 8p.01 = 134,693 pm dén 8p.06
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= 285,714 um (nhom 1); tir 8p.11 = 302,857um
dén Sp1s = 369,795 pum (nhom 2) va tir Sp21 =
302,857 um dén 8p25 = 808,816 pm (nhom3)
v6i quy ludt nhin chung 1a tdng ty 1€ thuan theo
chiéu ting ctia thong sb Lp; lp; Gp va np. Trong
d6, thir tu anh huéng cua ching toi chiéu day
16p phii manh nhét 13 np, tiép theo d6 1a Ly, I
va Gp;

2. Anh hudng cta thong sé Lp c6 dic diém
phirc tap hon nén can c¢é nghién ctru toan dién
hon theo diéu kién quy hoach thuc nghiém day
du véi 27 thi nghiém dé co du sb liéu thong ké
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.

3. Lo&p phu plasma Al2O0s3 - TiO2 ¢6 d6 cling
té vi trén tat ca cac mau khao sat déu co gia tri
thuong cao hon so véi trén bién gidi 2 16p va
bén trong 16p thép nén SS400. Vung ciu tric
bién gidi lién két 16p thép nén SS400 va 16p
phu plasma Al203 - TiO2 c6 gia tri trung gian,
thap hon so v&i 16p pha va cao hon so véi 16p
thép nén. Lop thép nén SS400 c6 do cung té vi
thip hon cac ving ciu triic vat lidu trén bién
gidi lién két 2 16p va 16p phu plasma.

4. Mirc @6 anh hudng cua cta 3 thong sb
cong nghé chinh (Lp; Ip va Gp) trong mién giGi
han khao sat c6 thé 1a do khoang cach phun L,
da chon trong pham vi khuyén céo tuong ddi
rong ctia nha cung cip thiét bj phun plasma.
Ngoai ra, khi phun véi thong s6 Ip chon & cac
mirc nang cao ciing gop phan tao diéu kién
thuan loi cho sy hinh thanh 16p phu plasma cé
cau trac phan bd cac 16 xop duoc dong déu
hodc cai thién hon; Lop phu plasma Al2Os -
TiO2 sau khi phun tryc tiép 1én bé mit mau
thép tAm SS400 theo cac ché d6 quy hoach thuc
nghiém tryc giao L9 da chon van con kha cao,
chua dat yéu cdu nhu mong muén. Vi viy,
trong cac nghién ctu theo quy hoach thuc
nghiém tiép theo kiéu L27 du hon, can co diéu
chinh mién gi4 tri cua cac thong s6 cong nghé

dau vao nham muc tiéu gidm thiéu do xop cua
16p phu plasma dén muc nhé nhat dé nang cao
tinh nang lam vi¢c cta no.
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