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TOM TAT

Andt hoa cimg da dugc biét dén nhu 1a mot qui trinh hidu qua dé tao ra 16p phu ctng va chiu mai mon
trén Al va hop kim ciia n6. Lp pht nay c6 bé day (75-100 ['m) 16n hon cac 16p phit andt hoa thong
thuong. Tuy nhién qui trinh anot hoa ctrng lai doi hoi mét s6 diéu kién riéng bi¢t nhu nhiét do rat thép,
mat d6 dong cao va dung dich dién phan dic biét. Cac doi hoi nay gy kho khin cho viée thiét ké va
van hanh qui trinh. Do d6 viéc tim ra mdt qui trinh méi c6 thé tao ra 16p phu cting hon nhung & nhiét
d6 cao hon 14 rat can thiét. Trong bai bio nay, qui trinh andt hoa ctmg trong hon hop dung dich axit
formic va axit oxalic da dugc nghién ctu trén Nhom sach k¥ thuat 99,8%, Hop kim Al-Mg-Si (6061)
dai dién cho nhom hop kim bién dang khéng hoa bén bang nhiét luyén va Hop kim Al-Cu (Pura) dai
dién cho nhém hop kim bién dang hoa bén bang nhiét, chira pha thtr hai hoa bén. Anh hudng cia cac
thong sb dién hoa dén bé day, do cing, d6 x6p, 46 chiu mai mon cua 16p phu ciing da duoc khao sat.

ABSTRACT

Hard anodizing is known as an efficient process to produce a hard and wear resistance coating
over aluminum and its alloys. The thickness of this coating is thicker (75-100 mm) than the one
obtained from normal anodizing. However the process requires some special conditions such as very
low temperature, high current density and particular electrolytes. That brings out a lot of difficulties in
process setting up and operation. Therefore, it is necessary to find a new process which can produce a
harder coating at higher temperature. In this paper, hard anodizing over aluminum, Duralumin and
6061 alloy in a mixture of oxalic acid and formic acid was studied. The effects of electrochemical
parameters on coating thickness, hardness, porosity and wear reasistance were also investigated.

1. PAT VAN BPE

Hién nay, thé gioi dang c6 xu hudng thay thé
dan cac hop kim sit thép thong thuong bang
vat liéu nhom vi nhitng tinh nang wu viét cla
loai vat lidu ndy (nhe, bén an mon va dé tao
hinh, v.v.). Pac biét la trong cong nghé hang
khong, tau bién, 6t6,v.v...gilp giam dang ké
khdi luong ctia phuong tién diéu d6 dan toi tiét
ki€ém dugc nhién li€u, ting cong suit hoat
dong va giam thiéu cac tac nhan 6 nhiém méi
truong. Trong d6, andt hoa 1a mot khau quan
trong dé xir Iy cac san phdm nhom.

Nhimng nam gan ddy, cong nghé anét héa duoc
dac biét quan tdm va phat trién manh mé &
khia canh céng nghé tao ra nhitng 16p phu anbt
héa c6 do day (>50 pm) va d9 cing kha cao
(trén 3500 MPa) khac véi cac 16p phu andt hoa

trude day thuong rit mong khong cé kha ning
chjiu mai mon. Lép phu andt héa cimg: day,
chiu mai mon tt, c6 do xdp nhat dinh nén c6
kha ning ngdm dau boi tron dugc ng dung
kha pho bién trong céc linh vuc ky thuat cong
nghiép dé ting cuong kha ning hoat dong cho
nhitng chi tiét chiu mai mon bé mit nhu
pitong, xylanh, banh ring cta dong co hoi
nudc, V.v...

Cong nghé andt hoa cimg da dugc ap dung kha
thanh cong ¢ nhiéu nudc trén thé giéi nhu:
Anh, My, Thuy Si, Han Quéc,V.V.Trong nudc,
cong nghé andt hoa cimg di dwoc quan tAm
nghién ctru nhung chua phd bién va tmg dung
rong rdi. Cac nghién ctru chu yéu thyc hién
trén dung dich sulfuric, voi do cung trén dudi
4000 MPa va gip nhiéu kho khin trong viéc



phai 1am lanh dung dich dién phan xudng t6i -
5°C.

Do d6, dé tai duoc dit ra vi muc dich tim
kiém nhitng hé dung dich c6 kha nang andt hoa
sau, tao dugc nhitng 16p phu c6 d6 cing cao
hon va c6 kha ning anbt hoa cing & nhiét do
thuong

O Viét Nam, cong nghé andt hoa cing dugc
ing dung rat nhleu trong viéc ting bén va phuc
hoi cac chi tiét tir nhom va hop kim nhém. Cu
thé nhu sau:

e (Cong nghé andt héa cing duoc dung dé
nang cao tudi tho, ché tao va phuc hdi céc ban
in offset thay vi trudc day phai nhap tu nudc
ngoai voi gia kha cao. Cac ban in duoc andt
hoa co tudi tho ting 1én rd rét tir 5000-10000
lan so v&i 500-1000 lan so véi khi chua andt
hoéa [15].

e Db6i v6i cac chi tiét bo ddi nhu piston,
xecming, xylanh, cac van trugt ctia phan tur
khi nén, cac chi tiét bac 16t trong bom, v.v.thi
andt hoa 1a mot khau xir Iy khong thé thiéu dé
tao bé mit chiu mai mon tdt va c6 kha nang tu
boi tron.

 Dat biét 1a trong cong nghiép dét, soi co rat
nhiéu cac chi tiét may bang nhom can dugc
ting cing va ting bén nhu: tai gop soi, gang
kéo soi, bo gop soi, v.v.

2. PHUONG PHAP THUC NGHIEM

Céc thong sb cong nghé tdi vu duoc chon theo
gia tri d0 cimg cao nhét; gia tri do _day chi
dung dé danh gia muc do phu hop vé do day
cia 16p phu andt hoéa ctng theo tiéu chudn
ASTM (d6 day 16p anét hoa cimg dung trong
ky thuat phai 16n hon 50 pm) va nhén xét quy
luat anh hudng cua cac thong s6 dién hoa dén
16p phu. Céc gia tri tdi wu dua ra chi 1a nhiing
s0 liéu phui hop nhat trong khoang gia tri khao
sat (dwoc thé hién bang sb in dam).

Chon vit liéu lim miu

Mau andt héa duge chon dai dién cho mét sb
céc nhom hop kim tiéu biéu.

Cu thé nhu sau:

¢ Nhom sach k¥ thuét 99,8%

¢ Hop kim Al-Mg-Si (6061) dai dién cho
nhém hop kim bién dang khong hoa bén bang
nhiét luyén.

¢ Hop kim Al-Cu (Pura) dai dién cho nhom
hop kim bién dang héa bén bang nhiét, chia
pha thtr hai hoa bén.

Thanh phan cac nguyén tb hoa hoc cua cac
mau nghién cru (phén tich bang may quang
pho phat xa Spectromax) nhu sau:

Bing 1: Thanh phin nhém sach ky thuat

Nguyén | Thanh | Nguyén | Thanh

to phe‘in % to phe‘in %
Si 0,044 Ti 0,002
Fe 0,093 Ag 0,001
Cu 0,001 B 0,004
Mn 0,002 Bi <0,003
Mg 0,002 Cd <0,001
Zn 0,005 Zr 0,001
Ni 0,002 Co <0,001
Cr 0.002 A" 0,004
Pb <0,002 Ga 0,009
Sn <0,003 Al 99.8

Bang 2: Thanh phin hop kim 6061

Nguyén | Thanh | Nguyén | Thanh

t6 phén % to phén %
Si 0,468 Ti 0,013
Fe 0,192 Na 0,001
Cu 0,02 B 0,002
Mn 0,002 Bi 0,004
Mg 0,51 Ca 0,001
Zn 0,045 Zr 0,001
Ni 0,005 Co <0,001
Cr 0,003 v 0,004
Pb <0,002 Ga 0,016
Sn <0,003 Al 98,7

Bing 3: Thanh phin hop kim Pura

Nguyén | Thanh | Nguyén | Thanh

t6 phan % to phan %
Si 0,198 Ti 0,037
Fe 0,449 Ag 0,001
Cu 3,74 B 0,001
Mn 0,315 Bi <0,002
Mg 1,31 Ca 0
Zn 0,064 Zr 0,003
Ni 0,01 Co <0,001
Cr 0.01 v 0,003




Pb 0,003 Ga 0,006
Sn 0,009 Al 93,8

Céc thi nghiém andt hoa duge thuc hién theo
quy trinh sau:

MAu (2x5x30)

Gia cong co

| Rua sach bang nuée
v

Tay dau bang hén hop
Na3;PO,4+ NaSiO;

v Rtra sach bang nuéc

Hoat héa bang hén hop
HNO3+H2$O4+H3PO 4

v Rtra sach bang nuéc

Andt hoa

3. KET QUA VA NHAN XET
3.1. Anh hudng cia ty 1é mol formic/oxalic

Thi nghiém duoc khao sat dua trén su thay ddi
ty 1& s6 mol cua hai cAu tr trong hé bang cach
gilt nguyén ndng 0 axit oxalic va thay doi
nong do fomic, dugce ky hiéu tir C1(80-60) dén
C5(80-140) tuong tmg v6i ndng do axit oxalic
1a 80g/l khong dbi con nong do axit formic
thay d6i tir 60 dén 140 g/l. Cac thi nghiém déu
dugc thyc hién ¢ mat do dong 6A/dm’ nhiét
d6 30°C, thoi gian 60 phit. Cac khoang gia tri
chon khéo sat duoc tham khao trén cac tai li€u
nudc ngoai [1,2,8,9].

Bang 4 : Gia tri do d¢ ctirng va d¢ day lép
anot hoa theo thanh phin axit formic

3,5 328 321 318
(66,60) | (64,50) | (55,26)

Ty 1€ HCOOH/ Do cirng (HV)
H;C;0q4 (D9 day (mp)
(mol/mol) A M D
1,5 398 269 256
(48,68) | (43,10) | (14,48)
2 420 320 303
(57,12) | (46,00) | (25,49)
2,5 381 353 302
(67,30) | (59,23) | (40,56)
3 372 370 312
(75,40) | (63,01) | (35,78)

Ta thdy rang, d6 day 16p andt hoa ciia cac miu
déu ting theo chibu ting ty 1& mol
formic/oxalic vi khi ndng do axit ting, qua
trinh tao mang s€ xdy ra nhanh hon, d6 day va
d6 cung tang. Tuy nhién, dén mot gia tri nong
d6 nhat dinh do sy hoa tan cia 16p mang xay
ra manh dan dén tang kich thudc 16 x6p nén do
clg giam xudng; gia tri do cing clia cac mau
di qua mot diém cuc dai.

3.2. Khio sat sy thay ddi gia tri pH tai ty 1§
mol axit formic/axit oxalic toi uu

Thay dbi dong thoi khdi luong axit oxalic va
axit formic sao cho ty 1& mol khong ddi theo
huéng giam gia tri pH cia dung dich. Gilr
nguyén ché d6 dién phan: 6A/dm’ 30°C, 60
phut.

Két qua khao sat dugc trinh bay ¢ bang 3.2,
cho thay khi ting luong axit, khong c6 loi cho
qua trinh tao mang ciia nhom sach va hé hop
kim 6061. Tuy nhién, d6i v6i hop kim Pura thi
qué trinh c6 thuén lgi hon mét chut do hoa tan
dugc phin 16n cac pha thtr 2 nén c6 kha ning
tao 16p mang day hon nhung gié tri d§ cung
van chua cao.

Bang 5: Gia tri do d§ cing va d§ day lop
anot hoa theo gia trj pH

pH Pé ciung (HV)
(Dg day (my)
A M D
2,61 420
(57,12)
2,59 | 378
(63,40)
2,55 | 377
(60,17)
2,50 | 376
(60,90)
2,54 370
(63,01)
2,49 369
(64,45)
2,42 363
(70,30)
2,39 313
(66,19)
2,52 318
(55,26)




2,48 332
(58,50)

2,42 351
(71,50)

2,38 345
(73,49)

3.3. Anh huong ciia nhiét do

Két qua nghién ctru anh hudng cia nhiét do
dén qua trinh andt hoa duoc thuc hién tai néng
d6 toi wu mat do dong 6A/dm’, thoi gian 60
phuat va nhiét do thay doi tir 30°C dén 10°C.

Két qua cho thiy, khi giam nhiét 4o, do day
16p andt hoéa ctia nhém sach va cac hop kim
déu tang do giam duoc dang ké kha ning hoa
tan ciia dung dich, 16p mang it xdp, do cung
tang theo chiéu giam nhiét do. Tuy nhién, véi
do day qua 16n do cing giam, do d¢ day cuia
16p mang andt hoa phat trién trén co so ting do
day ctia phan xdp.

Bang 6: Anh hwéng cia nhiét do dén do
day va df cing ciia 16p anot hoa
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Hinh 1: Anh hwéng cia nhiét do dén dé
cung va d¢ day lop anot hoa.

3.4. Anh huong ciia mat do dong dién

Khao sat anh huéng ctia mat do dong tai ndng
dd, nhiét do toi uu cua ting loai hop kim.

Bing 7: Anh huéng ciia mat d9 dong dén do
cirng va d¢ day 16p mang anot héa

Nhiét Do cirng (HV)
do (Dé day (my))
A M D

30 420 370 318
(57,12) (63,01) (55,26)

25 430 421 368
(80,39) (78,50) (71,35)

20 569 432 389
(95,06) (86,80) (70,64)

15 494 450 439
(99,57) (88,50) (81,35)

10 459 410 372
(103,70) (94,50) (85,05)
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Mat d¢ Do cirng (HV)
dong (D9 day (mp)
(Adm’) [ A M D
4 398 339 306
(47,50) | (44,45) | (37,10)
5 534 385 370
(64,18) | (58,38) | (58,55)
6 569 450 439
(95,06) | (79,50) | (75,50)
7 458 510 383
(97,03) | (84,78) | (83,70)
8 440 432 298
(98,74) | (89,57) | (87,05)
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Hinh 2: Anh huéng ciia mat do dong di¢n
dén do day va do cirng 16p anot hoa

Ta thdy rang ton tai mot ving bdo hoa gan
nhu ndm ngang tng v6i gia tri mat do dong
nam trong khoang 6-7 A/dm* dugc goi 1a gia
tri mat do dong tdi han jg, (hinh 3.2). Véi gia
tri mat d6 dong j>ji, thi d6 day tang rit cham
va hau nhu khong ting do hiéu Gng ting nhiét
Jun-Lenxo, sinh nhiét cuc by 1am cho qua trinh
hoa tan mang xay ra nhanh hon. Tai thoi diém
qua trinh phat trién cac cot oxit xdp va hoa tan
ching can bang nhau thi tc d6 mang ant phat
trién cham lai va dat chiéu day gﬁn nhu bao
hoa; do ctng twong tng giam dan khi ting j
vuot qua gia tri jp.

3.5. Anh huéng ciia thoi gian dén qua trinh
anot héa

Bang 7: Anh hwéng ciia thoi gian dén do
cung va d¢ day lop anot hoa

Thoi Do cang (HV)
gian (D¢ day (my))
(phut) A M D
45 380 346 328
(72,21) (52,58) (52,77)
60 569 510 439
(95,06) (89,80) (81,35)
75 502 476 467
(101,45) | (90,36) (85,02)
90 453 423 409
(104,63) | (98,12) (94,32)
105 371 357 319
(107,88) | (100,23) | (98,36)

Theo dbi anh huéng cua thoi gian dén do day
ctia 16p phu cho thay do day 16p phu ting dan
theo thoi gian, mau sic chuyén tir vang sang
vang nau, nhung téc do phat trién 10p mang
giam dan. D6 cimg qua diém cuc dai sau do
giam déan theo thoi gian va do ting chiéu day
16p mang.

Qua khao sat anh huong cta diéu kién khudy
tron (suc khi) cho théy viéc khqu tron lam
ddng déu hoa nhiét d6 va thanh phan dung dich
nén do day va do cung tang mdt chiut. Nhung
do axit formic 14 ciu tir d& bay hoi nén viéc
khudy tron lam mét tinh 6n dinh ctua dung
dich.
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Hinh 3: Anh hudng cia thoi gian téi df day
va do cirng lop anot héa

d 0 o m
Hinh 4: Anh hwéng ciia thoi gian dén mau
sac lop phi anot hoa.

3.6. Khao sat do xop theo thoi gian

Theo thoi gian andt hoa, mot mat phat trién do
day 16p x6p cua mang nhung mat khac lam
tang kich thudc lo x0p, do d6 do x6p ting, do
ctng giam. Do xdp cua 16p anbt hoa trong hé
dung dich oxalic-formic nam trong khoang 25-
50% thép hon d6 xép dat duoc trong hé dung
dich sulfuric tir 43-69% (hinh 5). Tur goc 40 st
dung vét liéu cho théy, gia tri do Xép tr 25-
50% kha phu hop d6i véi tidu chudn vé do xdp
thé tich ctia hop kim 6 truc hé bacbit (d6 xbp
35-45%) theo yéu cau lam viéc cua cac bo doi,
o truot, 1am viée trong diéu kién ma sat truot
¢6 boi tron.
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Hinh 5: Anh hudng cua thoi gian dén do
x0p cuia lop phi anot hoa

3.7. Kiém tra kha niang chiu mai mon ciaa
16p anot héa cirng

Nhéan théy ré“lng, khéi lugng kim loai bi mat di
ctia nhém sach 1a 16n nhét, ké dén 1a hop kim
6061 va hop kim Pura twong tng voi kha nang
chiu mai mon cua hop kim ting dan. Tuy nhién
16p phi andt hoa trén nhom sach lai c6 kha
nang chiu mai mon cao hon ca, phu hop voi
két qua do do cing, do 16p oxit trén nhom sach
sit chit hon. Diéu d6 ctng cho thdy ring su co
mit cia nhitng nguyén td hop kim trong 16p
pha 1am anh huong rat 16n dén ciu trac hinh
thanh cta 16p phu andt. Tir biéu dd so sanh
(hinh 6) ta thdy khi dugc andt hoa khi ning
chiu mai mon cua chi tiét tang 1én gap 20 lan.
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Hinh 6: Biéu do6 so sanh kha nang chiu mai
mon cua vat liéu nhéom va lép anot hoa

Tém lai, didu kién andt héa tdi wu theo do
cung dugc trinh bay trong bang sau:

Bang 8: Piéu kién andt héa tdi wu cho nhém
va hop kim.

Nong do axit| 80 80 112
axit oxalic (g/1)

Nong do axit 80 120 196
axit formic (g/1)

Mat do dong 6 7 6
(A/dm?)

Nhiét d6 (°C) 20 15 15
Thoi gian (phiit) 60 60 75

b6 cing (MPa) 5690 5200 5080

by day tuwong | 95,06 89,8 85,02
ung (mm)

Diéu kién an(*)t, Nhom Hop Hop
hoa va tinh chat | sach kim kim
cua lop phu 6061 Pura

4. KET LUAN

So véi cac két qua nghién ctru trén hé sulfuric
phu gia axit oxalic dugc céng bd vao nim
1996 thi két qua do ctng cua 16p pha andt hoa
dat trén cung mdt loai nhom sach ky thuat
99,8% trong hé hon hop axit oxalic va axit
formic cao hon, dat 5690 MPa so véi trong hé
sulfuric 1a 4640 MPa [15].

Tuy nhién, mdi ché d6 andt héa déu co nhing
wu diém va khuyét diém riéng cia nd. Mdi
cong nghé phu hop voi tirng dac tinh riéng cia
san pham. Hé sulfuric tuy kinh té hon vé& mit
vat tu hoa chét nhung nguoc lai phai thyc hién
& nhiét d6 am. Thém vao do, nhiing chi tiét can
do cing cao thi phuong phdp ndy khong dat
yéu cau hay ddi véi nhiing chi tiét can bit kin,
nhudm den thi cong ngh¢ nay khong phu hop
vi d6 x0p kha cao, mau sic sang. Hé axit
oxalic va axit formic tuy chi phi cho vat tu hoa
chit cao hon mot chit nhung nguoc lai c6 kha
nang andt hoa cting ¢ nhiét do cao hon, giam
dang k& chi phi cho thiét bi 1am lanh, ning
luong. Thém vao d6 gia tri d cung dat dugc
cao hon nhiéu.

Gia tri d6 ctrng va do day trén nhom sach dat
dugc & nhiét d6 thuong trong diéu kién khi hau
Viét Nam (nhiét d¢ trung binh la 270C) 1a 4200
MPa va 72 pum di dat yéu cau vé& do cing va
d6 day theo tiéu chuan ASTM B 580-79 (phién
ban 2000).
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