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Abstract

The brush electroplating not only recovers defective areas of machine parts caused by abrasion but also improves
the quality of plating surfaces better by using this composite plating solution with inert and rigid particles, especially the
nanoparticles such as TiO,, SiC. The purpose of this article was to determine the solution compositions Ni-TiO,, Ni-SiC
plating in order to enhance the efficiency and the physico-mechanical properties of plating layers. Results showed that
using of solution NiCl,, NH4Cl, (NH4);CsHsO; with nanoparticle TiO, (5.5 g/l), SiC (4.2 g/l) the plating rate can be
increased to 100 mA/dm® and the efficiency as well as the physico-mechanical properties of plating layers was

improved.
1. MO PAU

Céc chi tiét may hoat dong thudng xuyén sé bi
hao mon do ma sat [1] lam giam d¢ chinh xac va
chit lugng cia thiét bi ciing nhur san pham do thiét
bi tao ra. Vi vy dén gidi han hao mon nhét dinh sé&
phai thay thé hodc sira chira phuc hdi nhdm giam chi
phi. So véi cac k¥ thuat phuc hoi chi tiét bi mai mon
bang cong nghé co nhiét nhu han dap, phun phu,...
cong nghé ma dién hoa, dic biét cong nghé ma
“khong phai str dung bé ma’ ’ [2] con duoc goi 1a “ma
x0a” [3] c6 nhiéu loi the vé dau tu, tiét kiém thoi
gian thao gi6, khong can véan chuyén dén Xuong ma.
Vi vay ma phuc hdi chi tiét may hu hong bang cac
kim loai nhu dong, niken, crém di tré nén phd bién
[3 - 5]. Pé tang tinh chét co 1y cuia 16p ma phuc hoi,
ma td hop véi céac hat tro, cing, dac biét cac hat cé
kich thudc nand nhu SiO, [6], TiO, [7], ALO; [8]
cacbon graphit [9] hoac SiC [10] dang dugc nghién
cliru bang cong nghé ma xoa. Nham trién khai vao
thuc tién cho cong nghé ché tao may ¢ Viét Nam,
bai bao trinh bay kha ning ting tbc d6 ma xoa bang
dung dich composit Ni-SiC.

2. PHUONG PHAP NGHIEN CUU

Cac hoa chit tinh khiét phan tich (PA):
N1C126H20, NH4C1, (NH4)3C6H5O7, su dung dé
nghién ctru dugc nhap tor Trung Quéc con hat TiO,,
SiC véi kich thude trung binh 10 nm dugc nhédp tir
Merk. Dién cuc andt tro Ti/RuO, dugc ché tao tir
hoa chat RuCly ctua hing Mecrk [11]. Thanh phan
cua dung dich ma xoa dugc chon la:

- NiCl,.6H,0: 250 + 550 g/l,
- NH4Cl: 80 + 550 g/l,
- (NH4)3C6H5O73 30+ 80 g/l,
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- TiO,, SiC: 1 + 6% (trong lugng).

Cac phuong phap nghién curu:

- bo duong cong phan cuc (PCPC) dugc thuc
hién trén may Auto Lab 30 cua Ha Lan va chyp anh
hién vi dién tor quét (SEM) trén may Jenon 66110
cua Nhat Ban tai Vién Hoa hoc - Vit liéu.

- Xéc dil}h thanh phﬁn cic chit cia bé mat vat
ma bang phé EDX bang may JEOL-JSM-6490LV
tai Vién Khoa hoc Cong ngh¢ Viét Nam.

- DQ cung té vi dugce xac dinh trén may do (1(3
cimg hién vi quang hoc HX 1000 cua Trung Quoc
tai Vién Cong ngh¢ Tong cuc CNQP.

3. KET QUA VA THAO LUAN

Anh huéng cua ndng do cac thanh phan duoc st
dung trong dung dich ma niken téc d6 cao véi cac
chat NiCl,, NH4Cl, (NH4);C¢Hs0, dugce trinh bay tai
hinh 1. Két qua tir hinh 1 cho thdy, khi ndng d6 cac
thanh phin trong dung dich ma ting déu thay ddi
phan cuc catét 1a co so dé diéu khién kha ning ma.
Khi néng d6 NiCl, nho (250 g/l) luong chit tao
phuc: NH4Cl va (NH4);CsHsO; du, cac phic cua
niken bén viing, kho phong di€n nén do phan cuc
16n. Khi ting ndng do NiCl, trong khoang 350 dén
450 g/ tuong tmg voi do bén cua phirc trong ddi én
dinh, cac duong cong phan cuc thay doi it.

Khi ting néng do NiCl, téi 550 g/l chat tao phuc
bi thiéu, phuc cua niken kém bén nén do phan cuc
giam, vi vdy néu ma ¢ nong do nay 16p ma s& tho.
Tt vi tri cac DCPC cho thay ndong d6 NiCl, phu hop
nam trong khoang 450 + 500 g/I.

Trong dung dich ma da chon, Ni** nam & 2 dang
phitc voi améni va xitrat, trong d6 hing sb bén cta
phtrc niken véi xitrat cao hon nén ty 1€ cua chung trong
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dung dich ciing cao hon. Trong khoang ndong do
NH,CI tir 45 dén 90 g/l do luong xitrat chua di tao
phirc hét v6i Ni*" nén mot phan ion Ni*" niam & trang
thai tgw do, c6 do phan cuc nho nén ting ni”)ng do
NH,CI s€ tang lwgng phirc cua niken voi amoni va tang
phan cuc. Khi tiép tuc ting nong d6 NH,Cl dén khi
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Cong nghé ma xoa voi...

toan bo ion Ni*" di tao phirc hét thi s& xay ra su chuyén
dich ndéng d6 phuc giita niken trong phirc xitrat bén
hon sang niken trong phirc améni kém bén lam giam
phan cuc. Nong d6 NH,CI cang cao cang lam giam
phan cuc nén nong do améni clorua hop 1y duge chon
14 120 g/l g voi ndng d6 NiCl, 1a 500 g/1.
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Hinh I: Anh huong cta ndng do: a. NiCly, b. NH4Cl va ¢. (NH,);CeHsO5
dén qua trinh catot ctia duong cong phan cuc véi toc dd quét thé 10mV/s

Khi gitr nguyén néng do: NH,C1 = 120 /I, NiCl,
= 500 g/l, nhan thdy tng v6i ndng do amoni xitrat
tang tir 20 dén 120 g/l s& lam tang phan cyc v4i mic
d6 khac nhau. Trong khoang ndng do tir 20 dén 40
g/l ting ndng d6 améni xitrat 1am chuyén ion niken
tur trang thai ty do sang trang thai phirc vai xitrat co
dd bén cao nén dod tang phan cyc cia cac PCPC
taing manh. Khi ndng d6 améni xitrat 16n hon 40 g/
su ting ndng do amoni xitrat chi lam chuyén dich
can bang gifta hai phtc clia niken nén mic du ting
n@)ng d% do phan cuc chuyén dich rat it.

Dung dich phtic cho phép ma véi mat d6 dong
kha cao, tdc d6 ma nhanh. Khi tang mat do6 dong ma
qué cao hiéu suat dong dién giam (hinh 2a) va chit
luong 16p ma s& kém (hinh 2b). Két qua trén hinh 2
cho thdy dung dich nghién ctru c6 mat d6 dong ma
cho phép cao hon nhiéu so véi dung dich ma niken
thong thuong (gip 7 lan). Trong khoang mat do
dong tir 10 +20 A/dm” hiéu suat dong dién cao va 6n
dinh trén 80%. Khi mat d6 dong cao hon 25 A/dm?
hiéu suat dong dién giam, chit luong 16p ma kém,
16p ma bi tho va x6p.
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Hinh 2: Anh huong cia mat d¢ dong dén hiéu suit ma bé (a)va chét lugng 16p ma (b)

Nhitng két qua trén cho thiy dung dich phirc vé6i
thanh phan cac chit NiCl,, NH,Cl, (NH4);CsHsO-
cho tc dd ma cao thoa man diéu kién st dung dé ma
X0a.

Hinh 3 cho thiy khi cho thém vao dung dich ma
cac hat tro TiO, va SiC dudng cong phan cuc catdt
clia qué trinh ma niken hau nhu khéng bi anh huéng.
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Anh huéng ctia ham lwong hat rén nand TiO, va
SiC trong dung dich ma niken nhanh dén thanh phan
cua chung trong 16p ma dugc trinh bay tai hinh 4. Tu
hinh 4 ta nhén thdy ¢ ciing mot ché d6 ma, khi ting
nong d6 hat trong dung dich, ban dau ham luong hat
trong 16p ma ting nhanh sau d6 c6 xu hudng 6n dinh
(bdo hoa hat rin trong 16p ma). Ham luong bao hoa
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khi str dung hat TiO, vao khoang 5,5 g/l trong khi
ctia SiC 1a 4,2 g/I. Khi ting ndng do hat trong dung
dich, cac hat c6 co hoi dén bé mit dién cyc nhiéu
hon, do d6 ching c6 nhiéu kha ning dong két tia va
tang ham lugng cua ching trong 16p ma. Tuy nhién
su thay ddi ham luong hat trong 16p ma khong ty 18
v6i sy thay doi clia chung trong dung dich. Piéu nay
c¢6 thé duoc giai thich do qua trinh dong két tua cua
cac hat rén vao 16p ma con phu thudc vao qua trinh
phong dién ctia ion Ni** trong dung dich tao thanh
kim loai niken dé chén la"ip céc hat. Néu cac hat dén
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bé mit dién cuc nhiéu ma tdc do tao thanh niken
khong kip dé chon lap thi chung sé& lai roi khoi bé
mit dién cuc.

Nhu vay dung dich ma niken tir dung dich phuc
cho phép tao duoc 16p ma t6 hop kich thudc nand hé
Ni-SiC va Ni-TiO, Thanh phén t6i vu cta hat TiO,
14 5,5 g/l, cua hat SiC 13 4,2 g/l c6 thé st dung dé tao
16p ma t6 hop bang phuong phép ma xoa.

Anh huéng ciia mat d6 dong dién ma toi thanh
phan va tinh chat 16p ma niken t6 hop nand Ni-TiO,
va Ni-SiC duogc trinh bay trong hinh 5 va bang 1.
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Hinh 3: PCPC trong dung dich ma xoa hé& NiCl,, NH,Cl, (NH,4);C¢HsO4
v6i cac ham luong hat SiC va TiO, khac nhau, tdc do quét 10mV/s
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Hinh 4: Quan h¢ giita thanh phan hat ran trong dung dich va trong 16p ma

niken compozit (D = 15A/dm?). a. Hat TiO,

Hinh 5 cho the"iy 0 mat do dong thép tde do tao
thanh 16p ma niken nand composit chdm nén khi cac
hat da bam vao b€ mat 16p ma khong thé giltr dugc cac
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b. Hat SiC

hat va cac hat lai theo dong chay hoéc bi khi, dély ra
ngoai vi vdy ham luong hat trong 16p ma thap. Khi
tang mat d6 dong dién ma, kha nang chon lap cac hat
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vao 16p ma tang nén ham lugng cua chung trong lop
ma ciling tang. Khi mat d6 dong qua 16n, kém theo
hiéu suat dong dién giam manh, khi hydré thoat ra tir
bé mit ma rat manh c6 tac dung dély cac hat ra khoi
bé mit nén lam giam sé hat dugc chon 1ap cong voi
luong niken vao nhiéu nén thanh phin cua cac hat
trong 16p ma giam. Hinh 5 ciing cho thdy ciing ché d¢

Cong nghé ma xoa voi...

ma thi hat SiC c6 kha nang vao 16p ma cao hon so véi
TiO,. Lép ma Ni-SiC c6 thé dat téi 6,7% trong khi
16p ma Ni-TiO, chi dat cao nhit 13 5%.

Anh huéng cua ché d6 cong nghé ma xoa dén
tinh chit va hinh thai bé mat khi c6 cic hat TiO, va
SiC kich thudc nano trong dung dich dugc trinh bay
tai bang 1 va hinh 6.
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Hinh 5: Anh huéng ciia mat d6 dong dién ma xoa to1 ham lugn hat
TiO, va SiC trong 16p ma t6 hop
Bdng I: Anh huéng ctia mat dé dong dién ma xoa niken t6 hop t6i tinh chét 16p ma
N -~ ) b6 cing, Hv Hinh dang bé ngoai
TT Mait d6 dong dién, A/dm — — — —
Ni-Ti0, Ni-SiC Ni-Ti0O, Ni-SiC
1 40 400 450 Min, mo Min, mo
2 60 450 485 Sang Sang
3 80 480 535 Bong Bong
4 100 570 650 Bong Bong
5 120 560 640 Min, mo Min, mo
6 140 550 580 Mo Mo

Bang 1 cho thiy khi c6 mat cac hat TiO, va SiC
kich thudc nano trong dung dich, 16p ma xoa c6 do
bong min cao hon khi ma niken nguyén chét. Cac
hat ¢ kich thudc nano 1an vao 16p ma da cai thién
duoc do bong min cua bé mit ma. So sanh do cung
ctia 16p ma t6 hop v6i 16p ma niken nguyén chét thu
dugc theo cong nghé ma xoa cho théy dd cung da
duogc cai thién ro rét: 16p ma Ni thong thuong trong
bé 14 270 Hv, ma Ni xoa 1a 450 Hv, ma Ni t6 hop
v6i TiO, 14 570 Hv va Ni t6 hop véi SiC c6 d6 cling
cao nhit 1a 650 Hv do céc hat SiC c6 do cung rat cao
dugc phan bb dong déu trong 16p ma. Cac hat TiO,
cling lam tang d6 cung 16p ma so véi khi ma niken
nguyén chit nhung muc d6 ting khong bing hat
SiC. Su c6 mat cua cac hat nano trong 16p ma cling
cho kha nang ma voi mat d¢ dong cao dén
100 A/dm?, 16p ma tré nén béong min hon.
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4. KET LUAN

- Dung dich ma xoa niken trén co s¢ st dung cac
chét tao phtrc NH4Cl va amoni xitrat cho kha nang
tao 16p ma niken co chét luong tot va toc do ma
nhanh, dé su dung.

- Dung dich ma xo0a niken khi thém cac hat SiC
va TiO, ¢6 kich thudc ¢& 10 nm véi ndng do twong
ung 1a 4,2 va 5,5 g/l cho phép tao dugc 16p ma niken
t6 hop Ni-SiC va Ni-TiO, bang céng nghé ma xoa.
Céc 16p ma niken va niken t6 hop theo cong nghé
ma xoa c¢6 tinh chit co, ly tdt hon 16p ma niken
thong thuong, dic biét co d cliing cao hon nén hoan
toan c6 thé su dung dé ma phuc hoi chi tiét lam viéc
trong diéu kién chiu ma sat 1on.

- Lop ma Ni-SiC c6 do cing cao hon so voi 16p
ma Ni-TiO, phu hop cho muc dich chéng mai mon
cho chi tiét co khi. Thanh phan dung dich va ché do
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Hinh 6: Anh SEM bé mit (Trén, phai), mit cit ngang (trén, trai, véi ndi hat TiO, d bi chon lap (a), dang

chon do (b) va bi bong ra (c) va anh SEM cua bé mit véi dQ phong dai khac nhau (gitra) va két qua EDX cua
16p ma Ni-SiC tai vi tri danh dau (dudi trai va phai)

ma xoa niken t6 hop Ni-SiC tdi wu: NiCl, 500 g/l;
NH4CI: 120 g/1; amoni xitrat: 60 g/I; hat SiC 4,2 g/l,
mat d6 dong ma 100 A/dm”.
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