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TOM TAT

Bai bdo nay trinh bay két qua nghién citu so sdnh tinh chdat ma sdt va kha ning chong mai
mon cua I6p phit oxit tao ra bang phwong phdp oxy héa dién phan plasma (PEO) véi [6p ma crém
truyén théng trén nén thép. Thong qua cdc nghién civu thi nghiém da chi ra rang tuy 16p phii PEO
c6 hé s6 ma sdt I6n hon 16p ma crém nhung doi lai kha nang chong mai mon vieot tréi hon han 16p
ma crém trong mét sé diéu kién lam viéc cu thé. Nhitng két qua nay cho thdy tiém ndang g dung
ciia I6p phit PEO nhwe mét gidi phdp thay thé than thién véi méi truong cho 16p ma crém trong cdc
chi tiét co khi chiu tdi truot.

Tw khéa: Dién phdan plasma; Crom; Ma sat; Mai mon; UMT.
ABSTRACT

This paper presents a comparative study on the frictional properties and wear resistance of
oxide coatings produced by Plasma Electrolytic Oxidation (PEO) and traditional hard chromium
plating on steel substrates. Experimental investigations reveal that although PEO coatings exhibit
a higher coefficient of friction than chromium plating, they demonstrate significantly superior
wear resistance under specific operating conditions. These findings highlight the potential of PEO
coatings as an environmentally friendly alternative to hard chrome plating for sliding mechanical
components.
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1. TONG QUAN

Trong nhiing thap ky gan day, xu hudng
st dung cac 16p phu k¥ thuat nham ting cuong
d6 bén mai mon va chdng dn mon cua vat lidu
nén da va dang phat trién manh mé. Trong do,
16p ma crom cung 1a mot trong nhitng cong ngh¢
phé bién nhat, nho kha nang tao 16p bao vé co
d6 climg cao (~850-1000 HV), hé sb ma sat 6n
dinh va kha nang chiu mai mon t6t. Tuy nhién,
phuong phap nay st dung dung dich chira Cr¢*
— mot tic nhan gdy ung thu va 6 nhiém moi
truong nghiém trong. Do vay, viéc tim kiém
giai phap thay thé than thién méi truong, hiéu
qua tuong duong hoac vuot troi, dang 1a hudng
nghién ctru dugc wu tién hang dau.

Phuong phéap oxy héa di¢n phan plasma
(Plasma Electrolytic Oxidation — PEO), hay
con goi la micro-arc oxidation, 1a mdt trong
cac giai phap tiém nang thay thé ma crom cting
trong mot s6 tmg dung. Phuong phap nay tao
ra 16p phu oxit bam chéc trén bé mat kim loai
nén (chu yéu la kim loai “van” nhu Al, Mg,
Ti...), ¢6 cau trac dang gém voi do cimg cao,
tinh cach dién va kha ning chéng an mon vuot
troi. Ban chét cua qua trinh 13 sy két hop gitra
dién hoa hoc va hién tuong phong dién plasma
tai bé mat dién cuc trong moi truong dung dich
dién phan loang, din dén su hinh thanh 16p oxit
phirc tap tir ca kim loai nén va thanh phan dung
dich.

Tai Viét Nam, ung dung cong ngh¢
PEO con tuong ddi méi. Cong trinh nghién ciru
[1] do Vién Do bén Nhiét d6i (Trung tdm Nhiét
ddi Viét — Nga) thuc hién 1a mot trong nhiing
nghién ctru dau tién va bai ban vé cong nghé
PEO trén hop kim nhom D16. Trong dé tai nay,
nhom tac gia da xay dung quy trinh cong nghe,
khao sat anh hudng ciia cac thong sé nhu thanh
phan dung dich, mat do dong dién, ty 1& dong

anot/catot dén do day, do cung, hinh thai va
tinh chét co 1y cta 16p phu thu dugc. Cac két
qué thir nghiém cho thiy 16p phu dat d¢ cting
1én t6i 1500 HV, hé s6 ma sat dao dong tir 0,04
dén 0,7 va kha nang chiu mai mon tdt theo tiéu
chuin GOST P 9.318-2013.

Trong cong trinh [2], cac tac gid da dua
ra van dé tong quan toan dién vé quy trinh PEO,
tir co ché hinh thanh mang, cac théng sd van
hanh dén tinh chét 16p phu dat duoc. Da mo ta
ba 16p chinh: 16p rao can mdng, 16p working
compacts va 16p cong nghé ngoai cung cling
nhu trinh bay cac doan qua trinh: breakdown/
plasma/phuc hdi, gitp tao thanh cac 16p oxide
micro-arc ddc trung, cac két qua nghién ciru
duoc thuc hién trén nhiéu kim loai (Al, Mg,
Ti), cai thi¢n tinh chiu mai mon, chéng an mon,
cach dién, chiu nhiét va lam ndi bat kha nang
phu dong déu trén bé mit phirc tap. Phuong
phap dua vao cac phu gia hiru co (alcohols,
acid, amines, carbohydrate, surfactants...) giup
diéu chinh xung tia plasma, tir 46 lam giam
dién ap breakdown va bot khi, gidm kich thudc
16 chan 16ng dugc dé xuat boi nhom tac gia [3],
trong d6 cac phu gia hiru co (alcohols, acid,
amines, carbohydrate, surfactants...) gitp diéu
chinh xung tia plasma, tir d6 lam giam dién ap
breakdown va bot khi, giam kich thudc 16 chan
16ng. Co ché cua phuwong phap nay 1a cac phan
tir hiru co hép thu tai bé mat dién cuc, anh huong
tryc tiép toi qué trinh phong dién (soft plasma),
tir d6 diéu khién ciu tric oxide hinh thanh. Két
qua nghién ctru da cai thién bé mat PEO cho
tang kha nang chong an mon, tmg dung trong
kim loai nhe, by phan chiu mai mon. Cong
trinh [4] Aliofkhazraei va cac cong su da phan
tich sau giai doan phong dién anodic/cathodic,
micro- va macro-discharge, anh huong dén cu
trac 16p. Trinh bay héa-ly-plasma phirc tap dé
giai thich sy hinh thanh micro discharge va pha
oxide tao thanh. Két qua nghién ctru da gitp
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tang kha ning chéng in mon, ma sat, 46 bén
co hoc, chitc ndng sinh hoc (compatibility),
photocatalysis, trang tri va imng dung trong y
khoa, hang khong, 6t6, moi truong.

Tac gia cong trinh [5] da két hop PEO
vo1 vt ligu polymer/silane + oxide nano (TiO,,
Si0,...),datkhanang si€uky nudc (CA > 150°).
Trinh bay co ché PEO tao bé mit microporous,
sau d6 phu/hap phu polymer ha bé mit ning
luong dé dat tinh ky nudc va barrier gitp chdng
an mon. Nghién ctru nay cho phép irng dung bao
vé bé mit trong moi truong 4m/nhiét (chdng in
mon mudi bién), tu lam sach/anti-icing; tiém
nang lén trong hang hai va cong nghi¢p ngoai
troil. Nghién ctru ctia Aljohani et va cdng su [6]
da dung séng bipolar cao tan tao 16p mong —
ddc — it 16 hon; ting hiéu suat chdng dn mon
dén gip ~8 lan so voi mau gbc. Co ché cua
phuong phap song bipolar véi duty cycle cao
lam giam 19, ting mat do ion oxide. Nghién ctru
nay gitp t6i wu PEO trén hop kim Mg (AZ91),
cai thién cho cac b phan nhe nhung can chéng
an mon, vidu y té, 6t0. Lu et va cong su [7] da
thém 0.5-2 wt.% GNPs vao PEO coated AZ31
(trong ethanol) lam giam COF tir ~0.74 dén
~0.07 va giam dang ké ti 1 mon nho tribolayer
graphene, ban chit graphene nanoplatelets tir
tao 16p boi tron trén bé mat khi truot. cong trinh
nghién ciru da gitp ti uru cho chi tiét nhe trong
0 t0, hang khong, sir dung dung moi than thién
mdi truong. Tiép theo Liu, Peng & Lang va
cong su [8] da nghién ciru tinh chat ma sat mai
mon cua 16p phu PEO phu TC4 gidm ma sat
dang ké trong ca kho va co dau; dudi dau, tai
trong ép (compressive stress) la nguyén nhan
chinh phé huy 16p phu, trong nghién ctru da chi
ra PEO tao 16p ceramic oxide (TiO,) bao v§;
dau boi tron lam gidm shear stress, nghién ctru
nay da cai thi¢n tudi tho chi tiét chiu ma sat trén
TC4 — phu hop cho dau méy va thay lyc. Trong
cong trinh nghién ctu [9] Azar va cong sy da

nghién ctru khi boi dau PAO 1am hé s6 ma sat
giam xubng ~0.07 nhd sy phan giai MoDTC
va hinh thélnh’ MoS, trén bé mét PEO. Nghién
ciru nay da toi wu cho hé thong vong bi, chi
tiét truot titanium trong moi truong dau dong
co. Trong cong trinh cua Li et al [10] da két
hop micro arc oxidation (MAO) va dau PAO da
lam cho hé s6 ma st giam xudng ~0.062 va tdc
d6 mon dat dugc ~4.3x107 mm?3/Nem, nguyén
nhan 1a nhod phédi hop OLC (dang bam bé mit)
va MoDTC phén giai thanh MoS , tao tribofilm
kép. Nghién ctru nay da ing dung phu hop voi
chi tiét titanium chiu tai ma sat cao, nhiét do
cao trong cong nghiép 6 t0, ndng luong.

Tuy nhién, cac nghién ctru hién nay chu
yéu méi dirng ¢ dang gidi thiéu hoan thién cong
ngh¢, chua cé nhiéu két qua thyc nghiém. Viéc
nghién ciru thuc nghiém s& gitp hiéu rd hon vé
co ché mai mon va hiéu qua thyc té ctia 16p phu
trong cac diéu kién lam viéc khac nhau. Trong
nghién ciru nay, chung toi tién hanh nghién ctru
so sanh vé& hé s6 ma sat va kha niang chdng mai
mon cua 1&p phu plasma dién phan so véi 16p
ma crém trén nén thép truyén théng dya trén
thue nghiém theo tiéu chuan ASTM G133 [12]
bang cach sir dung hé théng do ma sat mai mon
van nang UMT (Universal Multi-Specimen
Test System) do hiang CERT san xuét, duoc
trang bi tai Phong Thi nghiém Co hoc may, Hoc
vién Ky thuat quan su.

2. CO SO LY THUYET PHUONG PHAP
OXY HOA PIEN PHAN PLASMA (PEO)

Oxy hoa dién phan plasma (Plasma
Electrolytic Oxidation — PEO) 1a mdt qua trinh
xir Iy bé mat phtic tap, trong d6 cac phan tng
dién hoa va phong dién plasma xay ra dong thoi
tai bé mat dién cuc, tao ra 16p oxit c6 do cliing
cao va kha ning chéng mai mon vuot troi. Qua

trinh duoc tién hanh trong dung dich dién phan ¥
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lodng, dudi mat d6 dong dién khong dbi, voi
hi€u dién th¢ tang dan theo thoi gian.

Qua trinh PEO thudng trai qua bén
giai doan [11]: (I) tao 16p oxit mong ban dau
(anodizing), (IT) xuat hién cac diém phong dién
vi hd quang (micro-arc), (III) phong dién 6n
dinh kém su téng truong 16p oxit chira a-Al O,,
va (IV) phong hé quang manh gay pha huy 16p
pht néu vuot ngudng dién ap. Giai doan III 14
giai doan hinh thanh 16p 1am viéc quyét dinh
dén do cting va kha nang chiu mai mon cta 16p
phu.

Co ché hinh thanh 16p phu gdom cac
phan tmg oxy hoa kim loai nén tai anot, két tua
va két tinh oxit nhom trong pha plasma, dong
tho1 xdy ra sy dong dac tai bé mat. Lop phu
PEO c6 thé dat d¢ cing 800-1500 HV, do day
60-90 pm va kha ning chéng mai mon cao theo
GOST P 9.318-2013, phu thudc vao thanh phﬁn
dung dich va ché d6 dong dién. Sy hinh thanh
16p phu oxit trén bé mat dién cuc thé hién qua
cac giai doan phan ung sau:

- C) anot:
Al — AP+ 3e (1)

- Trong dung dich va mang oxit anot:

H,0 >H" +OH = AL* +30H"
= AL(OH), = 2A4L(OH); — AL,0,3H,0 (2)

OH™ — 0" + H,0 = 24L* +30" = 41,0,(3)

- O catot:
2H +2e—H, T (4)

Phan ung chung:

24L +3H,0 — 41,0, +3H, T(©)

Co ché qua trinh dién phan plasma hop
kim nhom trong dung dich dién ra nhu sau [I,

11]: Trudc tién dién ra qua trinh anot hoa bé mit
hop kim tao thanh 16p mang mong cach dién.
Tiép theo, giai doan 2 dién ra sy phong dién va
tang chiéu day 16p phu s& dién ra vi sy tuong
tac cua bé mit kim loai & cac day cua 16 va cac
nguyén tir kim loai trong thanh phan hop kim &
dang “hoi” voi tdc nhan oxi héa plasma (vi du:
0,0-,0,, 03-,7 F, F-,...), tiép ‘Eheo dién ra qua
trinh dich chuyén plasma 1én bé mat 16p phu, &
day plasma bi lam lanh, dong cung lai va dan
dén hinh thanh 16p phii, thanh phan chinh 16p
phu luc nay la céac oxit kim loai cua hop kim.
Nhu vay, khi dién phan plasma hop kim nhoém
s€ tao thanh céc vung nong chay dac trung nhu
thé hién trén Hinh 1.

Hinh 1. Hinh thdi bé mdt [6p phii plasma [1, 11]

3. KET QUA NGHIEN CUU THUC
NGHIEM

- - o
Hinh 2. Mdu va may thi nghiém (a - Mau phii I6p
dién phan plasma; b - Mau ma crom;
¢ - May thi nghiém)

Trudc tién, nhom tac gia ti€én hanh thi
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nghi¢m xac dinh hé s6 ma sat trén 2 loai mau.
Loai mau thir thir nhat 1am tir hgp kim D-16 ¢6
kich thudc dai x rdng x day la 50 x 40 x 3 mm
duoc phu 16p dién phan plasma, qua trinh di¢n
phan plasma dugc thuc hién bang cach st dung
nguén dién AC tan s6 50 Hz, mat do dong dién
15A/dm2. Cac mau hop kim nhéom D-16 duoc
ndi véi anot, bé dién phan dugc ndi véi catod,
bé dién phan dugc 1am bang thép khong gi va
duoc lam mat béng nude, duy tri nhiét d cua
dung dich dién phan nho hon 35 °C dé tranh
anh huong bat loi dén qua trinh hinh thanh 16p
phu. Thoi gian tién hanh dién phan 2 gio, dung
dich di¢n phén 1a Na O.(Si0,)n (12 g/L), NaOH
(2 g/L). Loai mau thtr 2 dugc ma crom c6 kich
thude dai x rong x day 1a 45 x 40 x 15 mm. Thi
nghiém xac dinh hé s6 ma sat, mai mon theo tiéu
chuan ASTM G133 [12] duoc thuc hién trén
hé¢ thong do ma sat mai mon van ning UMT
(Universal Multi-Specimen Test System) do
hang CERT san xuat. Hé théng nay duogc trang
bi tai Phong Thi nghiém Co hoc may, Hoc vién
K§ thuat quan sy. Mau va may thi nghiém dugc
thé hién nhu trén Hinh 2.

M&i loai mau duoc tién hanh thi nghiém
3 lan. Két qua thi nghiém xac dinh hé s6 ma
sat cua h loai mau duoc thé hién trén Hinh 3.
Két qua thi nghiém cho thay hé s6 ma sat cta
mau ma plasma 1 0,4069 1én hon mau duoc ma
crom véi hé s6 ma sat 1a 0,3149, nghia la mau
ma plasma c6 hé s6 ma sat 16n hon 29,2 % so véi
mau dugc ma créom.

Hinh 3. Hé s6 ma sat cua cac lop phu (a - Hé so6 ma
sat mdau plasma; b - Hé¢ s6 ma sat mau ma crom)

Tiép theo tién hanh thi nghiém so sanh
kha nang chéng mai mon ctia 2 loai mau, thoi
gian thi nghiém 1000 gidy theo tiéu chuan
ASTM G133 [12]. Két qua thi nghiém trén
Hinh 5 cho thay rang chiéu sdu mon cia 16p
phu dién phan plasma sau 1000 giay lam viéc la
0,03124, trong khi cua 16p ma crém 1a 0,09731,
nghia 12 chiéu sdu mon cua 16p pha dién phan
plasma thap hon 67,89%.

Nhu véy, két qua nghién ctru cho thiy
16p pha PEO c6 hé s6 ma sat trung binh la
0,4069, cao hon khoang 29,2% so véi 16p ma
crom (0,3149). Pidu nay phan anh tinh chit
bé miat gdm xdp cua 16p phit PEO vén c6 xu
huéng ting cudng tuong tac tiép xuc khi truot,
dan dén ma sat 16n hon. Tuy nhién, trong cac
mg dung yéu cau tinh 6n dinh ma sat hodc can
kiém soat hé sb ma sat cao (vi du trong phanh,
ly hop...), ddc tinh nay c6 thé 1a mot loi thé.

Vé kha ning chéng mai mon, 16p phu
PEO thé hién kha nang vuot troi voi chiéu sau
mon sau 1000 gidy lam viéc chi 0,03124 mm,
trong khi 16p ma crém 1a 0,09731 mm, tac PEO
giam mirc mai mon toi 67,89%. Sy khac biét
16n nay dén tir cdu triic 16p phii gdm oxit dang
a—AIZQ3 c6 do cung cao, kl}é ndng phén tan tmg
suat tot va chiu mai mon tot hon so véi 16p ma
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crom kim loai don thuin. Ngoai ra, trong diéu
kién ma sat truot tuyén tinh nhu chuidn ASTM
G133 sir dung, sy két dinh chat giira 16p phu
PEO va nén ciing gop phan giam hién tuong
bong troc, ting tudi tho 16p phir. Lép phu PEO,
mic di c6 hé sd ma sat 16n hon, nhung kha
nang chong mai mon lai vuot trdi trong ciing
diéu kién lam viéc. bay 1a minh ching thuc
nghiém cho tiém ning tng dung ctua PEO trong
cac hé théng co khi chiu tai trugt, noi yéu cu
cao vé do bén va bao vé bé mat.

=

b)
Hinh 5. Két qua thi nghiém mai mon (a - Hé so ma
sat mau plasma; b - Hé s6 ma sat mau ma crom)

4. KET LUAN VA KIEN NGHI

Bai bao nay da thuc hién nghién ctru
so sanh tinh chit ma sat va kha ning chdng
mai mon giita 10p phu oxit tao ra bang phuong
phap oxy hoéa dién phan plasma (PEO) va 16p

ma crom truyén thong trén nén thép. Cac két
qua cho thiy 16p phu PEO c6 hé s6 ma sat cao
hon khoang 29,2% so véi 16p ma crém, phan
anh dic diém tiép xuc ciia bé mat oxit gom.
Khi ning chéng mai mon cua 16p phit PEO
vuot troi, v6i chidu siu mon thép hon 16p ma
crom toi 67,89% trong ciing mot didu kién thi
nghiém. Nhiing két qua nay khang dinh tiém
nang tng dung cua 16p phu PEO nhu mot giai
phap thay thé than thién méi trudng cho 16p
ma crom trong céc chi tiét may co khi chiu tai
truot.

Nghién ctru nay cling mé ra cac hudng
nghién ctru tiép theo vé kha ning cia 16p PEO
trong cac diéu kién tai trong va moi trudng
khac, dong thoi két hop v6i mo phong sb dé du
doén tudi tho 16p phit nham nang cao d9 tin cay
trong g dung thuc té.

Loi cam on:

Nghién ctu nay dugc thuc hién tai
Phong Thi nghiém cua B mén Co hoc may,
Khoa Co khi, Hoc vién K¥ thudt quan su. Tac
gia xin cam on Hoc vién K¥ thuat quan sy da
hd trg thoi gian, phuong tién va co s¢ vat chét
cho nghién ctru nay. <
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