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Nghién ciru ma niken-volfram compozit
dinh hwong thay thé 16p ma crom ciung
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Tém tit:

Thoi gian gin day, 16p ma hop kim niken-vonfram (Ni-W) phat trién va c6 tiém niing thay thé cho 16p ma crom
cirng dé vng dung trong k¥ thut. Nghién ciru nay khio sat anh hwéng cia cac diéu kién, cong nghé ma dén tinh
chit co 1y, thanh phéin héa hoc ciia 16p ma Ni-W. Céc két qua phan tich SEM-EDS di chi ra, 16p ma Ni-W c6
thanh phin W tir 4,5 dén 14,2% va ham lwong W phu thudc vao mét do dong. Khi ham hrgng W trong hop kim
khoing 10,3-14,2%, do cirng hop kim dat 880 kG/mm? va c6 thé ing dung thay thé 16p ma crém cirng.
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Abstract:

Nowadays, nickel-tungsten plating process has a high
potential of alternating the electroplating of hard
chromium in engineering applications. In this work,
mechanical properties and chemical composition of the
Ni-W coating have been investigated. The results show
that the electrodeposits have the W contents of 4.5, 8.6,
10.7, 14.2, and 10.3% at the current densities of 0.1,
0.2,0.3,0.5, and 1.0 A/dm?, respectively. Moreover, the
alloys with the W contents of 10.3-14.2% exhibit the
hardness about 880 kG/mm?.
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Mé dau

L6p ma crdm c6 nhiéu wu diém vé tinh chéng dn mon,
chiu mai mon va ma sat. Lé6p ma crém cung co cAu tao
va t6 chirc khac v6i crém diic, c6 do cimg va chiu mai
mon rat cao, dung dé ma phuc hoi nhiing chi tiét bi mai
mon nhu xi lanh, pitténg, chi tiét may, khuén ép nhua. ..
[1, 2]. Cong nghé ma crom truyén thdng 1a tir dung dich
ma co6 axit cromic (Cr(VI)) va ion sunfat. Tuy nhién, do
viée str dung hoa chét trén co sé hop chat Cr(VI) gay doc
(tac nhén gdy ung thu) nén tai nhiéu nudc cong nghiép
phat trlen hién nay nguoi ta dua ra cic quy dinh han ché
hodc cdm sir dung hop chit Cr(VI) dé cromat héa cho 16p
ma kém, nhom hodc hgp kim, cling nhu dung dich ma
crom. Vi vay, viéc thay thé hodc st dung han ché hop chét
Cr(VI) trong cac dung dich ma crom hoac st dung cac 16p
ma co tinh chét thay thé 16p ma tir dung dich chtta Cr(VI),
hodc ma crom tir dung dich Cr(Ill) dang thu hat sy quan
tam cua cac nha nghién ctru trong nude va quéc té [3-10].
Nhing nghién ctru gan day chi ra cac 16p ma hop kim
niken-volfram, coban-volfram c6 cac tinh chét co 1y, hiéu
qué bao vé chéng an mon tuong duong 16p ma crom cling,
ddc biét dbi voi cac chi tiét 1am viée ¢ diéu kién chiu ma
sat va nhiét do cao [11-15]. DPbi véi ma hop kim Ni-W, cac
nghién ctru cho thdy dung dich amonicitrat [3] dé sir dung,
hiéu qua va c6 nhiéu dic tinh wu viét khac. Co ché tao
hop kim Ni-W compozit trong dung dich phirc chira mudi
citrat da dugc cac tac gia trude day nghién cuu [3, 8] va
gidi thich theo co ché sau:

Trong dung dich, cic anion WO, (volframat)
va CH,O? (citrat) tao thanh to hop phuc dang:
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H*+ WO,> + CH,O*— [(HWO,)(CH,O.)]* hoidc két
hop véi N12+ thanh [(Ni)(HWO,)(C,H,O,)]> va phan tmng

phong dién tir phirc nay, tao két tua dong thoi Ni-W.
[Ni(HWO,)(CHO ) + 8¢ + 3H0 = Ni+W+[CHOJ* + T0H (1)
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Ngoai ra, d6i voi Ni?*, c6 thé phong dién truc tiép tir
phuc Ni(C H,O,), tao két tua Ni kim loai.

[Ni[(C,H,0,)] +2¢ = 2Ni+ [C,H.O ] )

6 577
Do vy, thanh phan hop kim Ni-W, tinh chét 16p ma
s€ phu thudc rat 16n vao dién the xdy ra trén dién cuc, hay
tryc ti€p la mét do dong dién.

Trong bai bao nay, budc dau chung toi trinh bay cac
két qua nghién ctru dung dich ma hop kim Ni-W tir dung
dich mudi citrat, khao sat anh hudng ciia mat d6 dong dén
thanh phan hoa hoc va tinh chét co 1y, dinh hudng thay thé
16p ma crém cimg truyén thong.

Thuc nghiém
Héa chdt, thiét b

Céc hoa chit str dung bao gom: NiSO,.6H,0,Na,WO,,
Na,CH.O,,(NH,),SO,, HCI, NH OH (10a1 t1nh khlet phan
tich PA).

Céc thiét bi bao gdm: Dung cu thuy tinh, thiét bi gia
nhiét, chinh Iuu.

Dung dich ma hop kim Ni-W dugc Iya chon khao sat
¢6 thanh phan 1a: 60-80 g/1 NiSO,.6H,0 + 50 g/ Na,WO,
+ 60-80 g/l Na, CH,0, (natrl 01trat) + 60 g/l (NH, ) SO,
Chinh pH = 6 den 7 bang axit HCI loang, chay dién &
mat do dong catot 0,01-0,05 A/dm?, thoi gian 90-120 phat,
nhiét d6 65°C.

Chudn bi mdau do va ché dp ma

Dbi voi mau do anh SEM, phan tich EDS, XRD dugc
ma trén vat liéu dong do c6 dién tich kha kién 2 cm?, thoi
gian ma 30 phut, ¢ cac ché do mat dd dong khac nhau.

Pdi véi mau do do cirng, d0 mai mon dugc ma trén
mau chuan lam bang vat liéu thép 9XC, tong hai mat ma
(3163,55 mm?), dugc ma trong thoi gian 90 va 60 phat,
tuong ung 6 mat do dong 0,1 A/dm? va 0,3 A/dm?. Riéng
mau ma crom cimg dwoc ma trong dung dich va ché do
nhu sau: CrO, 250 g/1, H,SO, 2,5 g/I, Cr* khoang 3-5 g/l
nhiét d6 55°C, mat d6 dong 30 A/dm?, thoi gian 30 phat,
chi tiét mau chuin tuong tu mau ma hop kim Ni-W.

~ Cac méu trude khi ma duge danh bong qua gidy giap
s0 min, ching loai 400, 600, 1500 va 2000 (Nhat Ban).
Phuwong phap nghién ciru
Céc phuong phdp phan tich hoa 1y hién dai dugc su

TAP CHI

HOA HOC

ONG NGHE I} Nam 18(7) 7.2017

dung d phan tich danh gid chat luong 16p ma Ni-W
compozit. Duéi day gioi thi¢u so luge cac phuong phap
do va thiét bi do sir dung danh gia, phén tich chit lugng
16p ma.

Chup anh kinh hién vi dién tor quét (SEM), két hop
phan tich phé tan xa ning luong tia X (EDS) duoc phan
tich trén thiét bi JSM 6610 LA-Jeol (Nhat Ban) tai Vién
Hoa hoc - Vit liéu. Cac mau xac dinh thanh phan bang
phuong phap EDS déu dugc phan tich ¢ 3 viing khac nhau
trén bé mit, thanh phan ctia mau 13 gia tri trung binh cta
3 sb liéu do.

Mau phan tich Ronghen (RXD) dugc do trén thiét bi
X’Pert Pro tai Vién Hoa hoc -Vt liéu, Vién Khoa hoc va
Cong nghé Quaén su.

Miu do chiu mai mon, do theo tiéu chuin
ASTM-G77:2010, do kha nang chiu mai mon trugt cua
vat liéu str dung mau xoay tron.

Chét 1a thép 9XC duoc nung ¢ nhiét d6 (870+5°C), sau
do6 toi trong dau dat do cimg 62-64 HRC va ram thip ¢
nhiét do 170+5°C dat d6 cung 61-63 HRC. Dia lam bﬁng
thép 9XC.
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Cuong d6 mon cua vat liéu dugc tinh theo cong thirc:
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Hinh 1. Chét va dia do d¢ mai mon.

Cudng d6 mon = NV—S

Véi: V 1a thé tich mai mon (V = %)
trong d6 M 1a khéi lwgng mau trude khi thir (g); m 14 khoi
lugng mau sau khi thir (g); v 1a ty trong mau thir (g/cm®);

N: Tai trong (N);
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S: Quang dudng trugt (S =n x 2 x © x R (mm)), trong
d6 n 1a tong s6 vong quay (1an); R 1a ban kinh trugt (mm).

Mau duge do trén thiét bi TE 97 Friction and Wear
Demonstrator (Anh) cta Phong thi nghiém vat liéu k¥
thuat cao thudc Vién Co khi nang luong va mé. Mau dugc
do & diéu kién tai trong st dung 20 N, tde do quay 10
vong/phut.

Do ctiing cia 16p ma dugc xac dinh theo phwong phap
Vicker - dugc coi 1a phuong phap chuan do do cting kim
loai. Céc tinh toan cua phuong phap thir Vicker khong phu
thudc kich c& ctia du thir. Dau thir c6 thé st dung cho moi
loai vat li€u. Phép thtr st dung mot miii thir kim cuong
hinh chép 4 canh c6 kich thude tiéu chuin, goc gitra cac
mit phang ddi dién 1a 136° (£3°).

Miii thir duge 4n vao vat liéu dudi tac dung cua cac tai
trong 100 N. Lép ma dugce xac dinh d6 cung trén thiét bi
do Strures tai Hoc vién Ky thuat quan su.

Két qua va thao luan
Phan tich anh SEM-EDS

Két qua phan tich anh SEM-EDS cua miu ma dugc
chi ra ¢ trén hinh 2, 3 va bang 1. Tir d6 cho thiy 16p ma
c6 chira 4,5-14,2% khdi lugng W, phu thudc vao mat do
dong str dung. Lép ma ngoai thanh phan chinh 14 Ni va
W con c6 cac tap chat khac 1a nguyén t6 O, S chiém ty
1¢ nho khoang 0,4 % khéi lwong (phdé EDS hinh 3). Theo
M. Obradovi¢ [9] va N. Eliaz [10], su c6 mit cua tap chit
0, S trong 16p ma duoc giai thich do sy cong két va dong
két tha ciia cac hop chat dang WO > SO, c6 mit trong
16p ma.

Hinh 2. Anh SEM
cia mau ma Ni-W,
¢ mat do dong 0,3
A/dm?,

Mat d6 dong c6 anh huong 16n téi thanh phan W ¢
trong 16p ma, & mat d6 dong 0,5 A/dm?, thu duoc 16p ma
¢6 chira ham lwong W cao nhét (14,2%). Khi ting mat
d6 dong 16n hon 0,5 A/dm?, ham lugng W ¢6 xu hudng
giam dan, diéu nay duoc giai thich c6 lién quan dén co
ché phong dién trong dung dich phirc. O mat do dong nho
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(nho hon 0,5 A/dm?), qua trinh phong dién giai phong W
kim loai tir dung dich phtrc khé khan hon su phong dién
ctia Ni*" tir dung dich phtrc, cho nén khi tang mat 46 dong
s& tang ham luong W trong thanh phan 16p ma. Nhung
khi méat d6 dong tang qua 0,5 A/dm?, qua trinh phong dién
cua ca WO,*, Ni** tir dung dich phirc déu tang, nhung qua
trinh phong dién cta Ni** ¢ mat d dong 16n uu tién hon,
nén ham luong Ni trong hop kim s& tang khi mat d dong
dién 16n hon 0,5 A/dm?.

Hinh 3. Phd EDS
clia mau ma Ni-W
compozit, & ché&
do ma khac nhau:
(a) 0,1 A/dm?; (b)
0,3 A/dm? va (o)
0,5 A/dm?, thanh
phan dung dich
ma: 60-70 g/l
NiSO,.6H,0 + 50
g/l Na,WO, + 60-
80 g/l Na,C,H.O,
(natri citrat) + 60
g/l (NH,),SO,, pH
=6-7.

Bang 1. Thanh phan % nguyén t& trong I6p ma Ni-W
compozit phu thugc mat dé dong.

Tén miu, ché do ma Ni (%) W (%) Khic (%)
0,1 A/dm? 95.1 4,5 0.4
0,2 A/dm? 91,1 8,6 0,3
0,3 A/dm? 89.1 10,7 0.2
0,5 A/dm? 85,5 14,2 0,3
1.0 A/dm? 89.5 10,3 0.2

Anh SEM trén hinh 2 cho thdy, c4c hat W hodc NiWO,
phan bd ddng déu trén 16p ma, diéu nay chi ra 16p ma
Ni-W dang compozit (s& dwoc nghién ctru thém bing
phuong phap phan tich Ronghen).

Phan tich Ronghen

Két qua phan tich anh Ronghen (XRD) cia mau ma
dugc chi ra ¢ hinh 4. Tur trén hinh chi rd, mau ¢o Xuét hién
pic cta kim loai Ni, W, NiWO, rat ddc trung. Két qua nay
phu hop véi cac nghién ctru duge cong bo trudce day, cling
nhu anh SEM & trén [8].



s Khoa hoc Ky thuat va Céng nghé

— N
— N NLOL

=

I
My | g |
00 | ‘M ‘ ‘\ = = | 5
bt b b ||, £ g g
| “W‘WW’1*r"/»f‘n"Wv\M\)/WW"’r‘ﬂ"‘\’ W"M‘i‘l‘w V.”\WM‘W\MW T

= \ A
M'\MWMWW ‘Wm‘,m)M"u"‘ﬁ",mw"‘ ‘?W“M“ Yyl

& & £s

Fosition (2Theta] (Copper (Gu)

Hinh 4. Phé XRD clia miu ma Ni-W compozit & ché
ddo ma 0,2 A/dm?, thanh phan dung dich ma: 60-70 g/I
NiSO,.6H,0 + 50 g/l Na,WO, + 60-80 g/l Na,C H.O,
(natri citrat) + 60 g/l (NH,),SO,, pH = 6-7.

Do dj cirng, dp mai mon

Két qua do d6 ctng va do mai mon cta 16p ma c6 ham
luong W 10,7% (khéi lwong) duoc cho ¢ bang 2. Bang 2
chi ra, 16p ma Ni chira W (10,7%) cai thién dang ké do
ctrng, do mai mon. Nguyén nhan cai thién do cting cta I6p
ma duoc giai thich 1a do sy c6 mat cua W, tao hop chét
NiWO,, hoac W kim loai lam tang dQ cing so voi 16p ma
Ni (thong thuong 16p ma Ni don chat tir dung dich Watt
¢6 do cung khoang 200, hodc trén co sé dung dich Watt c6
b6 sung chat ma bong, co d6 cimg khoang 400 (kG/mm?))
[3]. Sy c6 mat cﬁg cac hop chit NiwWO , hodc lgim !oai W
tao thanh hgp chat dang compozit lam thay doi cau trac
tinh thé cua niken, tuong tu cic qué trinh ma Ni compozit
Vi cée chit tro nhu ALO,, SiO,, TiO,, SiC, ZtO,, WC,
BN, CNTs (carbon nano tube), kim cuong (diamond)... dé
cai thién tinh chat co 1y [13, 15, 16].

Bang 2. Tinh chat co ly ctia I6p ma Ni-W compozit c6
chia 10% W.

Tén miu Do cimg Khbi hrgng Khbilwgng  Gidm khéi
(kG/mm?)  trwdckhido (g) saukhido(g) lwong (mg)
Cr cling 1000 132,5114 132,5113 1
Ni-W (4,5%) 600 132,7920 132,7915 5
Ni-W (10,7%) 880 131,4687 131,4686 1

Két luan

Viéc nghién ctru, khao sat 16p ma Ni-W compozit chiu
mai mon dinh hudéng tng dung cho 16p ma crom cting
bude dau cho két qua kha quan, tao dugc 16p ma Ni-W
c6 ham lugng W dat tir 4,5-14,2%. Véi dung dich ma co
thanh phan va ché d¢ sau: 60-80 g/l NiSO,.6H,0 + 50
g/l Na,WO, + 60-80 g/l Na,C . H.O, (natri citrat) + 60 g/l
(NH,),SO,, pH = 6-7, mat d dong catot O,l:l,Q A/dm?,
nhiét d6 65-70°C, cho 16p ma cd thanh phan 6n dinh,
boéng, min va ham lugng W ¢6 trong 16p ma phu thudc vao
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mat d6 dong dién. Lép ma Ni-W thu duge c6 chat lugng
tdt, cai thién do cung, chiu mai mon so véi 16p ma Ni, do
ctig dat 88% so v6i 16p ma crom cimg truyén thong. Véi
két qua nay, 16p ma hop kim Ni-W ¢6 trién vong thay thé
16p ma crém truyén thong cho céc chi tiét co khi chiu mai
mon.

Trong khuén khé bai bao, cac tic gia mdi nghién ciru
anh huong cua mat do dong dén thanh phan, tinh chét co
ly ctia 16p ma, ching t6i sé& tiép tuc nghién ctru cac yéu
t6 thanh phan dung dich, nhiét 46, pH anh hudng t6i chat
luong 16p ma va cong bd trong cac cong trinh tiép theo.
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