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TOM TAT

Trong bdi canh cac nganh cong nghiép trén thé gidi ngay cang phat trién, cong nghé bé mit ciing dugc quan tam. Trong nganh cdng nghiép dau khi, van cau
la mt trong nhiing thiét bi quan trong, thutng xuyén chiu anh huéng cta ap sudt cao, nhiét do bién ddi va dong chdy, dan dén hién tugng mai mon va dn mon
nghiém trong. Viéc st dung I6p phd bao vé bé mét da tré thanh mét giai phdp quan trong nham nang cao tudi tho va dd bén cda kim loai nén. V6i muc tiéu tim
ra cac diéu kién t6i uu cho qua trinh phun bgt hgp kim WC-12Co trén nén thép 316L bang phuong phap phun phl HVOF. Két qua nghién ctu da cho thdy su thay
ddi cta céc thong s6 phun anh dang k& dén cac dac tinh cda I6p pha, trong s6 céc thdng s6 phun thuc nghiém da xéc dinh bd thong s6 phun L = 0,30m;
m = 25¢/phiit; V = 1200m/s, cho cac gia tri dat dugc vé do xGp 1,44%. Két qua nghién cttu nay cung cdp <o s& khoa hoc nghién ctiu dé cdi tién cong nghé phuc
héi van cau trong nganh dau khi, gidp giam chi phi béo tri va ndng cao tudi tho thiét bi.

Tir khéa: Phun phu, HVOF, bét phun WC-12Co, thép khdng gi 3161, d6 ciing, dd xdp, do bdm dinh.

ABSTRACT

While a lot of industries are developing all over the world, surface technology is also heed. In the oil and gas industry, globe valves are one of the important
equipment, they usually affected by high pressure, changes in temperature and flow, leading to serious wear and corrosion. The use of surface protective coatings
has become an essential solution to increase the service life and durability of the base metal. In order the find the optimal conditions for the WC-12Co alloy
powder spraying process on 316L steel substrate with HVOF spraying method. The research results showed that the change of spraying parameters significantly
affects the characteristics of the coating, among the experimental spraying parameters, the spraying parameter set L = 0.30m, m = 25g/min, V = 1200m/s was
determined, giving the achieved values of porosity 1.44%. This research result provides a scientific basis for research to improve the technology of globe valve
restoration process in the oil and gas industry, helping to reduce maintenance costs and increase the service life of equipment.

Keywords: Coating, HVOF, W(-12Co spray powder, 316L stainless steel, hardness, porosity, adhesion.
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1. GIGI THIEU CHUNG cac yéu té nguy hai. Tuy nhién, van ciu va cac thanh phan

Hién nay, trong cac nganh céng nghiép dau khi, cac  Kim loai khac trong hé thong nay phai déi mat véi diéu
thiét bi va phu ting nhu van cdu déng vai trd quan trong ~ Ki€n khéc nghiét, bao gém mai mon co hoc, an mon héa
trong viéc diéu khién dong chay va bao vé hé théng khai  hoc, xam thuc va nhigt d6 cao. Nhing yéu t6 nay lam
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giam d6 bén va hiéu suat cda cac thanh phan kim loai,
dan dén chi phi bao tri va thay thé cao, anh hudng truc
tiép dén nang suat va chi phi van hanh cia nganh. Do dé,
viéc cai thién do bén va tudi tho clia cac chi tiét nay la mot
nhiém vu quan trong dé dam bao hiéu qua lau dai va tiét
kiém cho nganh céng nghiép dau khi.

Mot trong nhiing gidi phap hiéu qua nhat hién nay la
viéc st dung cdng nghé phun phd nhiét dé tao I6p pha
bao vé bé mat cac loai chi tiét kim loai [1]. Cong nghé phun
phu nhiét c6 thé tang cudng tinh chéng mai mon, chéng
an mon va chiu nhiét ctia bé mat kim loai ma khong lam
thay déi tinh chat cta vat liéu nén [2]. Trong d6, phuong
phéap phun phi nhiét HVOF (High-Velocity Oxy-Fuel). Bay
la cong nghé tién tién va hién dai nhat da dugc sir dung
rong radi trong nganh cong nghiép do tinh linh hoat va kha
nang tao ra lép phu c6 do cling cao d6 x6p thap va dé bam
dinh t6t hon so véi cac phuong phap tao I6p phi bé mat
khac [3].

Hop kim WC-12Co

Két qua clia nghién clu nay cling sé cung cap ca sG
khoa hoc quan trong va kiém soat quy trinh phun phu, lua
chon cac théng s6 phun phu hop dé ché tao 16p phu cé
chat lugng cao nhat, phuc vu hiéu qua cho qua trinh phuc
hoi va nang cao tudi tho van cau trong nganh céng
nghiép dau khi .

2. MOTATHI NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1.Vat liéu

Vat liéu nén la thép khong gi 316L, c6 co tinh, thanh
phan hod hoc va tinh chat vat ly dugc trinh bay trong
bang 1,2va3.

Bang 1. Thanh phan hod hoc clia thép 316L

Inox316L| C | Mn | Si P S Cr | Mo | Ni| N
Min - - - - - 61 2 [10] -
Max 003| 2 |075| 0045|003 (18| 3 | 140,

Mau thi nghiém dugc ché tao theo bién dang cta van

Bang 2. Thudc tinh co hoc cda thép 316L

(vonfram cacbua -
coban) la mét trong Do bén kéo Do bén chay Do gian dai
nthg vat “?U pho (MPa) min Chiing minh d bién dang | (%) trong 50 mm) Do ciing
bién dugc Sl{ dung | Macinox316 0,2% min
trong phun phu HVOF, Rockwell B Brinell
nhd vao dac tinh vat ly (MPa) min (HRB) ma (HB) ma
vugt tréi clia no, bao X X
nang chéng mai mon Bang 3.Tinh chét vat Iy clia thép 316L
té6t va kha nang chiu : T | Specific Heat
, a . tasti ecificHea

du?c cac‘ Am0| truong Thép | Tytrong Mo::lll:s Mean Co-eff of thermal Con d?lr::i:ity po 100°C ElecR
khac nghiét [3, 5, 6]. khong gi | (kg/m’) a) Expansion (um/m/°C) WimK) (nQ2.m)

Trong nghién cuu 316L i (/kgK)
nay, 16p pha hgp kim 0-100°C | 0-315°C | 0-538°C | At 100°C | At 500°C
WC-12Co dugc phun 50,3160 | 8000 193 159 | 162 | 175 | 163 | 215 500 740

[én nén thép khong gi
316L, mot loai vat liéu
nén phé bién nhd vao tinh chéng dn mon cao va kha
nang chiu nhiét tot. Thép 316L dugc lua chon vi tinh
nang dam bao moi trudng hoa hoc khac nghiét va kha
nang bdo vé tét trong moi truong diéu kién dau khi.
Bang phuong phép phun phd HVOF, I6p phu WC-12Co
dugc tao ra trén nén thép 316L véi cac thong s6 phun
khac nhau dé danh gia tac déng cta ching déi vai dac
tinh nhu dé cing, d6 x6p, dd bam dinh cta I6p phu [4,
6, 7] Cac théng tin cong nghé phun phi bao gom:
Khoang cach phun (L), Luu lugng cap bot (m) va Toc do
hat phun (V). Muc tiéu cta nghién ctu nay la danh gia
anh huéng clia cac théng s6 phun dén dé xép I6p pha
va muc dé anh huéng dén kha ndng chéng an mon va
do bén cua I&p pha.
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cdu va dugc cit thanh cac tam cé kich thudc
OR75x100x100x6mm. S6 lugng mau dugc thuc hién
trong nghién ctu nay la 9 mau.

Vat liéu phd dugc st dung trong qud trinh thuc
nghiém la bot hop kim WC-12Co, dugc cung cap bsi PAC
Powder Alloy (Hoa Ky) c6 dang hinh cau véi kich thuéc hat
tu 5 dén 45um. Thanh phan bét gbm 88 % Cacbua
Vonfram (WC) va 12 % Coban (Co) c6 kha nang chéng mai
mon cao.

Bang 4. Thanh phan hoa hoc ciia bot hop kim WC-12Co

Co C S 0 w
13,27 5,45 0,07 1,62

Element
Wt%

Remaining
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X2000

X500

Hinh 1. Bdt phun WC-12C0
2.2. Thiét bi thir nghiém

Thiét bi thi nghiém dugc sir dung trong qua trinh
phun la hé théng phun HVOF- Model MP-2100 Manual
HVOF Control Panel, dugc cung cdp bdi Metallizing

Equipment Co. Pvt. Ltd. Jodhpur India. Hé théng phun
HVOF MP-2100 bao gom:

1. Hé théng khi (oxy, propan, khi nén);
2.B6 phan cép bot PF-3350;

3. Bang diéu khién luu lugng MP-2100;
4. Sung phun HVOF HP-2700-M;

5. Cac thiét bi ho tro.

Hinh 2. Anh chup hé théng thiét bi phun HVOF MP 2100

Thong s6 ky thuat cta hé théng phun HVOF, dugc
trinh bay trong bang 5 va dugc duy tri trong suét qua

hé théng. C6 ba loai ty s6 S/N dac trung cho chat lugng
cla cac déi tugng nghién clu gom:
+ Lén hon thi tét hon:

S 1 1

1

+ Binh thudng thi tét hon:

S y?
N = 1010g ﬁ (2)

+ Nho hon thi tot hon:

=13

Trong dé: y;, v, D, n lan lugt la: gia tri do cla thi
nghiém thu i, gia tri trung binh cla tat ca cac lan do,
phuong sai va téng s thi nghiém can thuc hién.

Viéc lua chon ché d6 cong nghé phun trén co sé phan
tich ly thuyét vé phun pht HVOF két hop vai két qua
nghién clu cla cac tac gia [3, 4, 9, 10] da dugc cong bd
trén tap chiva cac bdo cdo khoa hoc trong cac ky héi nghi
toan qudc dé lua chon giGi han can thiét cho qua trinh
thuc nghiém. Qua dé c6 thé xac dinh cac ché dé cong
nghé bao gom: khoang cach phun (L), luu lugng cap bot
phun (m), van téc dong phun (V). Méi thong s6 phun gém
3 muc va gia tri tuong Uing dugc sap xép theo mang truc
giao L9 nhu bang 6.

Bang 6. Ma tran truc giao L9 theo phuong phap Taguchi

trinh phun.
Bang 5.Thdng s6 ky thuat hé thong phun phun HVOF
T Khi Luu lugng (LPM) | Ap sudt (kg/cm?)
1 | Oy 250- 350 10,0
2 | LPG/Propane 60-80 07,0
3 Khinén 600-700 07,0

$6 thuc Théng s6 phun

nghiém L(m) M (g/phut) V(m/s)
1 0,20 25 800
2 0,20 30 1000
3 0,20 35 1200
4 0,25 25 1000
5 0,25 30 1200
6 0,25 35 800
7 0,30 25 1200
8 0,30 30 800
9 0,30 35 1000

2.3.Thiét ké thi nghiém

Phuong phap thiét ké thuc nghiém Taguchi la phuong
phap thiét ké dua trén bang truc giao do Genichi Taguchi
phat trién [8]. Day la mét phuang phéap don gidn va manh
mé dé t6i uu hda cac théng s6 quy trinh. Phuong phap
Taguchi khéng chi xem xét gia tri trung binh cta két qua
thi nghiém ma con chd trong dén su bién thién cta di
liéu. Ty s6 S/N (signal/noise) gitup xac dinh dugc ché doé toi
uu bang cach gidm thiéu tac ddong ctia nhiéu (noise) 1én
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2.4. Phuong phap kiém tra dé x6p cua I6p pha

Mau dugc cdt dé quan sat theo tiét dién bé mat I6p
phu. Sau khi cat, mau dugc gia cong bé mat trén cac loai
gidy giap co kich c& tir hat thé dén hat min va dugc danh
béng trén cac mdy chuyén dung dam bao khéng con vét
Xudc trén bé mat dat yéu cau ky thuat. S dung kinh hién
vi quang hoc Axioplan 2-Carl Zeiss (hinh 3a) dé do do x6p
I6p pha. Qua trinh do dugc thuc hién theo tiéu chuén JIS-
H-8664 - 1997 (Nhat Ban).
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[ A E = [

Bnalysis Statistics | Phase drea

TR i 14489

Masimum 98.551%

 Mean Ned

S Do, NAA
b) Két qua phép do do xop

Hinh 3. Thiét bi va két qua do dd xdp

D6 x6p dugc do bang cach xac dinh dién tich cac 16 x6p
trong khu vuc quan sat ca kinh hién vi quang hoc va so
sanh dién tich nay vai tdng dién tich hinh anh quan sat.
Kinh hién vi dugc két néi vai hé thdng may tinh da duoc
trang bi phan mém Image-Pro Plus dé phan tich, phan
mém nay c6 chic nang danh gia vé cac vung c6 mau sac
khac nhau, viéc xac dinh gia tri 36 xdp clia mau bang cach
chuyén dé&i cac vung ré x8p thanh mau dd, trong khi phan
cdu truc té vi con lai cla mau van con gilr nguyén mau sac
ban dau cta né (hinh 3b). Phan mém sé tu dong tinh toan
ty 1& phan tram nhiing vuing dién tich c6 mau d6 véi nhiing
vung dién tich c6 mau xam trong pham vi quan sat.
3. KET QUA VA THAO LUAN

Két qua thuc nghiém do d6 x6p 16p pha hop kim WC-
12Co trén nén thép khéng gi 316L bang phuong phéap
phun pht HVOF va gia tri S/N dugc cho trong bang 7, cac
ty s6 S/N dugc tinh theo ddc trung chat lugng “nho hon
thi t6t hon” dé lam co s& xac dinh théng sé téi uu cho dé
x6p |6p phu.

Bang 7. K&t qua kiém tra d6 xGp I6p phi WC-12Co trén nén thép khong gi
316L bang phuong phap phun HVOF va ty 1& S/N (ing vdi cac thi nghiém

$6 thuc Thong s phun Két qua
nghiém | L(m) | M(g/phit) |V (m/s)| Déxdp(P) | TyléS/N
1 0,20 25 800 2,76 -8,82
2 0,20 30 1000 2,42 -7,68
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3 0,20 35 1200 2,25 -7,04
4 0,25 25 1000 1,92 -5,67
5 0,25 30 1200 2,45 -1,78
6 0,25 35 800 2,62 -8,37
7 0,30 25 1200 1,44 -3,17
8 0,30 30 800 2,14 -6,01
9 0,30 35 1000 1,80 -5

Do x6p la mot trong nhimng yéu t6 quan trong anh
hudng dén chat lugng I6p ph trong qua trinh phun HVOF.
Khi 16p phti c6 d6 x6p cao 6 thé sé lam giam do bén co
hoc, kha nang chéng an mon va dé bam dinh ctia I6p pha.
Ngugc lai, d6 x6p thap giup cho I6p pha c6 d6 bén cao
han, kha nang chéng an mon va chéng mai mon tét hon.
Vi vay, viéc kiém soat dé x8p la yéu té quan trong dé t&i uu
héa chat lugng I6p phi. TU két qua do ciia 9 mau thi
nghiém vdi ba thong s6 phun khac nhau (bang 7) cho thay
dé x0p cua I6p phu dao déng trong khoang P = 1,44 -
2,76%. Trong d06, su két hgp gilta cac sé thong s6 phun theo
thiét ké thi nghiém clia taguchi bao gébm khoang cach
phun (L =0,30m), luu lugng cap bét phun m = 25g/phut va
van téc dong phun 'V = 1200m/s, cho gia tri d6 x6p & muic
thap nhat (P = 1,44%). Su tac dong clia cac thong s6 phun
¢6 anh hudng dang ké dén chat luong 16p phu, tir két qua
do do x6p trong (bang 7) c6 thé dugc giai thich dua trén co
sG khoa hoc vé su hinh thanh 16p phu va muc dé phan bé
hat WC-12Co trén bé mat nén nhu sau:

Khi khodng cach phun tang L =0,20; 0,25 va 0,30m, d6
x6p c6 xu hudng gidm dang ké. Diéu nay c6 thé la do
khoang cach phun pht hgp gitp hat phun cé 40 thai gian
néng chay, két hgp véi ap suat khi cao lam cho cac hat
néng chay nay bam chat vao bé mat, lam gidm khoang
tréng gilta cac splat. Tuy nhién, néu khoang cach phun
qua I6n, c6 thé do x8p sé tang trd lai. Piéu nay co thé la
do cac hat phun trong qua trinh bay bi luc cdn cia moi
truong khong khilam cho né bi ngudi nhanh, luc va dap
giam lam gidam kha nang két dinh gilta cac hat dan dén do
xOp tang.

Khi luu lugng cdp bot phun tang m = 25, 30 va
35g/phut d6 x6p 6 xu hudng tang. Ly do la khi lugng bt
qua nhiéu, lam cho mat dé hat tang dan dén anh hudng
viéc hdp thu nhiét cta cac hat, khién I6p pht c6 nhiéu
khoang trong hon, d6 xop tang, khi luu lugng cap bét
phun & mdc m = 25g/phut (muic thap nhat) dugc két hgp
VvGi cac s6 thong sé phun theo thiét ké thi nghiém cua
taguchi cho gia tri d6 x6p thap

D6i vai van téc dong phunV =800, 1000, 1200m/s, cho
dd x6p giam manh, diéu nay cho thay van téc cao gilp
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hat phun c6 déng nang I6n, lam tang kha nang lap day
khoang tréng trong I&p phd. Tuy nhién, néu téc dé dong
phun qua cao cac hat phun c6 thé bi ban ngugc khi va
cham vGi bé mat nén, lam gidam kha nang két dinh dan
dén cho do6 x6p tang.

Muc tiéu tiép theo trong nghién ctiu nay la tién hanh
phan tich phuong sai cho cac ty sé S/N doi véi két qua thi
nghiém nham tim ra muc t6i uu cda cac théng sé phun
dé dat dugc két qua do x8p I16p phd nhé nhat. Can clr vao
két qua S/N & bang 7 tién hanh tinh phan muc trung binh
cho cactham sé L, m,V, két qua phan tich dugc cho trong
bang 8 va hinh 4.

Béng 8. Gia tri trung binh cdc mdc clia cdc tham so L, m, V

. Cacmuc
Tham so
1 2 3
Khoang cach phun L (m) -7185 | -7,27 | -496
Luu lugng bt phun m (g/phiit) -588 | <736 | -6,84
Van toc trung binh dong kim loai phun (m/s) | -7,93 | -6,17 | -6,00
Trung binh cdc mic (T) -6,70

Do x6p phan murc L

-4.00

-5.00 o
/96
-6.00

-7.00
%57
-8.00
-7.85
-9.00
1 2 3 4 5 6 7 8 9
a)
D6 x6p phan mirc m
-4.00 T T T T T T T 1
-5.00
-6.00
-7.00
-8.00 -7.36
-9.00
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Do x6p phan mirc V

-4.00

-5.00

-6.00 <

-7.00

-8.00

-9.00

Hinh 4. Biéu d6 phan miic cac tham s6

Can cu trén biéu dé phan muc & Hinh 4 cho thdy su két
hgp cla cac tham s6 nhu khoang cach phun 8 mic 3 (L=
0,3m), luu lugng bot phun & muic 1 (m = 25g/phut) va van
t6c dong phun & mdc 3 (V = 1200m/s) la t&i uu nhat dé
tao ra do xép I6p pht nhé nhat. Gia tri du doan cho do
x6p 16p phu khi phun véi cac thong s6 t6i uu trén theo
phan tich phuong sai [11] la:

Doxopope = T+ (L3 = T) + (my = T) + (V3 — T)

= 1,44%
4. KET LUAN

T qué trinh nghién ctu va thuc nghiém cé thé dua ra
mot s két luan chinh sau:

- Xay dung dugc bo thong sé thuc nghiém trén co sé&
ap dung phuong phap thiét ké thuc nghiém taguchi, tu
dé téi uu héa cac thong sé phun dé cai thién dé x6p 16p
pht nhé nhat P = 1,44% vdéi thong s6 Ls - my - Vs (L =
0,30m; m = 25g/phut; V = 1200m/s).

L&p pha WC-12Co dugc tao thanh bdng céng nghé
phun HVOF trén nén vat liéu thép 316L vai su két hop gilia
cac s6 thong s6 phun theo thiét ké thi nghiém cuda
taguchi bao gbm khoang cach phun, luu lugng cap bét
phun va van t6c dong phun cé anh huéng 16n dén dé x6p
cda I&p pha, trong d6 van téc cao gitp cho dd xép giam
dang ké.

Viéc nghién ctiu ing dung thanh céng cta I6p phd bot
hop kim WC-12Co trén bé mat van cau vat liéu thép
khong gi 316L bang cong nghé phun HVOF la co s& dé
ma rong cho nhiéu ting dung khac trong cac nganh céng
nghiép phuc hoi hodc tao méi bé mat chi tiét chiu mai
mon.
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