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Tom tat

Phun plasma trong khi quyén (APS) vdi 16p phu vo dinh hinh duoc ap dung dé thay thé vat liéu dt tién bang vat licu
nén Fe va tlet kiém khi tro (Heli va Argon). Cac thong s phun dic trung quan trong nhu khoang cach phun, van toc
hat, cong suat plasma, d6 nham bé mat, ty 1& hon hop khi va luu lugng khi da duge quan tam trong cac cong b6 trude
day. Tuy nhién, mdi twong quan dong thoi giita tat ca thong sd chua dwoc 1am r5. Didu dugc thira nhan 13 tac dong
tuong quan cua qua trinh dung khong khi dén céc tinh chat dic trung 1am han ché cac tmg dung thuc t&. Muc dich cua
nghién ciru nay 1a xac dinh rd hon anh hudng cia cac thong s6 néu trén dén chat luong 16p chiu ma sat bang vat liéu
nén Fe. Két qua cta nghién ciru cho thiy sy trong quan giita cac thong s phun chinh, cac tinh chét ddc trung cua 16p
phun va so sanh chung véi céc vat liéu thong thuong.

Tir khéa: 6 bam dinh; vat liéu nén Fe; phun plasma; thong sé phun; d6 chiu mon.

Abstract

The atmospheric plasma spray (APS) with amorphous coatings is applied to determine the substitution of costly
materials with Fe-based materials and to save the inert gas (helium and argon). The important characteristics of the
spraying parameters determined by spray distance, particle velocity, plasma power, substrate roughness, gas mixture
ratio, and gas flow rate have been underlined by previous publications. However, the simultaneous correlation between
all parameters are not clarified yet. The correlative impact of the process with the air on characteristic properties which
limit practical applications is acknowledged. The aim of this work is to more deeply define the effects of above-
mentioned parameters on the antifriction layer quality in Fe-based materials. The findings of the study showed the
correlation between the main spraying parameters, the characteristic properties and comparing them to conventional
materials.
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1. it van dé

Can luu ¥ rang vat liéu phu thuong duogc s
dung déu c6 gia cao, do d6 1am giam tinh hiéu
qua vé mit chi phi ciia qua trinh phi. Vat liu
nén Fe co gia thanh twong ddi thap va co co
tinh tot; do d6, chung c6 kha ning thay thé cac
vét liéu nén Ni, WC dit tién hon thuong dugc
st dung cho céc 16p phu chiu mai mon. Va
dang chu ¥, hau hét cac 16p phu kim loai nén Fe
tao thanh mét cdu tric vo dinh hinh c6 d6 bam
dinh tt voi vat liéu nén. Theo béo cdo [1] so
v6i gang (nén), 16p phu nén Fe cho thay hé sb
ma sat thap hon dang ké. P6 chiu mai mon va
qua trinh oxy hoéa & nhi¢t do cao cua l6p phu
APS khi cong suat hd quang thay doi, da dugc
nghién ciru [2]. Nguoi ta thdy rang khi ting
cong suat hd quang, do x6p va ham luong cia
cac pha vo dinh hinh trong 16p phu giam di.
Céc 16p phii tao ra khi cong suat ho quang cao
it gidm trong lwong do mai mon va do qua trinh
oxy hoéa ¢ nhiét d¢ cao so voi cac 16p phu tai
cong suat ho quang thap hon. Cac thong s6 pho
bién can duoc kiém soat 1a thanh phan hoa hoc,
cAu trac pha, kich thudc ctua bdt, nhiét do nén,
khi tao plasma, luéng plasma, tde do cép bot,
goc phun va khoang cach phun [3]. Pong thoi,
v6i chit luong cta 16p phi, nhiéu nha nghién
ctru cho rang d6 bam dinh cha yéu quyét dinh
chat luong cua 16p phi con do bén lién két
trong 16p phu anh huong dén tudi tho cua 16p
phu [4-7]. Pidu quan trong it ra tir nghién ctru
nay 1a dong dién trong plasma déng vai tro rat

quan trong dé ting van tdc hat ciing nhu nhiét
d6 bé mit hat. Cac thong sb van hanh chinh cua
qué trinh phun plasma anh huong dén sy phun
phu, nhung tic gia ctia cong trinh [8] cho rang
vai trd cta cong suat dau phun plasma anh
huong dén dong dién trong plasma. Sau xa hon,
trong cong trinh nghién ctru [9] ta thdy rang cac
mau dugc phun dudi cuong do dong dién cao
hon c6 kha ning bam dinh va chiu mai mon t6t
hon. Viéc phan tich 4nh hudéng cta cic thong
s6 chinh dén do bam dinh dé c6 duogc 16p phu
chiu mai mon con it dugc khao sat. Trén co so
phan tich d6, nghién ctru nay tap trung vao mdi
tuong quan dong thoi gilta tit ca cac thong sb
phun chinh vé6i bot vat liéu nén Fe, ddc biét 1a
anh huong cia cac thong sé phun dén van toc
hat, d0 bam dinh va kha nang chiu mai mon cua
16p phu.

2. Phuwong phap nghién ctru

Nhom tac gia nghién ciru cho rang van tdc
hat va nhiét d6 c6 anh huong 16n dén chat
luong 16p phi. Phun plasma trong khi quyén da
dugc s dung trong thi nghiém dung thiét bi
(SG-100 TAFA-Praxair, Hoa Ky). Khi chinh 1a
khong khi va khi mang 13 nito. Thanh phan hoa
hoc ctia bot phu nén Fe st dung (ky hiéu 1a X-
5) dugc phén tich bang phuong phap quang phd
tan sic nang luong voi thiét bi SM-6510LV,
Nhat Ban, sb liéu thi nghiém dugc trinh bay
trong Bang]l.

Bangl. Thanh phén hoéa hoc cua bot, % khdi lugng

Mau C Cr B

Mo Ni

Mn Si Nb \Y \ Fe

X-5 0.73 | 5.0 | 025 | 4.20 -

1.25 | 0.84 | 0.54 | 1.20 - Con

lai

Bt duoc tron trong 10 gio dé thu duoc thanh
phan bot dong nhat (hdn hop). Phan tich thanh
phin pha ciia bot va 16p phun phu duoc tién
hanh trén may do nhifu xa bang phuwong phap
nhiftu xa tia X (XRD, X-RAY

D5005/SIEMENS, Germany) ¢ nhiét d0 moi
truong c6 bic xa Cu-Ka, goc quét 20 tir 10° dén
70°. Ham lugng oxy trong 16p phu cling dugc
khao sat bang cach str dung may phan tich chiét
xuit d6t chay cao cip (G8 Galileo, Purc). Bé do
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vén toc cua céc hat, may anh tde do cao dic biét
Shimadzu HPV-1 dugc st dung [10]. Nhiét do
ctia khdi luong trung binh cia ludng plasma
duoc xac dinh gian tiép bang entanpi. Nguoi ta
hay danh gia nhiét do cua khdi luong trung binh
nhiéu hon so voi nhiét d6 cia timg hat riéng 1é.
Entanpi 13 coéng sudt ludng plasma chia cho
luong tiéu thu cua khi so cap [11]. Sai s6 khi
danh gid muc tiéu thy khi so cap va entanpi
khong vuot qua 2,5% va 7%. Kha ning chiu mai
mon dugc danh gia thong mau kiém tra kiéu
chdt trén dia, st dung thiét bi UMT-CETR (M)
theo tiéu chuan ASTM G133 (ap luc tai dau chot
1én dia 13 5 N/mm?, toc do trung binh cua dia la
420 vong/phut, thoi gian kiém tra 1 5 gio, ché
d6 boi tron nho giot). Tat ca sb lidu tir thir
nghiém duoc tinh toan, va dugc xu 1y bang
phuong phap binh phwong t6i thiéu.

3. Két qua nghién ciru va ban luin

Hai cdp hat bot dugc st dung dé phun:
<40pm va 40-100um.
3.1. Trwong hop nghién ciru 1

C6 hai ché d¢ phun:

1) Cuong d6 dong dién I = 120A, hi€u dién
thé U =200V, luu lugng khi G = 2.34g/s.

2) Cuong d6 dong di¢n I = 160A, hi¢u dién
thé U =190V, luu luong khi G =2.34 g/s.

O ca hai ché do phun, khoang cach phun
khong d6i L = 150mm.

Thanh phan cta cic nguyén t6 hop kim va
muc do hao hut cua ching, cling nhu d§ cung
cua cac 16p phu, dugce xac dinh trong Bang 2.

Bang 2. Thanh phan, mirc d6 hao hut cac nguyén t6 hop kim, % va do cting cua 16p phi

=
- A 4
=l g Thanh phan nguyén té hop kim / mitc do hao hut (% tuong déi) B‘-;I‘Ergg’
s | © . .
C Cr B Mo | Ni Mn |Si| N | Nb A% W
052525 [ois 40 - [ 12 [-]-1056]106]- 50.54
X 288 | 50 | 400 | 48 | - | 40 | - | - | 37 | 117 | -
s[ loars2orJaol - Twol-T-[os |-
438 | 40 | 600 |48 | - [ 200 |- |- | 19 | 84 | - ;

Nhin chung, thiy rang c6 su hao hut ciia cac
nguyén t6 (xem dong dudi theo 2 ché do phun).
D6i véi mot sd nguyén 6, sai s6 nay khong
dang ké va co thé thudc vé sai sd phan tich hoa
hoc (Cr, Mo, Ni, W). Con cac nguyén td khac
c6 su oxy hoa (C, B, Mn, Si, Nb), hao hut nay
¢6 thé cao. Pang chii ¥ 1a trong mot s truong
hop, c6 anh hudng cta cong suét ludng plasma
(ché d6 2), khong chi tat ca cac nguyén td ma
con tat ca céc loai bot.

3.2. Truwong hop nghién ciru 2

C6 2 ché do:

1) Cuong do dong dién I = 120A, hi¢u dién
thé U =200V, luu luong khi G = 1.19g/s.

2) Cuong d6 dong dién I = 180A, hi¢u dién
thé U =190V, luu lugng khi G = 1.25g/s.

O ca hai ché do phun, khoang cach phun
khong d6i L = 120mm. Diém cht y 1a nghién
ciru anh hudng cia ham lugng oxy trong 16p
phu trudce khi phun (trong bdt) va sau khi phun
(trong 16p phir). Két qua phan tich duoc thé
hién trong Bang3. C6 thé thiy tir Bang 3, ham
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lugng oxy trong 16p phu dugc ting 1én, nhung
d6i véi kha nang chiu mai mon, diéu nay co
anh huong song phuong. Vi qué trinh nay dugc
thuc hién ngoai khong khi, viéc tdng cuong
cong suat ludng plasma cé thé din dén qua
trinh oxy hoa cao cua cac phan tir trong ludng
plasma va dan dén ham luong oxy ngiy cang
ting trong cac 16p phu. Trong mot sd truong
hop, n6 ¢6 thé mang lai anh hudng tich cyc néu
xét vé kha ning chiu mai mon. Nhung trong
truong hop uén hoidc kéo, diéu nay anh hudng
tiéu cuc, vi n6 ¢ thé duoc coi 1a tic nhan gay
nat. Ciing nhan thiy rang trong ché do 2, ham
lugng oxy trong 16p phu giam, cé thé do van
téc tang, lam giam thoi gian bay cua hat, dan
dén han ché twong tic véi oxy trong moi
truong.

Bang 3. Thanh phan cua oxy trong bdt va
16p phu

Thanh phan clia oxy, %
x . Trong bot Trong 16
Mau | Version | o phu sau kb
phun phun
1 0.14 2.15
1 0.13 1.58
X5 2 0.14 1.60
2 0.12 1.55

3.3. Trwong hop nghién cuu 3

Pé so sanh kha ning chiu mai mon, 16p phu
bang vt liéu ma sat truyén théng Ni85 + All5
da duoc thyc hién dé ddi sanh. C6 6 ché d nhu
sau: dong dién thay doi (xem trén ting dd thi
Hinh 1).

1) Vat liéu Ni85+All1S5, kich thude hat 40-
100pm; duong kinh nong phun 9mm;

2) Vat liéu X-5, kich thudc hat 40—100um;
duong kinh nong phun 9mm;

3) Vat ligu X-5, kich thudéc hat <40pm;
duong kinh nong phun 9mm;

4) Vat liéu X-5, kich thudc hat < 40um;
duong kinh nong phun 7mm;

5) Vit ligu X-5, kich thudc hat 40-100um;
duong kinh nong phun 7mm;

6) Vat licu X-5, kich thudc hat 40-100pum,;
duong kinh nong phun 9mm (Riéng ché do
phun nay chi co6 I = 240A).

Su thay ddi cta van tdc hat phu thudc vao
téc d6 dong khi ddi véi timg phién ban cia 16p
phu dugc biéu thj trong Hinh1 (a, b, c, d, e, f).

Tir cac Hinh 1 (a, b), d@é danh gia anh hudng
ctia cuong d6 dong dién va tdc do dong khi 1én
van tdc cla céc hat, nguoi ta dé xuit mot cong
thire thuc’ ngh{ém st dung phuong phdp binh
phuong t6i1 thiéu, trong d6 I 1a dong dién, G 1a
luu Iuong khi:

V=11.1"_.G* cho vatliéu X-5 (1)

V=27.1°". G cho vat liéu Ni85+All5 (2)

Tir cac cong thue (1) va (2), cho thiy luu
luong khi tdc dung lén van tbc hat manh hon
cuong do dong dién. Su khac biét vé hé sb va
s6 mil ¢6 thé dugc giai thich do cac tinh chat
vat 1y khac nhau (cu thé 1a mat d¢, kich thudc
va hinh thai ctua céc hat). Noi chung, tu tat ca
cac ché do phun (nghién ctru truong hop 4), van
téc clia cac hat ting cing voi sy gia ting cta
luu lugng khi va cuong do dong dién.

Tir cac Hinh 1b va Ic thay riang khong co
anh huong rd rang cua kich thudc hat (<40um)
1én van tdc - gan nhu cting mot bac. Piéu d6 ¢o
thé do tia Itra (khoi) ctia ludng plasma ngan can
viéc theo ddi truc quan. Co y kién cho rang cac
phan tr nho hon cua bot chay hét va giy ra
khoi. Tur phia bén kia, cac hat nho hon tiép xuc
v6i 16p nén nhanh dén muc chung khéng lip
lanh (d6 sang).

Twr cac Hinh 1b va le, khi duong kinh nong
phun thay d6i tir 9mm dén 7mm, thiy rang van
téc clia cac hat X-5 trong cac diéu kién phun
tuong tu (cuong do dong dién va luu lugng khi)
da tang 1én 1,5 lan. Piéu tuong ty cling duoc
ghi nhan tir cac Hinh lc va 1d, ddi véi kich
thudc hat nho. Nhung & cing mot toc do dong
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khi, dong dién cang cao thi tdc do cua hat cang
tang nhanh. Hi¢n tugng nay duoc gii thich do
hi€u ung nhi¢t dong luc hoc cua luéng plasma
do ciu tao cta diu phun va cong sudt cua né
d6i v6i van tdc cua hat. Cudi cung, d6i véi ché
d6 phun manh nhat (I = 240A, U thay d6i tir
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260 dén 330V, cong suét plasma la 80kW), van
toc hat dat van toc toi da 180m/s (Hinh 1f). Ché
d6 nay cho thay anh huong mot phan cia cong
sudt plasma Ién van toc cua hat. Anh huéng cua
n6 ddi voi d6 bam dinh s& duoc xac dinh trong
truong hop nghién ctru tiép theo.

Coating material: X-5 |
Particle size: 40-100 pm
Nozzle diameter: 9 mm
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Hinhl. Sy thay ddi cua van te hat phu thudc vao luu lugng khi

Ghi chu: Trén cac Hinh.1 (a,b,c,d,e,f):

- Truc dimg biéu thi van toc hat ky hiéu chir
V (particle velocity), don vi m/s.

-Truc ngang biéu thi luu lugng khi, ky hiéu
chir G (Gas flow rate), don vi g/s.

- Vat liéu phun (coating material), Kich
thude hat (particle size) do bang pm.

- Puodng kinh bép (Nozzle diameter do bang
mm.

3.4. Trwong hop nghién cuu 4

Vat ligu X-5, kich thuéc hat 40-100pm;
duong kinh nong 9mm; dong dién thay ddi
trong pham vi 120, 150, 180, 200, 220A; luu
luong khi twong tmg 0,46-3,17g/s. Két qua do

d6 bam dinh va van téc duoc thé hién trong
Hinh2. Khi tbc do tang 1€n, c6 su chénh I¢ch it
vé d6 bam dinh giita cac ché d6 dong dién khi
vén téc nho (<40m/s), nhung trong trudng van
téc ting cao hon, d6 bam dinh dang tién gan
dén 80MPa, vuot qua gi6i han toi da trong céc
cong bd gan day [12]. Chiéu hudng ting do
bam dinh 1d cung véi viéc ting cong suét
plasma, cuc dai chuyén dich theo hudong van
tdc cao hon. Co nghia 1a d6 bam dinh phu thudc
vao ca van tdc va entanpi (cong suét plasma).
Co6 d& xuit cong thirc thuc nghiém cho thiy
mdi tuong quan giita d6 bam dinh, van tdc,
entanpi va dong dién: ¢ = 0.003 .V*92 AH*Y7 .
10.089 ) (3)
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Hinh2. Mbi lién hé gitra d6 bam dinh va van tdc hat trong su thay doi ciia cong suat phun (bot X-5)

3.5. Truwong hgop nghién cuu 5

Dé danh gia anh hudng ciia cudng do dong
dién dén kha nang chiu mai mon va do bam
dinh, thi nghiém dugc mo ta trong Bang 4. Mat
khac, gitt nguyén cuong do dong di¢n, nhung
thay doi luu luong khi, dé khao sat kha ning
chéng mai mon va do6 bam dinh, tit ca cic
thong sb cua cac thi nghiém nay dugc thé hién
trong Bang5.

Tir cac Bang 4, 5, xac dinh rang khi ting
dong dién (cong suat plasma), van téc clia cac
hat ting 1én va din dén ting kha ning chdng
mai mon cua 16p phit X-5. Khi toc do dong khi
thip, kha ning chiu mai mon twong ddi thap.
Nhung cung véi sy gia ting cua toc do dong
khi, kha nang chiu mai mon thay doi phirc tap.
Vian téc nho giy ra diéu kién t6t cho viéc ndng
chay hat va d6 két dinh cta cac hat trong 16p
phu dugc nang cao, do do, kha nang chiu mai
mon duoc cai thién. Khi tiép tuc tang tde do
dong plasma va gitr cuong do dong di¢n s€ lam
giam do két dinh trong 16p phu, ciing nhu kha

Bang 5. Kha ndng chiu mai mon va d¢ bam dinh ctia X-5 phu thudc vao tdc do dong khi

ning chiu mai mon do diéu kién néng chay cua
hat vat liéu phun kém hon. Viéc tiép tuc ting
van tdc cua cac hat anh huong dén d6 bam dinh
va d6 két dinh, dan dén kha nang chiu mai mon,
vi hé b van tdc (dong nang) béat dau dong mat
vai tro dang ké. Noi chung, xu huéng thay doi
d6 bén mai mon tir tc do dong chay ciia khong
khi gan nhu tring khép véi sy thay doi do bam
dinh, ngoai trur tbe do dong khi thép. Co thé
hiéu 1a do van tdc thap anh huong dén do két
dinh t&t nhung d6 bam dinh kém.

Bang 4. Kha ndng chiu mai mon va d§ bam
dinh cua X-5 phu thudc vao cuong dé dong di¢n

Cuong | Luu | DOSMU | py
A 1 mai ,
Miu do dong | luong mon bam
dién I, | khi G, fuong dinh,
A g/s 48 MPa
120 58 36
150 1,42 53 41
180 42 54

Miu Cu:opg do dong Luu lugng khi G, Do chiu ma} mon D6 bam dinh, MPa
dién I, A g/s tuong doi
1 0.55 21 22
2 1.13 53 41
3 150 1.76 38 35
4 2.42 65 30
5 0.75 28 45
6 1.42 68 56
7 180 1.76 42 54
8 1.95 60 30
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4. Két luén

- Nhin chung van tdc hat anh hudéng dén do
bam dinh cua 16p phi. Cu thé, cing vdi su gia
tang cua van tdc, do bam dinh tang cho dén mot
gia tri xac dinh (phu thudc vao coéng suit
plasma), dat cuc dai va giam néu van toc tang
thém nira. Khi nang cao cong suit plasma vuot
ngudng thong thuong, cuc dai nay s€ tang 1én
theo hudng cong suat cao hon.

- APS str dung khong khi lam khi tao plasma
cho vt liéu nén Fe X-5 ¢6 uvu va nhuge diém
dong thoi 1a dat dugc do bam dinh tét nhung
kha ning chiu mai mon thap, phu thudc vao
viéc lya chon cac thong ) phun tdi wu.

- Cong thtc thuc nghiém cho thdy moi
tuong quan tuong dbi giita cac thong sd dinh
tinh ctia 16p pha va cac thong s6 ché do phun
bao gém cuong d6 dong dién, luu lwong khi,
cong sudt plasma, entanpi cua dau phun, van
toc hat. Didu nay c6 thé duoc ap dung khong
chi cho thiét ké ché tao so bo dau plasma ma
con cho quy trinh cong nghé phun phu.
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