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Tom tat

Phun plasma trong khi quyén (APS) duoc tmg dung phd bién trong nganh cong nghiép. Cho dén nay, cac khi chinh phd
bién duoc st dung 1a: Khi tro, khi hoat hoa, khi tro trong hdn hop khi hoat héa. Khi tro nhur Argon hodc Heli 14 loai khi
don nguyén tir va ching c6 dong plasma nhiét do cao nhung entanpy khong qua cao. Entanpy ciia dong plasma c6 thé
tang 1én néu mot ph?m khi hoat hoéa dugc thém vao. Trong moi truong cta khi tro, cac hat (phun) va chat nén duoc bao
vé khoi qua trinh oxy héa. Mit khac, khi hoat hda nhu khong khi dugce thém vao dé taora entanpy cao. Tuy vao vit liéu
phii (hat bot) va vat liéu nén dé chon khi chinh (sinh plasma) cho phii hop. So véi khi tro, khong khi ré hon va dic biét
la trong viéc phun vat liéu gém, day 1a logi thé 13 rang. Dya trén co s nay, bai bao tap trung thiét ké hé théng phun
plasma sir dung khong khi 1am khi chinh. D6 1a mot sé giai phap cu thé trong thiét ké dau phun plasma. Thi nghiém
duoc thiét lap nhim ung dung bt vo dinh hinh dé kiém churng hoat dong cua hé théng.

Tur khoa: entanpy; khi tro; khi hoat hdéa; ¢ bam dinh; van tde dong.

Abstract

The atmospheric plasma spray (APS) is a popular application in the industry. Until now, the common primary gases are
inert gases, active gases, and inert gases in the mixture with the active ones. The inert gas like Argon or Helium are the
monoatomic and have the high temperature of plasma flow under but not too high enthalpy. The enthalpy of the plasma
flow can be increased, if a small percentage of the active gases is added. In the environment of the inert gas, the
particles and substrate are protected from the oxidation process. On the other hand, the active gas like the air is added to
provide the high enthalpy. Depending on the coating material (powder particle) and the substrate material, the primary
gas will be chosen properly. The air is much cheaper, and especially in spraying the ceramic material, it showed a
greater advantage in comparison with the inert gas. Based on this conception, the work focuses on designing the system
for plasma spraying using the air as primary gas. There are some specific solutions in designing plasma torch. The
experiment was set for the application of amorphous powder to verify the operation of this system.
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1. Giéi thiéu

Céu hinh ciia dau phun c6 anh huéng 16n
dén cac dic tinh cua dong plasma. Cac thong sb
chinh cta ciu hinh dau phun 13: Pudng kinh
béc dau phun; chiéu dai nong dau phun; ciu
hinh nong dau phun va téc d6 dong khi. Anh
huong cia toc do dong khi va duong kinh cua
nong dau phun 1én sy phéng dién plasma da
dugc nghién cuu trong [1]. Trong nghién ctu
nay, nhom tac gid chi khdo sat cac khi tro nhu:
Argon, Nito va Heli [2]. C6 mot s6 thiét ké dau
phun da dugc thu nghiém dé dat hiéu qua
chuyén dong t6i wu cta bot phun trong ludng
plasma. Dé han ché sy tiép xuc véi oxy tir moi
truong xung quanh, di c6 mot sé phuong phap
thiét ké dau phun plasma. Mot trong nhiing
phuong phap nay 1a img dung hiéu img xoay dé
tao ra hinh nén phun nham giit cho quy dao hat
c6 do léch nho [3]. Pé thuc hién thiét ké nay,
can phai cai tién cach cip bot [4] hodc thay doi
cac dic tinh cta vat liéu phun nhu cép liéu &
dang huyén phu [5]. C6 mot giai phap doc déo
da duogc gidi thiéu trong thiét ké kiéu dau phun
plasma c6 2 ngin dé phun van téc cao [6].
Nhung day la giai phap qua phuc tap trong thyc
té. Trong khi d6, hiéu sudt hop 1y cia ludng
plasma c6 thé dat dugc nho cau tao don gian
hon ctia dau phun plasma. Thiét ké nay la su
két hop hop 1y giita duong kinh, chiéu dai cua
nong dau phun, cong sudt cua dau phun plasma
va téc do dong khi. Trong bai bao nay, so dd
chinh cua hé théng va cu tao dic biét cua diu
phun plasma s& duoc gi6i thiéu. Ung dung cta
n6 dugc minh hoa trong truong hop phun 16p
phu vo dinh hinh st dung khong khi 1am khi
chinh va khi thtr cép.

2. Phuwong phap nghién ctru

So dd chung cua hé thong phun plasma nay
dugc thé hién trong Hinh 1.

Hinh 1. So d6 chung cua hé théng phun plasma

G1 1a ngudn dién; G2 1a dau phun plasma;
R1 & R2 1a cac luu luong ké; V1 & V2 1a cac
van; N1, N2, N3, N4, N5 1a cac num; T1 la
nhiét ké; T2 1a budém ga. Ngudn dién 1a ngudn
dién mot chiéu co duong dic tuyén von - ampe
dbc xudng, dién ap khong tai 300V, giéi han
dién ap diéu chinh 50 + 600V. H6 quang
plasma dugc tao ra theo so dd hai budc. Chat
lam mat 1a nudc st dung dau vao va dau ra,
thong qua van V1 va luu luong ké R1. Nhiét ké
T1 dugc str dung dé do nhiét do va cung cép dir
liéu dé tinh toan entanpy cta ludng plasma. Do
chinh x4c cua luu luong ké nay 1a 2,5%. Ap
suat ciia dong nude vao 1a 0,4 + 0.6 MPa. Khi
so cap va khi th cdp dugc cdp qua van V2.
Téc d6 dong chay cua khi duge xac dinh bai
luu luong ké R2. Buém ga T2 dugc dung dé
diéu hoa xung. Cdu tao cua dau phun plasma
dugc thé hién trong Hinh 2.
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§

Hinh 2. Két cdu cua dau phun plasma
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Trong Hinh 2:

1-Catod; 2-Khoang dau; 3-Khoang trung
gian; 4-Khoang cubi; 5-Anod; 6-Kim phun hinh
khuyén cép bot; 7-Ctra vao khi; 8-Khi bao vé;
9-Khi mang bdt; 10-Khi tdp trung; 11-Thanh
catod; Dn- dudng kinh 15.

S6 luong ciia khoang trung gian phu thudc
vao dién ap yéu cau giita catod va anod cta dau
phun. Mit khéc, chiéu dai nong dau phun phai
hop 1y dé tranh sy c6 doan mach hodc bo qua
vong cung. Khoang trung gian nay cach dién
v6i catod va anod. S6 lwong khoang trung gian
dua trén co so:

Batal =y 4 U, (1)

mn

Trong d6: Ul 1a dién ap giira tat ca cac
khoang; Uk va Ua la dién thé gilta cuc am va
cuc duong twong tmg. Lién quan dén duong
kinh cua 16 anod di, khoang trung gian d2 va voi
phun ds c6 thé bang nhau hodc di>d>>ds. Loi thé
cta thiét ké nong nay 1a né giup han ché dao
dong khong mong mudn cua chiéu dai va dién
ap hd quang. Piém miu chdt trong két ciu cua
dau phun plasma 1a bd phan cip bot phun co
ludng khi xody tip trung [7.8]. Uu diém cua
thiét ké nay 13 n6 dam bao bot phun hudng trén
truc cia luéng plasma, 1a no1 c6 van tdc va nhiét
d6 cao. N6 tang hidu qua nong chay, gia toc clia
hat va ning suat phun. Pudng kinh béc phun anh
huéng dén toc d6 va nhiét do cua hat trong
ludng plasma (thé hién & Hinh 3).

Bu("ing xXo0ay Ma khi
Lé vao
Vong nudc
i
" L thoat

4—— Hinh nén .
L6 thoat nhin tir duéi

Hinh 3. Kim phun hinh khuyén
Thong thuong, Do = 3-10mm. Sy 4nh hudng
ciia duong kinh béc phun plasma dén téc do
cua hat va lué)ng plasma, nhiét do cta hat dugc

thé hién & Hinh 4 [9]. Trong d6: Vp, Vi 12 van
tdc cua hat va luéng plasma; Tn 14 nhi¢t do cua
hat; Do la dudng kinh ctia béc phun plasma.

fo Vh
T A

Do

Hinh 4. Céc thong s6 cau tao clia dau phun

Tinh ning doc dao ciia két ciu nay la dé tao
ra plasma, che chin, tai vat liéu phun va dan
hudng tap trung, chi sir dung khong khi. Khong
khi tao ra plasma co entanpy cao dong thoi d&
tiép can va ré hon, dua trén co s& so sanh nhiét
luong cua cac khi nhu Heli, Nito va khong khi
[10]. Thanh catot dugc lam béng vat liéu chiu
nhiét nhu Hf hodc Zr dé han ché sy dn mon cua
khong khi. Dir liéu cuia thi nghiém cho thay tu6i
tho cua catod 14 15h hodc 300 1an d6t chay.

3. Thi nghiém

bpé chirng minh hoat dong cta hé théng nay,
tac gia da dua ra thuc nghiém phun vat liéu vo
dinh hinh trén nén thép cacbon thip 1020.
Trong nghién ctru nay, can xac dinh van tdc
hat, nhiét d6 cua hat, d0 bam dinh, sy anh
hudng cia cong nghé va thong sb két ciu dén
chit lwong cudi cing cua 16p phi - d6 bam
dinh. C6 2 kich thudc c¢& hat: < 40pum va 40 +
100um. Phun plasma trong khi quyén duogc sir
dung trong thi nghiém trén thiét bi phun chuyén
dung (SG-100 TAFA - Praxair, US). Khi chinh
1a khong khi va khi van chuyén ciing 1a khéng
khi. Dé do vén tdc cua cac hat phun, ding may
anh téc d6 cao dic biét Shimadzu HPV-1 [11].
Nhiét d6 trung binh cta ludng plasma duogc xac
dinh gian tiép boi entanpy theo tiéu chuan
ASTM E341-08 (2020) [12]. Tat ca dir liéu tir
thi nghiém dugc tinh toan, st dung phuong
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phap binh phuong t6i thiéu. Kich thudc hat ctua
bot dd duoc phan tich boi thiét bi Cilas-1090
[13]. Phéan tich thanh phan pha cua bot va 16p
phun phii duge do bang may do nhiéu xa bang
phuong phap nhiéu xa tia X (XRD, X-RAY
D5005/SIEMENS, Germany) tai nhiét d¢ 25° C
v6i birc xa Cu- Ka, goc quét 20 tir 10° dén 70°.
Ham luong cua oxy trong 16p phu dugc xac
dinh bang cach st dung may phan tich chiét
xuét tan chay (G8 Galileo, Germany). D6 bam
ciia 10p phu trén nén vat lidu thép duoc xéc
dinh bdi may kéo nén van nang (Model HT-
2101A-300, Taiwan) theo tiéu chuin ASTM
C633. Thanh phan hoa hoc cia mot sd bot nén
Fe dugc phén tich bang phuong quang phd tan
sdc nang lugng (SEM, SM-6510LV, Japan), dit
liéu thi nghiém dugc thé hién trong Bang 1.

Bang 1. Thanh phan héa hoc cta bot, %
khéi luong

Code| C|{Cr| B |[Mo|N [Mn|Si|[Nb|V|[W

Fe-1 [ 0411 125 - [070] - |034]066]073 (035610

Fe-2 10731 50 025420 - |125]084 1034 (120

Ghi chii: con lai 1a thanh phan cta Fe trong
hén hop.

Thanh phan cta bot duoc tron bang may
trong 10h dé thu dugc thanh phan bot dong
nhit (hdn hop).

3.1. Truwong hop nghién cuu 1

Khi tao ra plasma la khong khi. Gidi han
kich thudc cua bot 1a 40-100pm. Co 2 phuong
an:

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

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

Trong 2 ché do phun, khoang cach phun
luén gitt L = 120mm. D cling cua 16p phu
trudc va sau khi nhiét luyén dugc do theo ti€u

chuén ISO 6507-2, st dung thiét bi do do ciing
FM-100 (Japan), dugc trinh bay trong Bang 2.

Bang 2. DJ cing 16p phu trude va sau nhiét
luyén

Do cung DJ cung
trudc n sau khi
(52 Ver | khi nhiét Eh‘;f nhiét
luyén, 7 luyén,
HRC HRC
4 gio -
Fe- 1 8-30 540° C 3745
1 4 gioy -
20| 2931 | 05| 3748
4 gio -
Fe- 1 40-42 000 C 43-45
2 4.gio-
2| 4145 | oS00 | 5456

Vi qua trinh phun dugc thuc hién trong
khong khi, nén vi¢c thuc hién phan tich thanh
phan oxy cta bot (trude khi phun) va 16p phu
(sau khi phun) 13 rat quan trong. Két qua duoc
thé hién trong Bang 3.

Bang 3. Thanh phan cta oxy trong bot va
16p phu

Thanh phan cta oxy, %
Cod
e Ver | Trong bot trude | Trong 16p phi
khi phun sau khi phun
Fe- 1 0.30 1.33
1 2 0.30 0.07
Fe- 1 0.14 2.15
2 2 0.14 1.60

C6 thé thay ¢ Bang 3, thanh phan oxy trong
16p phu ting 1én, nhung ddi v6i kha ning chéng
mon thi diéu ndy c6 anh huéng song phuong.
So véi phun HVOF, thanh phan oxy trong 16p
phun phua bang APS cao hon 3 - 4 lan [14]. 6
1a do khi tao ra plasma 1a khong khi va vén tdc
hat trong APS nhé hon trong phun HVOF.
Nhung mat khac, sy hién dién ctia oxit sat trong
16p phu lam gidm d¢ ctng gitp tdng kha nang
chiu mai mon cua 16p phu nay.
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3.2. Trwong hop nghién cuu 2

Sy anh hudng cta cong suat plasma va luu
luong khi 1én Entanpy (AH) thé hién & Hinh 5.
Su anh hudng ciia cong suat plasma va van toc
hat 1én Entanpy thé hién & Hinh 6. Khoang bién
thién cda luu luong khi 1a 0.5 g/s trong khoang:
0.5 = 3g/s. Vat liéu phun 1a bot Fe-2; Cac ché
do phun:

1) x - cuong do dong dién I = 120A;
2) ¢- cuong d6 dong dién I = 180A; 3) o —
cuong do dong di¢n [ = 220A;

x 20
=4 N

g 15 s 1 ——1120
= &0

o

5% 5 —o—1220
0

w 2 3

4
Luu lwgng khi (g/s)

Hinh 5. Anh huong cta cong suat va luu lugng khi dén

Entanpy

x  20.000
o
& _15.000 —1120
- &0
310.000 1180
Sz 1220
£ < 5.000
€
w000

0 50

100 V(mis) 150

Hinh 6. Anh hudng cua cong suat va vén toc hat dén
Entanpy

3.3. Trwong hop nghién cuu 3

Nghién ctru quan hé giita céng suit cua
ludng plasma, dudng kinh béc phun, luu lugng
khi va van tc hat. Co 2 cdu tao ciia dau phun
plasma véi duong kinh: 7 mm va 9 mm. Tat ca
dir liéu cua thi nghiém dugc thé hién trong
Hinh 7 va Hinh 8. Trong hai thi nghiém, cuong
d6 dong dién duoc tuy bién tir 120 dén 220 A;
luu lwong khi tir 0,5 dén 3 g/s. Vat liéu phun 13
bot Fe-2. Bé phan biét cac dudng cong dugc vé
trong hinh nay, cic ky hiéu nhu sau: x — I =
120A; 0o -1 =150 A; A-1=180A; 0-1=
200A; ¢ —1=220A

220A
140 N
=120 ./
%100 ( X 1120
= 80 S
£ - 1150
=
£ 40 ;‘,. 1180
20 )é.—& 1200
0 —e—1220
0 1 2

3 .44
Luu lugng khi (g/s)

Hinh 7. Puong kinh nong dau phun - 9mm

3.4. Trwong hop nghién ciu 4

200
2 180
E 160
140
€ 120

=

& 123 o —e—1120

60 1150

40 1180

20 1220
0

0 1 2 3 4

Luu lwgng khi (g/s)
Hinh 8. Puong kinh nong diu phun - 7 mm

D6 bam dinh cua 16p phil trén nén thép duoc
xéc dinh lién quan dén cong suat plasma va van
téc hat. Vat lidu phun 1a Fe-2. Puong kinh ctia
béc phun plasma 1a 9 mm. Két qua do do bam
dinh va van toc hat duoc thé hién ¢ Hinh 9.
| o-1=120
~-1=150

1=180

|=
|=-1=240

100 —————————————1——1——

Pj bam o, MPa
&
1\
47
/

0 2 4 @ 8 10 10 140 160 180 200
Vin téc V, m/s

Hinh 9. Quan hé gi&g d6 bam dinh vavan tdc khi cong
suat phun thay d6i
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Dua vao Hinh 9, dé suét cong thtrc thuc
nghiém, st dung phuong phap binh phuong
nho nhét dé chi ra mdi quan hé gitra d6 bam
dinh va cuong do dong dién, luu lugng cua
dong khi:

o= I*:G*: exp (X,/G). X, ()

Trong do: o 1a do0 bam dinh [MPa]; I la
cuong d6 dong dién [A]; G luu lugng khi [g/s].
Céc gia tri cua X: X1 = 0.6362;X2 = -1.9692;
X3 =-1.8503; X4 = 11.5676. Cong thtric (2) nay
phu hop trong pham vi cuong dé dong dién
1=120-220 A.

4. Két qua va thio luan

Trong truong hop nghién cuu 1, tr Bang 2,
dd cting sau khi nhiét luyén cao hon trudc khi
nhi¢t luyén. Ly do ¢ day la pha vo dinh hinh
dugc bién doi mot phan thanh ciu trac tinh thé
nano va né co thé phan tan trong 16p phu dé
tang cuong d6 bén cho 16p phu. Nguyén nhan
tiép theo co thé 1a khi nhiét d6 @ 1a 650°C, pha
giau Cr, Mo hinh thanh trong 16p phu va ching
dong vai tro 1am ting do bén kéo cua dung dich
ran. Do cimg 16p phu cling phu thudc vao cong
sudt cuia plasma va né ting 1én khi cong suat
cia plasma ting. Diéu nay co thé dugc giai
thich 1a do sy gia nhiét tot, 1am tan chay timng
phﬁn cua hat. Mat khéc, luu lugng khi tang Ién
dan dén ting dong luong cua dong hat va né
anh huong tich cuc dén mat do cua 16p phu.

Trong truong hop nghién cuu 2 (xem cac
Hinh 5 & 6), su gia tang cua luu lugng khi anh
huong tich cuc dén van toc cta hat va nhiét do
clia n6 (gian tiép thong qua Entanpy ciia dong
hat). Xuét phat tir 46 Entanpy cua hat giam do
thoi gian bay cia hat ngan. Dé tao ra mat do
cao va bam dinh tdt trong 16p phu, can phai lam
tang ca van tdc va Entanpy cua hat. Nhung rat
kho dé danh gia vé mat 1y thuyét vai tro cia
ting thanh phan nay.

Trong truong hgp nghién ctru 3 (xem Hinh 7
va Hinh 8), viéc giam duong kinh cua béc phun

dan dén viéc tang van tdc hat 1én khoang 1,5
lan, dic biét 1a khi luu lugng khi ting 1én. Piéu
nay co thé dugc giai thich bang su gia ting cua
ap sudt nhiét dong cuc bd cung véi sy gia ting
clia cong suat plasma va luu luong khi. Pong
thoi tiét dién ctia nong dau phun cang hep thi
vén toc cuc bd cang cao do tac dong cua ap suét
dong chay.

Trong truong hgp nghién ciru 4, (xem Hinh
9), phu thudc vao su gia tang cua van tde, co su
khac biét nho vé do bam dinh d6i v6i pham vi
van tbc nho (nho hon 40 m/s), nhung ngoai
pham vi nay, d6 bam dinh c6 toc d6 giam manh
(truong hop I =120 A). Gia tri nay cua cac do
bam dinh khac c6 d6 doc thoai hon (trong
truong hop I = 240 A). Tuy nhién, trong truong
hop nay, nguoi ta nhan thiy rang d6 bam dinh
dang tién gan dén gia tri 80 MPa, vuot qué gidi
han t6i da trong cac cong bd gan day [15]. Xu
huéng tht hai trong viéc thay ddi cac do bam
dinh 13 cting v6i cong sudt plasma ting 1én, cuc
dai ctia chiing chuyén dich theo huéng van toc
cao hon.

5. Két ludn

1/ P dua ra dugec mot sd cai tién trong thiét
ké cua béc phun plasma, hoat dong ding khong
khi thay vi khi tro dé phun tao 16p pht vé dinh
hinh nham tiét kiém nguyén liu truyén théng
dét tién va khi hiém.

2/ S& rat hitu ich khi 4p dung kénh hd quang
dai trong dau phun plasma véi dau phun hinh
khuyén dé 6n dinh tia hd quang véi ché do
phun cong suat 16n, tao ra 16p phu vo dinh hinh
c6 do bam dinh va mat do cao.

3/ Du kién sé tiép tuc nghién ctru nay trong
twong lai d6i voi 16p phit vo dinh hinh néu tao
duoc van téc siéu am, vi van tdc anh hudng
song phuong dén Entanpy cta ludng plasma,
cudi cung 13 d6 bam dinh (tiép can 80 MPa) cua
16p phu.
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