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1. PAT VAN PE

Theo T chirc Y té Thé gisi, dan sé toan cau tir 60 tudi trd 1én duoc dy doan
s& dat 2 ty vao nam 2050. Gia hoa dan sb dan dén su gia ting cac bénh hen quan dén
lodng xuong, gay xuong, viém khop doi hoi phai sir dung cac thiét bi ciy ghép chinh
hinh (Orthopedic implants) dé thay thé khop, xuong hodc nang d& xuong bi ton
thuong, day la mdt trong cac nguyén nhan thic day nganh cong nghiép ché tao
implant chinh hinh phat trién. Theo bao c4o nghién cru gan day thi truong implant
chinh hinh toan cdu niam 2019 dat khoang 50,6 ty USD. Thi truong du kién c6 mirc
tang truong vao 5,48% va s€ vuot qua 73,5 ty USD vao ndm 2026 [1]. Cac cong ty
hang dau trén thi truong 1a Wright Medical Group NV, CONMED Corporation,
Johnson & Johnson (DePuy Synthes), Zimmer Biomet. O Viét Nam sb lugng céc ca
phau thuat chin thuong chinh hinh ciing ting nhanh, nhu cau st dung vat liéu y sinh
16n, chi riéng & TP HO Chi Minh va Ha N6i hang nam st dung 6000 b nep vit
xuong lam phuong tién két xuwong [2]. Tuy nhién phan lon cac loai nep xuong dung
trong bénh vién da phan déu phal nhap ngoai, mot sb it san xuat trong nudc nhung
tinh twong thich sinh hoc con thap [3-4].

Cung véi sy phat trién ciia nganh ché tao implant chinh hinh 1 sy gia ting s6
luong cac ca bién ching lién quan dén nhiém tring sau phiu thuat, di Gmg, dao thai
implant va cac van dé lién quan doc tinh do ion kim loai va manh v& thoat ra tir
implant [5]. biéu nay lam cho viéc nghién cuu, san xuat vat liéu mai trong linh vuc
implant dién ra lién tuc, trong d6 nang cao kha ning tuong thich sinh hoc va co tinh
bé mat implant bang cac loai mang phu tir compozit, gom, phét phat canxi da dugc
tmg dung 1én cac dong implant méi va con nhiéu tiém ning phat trién trong twong
lai [2].

Nep, vit xuong dugc ché tao chi yéu tir hop kim titan (Ti6AI4V, Ti6AI7Nb)
va thép khong gi (304L 316L). Hop kim titan c6 kha nang chong dn mon cao, tinh
twong thich co hoc tét véi xuong va tinh twong ddng sinh hoc tot, day 1a vat liéu
thich hop dung cho nganh chéan thuong chinh hinh. Tuy nhién cic bd nep, vit xuwong
tir hop kim titan co gia thanh cao. Céac implant két xuwong dugc ché tao tir thép
khong gi c6 gia thanh vira phai, phtt hop véi diéu kién kinh té cua Viét Nam. Tuy
nhién céc implant nay chi thich hop néu thoi gian dé trong co thé khong qua lau, bén
canh d6 dudi tac dung cua dich co thé nguoi chiing bi an mon va c6 thé giai phong
cac ion doc hai nhu (Cr3+, Ni2+) gay doc té bao, di ung va dao thai implant. Theo
thong ké thi tir 10-15% déan s c6 phan tng phan vé véi cac ion kim loai, vi vay su
giai phong ion tir cac implant 13 nguyén nhan chinh dan dén khoang 60% implant
ciy ghép hoat dong khong on dinh [6].
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Nghién ctru khoa hoc céng nghé

Trong khoang 15 nam tro lai day, cac két ‘qua thtr nghiém lam sang cho thay
16p phu TiN, CrN c6 kha nang chéng an mon tt va tinh tuong thich sinh hoc cao.
TiN, CrN da dugc tmg dung dé phu trén cac chi tiét, thiét bi ¢ vit ché tao bang thép
khong gi dung trong sira chita, cdy ghép chinh hinh dau gbi, xwong hong va nep vit
xuong [7]. Hang Johnson & Johnson ciia My di dau trong (mg dung cong nghé bdc
bay dé pha TiN, CrN 1én nep vit xuong, cac san phdm cua hing di va dang duoc
ung dung tai Viét Nam va cac nudc trén thé gioi.

Nghién ciru chi ra ring cac 16p phu da 16p gitip ting kha ning chdng dn mon
va han ché sy xam nhap cac ion kim loai vao co thé con nguoi. Céac 16p phu da 16p
dugc phat trién cha yéu theo nguyén tic giam dan do cimg tir ngoai vao trong, diéu
nay giup cai thi¢n mé dun dan hoi; chéng lai tng suét va bién dang co hoc; tang d6
bam dinh vé&i nén; két hop dugc cac dic tinh t6t cua timg loai 16p phu [8-9]. Vi vay
nghién ciru, ché tao 16p phu da 16p 1én vit, nep xuwong dé ting kha ning chéng in
mon, tinh tuong thich sinh hoc va han ché sy rira troi cac ion kim loai vat liéu nén 1a
hudng di moi, c6 tinh kha thi cao.

Nghién ctru ciia M.Ben Daia va cong sy [10] da ché tao mang da 16p Ti/TiN
dugc cdu tao tir nhidu 16p con (Ti+TiN) co chiéu day tir 2,5 nm dén 20 nm béng
phuong phap phun xa phan ng trén nén silicon, va nhan thdy d6 cimg 16p compozit
tang khi chiéu day cac 16p con giam. Va 1ép compozit dat d6 ctg 16n nhat khi
chiéu day 16p con 2,5 nm. Nghién ctru ciia N.D. Nam va cong sy [11] da tién hanh
so sanh cac mang da 16p Ti/TiN, Cr/TiN, Ti/CrN, Cr/CrN dugc ché tao bang phuong
phap phiin xa phan tmg RF trén nén thép 316L véi cac ty 18 cac 16p con 1a 3:7 va ghi
nhén mang Cr/CrN cé hi€u qua bao vé chéng dn mon cao nhit (99,99%). Nghién
ctru ciia Q. Yang va cong su [12] d ling dong mang Ti/CrN/TiN trén nén hop kim
titan Ti-6Al-4V s dung DC magnetron. Phan tich nhidu xa tia X cho thdy mang
phat trién theo 2 huéng chinh 1a (111) va (200), trong dé mang c¢6 dinh huéng wu
tién (200) thi ¢c6 d6 clirng 16n hon. Nghién clru ciia M. Herranen va cong su [13] da
ché tao mang da 16p Ti/TiN bang phwong phap ma ion va ghi nhan thdy kha ning
chéng dn mon cua 16p phu ting khi ding 16p con c6 d day 1én. Ngoai ra trong cac
nghién ctru [14-15] ciing ghi nhan sy gia ting co tinh cling nhu kha ning chdng an
mon cta mang Ti/TiN cua cau trac da 16p compozit. Sy xen ké& cia cac 16p Ti giup
han ché sy hinh thanh cia ciu trac cot cua mang TiN [11-16].

Nhu vdy, cdu tric compozit da 16p ciia mang TiN, CrN giup cai thién mang co
tinh ciing nhu kha ning chéng an mon cua vét liéu, tuy nhién chwa co nghién ctru
nao danh gi kha ning chéng dn mon cua mang da 16p dwoc cu tao tir nhidu loai vat
liéu nhu Ti, TiN, CrN trén nén thép khong gi (304 hodc 316L), vi vay nghién ciru
nay tap trung vao ché tao va danh gia, so sanh kha nang bao vé an mon cia 16p phu
¢ ciu tric compozit da 16p da thanh phan (TiN/CrN/Ti, CrN/TiN/T1), da 16p don
thanh phan (TiN/Ti, CrN/Ti) va don 16p (TiN/Ti) trén nén thép SS304.

2. THUC NGHIEM
2.1. Chuin bi vit liéu
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Nghién ctru khoa hoc cong nghé

Trong nghién ctru, cac 16p phu TiN, CrN duge ling dong trén thiét bi Dreva
Arc 400-VTD tai Trung tam Quang-Dién tir, Vién Ung dung Cong ngh¢. Dreva Arc
400-VTD la h¢ thong dung ché tao cac 16p phu bang phuong phap hd quang cathod
voi thé tich budng ®400 x 400 mm, chan khong co thé dat 6,10 mbar, cong suat
cap dén 3 kW, thién ap dé dén 1200 V. Hé thong duogc trang bi 3 dau hd quang
AS65M céch déu nhau véi goc 120° gan bia kich thuéc ® 65 mm x 15 mm. Bia
dugc che kin bang gbm va man chan tinh dién dé ngan diém ho quang di chuyén ra
khoi bé mit bia. Dudi bia c6 hé thong lam mat tun hoan gitip cho bé mit bia trong
qué trinh phong dién hd quang khong bi nung néng vaéi nhiét dé qua cao.

Quy trinh ché tao cac 16p phu cting bang phuong phap hd quang chan khong
bao gom cac budc nhu trong hinh 1.

(1)= Lam sach (hoa (2) . Chuén bi b116ng ma,
chat), tiy siéu 4m hut chan khong
&)

5 ; 4 3 i i
Lam nguéi, xa khi, | (5) Lt dong 16p phi (4) | Lam sach.(}on), gia
lay mau nhiét

Mai, danh bong

A

Hinh 1. Quy trinh ché tao 16p phu

(1) Mai, danh bong: Mau thép 304 kich thusec ®14x1,5 mm, 15x10x1,5 mm
dugc mai bang gidy nham kich thudc hat tir 3 +50 pm, twong Gmg véi cac loai gidy
nham: P120, P180, P240, P320, P400, P600, P800, P1000, P1200, P1500, P2000,
P2500 (ISO 6344), sau d6 dwoc danh bong bang dia ni két hop bot kim cuong (1
um) dén khi bé mit sang, bong guong. Cong doan mai, danh bong mau duge thuc
hién trén may LECO SPECTRUM SS1100 (Chi Nhanh Phia Nam/Trung tam Nhiét
doi Viét - Nga).

(2) Lam sach (hoa chat) tdy siéu 4am: Mau sau khi mai danh bong dugc lam
sach ddu m& bang axeton, va tay siéu 4m trong bon BANDELIN.

(3) Chuan bj budng ma, hit chan khong:NMau sau khi lam sach duoc ga trén ban
quay, cach tdm bia 70 mm, tdm bia cao hon mau 60 mm, mau cach hollow cathod 179
mm. Sau d6 tién hanh hut chan khong budng ma dén ap suit 1x10™ mbar.

(4) Lam sach (ion), gia nhiét: Thiét bi Dreva Ayc 400 duoc trang bi nguén
hollow cathod cho muc dich gia nhiét va lam sach chi tiét.

- Gia nhiét: Khi chan khong budng dat dugi 10* mbar cép dong dién 100 A,
dién ap 13 V cho day dién tr¢6 vonfam trong cathod réng, khi nhiét do day dién tr&
dat 1300°C cathod rong phat xa electron. St dung electron dé gia nhiét chi tiét: Luu
lwong khi Ar = 52 cm’/phiit dugce dwa vao budng chan khong qua dng cathod réng.
Céap dong dién 120 A, dién ap 13 V duy tri plasma va phét xa trong cathod rdng
trong 15 phut (twong g nhiét do dé 200°C). it thién ap dé -200 V trong qua trinh
gia nhiét. Cathod rdng dugc mdi tao ra plasma va ty duy tri phat xa electron,
electron va ion trong plasma ban t6i va gia nhiét chi tiét.
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Nghién ctru khoa hoc céng nghé

- Lam sach: Céc ion tir cathod rdng phiin xa trén bé mat chi tiét loai bo cac 16p
hip thu va 16p mong vat liéu trén bé mat dé. Luu lwong khi Ar = 11 cm’/phut dwoc
dwa vao budng chan khong qua dng cathod rdng. Cap dong dién 120 A, dién ap 13 V
duy tri plasma va phat xa trong cathod rdng trong 5 phut, nhiét d6 dé dat 300°C. Pat
thién 4p dé -200 V trong qua trinh lam sach, d6 chan khéng budng dat 2,5x10” mbar.

%) Lfmg dong 16p phu:

(6) Lam ngudi, x4 khi va ldy mau: Dimg ling dong, ap suit budng giam xubng
6,3x107, 1am ngudi tw nhién trong 30 phut, x4 khi va l1ay mau.

2.2. Kiém tra dic diém mang

b6 day mang dugc do bang kinh SEM (FE SEM S4800, Trung tam nghién
ctru trién khai Khu cong nghé cao) trén mat cat ngang mau sau khi mai va danh
bong. Cau tric pha duge phan tich bang nhiéu xa tia X (X PANalytical Empyrean,
Chi cuc Kiém dinh Hai Quan 3) st dung buc xa CuKa toc d(? quét (20/s) 1a 0,03%s.
Cau truc bé mat, d@ nham duoc quan sat, xac dinh bang kinh quang laser
(Microscope OLS5100-SAF, Cong Ty TNHH Ky Thuét TBB). D6 bam dinh mang
v6i nén duge kiém tra theo tiéu chuan ISO 26443:2008 (E) st dung may do dd cling
Rockwell (Rockwell Analog, Phong thi nghiém Kim loai va Hop kim, Truong Dai
Hoc Bach Khoa - PHQG TpHCM) d¢ tao vét 16m va kinh hiénwvi soi nguoc (Leica
DM:i8, Chi Nhanh Phia Nam, Trung tdm Nhiét d&i Viét-Nga) dé soi vét nit theo do
phong dai 10X+20X.

2.3. Thir nghiém dién hoa

Do duong cong phan cuc theo phuong phap thé dong (potentiodynamic) trong
dung dich Napl 3,5% duogc thuc hién trén thiét bi Autolab Metrohm PGSTAT302N
(Phong Do bén Nhiét doi, Chi nhanh Phia Nam, Trung tdm Nhi¢t d6i Viét - Nga)
v6i hé 3 dién cyc: Dién cuc lam viéc WE (thép khong gi duge phi mang TiN, CrN),
dién cuc so sanh RE (AgCl trong KCI béo hoa), dién cuc do1 (Pt). Khoang thé quét
tir -1+1 V véi toc do quét 5 mV/s. Thoi gian ngdm mau 300 giay.

3. KET QUA VA THAO LUAN

Thong sb ling dong 05 loai mang (ky hiéu M1+M5) dugc trinh bay trong bang
1-2, cac mang c¢6 chiéu day 2300 nm, trong do:

MI1: Céu trac gom 01 16p bam dinh Ti (50 nm) va 01 16p TiN (2250 nm);

M2: Chu trac gém 10 16p con, mdi 16p con gém 01 16p Ti (30 nm) va 01 16p
TiN (200 nm);

M3: Céu trac gdm 10 16p con, mdi 16p con gom 01 16p Ti (30 nm) va 01 16p
CrN (200 nm);

M4: Ciu tric gdm 10 16p con, mdi 16p con gdm 01 16p Ti (30 nm), 01 16p CrN
(100 nm) va 01 16p TiN (100 nm);

MS5: Céu trac gdm 10 16p con, mdi 16p con gém 01 16p Ti (30 nm), 01 16p TiN
(100 nm) va 01 16p CrN (100 nm).
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Nghién cutu khoa hoc céng nghé

Bang 1. Thong sb lang dong mang

(i Pi¢n 4p | Dong hd | Thién ie
;;:-iig Bia A::l:)::t’ sil;’n schzl’n ho (iuanljg, quagng, ap dé, %hé%t,
\% A \% C
Ti | Ti(99,95%) | 2,5%102 | 11 | 0 20 60 2100 | 200
TiN | Ti (99,95%) | 2,5%x107 11 250 20 60 -100 200
Cr |Cr(99,95%)| 2,5x10% | 11 | 0 20 60 2100 | 200
CrN | Cr(99,95%) | 2,5x10™ 11 250 20 60 -100 200
Bang 2. Thong sé mang ché tao
Tong S6 miu
. A . £ chieu
hIi(ef:lu gli:l[l) Lép mang Ch('ﬁi?ay l?’)% day | @143 50,50 3 | 15%10x3
mang (,2) (1,2) mm | (1,2) mm
(nm) mm
M1 | 304 TiN/Ti 2250/50 1 2300 3 4 2
M2 | 304 TiN/Ti 200/30 10 2300 3 4 3
M3 | 304 CrN/Ti 200/30 10 2300 3 4 3
M4 | 304 | TiN/CrN/Ti | 100/100/30 | 10 2300 3 4 4
MS5 | 304 | CeN/TiN/Ti | 100/100/30 | 10 2300 3 4 4

Phd nhifu xa tia X ctia miu M1+M5 dugc trinh bay trén hinh 2. Cac miu
M1+M5 c¢6 chiéu day trung binh dat 2300 nm, tia X di xuyén qua 16p phu dén nén
thép SUS304, vi vy ngoai cac dinh dic trung cho TiN, CrN xuat hién cac dinh cia
y-Fe & 43,61° 50,79% 74,68° (COD 96-901-5072). Mau don 16pTiN (M1) ¢6 ciu
trac gdm mét 16p bam dinh Ti (50 nm) + 16p TiN (2250 nm), vi vy dinh nhidu xa
cua TiN & cac goc 36,68°; 42,61°; 71,4° (COD 96-101-1100) c6 cudng dd cao hon so
véi cac mau M2, M4, M5 va c6 dinh huéng uu tién (111). Va & mau M4, M5 khi st
dung cau tric da 16p, da thanh phan (TiN, CrN, Ti) ghi nhan dinh nhidu xa & goc
36,68° voi cuong d6 thip, mang chuyén dinh hudng wu tién tir (111) sang (200).
Mau M3 ¢6 céu trac don thanh phan da 16p, dwoc tao thanh tir nhiéu 16p con Ti (30
nm) va CrN (200 nm), mang c6 dinh hudng (200), trén phd ghi nhan cac dinh dic
trung ciia CrN & cac goc: 37,56% 43,64°% 63,43°. Két qua trén cho thiy st dung céac
céu triic da 16p gitip chuyén dinh hudng uu tién tir (111) sang (200), ddy 1a hudng
gitip ting do ctmg, modun dan hoi cho mang [10].
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Nghién ctru khoa hoc cong nghé

Quan sat hinh anh SEM bé mit (hinh 3-4; bang 3-4) cta cac méu sau khi phu,
ghi nhan su xuat hién cta nhiéu hat “macro” (peaks) va cac 15 (valley) voi kich
thudc khac nhau (0,1-1 pm) phan bd déu trén bé mat. Cac hat nay tao thanh do sy
“bung nd” vat chit hodc ap suit plasma trong diém cuc 4m (cathode spot) 1én kim
loai néng chay. Qua trinh nay 1 khong thé tranh khoi d6i v6i phuong phap hd quang
cathod, c6 thé han ché su tich tu ctia chung 1én bé mit vat liéu phu bang st dung tir
truong hay tam loc [18]. Con cac 15 hinh thanh do su bong troc hat “macro” ra khoi
bé mit vat ligu.

M1 ® e TiN * h °
. A . o CrN I
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Hinh 2. Pho nhiu xa tia X cia céc 16p phu ché tao duoc

Nhin chung cac mau don 16p, don nguyén té M1 (TiN/Ti) c6 chat luong tot
nhat, bé mit min, ¢6 do déng nhét cao, d6 nham bé mat trong khoang Ra = 0,08+0,1
pum. Cac mau da l6p M2+M5 ¢ chét Iuong bé mat thép hon, xuét hién nhiéu hat
marco va céc 16, @ nham trung binh ciia mau M4+M5 dao dong trong khoang Ra =
0,1+0,2 um. Piéu nay co thé duoc giai thich qua co ché tao mang [18], khi tao mang
da thanh phan qua trinh bat, tit bia thay dbi lién tuc gitta Ti va Cr, dan dén qua trinh
bdc bay vat lidu ¢ diém “cathode spot” khong 6n dinh.
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Nghién ctru khoa hoc c6ng nghé

1000x 5000x

M3

M4

M5

Hinh 3. Anh hién vi dién tir quét FESEM bé mit cac 16p pht mau sau ling dong
mang. Do phong dai 1000 (trai) va 5000 (phai)

174 Tap chi Khoa hoc va Céng nghé nhiét déi, S6 28, 12-2022



Nghién ctru khoa hoc c6ng nghé

Ml

M5
a b
Hinh 4. Céu trac bé mit mau sau khi phu
a) Céu triic 3D bé mat; b) Céu tric 2D kém thang do d¢ mép mo bé mat
Bing 3. Gia tri 36 nham mau M1 trude thir nghiém dién hoa
Théng s6 do
nham bé mit 1 2 3 4 S 6 7
Ra(pm) 0,087 | 0,106 | 0,116 | 0,189 | 0,107 | 0,093 | 0,093
Rp(pm) 0,577 | 2,241 | 1,142 | 3,608 | 0,164 | 1,115 | 1,697
Rv(um) 0,742 1 0,809 | 0,676 | 0,692 | 0,598 | 0,249 | 0,326
Rz(pum) 1,319 | 3,050 | 1,819 | 4,299 | 0,762 | 1,365 | 2,023
Bing 4. Gia tri 36 nham mau M5 trude thir nghiém dién hoa
Théng s6 dd
nham bé mit 1 2 3 4
Ra (um) 0,1 0,23 0,22 0,181
Rp(um) 1,049 | 1,446 | 1,333 | 1,428
Rv(um) 0,654 | 0,503 | 0,666 | 0,465
Rz(um) 1,703 | 1,959 | 1,999 | 1,893
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Nghién ctru khoa hoc c6ng nghé

Céu trac mat cat 16p phu dugc thé hién trén hinh 5, 16p pha don 16p M1 ¢6 ciu
truc lién tuc, dang cdt, 16p phu M2+M3 dugc cAu tao tir 10 16p con TiN/Ti hoac
CrN/Ti véi chu ki 230 nm. Miu M4+M5 c6 ciu trac da 16p, da nguyén tb
TiN/CrN/Ti hodc CrN/TiN/Ti v6i chu ki 230 nm, téng chidu day cic mang nghién
ctru khoang 2300 nm. Viéc xen ké& cac 16p Ti gitip ting d6 bam dinh, giam tng suét
du, tang kha nang chong an mon cho 16p phi [12,13,14, 18].

Két qué do do bam dinh dugc danh gia theo tiéu chuin ISO 26443:2008, ngoai
trir mau M1 (don l6p, don thanh ph?m) cic mau con lai déu c6 d6 bam dinh & Class
0 (hinh 6), xung quanh vét 1dm khong ghi nhan cac vét nut, bong troc, mang c6 do
bam dinh tt. Riéng mau M1 (don 16p, 2300 nm), xung quanh vét 1dm khong xudt
hién cac vét nit theo chu vi, tuy nhién ghi nhan bong tréc mang & mot s6 ving, theo
tiéu chuan ISO 26443:2008 (E) d6 bam dinh xép vao Class 2, mang khong dat yéu
cau theo tiéu chuan ISO 26443:2008 (E). Nhu trinh bay ¢ trén, v6i mang don 16p
khong co cac 16p trung gian (Ti) dong vai trd 10p dém gitp giam ung sudt trong noi
b6 mang do cdu triic mang TiN, CrN ¢ d ctng cao. Vi vay néu khi pha mang don
16p, khi tang chidu day thi dé dan dén bong troc.

30000x 50000x

Ml

M2

M3
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Nghién ctru khoa hoc c6ng nghé

M4

M5

$-4800 10.0kV 7.3mm x30.0k SE(M)

Hinh 5. C4u tric mit cit ngang sau khi mai va danh bong
(kinh SEM, d6 phong dai 30000 va 50000)

100x 200x 100x 200x

0%

M5
Hinh 6. B&é mit mau sau thir nghiém do bam dinh (kinh hién vi quang hoc,
do phong dai 100 va 200)
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Trude thir nghiém Sau thir nghiém

e
(0
(0O

Hinh 7. Anh mau trudc va sau thir nghiém dién hoa (M1-M5)

Trwéc thir nghiém Sau thir nghiém

Két qua do dn mon dién hoa bang phuong phap quét ‘Ehé dong duogc thé hién
trén hinh 7-10, bang 5-6. Bang k¥ thuat nggai suy Tafel c6 the xac dinh hi¢u dién thé
an mon, mat do dong an mon theo tiéu chuan ASTM G102-89 (2015) E1.

6.942 pm

-21.511 pm

F220m) | 2

a

Hinh 8. B& mit mau M1 sau thi nghiém di¢n hoa
a) Cau triic 3D vét an mon; b) Cau triic 2D vét an mon kem thang do d§ map mo bé mat
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7 -

e AL N
i
4

S

) P P I 16 o e
Hinh 9. Profin cit ngang vét an mon rd
Bing 5. Gia tri 3 nham mau M1 sau thir nghiém dién hoa
Théng s6 do
nham bé mit 1 2 3 4
Ra (um) 0,105 20,101 26,218 20,463
Rp (pm) 1,586 5,290 11,065 5,334
Rv (um) 0,532 14,811 15,153 15,129
Rz (um) 2,119 20,101 26,218 20,463
0.01 —
0.001 7,
0.0001 E
< 1E-05 3
g 1E-06 *:
1E-07 *:
1E-08 *:

1E-09

e U [ L [ R Y Y T E T T T TV T VN
-1.0 -0.8 -0.6 -04 -0.2 0.0 0.2 04 0.6 0.8 1.0 12
Potential applied (V)

Hinh 10. Pudng cong phan cuc Tafel cua cic mau 16p phi MO va M1+M5
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V6i hau hét cac mau pha TiN, CrN ghi nhan sy giam nhe thé dn mon tir -0,27
V (MO) xubng khoang -0,29 = -0,37 V va dong an mon tir 2,22x107 A (M0) xudng
khoang 5,08x10® A = 1,19x107 A, téc d6 an mon giam tir 2+4 1an. Trong d6 thé an
mon gan nhu khong thay d6i véi mau don 16p (M1) va giam véi cac miu da 16p
(M2+M5). Nhin chung thé va dong an mon phu thudc vao ban chit vat liéu, vi vay
dong an mon thap nhat quan sat dugc & mau M3 (CrN/T1) sau d6 tang dan theo thu
tu: M5 (CrN/TiN/Ti); M4 (TlN/CrN/Tl) M2 (T1N/T1) Dé danh gia dugc kha nang
chong an mon dién hoa cua vt liéu can xem xét téc do ting dong an mon khi thé
dich vé chiéu dwong [13]. Véi mau nén MO (304) ving thu dong nam trong khoang
-0,2+0,1 V, & khoang thé nay qua trinh an mon bé mit tao 16p thu dong (Cr,03) trén
bé mat mau, giup dong an mon khong tang hodc tang bién do nho. Mau M1 (don
16p, don thanh phan) ¢  vung thu dong giam (-0,2+0 V), téc d6 dong dn mon nhanh
nhét trong tat ca cac mau thir nghiém. Didu nay co thé duoc giai thich do sy hinh
thanh cau tric cot trong qua trinh ling dong, cau tric nay co nhiéu 15, khe hé va cho
phép dung dich dién li d& dang thdm thiu qua mang bao vé néu 16p phu khéng dua day.
Ngoai ra khi dung dich dién ly thim thiu vao mang, thi chinh vt liéu tao mang va nén
tao thanh cap pin dién hoa thuc day qua trinh d&n mon. Vi vay sau diém breakdown
potential (0 V), duong Tafel mau M1 gan nhu thing dung, sau thir nghiém trén bé mit
mau M1 xuét hién dlem an mon rd quan sat dugc bang mét thuong, quet céu trac 3D
bé mat ghi nhan cac vét an mon (hinh 8) c6 chidu sau 16n nhat ¢ trung tam, va giam
dan vé hai bén (hinh 9), chiéu sau 16n nhat dat 26 pm (bang 5).

Céac mau da 16p don thanh phan (M2, M3) c¢6 ving thy dong trong khoang -0,2
+0,2 V, sau ving nay dong an mon ting nhanh, cao hon mau nén MO, khi thé vuot
qué 0.4 V thi dong an mon ting cham hon (hinh 10). Bé mdt miu sau thir nghiém
sam mau, nhung khong ghi nhan vét mon rd bang mat thuong (hinh 7).

O céc mau da 16p, da thanh phan M4, M5 ghi nhan ving thu dong dai nhét 0,2
+0,6 V, trong vung thé nay dong an mon tang chim va chi bét dau tang nhanh khi
khi thé vuot 0,8 Vv, bé mit mau sau thur nghiém khong thay dbi nhiéu, khong ghi
nhan vét dn mon rd. Vi vay mac du mau M4, M5 (c6 sb lop nhiéu nhit) c6 thé an
mon thip hon (miu nén, M1, M2, M3) va dong dn mon cao hon (M3), nhung cho
kha nang bao vé t6t hon nho ving thu dong kéo dai. Piéu nay c6 thé giai thich do
cau trac da 16p thac day qua trinh tai tao mam trong cac 16p phu, tao ra mot ) luong
16n mat va giam do rong, can tr6 sy lan truyén cua cac vét niit nhd va tranh cac 10
kim va 15 rong lién tuc, ngin can sy xdm nhap cua dung dich dién ly, han ché qua
trinh an mon dién hoa [13].

Bang 6. Két qua ngoai suy cac duong cong phan cuc Tafel

Dién tré' | HEé sb in
X Ecorra Ecorra ObS jcorr . A Py
Mau 5 icorr (A) | phan cuc mon
Calc (V) V) (A/cm?) Q) (mm/nim)
MO -0,270 -0,270 2,83E-07 | 2,22E-07 119080 0,001837
M1 -0,286 -0,290 1,44E-07 | 1,08E-07 201110 0,000898
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Miu Cgcc*’f(f;,) Emr(f\’,;)bs ( 1373;;2) icore (A) 3:52 iffc Hgmse?nan
Q) (mm/nam)
M2 0,367 | -0,368 | 1,51E-07 | 1,19E-07 | 157860 | 0,001005
M3 0319 | -0319 | 6,47E-08 | 5,08E-08 | 352420 | 0,000421
M4 0315 | -0312 | 1,13E-07 | 8,88E-08 | 178190 | 0,000743
M5 0,337 | -0,338 | 8,94E-08 | 7,02E-08 | 282340 | 0,000588
4. KET LUAN

- Trén bé mit mang TiN, CrN ling dong bang phuong phap hd quang cathod
ghi nhan sy xuét hién cta nhiéu hat macro (peak) va 16 (valley) véi kich thudc trong
khoang 0,1+1 pm. Cac mang don 16p don nguyén t c6 46 dong déu, min hon Ra =
0,08+0,1 pm so véi cac mang da 16p don nguyén té va da 16p da nguyén t6 Ra =
0,1+0,2 um.

- Mang don 16p c6 d6 bam dinh kém, d& bong troc do thiéu cac 16p trung gian
dong vai trd cac 16p dém va giam tng sudt trong mang, mang don 16p TiN day 2,3
pm c6 do bam dinh khong dat theo tiéu chuan ISO 26443:2008 (E).

- Mang da 16p (TiN/CrN/Ti, CrN/TiN/Ti) c¢6 dinh huéng wu tién vé (200) so
v6i (111) cua cac mang don 16p (TiN/Ti).

- Mang da 16p c6 kha ning chéng an mon tot hon mang don 16p, do cau triic
da 16p thiic ddy qua trinh tai tao mam trong cic 16p phu, can tré sy lan truyén cta
dung dich dién ly va qua trinh an mon dién hoéa. Trong d6 mang da 16p giup kéo dai
vung bi dong: -0,2+0,6 V (Ti/TiN/CrN, Ti/CrN/TiN); -0,2+0,2 V (TiN/Ti, CrN/Ti)
so voi cac mang don 16p: -0,2+0 V (TiN/Ti) va nén SS304 (-0,2+0,1 V).

- Ciu triic mang da 16p da nguyén t6 dya trén nén TiN va CrN c6 nhiéu uu
diém vé kha nang chdng an mon so véi cac cau trac don 16p, da 16p don thanh phan,
c6 tiém ning tmg dung trong cac thiét bi y t& nhu dinh vit, nep xuong, tuy nhién can
c¢6 cac nghién ctru vé kha ning tuong thich sinh hoc ctia chung.
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SUMMARY

EVALUATION OF CORROSION RESISTANCE OF (Ti, Cr)N FILMS COATED
ON SS304 STAINLESS STEEL USING CATHODIC ARC DEPOSITION

The monolayer (TiN/Ti), multilayer single-component (Ti/TiN; Ti/CrN) and
multilayer multicomponent (Ti/TiN/CrN; Ti/CrN/TiN) films were deposited on
SS304 steel by cathodic arc deposition method with an average thickness of 2300
nm. Research results showed that many macro particles (peaks) and holes (valleys)
appeared and evenly distributed on the surface, the monolayer film had better quality
(Ra=0,08-0,1 pm) than the multilayer film (Ra = 0,1+0,2 pm), but the adhesion to the
substrate was poor. X-ray diffraction spectroscopy recorded the preferred orientation
(111) with monolayer films and switched to (200) with multilayer films. The
corrosion potential and current of the fabricated films were both reduced compared
to the SS304, but in the multilayer films, the expansion of the passive regions was
recorded: -0,2+0,6 V (Ti/TiN/CrN Ti/CrN/TiN) and -0,2+0,2 V (TiN/Ti, CrN/Ti).

Keywords: PVD, monolayer film, multilayer film, corrosion potential,
corrosion current, mang don lop, mang da lop, the an mon, dong an mon.
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