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Tém tit: Bai bdo tong hop cdc két qua nghién ciru ché tgo lop phii gém CraCa-NiCr
bang phuong phdp phun phii plasma, iing dung d@é phuc héi nang cao tuéi the cdc chi
tiét bom tuan hoan lam viéc trong nwdc bién. Cdc ddic trung tinh chdt cia lop phi duoc
khdo sdt bao gom dé Xdp, dé cimg té vi, Kha ndng bam dinh trueet trén nén thép, thanh
phan pha va dg bén an mon mai mon. C6 3 théng sé céng nghé ché tao 16p phii da duroc
khdo sdt, bao gém dong dién tao plasma, khodng cach phun va heu leong cap bét. Trén
co s6 cde két qua phan tich trong phong thi nghiém, l6p phi gém véi ché dé phun phui
phit hop da duwoc img dung dé phi chéng mon cdc chi tiét cia 2 hé théng mdy bom tudn
hoan nuéc bién cia Nha mdy nhiét dién Nghi Son 1 va cho cdc két qud t6t sau hon 1
nam dwa vao s dung.

Tir khéa: Phun phi plasma, Lop phii CrsCo-NiCr; Bom tudn hoan.

Application of plasma sprayed CrsC2 ceramic coating to improve the
durability of pumps operating in aggressive environments.

Abstract: The paper resumes the research results of fabrication of CrsCz-NiCr
ceramic coatings by plasma spray technology, which was used to improve the service
lifetime of circulating pump parts working in seawater. The investigated coating
properties include porosity, microhardness, slipping adhesion on steel substrates,
phase composition and corrosion wear resistance. Three coating technology
parameters were investigated, including plasma forming current, spray distance and
powder feeding rate. Based on the results of laboratory analysis, the ceramic coating
with suitable spraying mode has been applied to two seawater circulation pump
systems of Nghi Son Thermal Power Plant Nol and give great results after more than
1 year in use.

Keywords: Air Plasma Spray; CrsC2-NiCr coating; Circulating pump.

1. Giéi thiéu

Trong sb cac vt liéu dung trong cong nghé phun pha nhiét, crom cacbit duoc két hop
v6i mot s6 kim loai co vai tro vat ligu lién két, phd bién co hop kim NiCr vai ti 1& hop kim
c6 thé dao dong trong khoang 20-50% khéi lugng.
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Hé 16p phu gém nay c6 @6 bén chdng mai mon cao, do bén nhiét 1én dén 800-900°C
va kha nang chong an mon trong cic mdi trudng co tac nhan gay x6i mon. Lp phu CraCo-
NiCr ché tao bang cac phuong phap cong nghé phun phi nhiét c6 thé thay thé I6p ma crom
ctmg do cac van dé trong san xuat anh huong nghiém trong dén mai truong.

Crom cacbit 13 vat liéu rat cimg va co tinh tro vé mat hoa hoc. Crom cacbit co thé ton
tai & 3 dang cau tric tinh thé khac nhau, tvong ung véi 3 thanh phan hoa hoc [1]: CrasCe,
CrsCs va CrsCy, trong d6 CraC, cb d6 bén cao nhat, d6 cimg 1én dén 2280 HV va la dang
crom cacbit dwgc st dung nhiéu nhét trong thyc té.

Trong ndi dung chinh cta bai bao nay trinh bay tdng hop mot sé két qua danh gia tinh
chat caa 16p phu CrsCp-25NiCr ché tao bang phwong phap phun phu plasma. Lép phu da
dugc ung dung thir nghiém dé tao 16p phi chiu mon cho bé mit cac chi tiét nén gang hop
kim va thép khong gi SUS316 clia may bom tuan hoan nuéc bién tai Nha méay nhiét dién
Nghi Son 1.

2. Thuc nghiém
2.1. Ché tgo lép phii

Bot CrsCo-NiCr véi kich thudc hat 25-40 pm dugc st dung lam vat liéu phun, ¢
thanh phan hoa hoc bao gébm 75% Cr3C, va 25% NiCr20. Lép phu CrsC,-NiCr dugc ché
tao bang thiét bi phun phu plasma PRAXAIR-TAFA (M§) trén nén thép tai Phong thi
nghiém trong diém Cong nghé Han va Xir Iy bé mat. Bang 1 trinh bay gié tri cua cac thong
s6 cong nghé chinh ché tao 16p phi, trong d6 ¢6 3 thong s6 cong nghé duge nghién ctu
khao sat thuc nghiém trong dai rong dé xac dinh ché dé cong nghé phu hop, lam co s dé
ap dung thuc té 1én cac chi tiét may bom.

Bang 1. Ché do cong nghé ché tao 16p phu CrsCa-NiCr

TT Théng s6 phun Chi s ché a9
1 Dong dién 400-600 A
2 Khoang cach phun 100-200 mm
3 Luu lugng cép bot 10-50 g/phut
4 Téc @6 dich chuyén siing phun 0,5 m/gidy
5 Budc dich chuyén 3,2-5mm
6 Goc phun 90 + 15°

2.2. Phuong phdp dinh gid chdt lwong 16p phii

Bot phun CrsC2-NiCr, hinh thai hoc bé mat va td chic mat cit ngang 16p phu duoc
nghién ciru phén tich trén kinh hién vi dién tir quét Nova Nano SEM 450 FEI (Nhat).

Do xbp cua l6p phu duge xac dinh bang phuong phap phan tich anh hién vi quang hoc
theo tiéu chuan ASTM B276 duéi kinh hién vi quang hoc Axio Observer D1m (Dirc).
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Thanh phan pha cua I6p phu dugce xac dinh bing phuong phap nhidu xa Ronghen
(XRD) trén thiét bi X-RAY D5005/ SIEMENS (Dic) vai ché do va diéu kién do cu thé nhur
sau: nhiét do 25°C, goc 260 duge quét tir 10° dén 70°, budce do 0,03°, bude quét 1 s, sir dung
anot Cu.

Do cing cua I6p phu duge xac dinh bang phuong phap do d6 cung té vi theo tidu
chuin 1SO 6507-2, sir dung thiét bi do d6 cing FM-100 (Nhat).

Kha ning bam dinh truot cua 16p phu duge do theo tiéu chuan JIS H8666 trén thiét bi
kéo nén van nang model HT-2101A - 300.

D6 bén dn mon mai mon cua lép phu da dwoc thir nghiém véi thiét bi thir nghiém
(Hinh 1) duoc tién hanh trong dung dich mubi NaCl 3,5% c6 chtra 0,25% SiO; hat ran ¢
nhiét d6 phong trong 168 gid, 4p dung téc do quay 2000 vong/phut (trong duong 15 m/s)
1én cac mau phu. B& mat mau duge quan sat theo thoi gian thir nghiém.

Hinh 1. So d6 thiét ké thiét bi thir an mon mai mon
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3. Két qua va thao luan

3.1. Hinh thdi hoc ciia bgt phun va t6 chirc mat cdt ngang I6p phii CrsCo-NiCr

Hinh thai hoc cta bt phun va 16p phi CrsCo-NiCr quan st trén anh hién vi dién tu
quét SEM (Hinh 2) cho thiy, bot dwoc sir dung trong qué trinh ché tao 16p phu bang
phuong phap APS c6 dang hinh cau véi kich thudc hat dao dong trong khoang 25-40 pm;
I6p phit c6 chiéu day khoang 300-350 um; té chirc I6p phi khong ddng nhét, c6 chira cac 16
rong (sdm mau), cac ving phan cach va oxit (sang mau) [2].
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Hinh 2. Anh SEM cuia bét phun (bén trdi) va 6p phit CraCo-NiCr (bén phdi)
3.2. Bj xép ciia lop phi
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Hinh 3. Anh do dp xdp tai 45 phong dai 200 ldn ciia mdu 12CrsCx-25%Ni20Cr
Bang 2. njmg do d¢ x8p ciia mdu 12CryC25%Ni20Cr
Lin do 1 A2 Y 3 4 5 Trung binh

Py xbp 1 N 5\\3'31 314 3.16 321 319
Ny

Hinh 3. Anh mdt cat ngang chup dudi kinh hién vi quang hoc véi dé phéng dai x200
va két qua phan tich dé xop cua lop phit Cr3Co-NiCr

Do xop cua l6p phu dwoc xac dinh bang phuong phap phan tich anh hién vi quang hoc
(Hinh 2) duoc xé4c dinh theo tiéu chuan ASTM B276 duéi sy hd tro cia phan mém phan
tich cau tric pha AxioVision Microscope Software. Gia tri o xdp do duoc 1a gia tri trung
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binh duoc do tai 5 vi tri khac nhau trén cdu tric mat cat ngang cua I6p phi. Két qua phan
tich do x6p cua cac mau l6p pha dugc thé hién trén Hinh 3. Két qua do do xdp cho thay,
céc 16p phu c6 do xSp khac nhau tiy thude vao ché do phun phu plasma, dao dong trong
khoang tir 3,1-3,9% [3]. Mau c6 do xbp thap nhét khi 16p phu dugc phun véi dong dién
plasma 1a 600 A véi luu lugng cip bot 1a 10 g/lit va khoang cach phun 1a 100 mm. Trong
khi d6, mau c6 d6 xp cao nhét 3,9% khi 16p pha dwoc phun véi dong dién plasma 1a 400 A
V6i luu lugng cap bot 1a 50 g/lit va khoang cach phun 1a 200 mm. D6 xdp 1a mét trong
nhiing yéu t6 quan trong cuia I6p phi, trong qua trinh phun khi cac hat chwa nong chay hét
chung sé& bi dong dic va co ngét thé tich tao thanh cac rd x6p té vi. Ngoai ra, do sdp xép cac
hat phun sau khong ddng déu sinh rd xbp, do x6p cua I6p phi thé hién trén (Hinh 3) anh
chup t6 chuc té vi. Do x6p con phu thude vao viéc lya chon ti uu hoa cac thong sé phun
nhu: kich thuéc hat phun, téc d6 phun, Iuu luong bot phun va khoang cach phun, ...

3.3. Thanh phan pha

Thanh phan pha cta cac 16p phu dugc xac dinh bang phuwong phéap nhiéu xa tia ron
ghen (XRD) cuing vdi bot CrsCo-25NiCr. Két qua phén tich duoc thé hién trén (Hinh 4) cho
thy, trong thanh phan bot CrsC2-25NiCr sir dung dé ché tao I6p phu chu yéu bao gom 2
thanh phan pha chinh I CrsC; va Ni [3].

1-Cr3C2
2-Ni
3-Cr

4- Cr7C3

5-Cr, C

2376
6-FeNi
7-Cr2C

Bot Cr,C,-NiCr

Goéc 20°

Hinh 4. Phé XRD phan tich thanh phan ciia bét phun va 16p phii CrsCa-NiCr

Két qua phan tich thanh phan pha c6 trong cac mau I6p pha cho thiy, pha tinh thé
Cr3C; khong con xudt hién trong cac 16p phu, tinh thé nay da bi bién ddi thanh cac pha khac
nhau, tuy theo ché d¢ phun. Cu thé, cac pha tinh thé Cr;Cs va CrzsCs dd dugc tim thay trong
mot s& mau 1op phi. Bac biét, pha lién kim FeNi ciing di dugc tim thay trong ca 3 mau lop
pht dwoc phun vai ché do cong nghé khac nhau. Do anh huéng cua nhiét do trong qua trinh
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phun, dan dén cé sy twong tac giita I6p phi véi bé mat thép nén, tao thanh pha lién kim
hinh thanh trong cic mau I6p phu. Pha lién kim nay s& gop phan lam tiang kha ning bam
dinh cua 16p pha véi nén thép.

3.4. Dj cung cua lop phii

Do cang té vi cia cac mau l6p phu do theo tidu chuan ISO 6507-2 (Hinh 5). Két qua
d6 cing cao nhit do dwoc trén mau dat gia tri 1a 988 HV, twong dwong 68 HRC, trong khi
mau c6 do cing thap nhat chi dat 668 HV [4]. Lép pha crom cacbit ¢6 ciu trac khong dong
nhét, ludn chira 6xit va cac 15 réng. Do cing 16p phi ¢6 gid tri thap hon so vai cac vat liéu
tuong duong khi diic hodc rén. P6 cing phu thude vao nhiéu yéu té, truéc hét 1a phuong
phap phun va khi phun cting mét phuong phép cac diéu kién phun nhu ché do lam viéc cua
dau phun, khoang cach phun, cac tinh chat vat Iy ciia vat liéu nén, cac tinh chat cua vat liéu
phun, tbc d6 cap vat liéu phun, tc do di chuyén cua dau phun hay vat liéu nén... Mic du
qua trinh oxy héa c6 thé lam ting d6 cuang cua I6p pha, nhung qua trinh nay lai lam giam
cuong do bén bén trong cua I6p phu, do d6 c¢6 thé lam giam hiéu qua ciaa 16p phii. Thong
thuong do cing cac hat tao thanh 16p phi cao hon d6 cing vat liéu phun, vi vay, 16p pha c6
d6 chiu mai mon tot.
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Hinh 2. Anh 18 chire té vi cia mdu 23Cr)C23%NI20Cr

2. Ppeimgeévi 7 J
Bang 1. Két quad do 46 ciimg tdyi ciia mdu, 0.3 HV
Lin do 1 2 3 4 5 Trung binh
Mila 12CnCr- 668.2 7219 602.1 6853 757.2
25%Ni20Cr ’ ' ' ’ ’ b
Mbe 23CnCrr 988.1 953\ 906.9 9133 92
25%Ni20Cr ' A~ N\ ' : e i

Hinh 5. B¢ cimg té vi cuia 16p phii CraCo-NiCr

3.5. Khd nang bam dinh truet ciaa lop phi

D6 bén bam dinh truot cua I6p phu duge x4c dinh theo tiéu chuan JIS-H8666, theo d6
mau duoc thiét ké dang hinh tru va dugc phun 16p phu dat chiéu day khoang 400 um, sau
d6 mau dugc gia cong co khi dé dat cac kich thudc theo yéu cau. Két qua xac dinh kha
ning bam dinh cho thdy, mau c6 do bam dinh trugt cao nhat 60 MPa dugc phun véi dong
dién plasma 400 A, khoang cach phun 125 mm, luu lugng cap bot 15 g/phuat [4, 5].
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Do bam dinh cua I6p phu phu thude vao nhitng yéu té chinh, bao gdm d6 nham bé
mit, nhiét do nong chay cua cac hat. V6i két qua thi nghiém thu dugc, c6 thé nhan thiy
rang, voi mdi gia tri d6 nham khac nhau déu c6 gia tri lyc bam dinh twong tng. Sy sip xép
ctia cac hat nong chay khi va dap véi bé mat mau phun 1a mét yéu t6 rit quan trong anh
huéng dén kha nang bam dinh cua I6p phu véi bé mat chi tiét ddng thoi anh huong dén su
tiéu hao nguyén vat ligu trong qué trinh phun. D6 bam dinh 1a mét trong nhing thong s6
quan trong nhat khi trién khai ing dung thuc té. Do qua trinh 1am ngudi nhanh, sy khuéch
tan qua lai giira I6p pha va vat liéu nén chi xay ra & mirc do han ché, do d6, su bam dinh
chu yéu mang tinh chit vat Iy, khong mang tinh chat luyén kim hay héa hoc.

3.6. B bén in mon mai mon ciia |6p phi

Thir nghiém duoc tién hanh trong nude mudi NaCl 3,5% cé chira cac hat ran SiO, gay
mon, cac mau phu duoc gin chit trén ga va quay véi toe do 2.000 vong/phit trong thoi gian
168 gio. Cur sau mdi 24 gio, cac mau duoc chup anh bé mat quan sat sy Xuét hién cac
khuyét tat (diém gi, vét nat, vét phong rop). Két qua thir nghiém trén cac mau pha phun ¢
céc ché do khac nhau cho thiy, bé mat cic mau déu khong co hién tugng bong troc, thoi
gian xuat hién diém gi 1a khac nhau, mau c6 d6 x6p cao thi thoi gian xuat hién diém gi som
hon nhiéu so vé6i cac mau c6 do x6p thap [6].

3.7. Ung dung lép phii dé phuc héi va ning cao dé bén mon cho cic chi tiét mdy bom
nuwdc bién tudn hoan

Két qua nghién ciru danh gia cac chi tiéu tinh chét I6p phu gém da dwoc st dung dé
phuc hdi mon va nang cao d¢ bén cho céc chi tiét cua hé théng bom tuan hoan ding dé bom
nude bién 1am mat tuabin tai Nha may nhiét dién Nghi Son 1 [7].

Cénh hudng Banh cong tac Vanh 4o bom

Hinh 6. Anh chup cdc chi tiét mdy bom tuan hoan trieée va sau khi xir Iy phii gém ché'ng mon
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- Thong s6 k¥ thuat caa hé thong: dong co 1.200 kW; luu lwong bom 22.000 m3h; toc
d6 quay 423 vong/phiit; ap suat lam viéc 186 KPa; dung dich bom 1a nuéc bién ¢6 nhiét do
13-35°C.

- 3 chi tiét dwoc xir ly: canh hudng dong bang gang hop kim 2NiFC (duong kinh
1.600 mm, cao 1.000mm); canh dong bang thép khong gi SUS 316 (duong kinh 1.116 mm,
cao 550 mm); vanh 4o bom bang thép khong gi SUS 316 (Hinh 6).

- S6 Iugng: 02 bom.

- Thoi gian dua vao lap dat sau khi phua: thang 10/2019.

- Két qua khao nghiém sau 12 thang: 16p phii khong bi mon, dam bao céc tinh ning
lam viéc cua ca 2 hé théng bom.

V6i két qua khao nghiém sau 12 thang van hanh, nha may da tin twong va dit nhom
d8 tai xur 1y tiép 2 bom tudn hoan cua T6 may s 2, cac san pham da dugc dua vao van hanh
tir thang 11/2020 va dang tiép tuc duoc theo ddi danh gia.

4. Két luan

Lép phit gdm CrsCo-NiCr ché tao bang phuong phap phun phi plasma di dwoc nghién
ctru danh gia va thir nghiém thuc té. Co 3 thong s6 cong nghé ché tao 16p phu da dugc khao
sat, bao gom dong dién tao plasma, khoang cach phun va luu lwong cip bot:

- Po xbp cua 16p phu co gia tri nho nhat dat 3,2% khi I6p phu dwoc phun véi luu
luong cap bot 15 g/phit, dong dién tao plasma la 400 A va khoang cach phun 120 mm.

- Do cting té vi va do bén bam dinh truot cua I6p phi c6 gia tri cao nhit dat twong ng
la 68 HRC va 60 MPa.

- Phan tich XRD cho thay sy hinh thanh méi cia mot s6 pha cacbit nhu CrsCe
va CI‘7C3.

- Thir nghiém an mon mai mon cho két qua twong thich véi cac thir nghiém danh gia
co tinh.

- Trén co s& cac két qua phan tich trong phong thi nghiém, 16p phu gém véi ché do
phun phu phi hop da dugc tmng dung dé phi cac chi tiét cia 2 hé thong may bom tuan hoan
nuéc bién ciia Nha may nhiét dién Nghi Son 1 va cho cac két qua tét sau hon 1 nam dua
vao sir dung.

Loi cam on: Nghién ctru ndy duoc hd trg kinh phi nghién cttu KHCN tir Bo Cong
thwong va Téap doan Dién lyc Viét Nam cac nam tir 2018 dén 2021.
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