Nghién ctru khoa hoc c6ng nghé

KHAO SAT ANH HUONG CUA HAM LUQNG PHOTPHO DPEN
TiNH CHAT LOP PHU Ni-P VA DANH GIA KHA NANG
CHONG AN MON CUA LOP PHU Ni-P BA LOP DEN

NGUYEN THI YEN
1. PAT VAN DPE

Lop phu mau den dugce img dung trong nhiéu linh vuc nhu quang hoc, vat liéu,
hang khong, quén su... bao gébm 16p phu niken den, k&m, crom den, phophat, thép
nhudom den [5]. Thep nhudm den bang phuong phép oxy héa duoc sir dung nhiéu
trong quan sy vi gia thanh san xuét ré, nhung kha nang bao vé dn mon kém, trong
qua trinh sir dung va bao quan thiét bi cﬁn dugc lau dau, md thuong xuyén.

Gan ddy nhiéu nghién ctru dé chi ra 16p phu Ni-P c6 kha nang chéng an mon
t6t [3, 7]. Viéc két horp nhiéu 16p Ni-P véi ham luong photpho khac nhau va thém 16p
phtt mau den ngoai cliing da tao ra vat liéu bao vé tot trong méi trudng nude bién [6].
Viéc khao sat anh huong cia ham luong photpho trong 16p phu Ni-P va danh gia cac
yéu t6 tao thanh 16p phu da 16p Ni-P da thu dugc diéu kién t6i wu dé cho 16p phu da
16p Ni-P ¢6 kha ning bao vé t6t nhat, dic biét trong méi truong nude bién [1, 2, 4].

Bai bao trinh bay nghién ciru anh huong cua sy thay do6i ham luong NaH,PO,
trong dung dich d€ két tua dién hoa dén thanh phén, tinh chat, kha nang bao vé
chong an mon cua 16p phu Ni-P thu duge. Bai bao ciing dua ra két qua danh gia kha
nang bao v¢ an mon cua 16p phu da 16p Ni-P mau den.

2. THUC NGHIEM

2.1. Chuén bi

- Hoba chét sir dung: NiSOy4, NaCl, H3BO3, H2$O4, NaOH, NaH,PO,, Na,COs,
HNOj3, H3PO4, Na;SO4. Toan b 1a hoa chat tinh khiét loai PA.

- Dung dich dé khao sat anh huong cua ndéng d6 NaH,PO, dén ham luong P
thu dugc trong 16p phu c6 thanh phan: NiSO4 50g/1, NaCl 20g/1, H;BO; 15g/1 va
NaH,PO, lan lugt 0g/1, 5g/1, 10g/1, 15g/1, 20g/1, 40g/1.

Str dung phuong phap ma dong mot chiéu 6n dinh c¢6 mat do dong 1A/dm2, o
nhiét do 60°C.

- Cac phuong phap tao I6p mau den ngoai cung:

+ Phuong phap 1: Nhuém den bang cach oxy héa trong dung dich HNO3 4M
trong 30s [3, 5].

+ Phuong phap 2: Thém 16p phi den Ni-Zn-P trong dung dich c6 thanh phan:
NiSO4 50g/1, NaCl 20g/1, H;BO; 15g/1, NH4SCN 15g/1, ZnSO4 20g/1, NaH,PO, 20g/1
tai mat d6 dong D = 0,1 A/dm?; 25°C [6, 7].

- MAu nén: Thép CT3.
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2.2. Tién hanh
- X li mau theo cac bude: Cit miu, mai mau, rira sach roi cho qua glung~ dich
tay dau m& (NaOH 10g/1 + Na,COs 20g/1) 6 70°C. Sau khoang 5 phut nhic mau ra,
rira sach va nhiing vao dung dich axit (HCI ~200g/1) dén khi hét gi. Rura sach lai mau
roi dua di ma.

- Ma theo céac diéu kién & muc 2.1.

- Tao 16p phu den ngoai cung theo 2 phuong phap.

2.3. Danh gia l6p phu

- B bam dinh cua 16p phu [8]: Sir dung hai phuong phép la phuong phap dao
vach va phuong phap soc nhiét trong tiéu chuan ASTM B571-97.

- Phéan tich SEM/EDX: Phép phan tich dugc tién hanh trén may S4800 cia
hang Hitachi tai Dai hoc Bach khoa Ha Noi.

- Panh gia kha nang chdng dn mon cua 16p phu bang phuong phap do dudng
cong phén cyc trong dung dich NaCl 5%. St dung blnh do dién hoa 3 dién cuc (dién
cyc 1am viéc - mau can phén tich ¢ dién tich 1 cm?, dién cuc d01 - Pt, dién cuc so
sanh Ag/AgCl). Ngoai suy Tafel duong cong phén cuc thu dugc tbc d6 an mon cua
mau phan tich.

- bBanh gia kha nang bao v¢ l?z?mg phuong phép thir nghiém gia tbc mui mudi
theo ASTM Bl 17 [9]. St dung t‘hiét bi tu thir nghiém mu mudi SC450 cia Phong
Thtr nghiém tong hop, Vién BJ bén nhiét déi, Trung tdm Nhi¢t doi Viét - Nga.

3. KET QUA VA THAO LUAN

3.1. Nghién ctru anh huéng ciia nong d6 NaH,PO, dén dic tinh caa l6p
phu Ni-P co s¢

3.1.1. Két qua SEM/EDX

Hinh 1. Hinh anh SEM/EDX bé mit 16p phu dugc ma:
(a) - Trong dung dich c6 ham luong P = 5g/1
(b) - Trong dung dich c6 ham lugng P = 10g/1
(c) - Trong dung dich c6 ham lugng P = 20g/1
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Hinh 1 biéu dién két qua phan tich SEM/EDX lan lugt 3 mau Ni-P thu dugc tir
3 dung dich véi ham lugng NaH,PO, thay dbi twong tmg 1a 5g/1, 10g/1, va 20g/1 véi
do phong dai gép 2000 lan. Tir hinh anh ta danh gia dugc do kin, min cling nhu d@)ng
déu ctia bé mit 16p phu Ni-P thu dugc:

- Khi néng d6 NaH,PO, thap (truong hop 5g/1): B& mit 16p phu ¢ cau trac
dang hat, kich thudc hat c& 1pum, sau khi séy kho thuong xuét hién nhiing duong nut
nho. Hién tuong nay c6 thé lam giam kha nang chdng dn mon cia vat lidu.

- Khi ndéng d6 NaH,PO, trung binh (trudng hop 10g/1): Bé mat 16p phu Ni-P
tao ra min va déng déu hon, tuy nhién van xuat hién dang hat nam xen k8.

- Khi ndng 6 NaH,PO, cao (trudng hop 16n hon 20g/1): Bé mit 16p phii Ni-P
thu duoc dang cAu tric min nhét, khong co cAu tric dang hat hay cac vét nirt.

Két qua EDX dugc biéu dién chi tiét trong do thi & hinh 2.

%P trong Ni-P theo néng dé6 NaH,PO,

.

25 30 N 35 . 40 45
Nong @0 NaH,PO, g/l

Hinh 2. D) thi biéu dién quan hé caa ham lugng photpho trong 16p phu Ni-P
phu thudc vao ndng d6 NaH,PO, trong dung dich

D6 thi nay biéu dién mdi quan hé ctia ham luong P trong 16p phii Ni-P thu
dugc v6i ndng d6 mudi sir dung. Két qua chi ra ham luong photpho trong 16p phu
Ni-P ting tuyén tinh tir 0~13% khi nong d6 mudi NaH,PO, trong dung dich ting
trong khoang tir 0+20g/1 va dat t6i da 13%. Khi ndong d6 NaH,PO, 16n hon 20g/1 thi
hau nhu ham luong P khong ting nita va dat gia tri on dinh & khoang 12+13%. Két
qua nay cting phu hop voi nghién ctru cua tac gia Fang Zhaoheng [2].

Tir két qua SEM/EDX nhan thidy ham luong P trong 16p phu Ni-P ting ti 18 véi
ndng d6 NaH,PO, trong dung dich, dong thoi trang thai bé mat chuyén tir dang lién
két hat tho sang dang bé mit min, kin va xit chit. Him lugng P trong 16p phu 16n
nhét c¢6 thé dat 13% khi nong d6 NaH,PO, trén 20g/1.
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3.1.2. Két qud do duwong cong phan cuc

Hinh 3 biéu dién duong cong phan cyc cua me:}u thép va mau thép phu Ni-P
v6i ham lugng photpho thay doi tir 0+13%, dugc ché tao tir dung dich c¢6 nong do
NaH;PO; khac nhau.

Do thi E-logi theo ham lwong P trong Ni

Fe thirimg \

i+ 2%P

] Ni+ 8% P

i Ni+S5%P Ni + 1300P

& T T T T T T T T T T 1
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Hinh 3. Budng cong phan cuc ciia mau thép va mau thép phu Ni-P
v6i ham luong photpho khéac nhau

Ngoai suy Tafel nhan dugc gia tri thé 3n mon va dong an mon, tur do tinh dugc
toc d§ d&n mon cua cac mau thtr nghiém, dugce trinh bay trong bang 1.

Bang 1. Toc d dn mon cua 16p phu phu thude ham luong P

Lép phii Thé in mon Dong an ;n(‘)n Téc dd 513 mon
W) (A/em”) (mm/nam)

Fe thuong -0,581 2.01E-04 0,197
Ni -0,475 1.05E-05 0,119
Ni + 2%P -0,447 8.90E-06 0,031
Ni + 5.5%P -0,429 7.89E-06 0,028
Ni + 8%P -0,394 4.35E-06 0,028
Ni + 13%P -0,342 2.04E-06 0,019

Khi ting ham luong photpho trong 16p phu, dién thé can bang dich chuyén vé
phia duong, dong an mon giam khi tdng ham luong P theo thir tu Fe > Ni > Ni-Py, >
Ni-Pso, > Ni-Pgo, > Ni-Pj30,. Sy tang kha nang bao vé chéng an mon dugc giai thich
la do khi tang ham lugng P trong 16p phu, trang thai bé mit chuyén dich tir dang co
c4u tric hat sang dang bé mat min, xit chat hon. Két qua nay pht hop véi két qua
phan tich SEM/EDX ¢ trén. Ngoai ra, mot yéu cau quan trong cho cac vt liéu bao
vé dang catot 1a dién thé can bang cua 16p phu duong hon so véi dién thé can bang
ctia nén. Sy chénh 1éch dién thé giira 16p phu chira ham lugng P cao véi 16p pha Ni
thong thuong hodc 16p pha Ni c6 ham luong P thap va nén thép luén 16n hon 0,1V.

Nhu véy khi ma véi dung dich ndéng do NaH,PO, 20¢/1 s& thu dugc 16p phi co
kha nang chong an mon tot nhat.
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3.2. Nghién ctru kha niing chéng in mon ciia 16p phii ba 16p mau den

- Pé tang kha niang chong an mon cho 16p phit Ni-P, can tao ra hé da 16p ¢ su
chénh 1éch dién thé phu hop. Tac gia di ché tao hé da 16p c6 thanh phan ting 16p
turong ng Fe/Ni-P cao/Ni-P thip. Viéc ma da 16p co tac dung lam ting do kin cua
16p bao vé. Ngoai ra, 16p Ni-P thap bén ngoai 13 16p bao vé dang anot so v6i 16p Ni-P
cao bén trong, nén khi c¢6 tac nhan an mon tan cong, 16p Ni-P thap s& bi an mon dan
dan. Nén thép van duoc 16p Ni-P cao ngin cach va bao vé.

- P6i v6i mot vai tmg dung dic biét, can tao mau den cho 16p phi da 16p Ni-P.
Téc gia cling da tao 16p mau den ngoai cung theo hai phuong phap la nhuém den
(phuong phap 1) trong dung dich HNO3 va ma 16p hop kim Ni-Zn-P (phuong phap
2). Trong phan tiép theo cuia bai bao s& so sanh kha ning chéng an mon cta 16p phu
da 16p khi dugc tao 16p mau den ngoai cung.

- Ba stir dung phuong phap do duong cong phan cuc Tafel va phuong phap thu
nghiém gia tbc mu mudi dé danh gia toc d6 dn mon cua cac 16p phu duge tao thanh.

3.2.1. Két qud do dwong cong phin cuc

Biéu dién duong cong phéan cyc cta cac 16p phi Ni-P hai 16p thudng, 16p phu
Ni-P hai 16p thuong dugc tao den theo hai phuong phap trén hinh 4.

Do thi E-logi ciia 1ép phi hai lop

—— Fe thirimg —— B lip den Pp2
3 wesnssinis

P 16 thirimg - = -Ba lip den Ppi
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Hinh 4. BDuong cong phan cuc cua 16p phu Ni-P hai 16p thuong va
Ni-P hai 16p thuong c6 tao den bang hai phuwong phap
Két qua trén d6 thi cho théy bang ca hai phuong phdp tao mang den cho 16p
pht Ni-P hai 16p déu lam dién thé can bang chuyén dich v€ phia am hon, tbc do an
mon bi tang 1én, nhung vin dam bao kha ning bao vé nén thép.

Bang 2. Toc d6 dn mon cua cac 16p pha

Piéu kién Dong an mon (A/em?®) | Téc dd An mon (mm/nam)
Fe thuong 2,01E-04 0,197
Ni-P da 16p 8,18E-08 0,001
N gh‘i‘g;ggg theo 9.41E-07 0,051
Ni-P phu Ni-Zn-P 6,42E-07 0,03
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Bang 2 dua ra gia tri dong an mon va toc d6 dn mon cu thé duge ngoai suy tu
d6 thi 4. Theo d6, 16p phu Ni-P dugc tao mang den bang phwong phép 2 cho toc do
an mon thap hon 16p phu Ni-P duoc tao mang bang oxy hoa theo phuong phap 1.
Vay xét vé phuong dién bao vé dn mon thi cach tao 16p phii den Ni-Zn-P t6 ra uu
viét hon phuong phap nhudm den trong dung dich axit HNOj;.

3.2.2. Thir nghiém gia toéc mi mudi

Bang 3. Thoi gian va hinh anh mau 16p pha sau khi phun mi mudi

Hinh anh Hinh anh

Miu Thoi gian i . n . o
truwde thir nghiém sau thur nghiém

Thép CT3 <4h

Thép CT3
nhudém den <4h
thong thuong

Lép phu Ni-P

da l6p > 48h

Lép phu
nhudm den
theo phuong
phap 1

=24h

Lép phu
nhudm den
theo phuong
phap 2

>24h
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Két qua thir nghiém gia toc mu mu01 sau 48h duogc chi ra trong bang 3 cling c6
xu hudng tuong tu két qua xac dinh téc d6 an mon tir phép do duong cong phan cuc.
L6p phu hai 16p Ni-P thong thuong c6 do bén in mon cao nhat (> 48h). Ca hai
phuong phap nhuém den cho Ni-P déu cho 16p phiit méi c6 kha ning chéng dn mon
kém hon 16p phu hai 16p khéng nhudm den, song t6t hon 16p nhudém den sit bang
hoa chat cong nghi€p. Ngoai ra, phuong phap tao Ni-Zn-P thich hop hon, cho kha
nang chéng an mon t6t hon phuwong phap oxy hoa trong HNO;.

Nhu vy két hop cé hai phuong phép nghién ctru &n mon c6 thé két luén 16p
pht hai 16p c6 thém mang mau den Ni-P-Zn cho kha nang bdo v¢ tot hon.

3.3. Khao sat do day, dg bam dinh cua 1é6p phi hai l6p den

3.3.1 g day Ni-P thi

Nénthép | Ni-P cao Ni-P-Zn

»lg
Ll il

Il

7.<dum

Hinh 5. Hinh anh SEM xéc dinh chiéu day 16p phi
Chiéu day ctia mau Ni-P hai 16p c6 mau den dugc do bang hinh anh SEM
(hinh 5) co kich thudce 11,1+ 7,4 + 8,9 = 27,4 um.
3.3.2. Dj bam dinh

- Phuong phap dao vach: Hinh anh 16p phu sau khi cit v4i do phong dai 150
lan cho thdy cac duong vach c6 mau sic gan tuong dong véi 16p phu, khong phat
hién thay su bong tréc cua 16p phu (hinh 6a).

- Phuong phép sbc nhigt: Sau khi sdy kho miu ta thiy, miu khong bi phong
rdp, bong troc, khong cé vét nirt (hinh 6b).

Hinh 6. Bé mit 16p phii Ni-P sau tac dong véi d6 phong dai 150 1an
(a) Phuong phap sir dung dao vach; (b) Phuong phap soc nhiét
Nhu vy c6 thé danh gia 16p phu Ni-P hai 16p den c6 d6 bam dinh v6i nén thép
dat yéu cau.
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4. KET LUAN

- C6 thé tao lop ma Ni-P ¢6 ham luong P khac nhau bang phuong phap d1en
hoa khi thay doi nong dd Na,H,PO, trong dung dich. Khi tang noéng do mudi
Na,H,PO, trong dung dich, ham lugng P trong 16p phu ting, bé mit 16p phu ngay
cang min, kha nang chéng dn mon ngay cang tang.

- P ché tao 16p ma da 16p trén nén thép gdm Fe/Ni-P cao/Ni-P thap/Ni-P-Zn
c6 mau den day 27 pm, d6 bam dinh dat theo tiéu chuidn ASTM 571-97 va c6 kha
nang chéng dn mon gép 6 lan so voi 16p ma den thong thudng (so sanh bang thir
nghiém mu mudi theo tiéu chudn ASTM B117). Lép ma da 16p Ni-P c6 thé duoc sir
dung dé bao vé cac trang thiét bi trong méi truong bién dao.
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SUMMARY

INVESTIGATE THE EFFECTS OF PHOSPHORUS CONTENT ON
PROPERTIES OF Ni-P COATING AND EVALUATE THE CORROSION
RESISTANCE OF BLACK MULTILAYER Ni-P COATING

The paper presents the effects of NaH,PO, concentrations in electrodeposition
solution on phosphorus contents and corrosion resistance of Ni-P layer. The results
of SEM/EDX show that when the concentration of NaH,PO, in solution increases,
the content of phosphorus and corrosion resistance of the layer also increase and the
alloy's state changes from coarse granules to a smooth surface. The paper also
describes the electrodeposition method to make black Ni-P multilayer coating. The
corrosion resistance of black multilayer Ni-P alloys including Ni-P (high
phosphorus)/Ni-P (low phosphorus)/black Ni-P-Zn is 6 times higher than that of
blackened steel when testing using salt spray methods.

Tw khoa: Ni-P multilayer, black, phosphorus content.
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