Nghién cutu khoa hoc céng nghé

NGHIEN CUU CHE TAO LOP PHU CO PQ CUNG CAO VA
CHONG AN MON LEN HQP KIM D16 BANG PHUONG PHAP
OXI HOA PIEN PHAN PLASMA

PHAN VAN TRUONG Y, NGUYEN VAN THANH ¢, PO MINH HIEU ¢V
1. PAT VAN PE

Nhom va cac hop kim ciia né 13 vat liéu rat quan trong cho cac nganh cong
nghiép ché tao may bay, tén lira cling nhu cac trang thiét bi quan sy khac [1]. Trong
khong khi nhém va cac hgp kim cta né dugc bao vé bdi 16p mang oxit nhom, do
day cua 16p mang oxit 0,005+0,2 pum. Lép mang nay 1am tang do bén hod hoc cia
nhoém nhung khong thé dam bao bao vé chdng dn mon cta nhom. Khi khai thac st
dung trong diéu kién khi hdu am hozc khi hau bién thi 16p mang nay bi phd huy va
hinh thanh 16p san phdm an mon mau trang [2].

Viét Nam la nuéc ndm trong vung khi hau nhiét d6i néong 4m dic trung boi
nhiét d6 va do6 4m cao. Nhiét d6 mua hé c6 nhiing thoi diém 37+ 41°C; lwong mua
hang nam cao tir 1500-3000 mm; do 4m twong dbi trong khong khi cao, dao dong tir
80-100%, bd bién trai dai tir bic vao nam nén ham luong mudi trong khong khi &
cac vung hai dao va bo bién ludn rat cao. Cac két qua nghién ctru [3, 4] chi ra cac
vung khi hau bién ddo c6 mirc d6 dn mon tir C4-C5 theo phan muc an mon ISO
9223. Pay la nhitng yéu t6 anh hudng dén do bén vat lidu, gy an mon vat liéu, dic
biét 1a cac chi tiét dugc lam tir nhom va cac hop kim ctia nhom.

Pé ting do cing va do chiu mai mon cho cac hop kim ctia nhém hién nay
nguoi ta st dung phuong phap oxi hoa di€n phan plasma (plasma electrolytic
oxidation - PEO). Bang phuong phap nay ngudi ta tao ra dugc 16p phu c6 do cing
va d6 chiu mai mon cao, lam ting co 1y ctia hgp kim nhom [5]. Co nhiéu yéu té anh
huong dén tinh chat cta 16p phu. Thanh phan va nong do cua dung dich dién phéan
dong mot vai tro quan trong trong viéc thay doi cdu truc, hinh thai, kha ning chéng
mai mon va dn mon cua 16p phu 1a mot trong sb cac yéu tb d6. Mot sé lugng 16n cac
cong trinh vé 16p phit PEO dé duoc nghién ciru va cong bb. Cac nghién ctu [6, 7, 8]
da thu dugc cac 16p phu 1én hop kim nhém trong dung dich dién phan silicat-kiém &
diéu kién nong d6 va thanh phan dung dich dién phan khac nhau va ché do cong
nghé la ia/ix = 1. Cac nghién ctru [9, 10, 11] cing da thu dugc 16p phu 1én hop kim
nhoém bang cach cho thém vao dung dich dién phan silicat-kiém cac hop chat cia
mangan va coban, cac 16p phu thu duoc co tinh trang tri va tinh chét tot hon so véi
16p phu thu duge tir dung dich dién phan co s¢ silicat- klem Tuy nhién cac 16p phu
thu dugc co do day thap (20+30) pum, trong ciu trac té vi con nhiéu 16 nho va xdp
diéu nay dan dén 16p phu co do ctng, d6 chiu mai mon va chéng an mon chua cao.
Céc cong trinh nghién ctru trén hién chi thém mét chat vao trong dung dich dién
phan co 6, viéc thém vao trong dung dich dién phan co s& tir 2 dén 3 chat dé ting
tinh chit cua 16p phu hién chua duoc nghién ctru nhiéu.

Bai bo nay trinh bay mot s két qua nghién ctru ché tao 16p phu trén nén hop
kim nhém D16 bang phwong phap oxi héa dién phan plasma c6 do cimg va kha niang
chdng an mon cao.
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2. QUY TRINH THi NGHIEM
2.1. Vit liéu

Hop kim nhém D16 do Lién bang Nga san xudt co do day 3mm duogc cit thanh
cac mau tht véi kich thudc 40 mm x 50 mm x 3 mm. Thanh phéan héa hoc cua n6
duoc liét ké trong bang 1.

Bang 1. Thanh phan héa hoc ctia hop kim nhom D16 (% khdi lugng).

Ténnguyéntdé | Cu | Mg | Mn | Fe | Ti Si Zn Al
Ham luong 3,85 | 1,39 | 0,65 | 0,11 | 0,049 | 0,068 | 0,054 | con lai
2.2. Chuén bi 16p phi

Phuong phap phu béng PEO duoc thuc hién trén thiét bi dién phéan st dung
ngudn dién AC, mat do dong dién 15 A/dm?, tin s6 50 Hz va ty 1&6 mét do dong dién
i/ix = 1,0. Cac mau hop kim nhém D16 duge ndi v6i anod. Bé dién phén duoc ndi véi
catod, bé dién phan dugc 1am bang thép khong gi va dugce 1am mat bang nude. Thoi
gian tién hanh dién phan 1,5 gid. Dung dich dién phan silicat-kiém co so M-1 dugc
diéu ché bang cach sir dung thuy tinh 16ng Na,0.(Si0,),, modul: 2,85 (12 g/L), NaOH
(2 g/L); Dung dich M-2 1a dung dich dién phan co sé bo sung thém Co(OH), (2 g/L)
va V,0s5 (2g/L) (bang 2). Cac mau duogc phu dugc ky hi¢u 1a M-1, M-2. Nhiét d¢ cta
chat dién phéan dugc giit dudi 35°C dé tranh nhiing anh hudng bat lgi c6 thé xay ra d6i
v6i qua trinh PEO va sy hinh thanh cta cac 16p phii. Sau khi xir Iy PEO, cac mau
dugc rira dudi dong nudce chay va sau d6 lam kho bang ludng khong khi am.

Bang 2. Cac dung dich dién phan duoc sir dung dé hinh thanh cac 16p phia PEO

MAiu Dung dich dién phan
M-1 | Nay0.(Si0;), modul: 2,85 (12 g/L), NaOH (2 g/L),
M-2 | dung dich dién phén co s¢ + Co(OH), (2 g/L) + V,0s (2 g/L)

2.3. Xac dinh cac dic tinh ciaa lép phui

D¢ day cia céc 16p phit duoce do bing may do do day (Thiét b Positector 6000
FNSI1, DeFelsko, USA). Bo ngﬁq nhién 10 di€m trén hai mat cia mau. Gia tri trung
binh ctia ¢ day duogc tinh toan dé dai dién cho d¢ day cua lop phu.

Pé cimg té vi cua 16p phu duge do bang phuong phéap Viker trén thiét bi
IndentaMet 1106 (hang Buehler, M) theo tiéu chuan ASTM E384 - 17: 2011.

Thiét bi kinh hién bj dién tir quét (Hitachi TM4000P II, Nhat Ban) v6i hé
thong phd tan tan sic ning luong (EDS-quantax 75, Bruker Nano GmbH, Germany)
da duoc sir dung dé phan tich vi cau trac, bao gom hinh thai bé mat va mit cét cua
16p phii, va cac thanh phan nguyén té cta 16p phu. Thanh phan pha cia 16p phu
dugc khao sat bang may do nhidu xa Siemens (Siemens, Munich, Pirc) hoat dong &
40 kV va 40 mA véi birc xa Cu Ka (buée song A = 1.5406 A). 20 dao dong tir 10°
dén 80° sir dung toc do quét 0,02 °/phut.
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Xéc dinh hé s6 ma sat: Hé s6 ma st cua 16p phi dugc xéc dinh bang thiét bi
tribometer nhiét d¢ cao theo phuong phap “qua cau trén dia”. Tai trong 5 N, toc do
chuyén dong thang cua dia 1a 5 cm/gidy. Luc ma sat duge tinh sau moi chu ky 5
phut ké tir khi bat dau thu nghiém.r Thir nghiém két thuc khi Iyc ma sat khong doi,
nhung khéng it hon (25+5) phut. Két qua do 1a gié tri trung binh cong ctia ba mau.

Xéc dinh dg nhém bé mat 16p phi: DO nham bé mit 16p phu (Rz) duge thyce
hién bang may do bién dang tiép xuc theo GOST 19300 voi sai s6 phép do khong
qua + 10 %. Két qua do 1a gia tri trung binh s6 hoc cua ba lan do.

Chudn bi mdt cdt ciia [op phii:

- Mau dugc qét bang thiét bi cat mau kim twong CUTLAM® micro 1.1 (Lam
plan, Phap). Mau cat c6 kich thude 10 x 10 mm.

- Plic mAu: Méu 16p phu dugc tién hanh dic mau nong bang thiét bi Méy diic
mau ty dong PRESSLAM 1.1 (Lam plan, Phap), sitr dung bot phenolic dé diic mau.

- Mai miu duoc tién hanh trén thiét bi mai mau kim twong SMARTLAM®2.0
(Lam plan, Phap). Sau d6 mau dugc danh bong va chudn bi bang chum tia ion tré
thiet bi Arblade 5000 (Hitachi, Nhat ban).

2.4. Xac dinh dwong cong phan cuc theo phwong phép thé tinh

Po dudng cong phan cuc theo phuong phép thé tinh (Potentiostactic) dugc
thuc hién bang thiét bj Autolab Metrohm PGSTAT302N (hing Metrohm AG, Thuy
Si) trong dung dich NaCl 5% & nhiét do phong dé danh gia kha ning chong in mon
ctia cac 10p phi. Cac phép do dugc thyuc hién trong mot té bao ba dién cuc bao gdm
mot dién cuc so sanh Ag/AgCl bao hoa KCI), mot dién cuc ddi platin va di¢n cuc
lam viéc 1a cac mau nghién ctru. Dién tich bé mit cia mau tiép xtc voi dung dich an
mon 1a 1 cm?. Khoang dién thé quét tr -0,2V dén +0,2V tinh theo dién cuc so sanh
RE, sau thoi gian ngam 2 gio, budc thé quét 1a 2 mV/s. Dit liéu duong cong phan
cuc duoc xir Iy bang phin mém NOVA 2.1. Dua vao dudng cong phén cyc va
phwong phap ngoai suy Tafel, co thé xac dinh duogc téc do dn mon ctia mau.

2.5. Xac dinh d9 chiu mai mon cia lop phu
Kha ning chiu mai mon cua cac 16p phii duge dénh gia bang thiét bi Taber
model 5155 (hang Taber, M), str dung banh mai CS-17 dung cho 16p phu anod hoa

hop kim nhom. Téi trong mon 13 9,8 N, téc d6 quay 1a 60 vong/phut. Tong s vong
quay la 7000+13000 vong.

Kha nang chiu mai mon cta 16p phu theo phuong phap Taber T, mg trén 1000
vong duogc tinh theo cong thuec:

2

m _ml
T = ——.1000
n

Trong d6: m; - khdi lugng miu trude khi thir nghiém, mg;
m; - khéi lugng mau sau khi thir nghiém, mg;
1000 - s6 lwong vong quay chuan theo Taber;
n - s6 luong vong quay thyc té.
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Két qua thir nghiém la gia tri trung binh cua ba mau. Gia tri thu duge duge lam
tron dén 3 so thép phan.

3. KET QUA VA THAO LUAN

3.1. Pic tinh ciaa lép phua

Qua trinh oxi héa dién phan plasma duoc thyc hién trong thoi gian 90 phut.
Do day cua 16p phu trung binh 60 + 65 um. Hinh anh t€ vi bé mat va mét cat 16p phu
duoc duara ¢ hinh 1.

Lép k thuat

s A

3 é‘" > ic
0080 5k 6 4t B0D BSE 11 calaziRost

Lép lam viéc

a) Hinh anh cdu trac té vibé mat  b) Hinh anh cau trac té vi mat
16p phu cat lop phu
Hinh 1. Hinh anh céu trac té vi bé mat 16p pha

Qua hinh anh té vi va hinh anh mit cat ctia 16p phu ta nhin thdy 16p phtit mau M-2
¢6 bé mit nhin hon, phang hon va it 16 rdng hon mau M-1. Diéu nay 1a do hién tugng
sa lang cac hidrat hod ctia Co(OH), va V,0s hodc VO5™ 1én trén bé mat 16p phu tai cac
vi tri ¢6 16 réng ma tai d6 xay ra sy phong dién plasma [12], diéu nay phu hop véi két
qua do hé s6 ma sat va dd nham bé mat duge dua ra & bang 3. Ngoai ra theo hinh 1 ta
thdy 16p phi thu dugc ¢ hai 16p gém 16p k¥ thudt bén ngoai va 16p lam viéc bén
trong. Su phan b6 16p phii nhur vay 1a vi khi hinh thanh 16p phii s& phén chia thanh cac
ranh giGi “16p phu oxit - kim loai nén” va “16p phu oxit - dung dich dién phan”. Phan
phia trong tai cac vi tri phong dién plasma cac ion, anion, oxit kim loai tdn tai & trang
thai nong chay va plasma kém theo cac bong khi thoat ra trong qua trinh dién phan
plasma, con phéan phia tiép gidp voi dung dich dién phan thi dwoc lam lanh boi dung
dich. Ngoai ra, con c6 hién tuong “sa lang” ciia cac anion/polianion va cac phan tir bi
hidrat hoa 1én bé mit ctia 16p pht nén phéan phia ngoai s& day dac hon [7, 8].
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Bang 3. Hé s6 ma sat va do nham bé mit cua 16p phu

STT | Miu | Hésémasat | Do nham bé mit Rz, pm
1 M-1 | 0,365+0,018 30,194 + 2,135
2 M-2 | 0,326+0,012 25,705 + 1,835

Nguyén nhan cua hién tuong tao cac 16 rong nay 1a do qua trinh dién phan
plasma hop kim nhém trong dung dich silicat - kiém str dung dong dién AC, hién
tuong phong dién plasma chi dién & chu ky anod (hinh 2) [13]. P bam dinh va do
x0p cuia 16p phu chiu anh hudng 16n boi lwong khi thoat ra do cac phan tng xay ra &
anod va cathod.
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Hinh 2. Gia trj thé dién dong do dugc khi dién phan plasma hop kim nhém
trong dung dich silicat-kiém (photo-EMF method)
O nira chu ky déu khi mau D16 E:?m phu dong vai tro 1a anod thi dién ra cac
phan ung (1, 2) con ¢ nua chu ky sau mau D16 dong vai tro la cathod dien ra cac phan
ung (3).

40H — O, + 2H,0 + 4e (1)
Al + mH,0 — AP 'mH,0 + 3e )
2H,0 + 2¢ — H, + 20H (3)

Su phan bd cic nguyén td trong thanh phan 16p phu duoc thuc hién bdi kinh
hién vi dién to quét voi hé thong pho tan sic nang lwong. Tir hinh 3 ta thiy cac
nguyén tb c6 trong thanh phan cia dung dich dién phan va hop kim déu c6 mat trong
thanh phan ciia 16p phu. Hinh anh d6 thi phan b cac nguyén t6 trong 16p phi ta thay
¢ cac nguyén t6 nhom va dong. Cac oxit nhom va dong duogc hinh thanh do qua
trinh hoa tan va oxi hoa 16p nhom trén bé mit cia mau theo co ché nhu ¢ phan tng
trén. Cac oxit nhém va dong phan_ bd déu trong 16p phu 1 do hién tuong dién di va
khuéch tan theo chiéu doc cac 16 trén 16p phu khi méi hinh thanh ¢ trang thai
plasma. Khi trang thai plasma ra dén bé mit ngoai tiép xuc voi _dung dich dién ly va
duoc 1am ngudi nhanh chong va hinh thanh nén oxit nhom va dong [14+17].
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Khi pht bang phuong phép dién phén plasma trong dung dich silicat- kiém ta

thdy ngoai nhém va dong con c6 nguyén té Si, Co, V

hién tuong nay 1a do xay ra hién tugng “sa ling” cac polyanion n(SiO D

0 dang oxit. Nguyén nhan cua
ac

hidrat Co(OH), va V,0s hodc VO3 1én trén bé mit 16p phu va tai ddy xdy ra cac qua

trinh phan ung va oxi hoa [14, 16, 17].
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Hinh 3. So d6 phan bd nguyén td hoa hoc trong thanh phan cta 16p phu

Nhu ching ta d3 biét ALO5 ton tai & vai dang pha tinh thé khac nhau, trong d6
pha c6 d6 cing cao nhit 1a dang a-Al,O;. Tién hanh chup phd X- -rays cua l6p phu dé

xac dinh ham luong a-Al,O3 va y-Al,Os3. Qua hinh 4
ctia 16p phu xuat hién cac pha oxit nhém a-AlLO; va

ta nhan thay trong thanh phan
v-Al,Os. Su XUAt hién cua cac

pha nay trong thanh phan 16p phu 14 do céc oxit nhdm dugc hinh thanh & trang thai
plasma, duoc 1am ngudi nho dung dich dién phan [18].
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Tién hanh do d6 cimg té vi va xac dinh kha niang chiu mai mon cta 16p phu.
Tir bang 4 va 5 ta nhan thdy hop kim D16 ciing c¢6 do cing kha cao, chiu mai mon
twong dbi tot, tuy nhién khi hinh thanh 16p phu bang phwong phap dién phan plasma
trong dung dich kiém-silicat thi thu duoc 16p phu c6 d6 cing cao hon nhiéu lan (tir
7,3 d&én 7,9 1an) va kha ning chiu mai mon ting 1én tir 4,9 dén 7,2 1an. Piéu nay la
do trong 16p phu ¢6 Iugng 16n 1a cac oxit nhom va silic. Khi ¢6 mat trong dung dich
dién phan Co(OH), va V,0s, dién ra sy “léng dong” n(SixO,)™, cac hidrat Co(OH),
va V,0s5 hodc VO3~ 1am cho bé mit cia 16p phu day dic hon din dén su thoat nhiét
ctia 16p phu kém hon, do d6 sy chuyén pha ciia oxit nhom thanh o-Al,O; dugc nhidu
hon (hinh 4). Ngoai ra khi thém V,0s5 va Co(OH), vao dung dich dién phan thi
Co(OH), léng dong lén bé mit dién cuc s& tao thanh CoO dién ra theo phan tng (4),
sau d6 CoO tuong tac voi cac oxit nhom va silic (phan trng nhi¢t hod) theo phan tng
5, 6. Con V,0s5 dién ra cac phan tng 7, 8, 9.

Co(OH), — CoO + H, + 1/20, 4)
C00 +Al,03 — CoALOy 5)
CoO + Si0, — CoSiOs (6)
V5,05 + 20H — 2VO5 + H,0 (7)
2e2VO05 — V,0; +3/20, (8)
V103 + 3510, — V,8i300 )

Sy ¢6 mat cia cac hop chéat nay lam thay doi hinh thai bé mat 16p phi. Hinh
thai 16p phii c6 dang “ndng chay” hon so v6i hinh thai bé mat 16p phu thu duoc khi
& cung diéu kién nhung trong dung dich dién phan khong cé hidroxit coban va oxit
vanadi. Sy nong chay va thiéu két CoO, V,0; véi SiO, va AlLOs dién ra khi nhiét do
900 va 1000°C twong ng tao thanh céc silicat va aluminat cia Co va V lam cho 16p
pht ¢6 d6 cting va chju mai mon tét hon [16, 17, 18].

Bang 4. Do cling té vi ciia hgp kim D16 va 16p pht trén nén hop kim D16

STT| Lindo | Ldn1 | Lin2 | Lin3 | Lin4 | Lin5 G(il‘_"I\t,rgg)B
1 D16 1242 1361 1272] 1308 1270 129,06
2 M-1 9045 | 10220| 955,7| 9855 8897 951,48
3 M-2 987,3 | 986,1| 1022,0 | 10550 | 10600 1022,22

Bang 5. Két qua khao sat kha ning chiu mai mon cua 16p phi

Ky hiéu miu Két qua thir nghiém (mg)
D16 32,536 + 1,925
M-1 6,663 £ 0,626
M-2 4,527 £ 0,419
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3.2. X4c dinh khi ning chdng in mon cia l6p phi

Dudng cong phan cuc va gid tri Ecor, icor-.. ctia hop kim D16 va cac mau phu
M-1 va M-2 trong dung dich NaCl 5% dugc dua ra ¢ hinh 5 va bang 6.
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Hinh 5. DPuong cong phan cuc cac mau theo phuong phap dién thé tinh

Tir cac gid tri tc do an mon ciia hop kim D16 va 16p phu ta suy ra duoc kha
ning bao vé chéng an mon ciia 16p phi va hiéu qua bao vé ciia 16p phi so voi hop
kim D16 khéng duoc phu. Tur hinh 5 do thi gia trj dudng cong phan cuc theo
phuong phép dién thé tinh va bang 6 vé gia tri thé an mon, dong dn mon va tdc do in
mon ta ngoai suy duoc hiéu suét bao vé cua 16p phil. V6i cac mau di duge pha bang
phuong phap oxi hod dién phén plasma hi¢u suat bao vé chong an mon tur 89,64
(M-1) dén 94,03 % (M-2) cho hop kim D16 [19, 20]. Két qua nay goi ¥ rang 16p phu
¢6 kha nang chng an mon t6t.

Bang 6. Gia tri thé n mon, dong an mon va toc d6 dn mon cac mau thi

Ten | fbal | el | Eor | dow | Rpr | Jocd0 ) Hitw
miu | V/dec V/dec A% uA/cm2 Q an m(zn Smit an
mm/nim | V¢, %
D16 | 0,76358 | 0,26588 | -0,67626 | 1,3306 7 404 0,2260 -
M-1 |0,03025 | 0,08834 | -0,54919 | 0,0230 | 42 504 0,0234 89,64
M-2 | 0,03442 | 0,05010 | -0,50767 | 7,1809 | 57 646 0,0135 94,03
4. KET LUAN

- Ché tao thanh cong 16p phu 1én hop kim D16 bang phwong phép oxi hoa
dién phan plasma tir dung dich dién phén silicat- klem ¢ do clmg cao va kha néng
chju an mon t6t. P cimg tang 1én 7,3 1an con hiu suit bao vé chdng dn mon dat trén
89,64 % so véi hop kim D16.
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- Bang viéc thém vao trong dung dich dién phan silicat-kiém Co(OH), va

V,0s thu duoc 16p phi ¢6 d6 cimg va kha niang chong dn mon cao hon. D6 clng va
hiu suat bao v€ chong an mon tang 1€n 1an luot 1a 7,9 1an va 94,03%.

- Tur két qua trén cho thay kha ning img dung cong nghé nay vao viéc ché tao

cac chi tiét may moc, trang thiét bi bang hop kim nhom thay thé sat thép, hop kim
titan st dung & dicu kién khi hau Viét Nam.
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SUMMARY

RESEARCH AND MANUFACTURE OF HIGH HARDNESS AND
ANTI-CORROSION COATING ON D16 ALLOY BY
PLASMA ELECTROLYTIC OXIDATION

Plasma electrolytic oxidation method (PEO) is used to create high hardness
coating with the abrasion resistance and corrosion resistance on alloys of aluminum,
magnesium, copper, titanium, etc. Creat a coating on the D16 alloy surface by the
PEO method in the electrolytic solution of silicate- alkaline Na,O.(SiO;)n modul:
2,85 (12 g/L) and NaOH (2 g/L); add Co(OH), and V,Os to silicate - alkaline
solution with a ratio of 2 g/l, we obtain a coating with a hardness increased from 7.3
to 7.9 times, protection efficiency against corrosion in 5 % NaCl solution, it reaches
89.64 t0 94.03 %. Through analysis of coating by SEM, EDS and X-Rays methods, it
was found that in the coating composition are present of metal oxides, which come
from D16 alloy and substances in the electrolyte solutions. The coating has a high
hardness due to the formation of aluminum oxide in the form of a-Al,Os.

Keywords: Plasma electrolytic oxidation, PEO, a-Al,Os, alkaline, alkaline
silicate, anticorrosion.
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