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Abstract

Electroplating NiP coatings are used on metallic components to enhance their hardness, wear resistance, corrosion
resistance, and durability. Further improvement in properties can be obtained by heat treatments at various
temperatures. This paper deals with electroplating NiP coatings which are heat treated at various temperature. The
properties of coatings were investigated such as microhardness, wear resistance and corrosion resistance. The
morphology and structural properties of the coatings were analyzed by optical microscope and X-ray diffraction (XRD)
measurements. The Vickers hardness tests were performed on the surface of the NiP coatings. Taber Abraser tests were
used to assess their wear resistance. The corrosion resistance of the samples was investigated through potentiodynamic
polarization curves, electrochemical impedance spectroscopy (EIS), salt spray testing. It is indicated that heat treatments

have a positive influence on properties of electroplating NiP coatings.
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1. MO PAU

Lép ma hop kim NiP ¢6 thé dugc ché tao bang
phuong phap hoa hoc hay ma dién tir cac dung dich
mudi kim loai va cic hop chit hypophotphite. Cac
16p ma hop kim chira tir 9-12 % P ¢6 d6 cimg, kha
ning chéng dn mon rat cao va cic tinh chét nay ting
1én khi cac 16p ma NiP dugc xur Iy nhiét. Viéc cai
thién cac tinh chét cua 16p ma NiP 1a rit can thiét dé
giai quyét cac yéu cau va doi hoi ngay cang cao clia
cac nganh cong nghiép 6 to, héa dau, nhya, quang
hoc, nguyén ti, dién tir, may tinh, dét, thuc phém va
in,... [1].

Bai béo nay trinh bay anh hudng cia ché do xur
ly nhiét téi cac tinh chat cta 16p ma hop kim NiP.
Muc dich ciia qua trinh xir Iy nhiét nhim lam thay
ddi cu trac tinh thé cua céac 16p ma NiP dugc tao ra
bang phuong phap ma dién hoa. Su thay doi cau tric
tinh thé cua 16p ma NiP phuy thudc vao nhiét do va
thoi gian nung mau. Mdi lién hé giita cic ché do xir
1y nhiét va cdu triic ctia 16p ma ciing nhu do cing va
d6 bén mai mon, dn mon cua né dugc thao luin
trong bai bao nay.

2. THUC NGHIEM
2.1. Chuin bi miu va héa chit

bién cyc dung trong thi nghi€m la thép C45,
duogc cat theo dién tich can ma. Mau thép trudce khi

ma dugc mai thd, mai tinh, tdy dau md, tiy gi va rira
sach.

Bé ma dugc pha v6i thanh phan dung dich gom
0,2 M NiSO,, 0,4 M H;BOs, 0,7 M NaCl, 0,2 M
NaH,PO,, 0,1 g/L BKT, pH =2,5. Lép ma dugc tao
thanh & mat d6 dong 1 A/dm?, nhiét do 60 °C trong
thoi gian 1 gio. Lop ma hop kim NiP tao ra duge xt
1y nhiét 1an lugt & cac ché do: khong nung, 200, 300,
400 va 500 °C trong thoi gian 1 gio.

2.2. Phwong phap nghién ciru

- Hinh thai bé mat va thanh phan pha cua céc 16p
ma NiP duoc phén tich bang phuong phéap kinh hién
vi quang hoc, phan tich nhiéu xa tia X (XRD). Pho
XRD dugc do trén may nhiéu xa tia X-D8 Advance
cua hang Bruker (Puc).

- Co tinh cua l6p ma dugc danh gia dya trén do
clmg Va chi s6 mai mon Taber. P9 climg clia mau ma
duogc do theo phuong phap do do cirng HV theo tiéu
chuin ASTM E92 va JIS Z2244 VvOi tai trong cua
mii kim cuong 1a 50 g [2, 3]. Chi s6 mai mon Taber
cua cac mau ma dugc do theo tiéu chuan ASTM
B733 trén mau 100x100 mm vdi cac thong s6: banh
mai loai CS-10, tai trong mdi bén 1.000 g va tdc do
quay mau 70 vong/phut, thir nghiém 6 chu ky tmg
v6i 6.000 vong quay [4]. Khéi luong ctia mau dugc
do sau mdi chu ky. Chi sé6 mai mon Taber (TWI)
dugc xac dinh theo cong thic TWI = (A-B)/C, trong
d6, A 1a khdi luong ban dau (mg), B 1a khoi lugng
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cudi (mg), C 14 s6 chu ky mai mon mau.

- D6 bén an mon cia cac 16p ma NiP dugc danh
gia dya trén duong cong phan cyc va phd tong tre
dién hoa (EIS) cia mau ma trong dung dich NaCl
3,5%. Sir dung binh do dién hoéa 3 dién cuc voi dién
cuc phu platin, dién cuc so sanh Ag/AgCl. Puong
cong phan cyc dugc do bang phuong phap thé dong
v6i dién thé quét trong khoang Ez, 500 mV, toc do
quét thé 5 mV/s. Tdc d6 an mon duge xac dinh béng
phuong phap ngoai suy Tafel tir duong cong E-Igi
nhan dugc. Phd EIS duoc do tai dién thé dn mon cua
mAu ma véi bién do dién thé 5 mV, tin sd tir
100.000 Hz dén 10 mHz. Phwong phép phun mu
mubi ciing duge sir dung dé danh gia kha ning
chéng dn mon cuia cac 16p ma NiP theo tiéu chuin
ASTM B117. Dung dich mubi duoc phun c6 ndng
d6 5045 g/L véi pH tir 6,5 dén 7,2, diéu kién nhiét
d6 35 °C va ap suit 110 kPa. Cac miu ma NiP da xir
1y & céc nhiét do khac nhau dugc theo doi béng cach
chup anh bé mit theo cic khoang thoi gian nhu sau
khi dua vao ti: ban dau, 2, 6, 24, 48, 96, 168, 240,
360 va 480 gio [5].

3.KET QUA VA THAO LUAN

3.1. Hinh thai bé mit, thanh phan pha caa céc
I6p ma dwoc xir ly nhiét

Bé mit 16p ma sau khi nung duoc chup lai bfmg
may anh ky thuat s6 va kinh hién vi quang hoc
phong dai 1.000 1an. Hinh anh cua cac 16p ma NiP
dugc xir Iy & cac nhiét do nung khac nhau dugc thé
hién trong bang 1.

Ttr két qua hinh anh trong bang 1 cho thiy, mau
sdc 10p ma c6 su thay doi theo nhiét d6 nung. Lop
ma NiP khong dugc xt ly nhiét va 16p ma duogc
nung & 200 °C c¢6 mau xam mo va dong déu. Khi
dugc nung 1én 300 °C, 16p ma tdi dan, chuyén sang
mau nau dén tim than. Vi mau nung & 400 °C, 16p
ma NiP chuyén sang mau xanh 14 ma dén hong. Véi
mau nung & 500 °C, mau sic 16p ma NiP lai chuyén
vé mau xam toi.

Su thay d6i mau sic ctia 16p ma c6 thé 1a do anh
huong cta nhiét d6 nung di lam thay ddi cau trac
ctia 16p ma. Trong do6 c6 su thay ddi cau trac tinh thé
16p ma theo cac nhiét d¢ xur ly khac nhau. Qua anh
kinh hién vi kim tuong ciing quan sat thiy dugc anh
hudng cia nhiét do dén cAu trac hat cua 16p ma NiP.
Khi nung & nhiét d6 cao 16p ma chuyén tir cau tric
ban v6 dinh hinh sang c4u trac dang tinh thé.

Véi 16p ma NiP khong duoc xtr 1y nhiét, phd
XRD khéng c6 pic dic trung chimg t6 16p ma c¢6 cdu
triic ban vo dinh hinh hodc v dinh hinh. Tuy nhién,
khi dugc xur Iy nhiét, phd XRD ctua mau NiP nung &
200°C bit dau co pic cao hon so v6i nén cho thdy cdu
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trac 16p ma NiP dd bat déu co sy chuyén dan sang
trang thai tinh thé.

Bdng I: Anh phong dai bé mit cuia 16p ma NiP sau
khi nung & cac nhiét d6 khac nhau
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Hinh 1: Phé XRD ctia cac mau ma NiP duogc xu ly
nhiét khac nhau
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Quan sat phd XRD cua cac 16p ma NiP cho thay
thanh phan pha chi yéu bao gdm Ni, NisP.

Khi ting dan nhiét d6 nung, cic pic trong phd
XRD ctia cac mau NiP cang cao va rd nét hon, chimg
t6 su bién di cau trac cia cac 16p ma sang dang tinh
thé tang 1én. Quan sat phd XRD caa cic mau ma NiP
dugc nung & 400 °C, 500 °C nhan thiy sb luong va
chiéu cao pic thay doi khong nhiéu. Diéu d6 thé hién
16p ma NiP nung & 400 °C dd c6 sy bién doi sang
dang céu tréic tinh thé hoan toan.

3.2. Co tinh cua cac 16p ma
3.2.1. B cung

b0 cung cua 16p ma Ni-P duoc do theo phuong
phap HV véi tai trong cua miii kim cuong 1a 50 g
luc. Phép do thyc hién tryuc tiép trén bé mit 16p ma.

Két qua do d6 cimg duoc trinh bay trong bang 2.
Tir s6 lidu do duge cho thay khi ting nhiét d6 nung,
do cung cua cac 16p ma cling tang theo. Khi chua
nung, do cirng cua 16p ma dat gia tri 539 HV. Cang
tang nhiét do nung, gia tri do cung cua cac 16p ma
cang cao. Véi mau dugc nung ¢ 500 °C, do cung dat
gia tri 764 HV cao hon rat nhiéu (41,74 %) so véi
mau khong nung. Sy ting do cung cia cic 16p ma
xtr 1y nhiét dugc giai thich boi sy bién dbi pha tir
hop kim NiP dang v6 dinh hinh thanh hop kim cting
dang tinh thé NisP. Sy thay d6i cau triic tinh thé nay
thé hién rat rd khi chung ta nghién ctru phd XRD cia
cac 1op ma NiP trudc va sau khi dugc xir ly nhiét o
cic ché do khac nhau d6 13 sy xuét hién cia céac pic
nhidu xa méi thé hién sy hinh thanh cua cac tinh thé
NisP bén canh cac pic nhiéu xa cua tinh thé Ni. Theo
hé thirc Hall-Petch thé hién mbi lién hé giita kich
thudc tinh thé véi do cimg 16p ma thi khi kich thude
tinh thé Ni cang 16n va kich thudc tinh thé NisP nho
s& lam d6 ctng cta 16p ma tang 1én [6, 7]. Do d6, cai
thién dugc do cung cua lop ma NiP.

Bén canh do, d6 cing ctia 16p ma NiP cang cao
khi tang nhiét 46 xu ly thé hién nhitng anh hudng
tich cuc cta qua trinh xtr Iy nhiét t6i co tinh cua 16p
ma. Piéu d6 chimg t6 khi ting nhiét d6 nung, cu
tric tinh thé ciia 16p ma NiP di chuyén sang dang
tinh thé (NisP) va tinh thé Ni hoan chinh hon.

Bdng 2: D6 cling cla cac 16p ma NiP xir 1y nhiét

Miu B¢ cing | DY tang do cing so voi
(HV) mau chua nung (%)
Khéng nung 539 0
200°C 612 13,54
300°C 667 23,75
400°C 720 33,58
500°C 764 41,74

Anh hieong ciia xir Iy nhiét t6i...
3.2.2. Pé bén mai mon

Do bén mai mon cua cac 16p ma dugc do theo
phuong phap Taber. P6 giam khdi luong miu sau
mdi chu ky mai mon duoc cho trong hinh 2 va biéu
dd thé hién chi s mai mon cua cac miu ma duoc
cho trong hinh 3. Tir cac hinh 2 va 3 nhéan thiy, do
giam khdi lugng cua cac mau NiP dwoc xir 1y nhiét
khac nhau khong nhiéu nhung thap hon nhiéu so véi
d6 giam khéi lugng ctia mau NiP khong duge xir 1y
nhiét. Didu do chimg to nhiét do xu ly mau ¢ dnh
huong t61 do bén mai mon clia cac 16p ma NiP, cac
mau ma NiP duoc xtr Iy nhiét c6 do bén mai mon tét
hon so v6i khi khong duge xur 1y nhiét.
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Hinh 2: D¢ giam khéi lugng mau sau mdi chu ky
mai mon cuia cac mau ma NiP dugc xur Iy nhiét
kh&c nhau
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Hinh 3: Biéu d6 biéu dién chi s6 mai mon cta cac
mau ma NiP dugc xtr Iy nhiét khac nhau

Tur sb liéu thu duoc nhan théy mau ma NiP duoc
nung & 400 °C ¢6 khoi lwgng hao hut 1 bé nhat nén
thé hién kha nang chiu mai mon la tot nhat. Su cai
thién kha nang chiu mai mon cua cac 16p ma NiP
dugc xur 1y nhiét so vdi 16p ma NiP khong dugce xir
Iy nhiét 1a do khi xir 1y nhiét cdu triic 16p ma NiP da
chuyén tir trang thai vo dinh hinh sang cau tric tinh
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thé hoan chinh. Sy hinh thanh cac da tinh thé Ni,
NisP trong 16p ma c6 kich thudc 16n nhé khong déu
nén khi bi mai mon chiing bi bién dang véi cac muc
d% khéac nhau va cac hat tinh thé nay can tro bién
dang 1an nhau, cac hat nho co téng dién tich bién hat
16n hon s€ can trugt manh hon nén s& lam tang do
bén cua vat lidu [8]. Chinh vi vdy, kha nang chiu mai
mon ciia cac mau ma NiP xir 1y nhiét dugc ting Ién.

3.3. D¢ bén an mon cia cac l6p ma

D6 bén an mon cua 16p ma duoc danh gia qua
duong cong phan cuc, phé tong tré va thir nghiém
phun mu mudi. Két t qua do dugc biéu dién trén hinh
4 va 5. Ta thdy mau ma NiP c6 dudng cong phan
cuc dich chuyén manh vé phia mat d6 dong nho hon
so voi dién cuc thép nén. Va khi cac miu ma NiP
dugc xtr Iy ¢ nhiét d6 cang cao thi dién thé dn mon
ctia 10p ma tao ra dich chuyén vé phia duong hon va
tbc d6 dn mon giam di (xem bang 3), cho thdy do
bén in mon cia 16p ma hop kim NiP xir 1y nhiét
duogc tang 1én.

logi (A/cm?)
&

L 1 L 1 L

-1.0 -0.8 -0.6 -0.4 -0.2 0.0
E (V vs Ag/Cl)
1 - NiP khéng nung, 2 - NiP nung 200°C, 3 - NiP mung 300°C
4 - NiP mung 400°C, 5§ - NiP nung 500°C

Hinh 4: Dudng cong phan cuc clia cac mau ma NiP
khac nhau trong dung dich NaCl 3,5 %

Phép ngoai suy Tafel dugc sir dung dé xac dinh
dién thé va dong an mon tir diém giao nhau cta cac
duong cong phan cuc catdt va andt. Két qua do duoc
cho trong bang 3.

Cac mau khi nung & nhiét d6 16n hon 300 °C kha
nang chéng dn mon bat dau ting 1én rd rét. Déi véi
mau nung & 500 °C trong 1 gid, tbe do an mon 13 bé
nhét thé hién kha ning chong dn mon 1a tot nhat.

Phé tong trg (EIS) gian d6 Bode va so dd mach
twrong dwong cua cac mau ma NiP khac nhau duoc
the hién trong hinh 5. Két qua nhan duoc tir phép do
téng tro ciing cho thay qui ludt twong tw. Phd Bode

Hoang Thi Bich Thuy va cong sy

cia mau ma NiP khong nung cé gia tri téng tré' nhod
nhét, twong tng voi dién trd chuyén dién tich nho
hay téc d6 dn mon 16n nhét. Khi dugc xur 1y nhiét
thi cac mau ma NiP c6 phd tong trd véi cung tron
16n hon, hay dién trd chuyén dién tich ting 1én. Cac
mau NiP duoc xu ly nhiét ¢ cac nhiét do 200, 300,
400 °C ¢6 cung rong gan tuong (duong nhau tng véi
dién tro chuyen dién tich 16n xap xi nhau. Noi cach
khac, 6 bén dn mon cia cac 16p ma NiP nay 1a xap
xi nhau. Mau NiP dugc xir Iy & nhiét d6 500 °C co6
cung rong nhét nén kha ning chong an mon 1a tét
nhat [9].

Bdng 3: Bién thé va toc do an mon cla cac mau ma
NiP khac nhau trong dung dich NaCl 3,5%

Mau Eam (MV) iam (MA)
NiP khdéng nung -476,420 7,01
NiP nung 200 °C -414,150 6,05
NiP nung 300 °C -457,710 3,93
NiP nung 400 °C -592,020 3,51
NiP nung 500 °C -412,430 0,024
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Hinh 5: Pho tong trd gian d6 Bode va so d6 mach
tuong duong cua cac mau ma NiP khac nhau trong
dung dich NaCl 3,5 %

Ry lég dién tré phan cuc, Ci 1a dién dung 16p kép, R 1a dién tro
chuyén dién tich, Ryq la dién tr¢ dung dich, WE la dién cuc
lam viéc, RE 1a dién cuc so sanh

Két qua khao sat do bén dn mon cua cic 16p ma
NiP bang phuong phap phun mubi sau 480 gid (20
chu ky) trén thiét bi Q-FOG Cyclic Corrosion Tester
CCT 600 cua hdng Q-lab (My) duoc cho trong

119



TCHH, 55(1) 2017

bang 4.

Cac mau ma NiP it co su bién d6i bé mat, cho
thiy toc d6 an mon trén 16p ma NiP thap. O miu ma
Ni-P chua dugc nung va dugc nung & 200 °C, mau
sdc bé mat bién d6i khong dong déu va thé hién rd
sau 480 gio phun mudi. Cac mau NiP nung & 300,
400 va 500 °C mau sic bé mat khong thay doi nhiéu.

Tuy nhién, sau 20 chu ky thir nghiém phun mu
mudi, trén bé mat mau khong xuit hién gi nau do
chimg t6 nén thép chua bi dn mon. Piéu nay cho
thay 16p ma NiP c6 do kin cao, qua trinh &n mon
khong xuong toi lop nén ma chi dién ra trén bé mait
lam thay d6i mau sac cac 16p ma NiP.

Cung v6i cac két qua do tong tro dién hoa va
dudng cong phéan cyc cho thdy 16p ma hop kim NiP
c¢6 kha nang chéng an mon tot va tinh chét nay ting
theo nhiét do xir 1y sau khi ma.

Kha ning chdng an mon ciia cac 16p ma hop kim
NiP tang 1én khi ting nhiét d6 xu ly. Maiu ma NiP
khi dugc xtr Iy nhiét & 500 °C ¢6 tde do an mon
nho nhat. Két qua thir nghiém phun mu mudi cho
thdy tat ca cac mau ma NiP dwoc xir Iy nhiét & cac
nhiét d§ khac nhau hay khong dugc xtr 1y nhiét thi
trén bé mit mau déu chua xuat hién gi nau do sau
thoi gian 480 gio phun mu mudi, cho thay cac 16p
ma NiP ¢ d6 kin cao nén c6 kha ning bao vé tot cac
kim loai nén trong méi truong in mon manh.

Bang 4. Anh bé mit cac rpau ma NiP sau 480 gid
thir nghiém phun mu muoi trong dung dich NaCl

Mau NiP | Mau NiP | Mau NiP | Mau NiP

Lién hé: Hoang Thij Bich Thiy

Anh hieong ciia xir Iy nhiét t6i...
4. KET LUAN

Quaé trinh xur ly nhiét c6 anh hudng t6i hinh thai
bé mat, thanh phan pha cia cac 16p ma NiP. Khi
chua duoc xur Iy nhiét, clu trac cua 16p ma NiP &
dang v6 dinh hinh. Sau khi di xir ly nhiét & 200 °C
16p ma NiP bat dau chuyén dan sang dang tinh thé
va chuyén dan sang dang tinh thé hoan chinh khi cac
mau duoc nung & 300, 400 va 500 °C.

Khi dugc xir 1y nhiét, cac tinh chit cua 16p ma
NiP (d¢ ctmg, d6 chiu mai mon, chdng dn mon) tbt
hon so v6i mau khong duge xu ly nhiét. D9 cing va
d6 chiu mai mon, kha ning chéng dn mon cua céc
16p ma tang 1én khi tang nhiét d6 nung: d6 cing va
kha ning chdng an mon cao nhat khi mau dugc xu ly
nhiét & 500 °C va khi nung & 400 °C do chiu mai
mon ctia mau ma NiP 1a t6t nhat.

Loi cam on. Cong trinh ndy duwoc hé tro kinh phi
nghién ciru tir dé tai ODT.10.14/PMCNKK.
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