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Linh vic k§ thuit dwoc dé cip

Giai phap hitu ich thudc linh vuc bao vé chdng dn mon kim loai, cu thé
giai phap hitu ich d& cap dén quy trinh tao ra hé phi kém — niken ba 16p hé KC1
trén nén thép cacbon.

Tinh trang k¥ thuat cta gidi phap hitu ich

Phuong phdp ma dién dé san xut cac 16p phu nhiéu 16p Zn—M vdi thiét
1ap két hop (céc kim loai M nhr sit Ni, Co va Fe), d3 nhan dugc sy chi ¥ cao
nhit trong ki thut bé mit vi d6 bén in mon tét cta chang. San xuit 16p phu
k&m nhiéu 16p dé bao vé nén sit chéng lai in mon duoc tién trién déng Kké.
Trong 16p phu nhiéu 16p, méi 16p c6 vai trd riéng va loai va hinh thirc cita cac
16p dugc thiét ké dua trén mot sb muc tiéu. Hé 16p phu nhiéu 16p bao gdm kém
va céc nguyén t6 khac nhu Zn—Co, Zn—-Mn, Zn—Fe, va Zn-Ni dugc phat trién
gin day dé bao vé chéng an mon cac nén kim loai.

L6p pha nhiéu 16p 12 16p phit ¢d hai hozic nhiéu 16p thanh phan. Céc 16p
pht nay c6 do bén dn mon, tinh chét vat 1y, co hoc va tir tinh tdt hon cac hop
kim théng thuong. Céac 16p pht nhiéu 16p kém-niken 13 mot trong sé cac 16p
phit k&m duoc dé cap trong nhiéu nghién ctru vi tinh ning bao vé chéng in mon
tot trén nén thép.

Trong sb céc yéu t6 anh huong dén 16p phit nhiéu 16p 14 tinh chat cia 16p
phi, thanh phan héa hoc cia 16p, sb luong 16p, su sap xép ching va d6 day.

| Trong linh vuc ndy ciing dd biét cic 16p phu da 16p dang trd nén hép dn
hon do cai thién nhiéu An vé bao vé chéng an mon, mac du ham lugng Ni trong
cac 16p phu it, chéng han & cac cong bd dugc liét ké dudi day:

Pedroza va cic cong sy “Influence of formic acid on themicrostructure
and corrosion resistance of Zn—Ni alloy coatings by electrodeposition, Surface
& Coatings Technology 258 (2014) 232-239”;
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Soroor Ghaziof va cic cdng su: “Electrodeposition of single gamma
phased Zn-Ni alloy coatingsfrom additive-free acidic bath, Applied Surface
Science 311 (2014) 635—-642”;

Walsh va cic cong su: A revivew of the electrodeposition of metal
matrix composite coatings by inclusion of particles in a metal layer: an
established and diversifying Technology, Transactions of the IMF, 92(2)
(2014), 83-98”;

Tolumoye J Tuaweri, Olala M Olali, Emmanuel E Jumbo. Evaluation of
the wear resistance behavior of Zn-Ni and Zn-Ni/SiO2 composite coatings,
International Journal of Research in Engineering and Technology, 3 (11)
(2014), 2319-1163.

Tolumoye J Tuaweri, Pressy P Jombo, Alexander N Okpala, Corrosion
resistance characteristics of Zn-Ni-SiO, composite coatings, International
Journal of Advances in Materials Science and Engineering, 3 (2) (2014), 1-12.
DOI: 0.14810/ijjamse.2014.3201.

Hany M. ABD EL-LATEEF, Abdel-Rahman EL-SAYED, Hossnia S.
MOHRAN, Role of Ni content in improvement of corrosion resistance of
Zn—Ni alloy in 3.5% NaCl solution. Part I: Polarization and impedance studies,
Trans. Nonferrous Met. Soc. China 25(2015) 2807-2816.

Moonjae Kwon, Du-hwan Jo, Soo Hyoun Cho, Hyun Tae Kim, Jong-Tae
Park, Jong Myung Park, Characterization of the influence of Ni content on the
corrosion resistance of electrodeposited Zn—Ni alloy coatings, Surface &
Coatings Technology 288 (2016) 163-170.

Lép pht nhidu 16p o thé dugc ché tao biang cach diéu chinh thich hop
méat d6 dong ma cat6t dinh ky trong diéu kién t6i wu tir cing mot bé ma. Ban
chét chéng an mon dugce ting cudng cla 16p phu da 16p so vdi cc 16p phi don
16p dugc quy cho 1a sy hinh thanh cac bé mit méi, cho phép su lan réng cla
chét 3n mon sang bén canh thay vi xAm nhép tryuc tiép vao nén di dugc nghién
clru trong cac cong bd ciia Sadananda Rashmi va cic cdng sy trong bai bdo

“Multilayered Zn-Ni alloy coatings for better corrosion protection of mild steel,
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Engineering Science and Technology, an International Journal, Volume 20,
Issue 3, June 2017, Pages 1227-1232”. Kha nang chéng &n mon cia 16p phu
hop kim don 16p c6 thé ting 1én gip nhidu 1An do 16n cia né bing k¥ thuat da
16p. Hidu qua chéng #n mon ciia 16p phu don 16p duge cai thién nhiéu lin théng
qua phuong phap 16p phu da 1op. Dé nang cao hon nita do bén 3n mon cia 16p
pht bdo vé chéng in mon cho kim loai viéc nghién cuu két hop cac 16p ma don
16p xen k& nhau tang do bén in mon cho hé phu da 16p 12 rAt cin thiét.

Do d6, trong linh vuec ndy van c¢6 nhu ciu dé xuit quy trinh tao ra hé phu
kém — niken ba 16p h¢ KCl trén nén thép cacbon don gian, hiéu qua va do én
dinh cta bé ma cao.

Ban chit ky thuit cia gidi phap hitu ich

Pé dat duge cac muc dich néu trén, giai phap hiru ich dé xuét quy trinh tao
ra hé phu ba 16p kém — niken ba 16p hé KCl trén nén thép cacbon bao gdm cac
budc sau:

(i) chuén bi dung dich ma ZnNi bang cach: hoa tan NH,Cl trong nuéc ndng
60°C, hoa tan ZnCl, véi nuée rdi cho vao dung dich NH.Cl néng, khudy cho tan
hét, hoa tan NiCl, véi nude, hoa tan KCl véi nude, hoa tan H;BO; riéng trong
nuée nong 60°C 16i d@6 chung vao dung dich trén, thém nudce dén thé tich da tinh
dé thu duoc dung dich ma ZnNi hé KCl véi thanh phﬁn nhu sau ZnCl, 60 g/L,
NH,C1 50 g/L, KCI1 200 g/L, NiCl, 90 g/L, H:BO320 g/L, va diéu chinh pH =
5,5;

(ii) ma dung dich ma ZnNi hé KC1 thu dugc & budce (i) néu trén 1én nén
vat liéu thép cacbon véi diéu kién ma tao 16p ma ZnNi thir 1 ma tai mat d§ dong
dién 4 A/ dm?2, thoi gian 5 phut

(iii) ma dung dich ma ZnNi hé KCl thu dugc & budc (i) néu trén Ién 16p
ma ZnNi thir 1 thu dugc & budc (ii) tai mét do dong dién 1A/dm?, thoi gian 20
phut d& thu dugc 16p ma ZnNi 2 16p;
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(iv) ma dung dich ma ZnNi hé KC1 thu dugc & budce (i) néu trén 1én 16p
ma ZnNi thir 2 thu duge & budc (i) tai mét do dong dién 4 A/ dm?, thoi gian 5
phut dé thu dugc 16p ma ZnNi 3 16p;

M6 ti vin tit cic hinh vé

Hinh 1 mé ta so db quy trinh tao rahéphu ba 16p k&m — niken ba 16p hé
KCI trén nén thép cacbon

Hinh 2 mo ta vi du 16p ma Fe/(ZnNi); - 1; Fe/(ZnNi1); - 4 va Fe/(ZnNi); -
4/1/4;

Hinh 3 md ta gian dd XRF cia 16p ma Fe/(ZnNi), - 1; Fe/(ZnNi); - 4;
Fe/(ZnNi);-4/1/4;

Hinh 4 mb ta anh chiéu day 16p ma Fe/(ZnNi);-4/1/4,d6 phong dai 500x;

Hinh 5 md ta dudng cong phan cuc Tafel cia cac mau ma Fe/(ZnNi); - 1;
Fe/(ZnNi); - 4 va Fe/(ZnNi);-4/1/4 do trong dung dich NaCl 3,5%;

Hinh 6 m6 ta hinh anh két qua thir nghiém gia tdc phun mudi.

M0 ta chi tiét giai phap hiru ich

Dudi ddy, quy trinh tao ra hé phu ba 16p theo giai phap hitu ich s& duoc
mo ta mdt cach chi tiét c6 dwa vao cac hinh vé& kém theo.

Céc hoa chit duoc sir dung trong nghién ctru 12 hoé chét tinh khiét: NiCl,
ZnCl,, NH/Cl, KC1 H;BO3, NaCl, HCl ¢ ban trén thi truong. Cac dung dich
dugc pha bang nuéc cat hodc nuéc khir ion.

Sau day, viéc st dung cic hoa chét véi s& duoc gidi thich mét cich chi
tiét.

KCl 1d mudi din dién trong bé dién phén, khi ting ham luong KCI dién
thé mach hd ting, thé in mon ctia 16p ma chuyén vé phia dwong hon.

NH.CI 13 mudi din dién ddng thdi 1 chét tao phitc, ndng 40 NH.CI ¢6
anh huéng co ban lén qua trinh catdt: ting d6 din dién, ting hiéu suit dong,
tang kha nang phéan bd kim loai ma, ting d6 phan cyc cat6t.

Trong dung dich ma chung phan ly thanh cation phtic Zn(NHs),** bén
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Zn(NH;),Cl, — [Zn(NH;3)J** + 2CI
[Zn(NH;3),]?* + 2H,0 = Zn?" + 2NH, + 2CI

Lua chon ndng d6 ZnCl, 60 g/L va NH4C1 50 g/L, KCI1 200 g/L va NiCl
90 g/L ddm béo 16p ma hop kim ZnNi tao ra c6 thanh phan Ni tir 12-16 % va cb
thanh phén ddng nhit 1 pha yNisZno;.

H3BO; 14 chit dém dn dinh pH, c6 tc dung duy tri pH & mot khoang xac
dinh.
Vi du thyc hién gidi phap hitu ich

Vidu 1-3: tqo ra lép ma ZnNi 1 lop va 3 Iop

Vidu 1 tao ra 16p ma ZnNi 1 16p ky hiéu Fe/(ZnNi); - 1 v6i ché d6 ma
mat dd dong dién 1A/ dm?, thoi gian 40 phut

Vi du 2 tao ra 16p ma ZnNi 1 16p ky hiéu Fe/(ZnNi); - 4 v6i ché @6 ma
méat dd dong dién 4A/ dm2, thoi gian 10 phut

Vi du 3 tao ra 16p ma ZnNi 3 16p theo gidi phap hilu ich ky hiéu
Fe/(ZnNi);-4/1/4 (16p ma thu nhét 1 dugc ma tai mat do dong dién 4A/ dm?,
thoi gian 5 phit, 16p ma thit 2 dugc ma tai mat 6 dong dién 1A/dm?, thot gian
20 phut; 16p ma 3-ZnNi ma tai mit d¢ dong dién 4A/ dm?, thoi gian 5 phut)
Dung dich ma vé&i thanh phan nhu néu trong bang 1 dudi diy duoc chuan bi.

Bdng 1. Thanh phan dung dich ma va ché @6 ma

Thinh ph?m Vidul (vidu| Vidu2 (vidu | Vidu 3 (vidu theo

so sanh) so sanh) giai phéap hiru ich)
NiCl, 90 g/L 90 g/L 90 g/L
ZnCl, 60 g/L 60 /L 60 gL
NH4Cl 50 g/lL 50 g/L 50 g/L
KC1 200 g/L- 200 g/L 200 g/L
H;BO; 20 g/L 20 g/L 20 g/lL

M4t 36 dong dién 1A/ dm? Lop ma 1: 4 A/ dm?
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4 A/ dm? Lép ma2: 1 A/ dm?
Lép ma 3: 4 A/ dm?

Lép ma 1: 5 phut
Thoi gian ma 40 phut 10 phut Lép ma 2: 20 phut
Ldp ma 3: 5 phat

Trinh ty tao ra cic 16p ma ZnNi theo cac vi dy so sanh 1,2 va vidu 3
bao gdbm cac cong doan sau:

Cong doan 1: Cic miu thép dugc tdy diu m& bang dung dich 60 g/L
UDYPREP-110EC (ENTHONE), nhiét d6 50 + 80 °C, thoi gian 5 + 10 phut.

Cong doan 2. Cic miu thép dugc rira sach bang nudc.

Cac mau thép duge tiy gi héa hoc trong dung dich HCI 10% thé tich,
urotropin 3,5 g/L, nhiét 4§ thuong, thoi gian 2 + 5 phut.

Cong doan 3. Cic miu thép dugc rira sach bang nudc.

Cong doan 4: Cic miu thép duoc hoat hoa trong dung dich HCI 5% thé
tich, nhiét @6 thuong, thoi gian 5 gidy.

Cong doan 5: Cac mau thép duge treo trong bé ma vé6i ché dd ma dién
phan: M4t 46 dong dién va thoi gian ma tai bang 1; nhiét d6 dung dich ma 30°C;
Khuiy tron dung dich ma bang cach dung dua catét doc theo truc song song véi
hai andt.

Cong doan 6: Cac miu thép da duge phi cac 16p ma ZnNi dugc nhéc ra
va 1t nude nhidu 1an trong dong nuéce chay dé loai bo hét dung dich ma bam
trén san pham.

Coéng doan 7: Cac mau thép da dugc phu cc 16p ma ZnNi duge xi nude
va siy kho

Céc tinh chit cia dung dich ma va cta 16p ma thu dugc dugc danh gia
qua céc thir nghiém néu duéi day va cic két qua duoc thé hién trén cc hinh vé
tir Hinh 1 d&n Hinh 5. Cu thé nhu sau:

Thanh phén clia caic mau ma 1 16p va 3 16p duoc do trén may quang phé
huynh quang tia XRF tai Vién Khoa hoc Vit li€u.

Po chiéu day 16p ma: Chiéu day 16p ma dugc do tai mit Cit ngang cia

mau, tién hanh do d6 day tai 5 vi tri trén anh va 1iy gi4 tri trung binh.
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Mau duge do trén thiét bi kinh hién vi quang hoc Aviovert 40MAT, tai

Trung tim Déanh gid hu hong vat liéu, Vién Khoa hoc Vit lidu.

Va cac mau duge chup va phén tich anh cAu trac mit cat ngang trén kinh

hién vi kim twong GX53 Olympus (Nhit Ban) tai Vién K§ thuat nhiét doi.

Chiéu day cic 16p ma dugce tinh todn bang phuong phap can khéi lwong
trudce va sau khi ma theo tiéu chudn TCVN 4392:1986 muc 3.

Phuong phéap dua trén viée xac dinh khéi lwong ma va dugc ép dung dé

x4c dinh chiu day trung binh 16p ma dién hoa trén cac chi tiét ¢o khdi hugng
khong 16m hon 200 g.

Khéi luong cia 16p ma duoc x4c dinh bang cach can chi tiét trén cin

phan tich trudc va sau khi ma.

Chiéu day trungbinh ctia 16p ma (Hg) mm dugc tinh theo cong thire sau:

5. &= £)1000
S

& day: g - Khdi lwong chi tiét trude khi ma, g;

g - Khdi lugng chi tiét sau khi ma, g;

S - Dién tich bé mat chi tiét dugc ma, cm?;

g - Ty trong cta vat liu ma, g/cm3.

P bén dn mon cia 16p pha duge déanh gia bang phuong phap thir nghiém

mu mubi. Trong nghién clu ndy, cic tic gia cua gidi phap hitu ich lya chon

tiéu chudn thir nghiém 1a JIS H8502:1999 véi cic diéu kién thir nghiém nhu

sau:

Thiét bi duge st dung: Q — FOG CCT 600 (M¥).

Didu kién thir nghiém phun mudi trung tinh:

pH dung dich: 6,5 + 7,2

Nong d6 NaCl: 5 %

Ap suét phun: 1,0 Atm

Nhiét d6 kiém tra: 35 +37 °C
Nhiét d6 bon bdo hoa: 47 + 49 °C
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- Tbc @6 phun: 2 mL /gid /80 cm?
S8 mAu thir nghiém cho mdi loai: t8i thiéu 3 mau.
Panh gia mu thir nghiém theo tiéu chuan JIS 8502:1999.
Po duong cong phén cuc
Po dudng cong phan cyc cua 16p ma hop kim cho phép xac dinh dién thé
%n mon va mat d6 dong &n mon, tir d6 cb thé dy dodn d¢ bén cua vat lidu.
Tinh chét dién hoa cia 16p ma dugc nghién clu bang phuong phap phan
cuc thé dong trén may do dién hoa Biologic nhiéu kénh, Vién K§ thuét nhiét
déi, voi hé 3 dién cuc: mau nghién ctu c¢6 dién tich lem?, dién cuc ddi platin,
dién cuc so séanh calomen bdo hoa, do trong dung dich NaCl 3,5% thong khi tu
nhién. Tdc d6 quét 2 mV/s.
Hinh 4nh 16p ma 1 16p va 3 16p duoc thé hién tai hinh 1, 16p ma hop kim
1 16p Fe/(ZnNi); -1 tai mat d¢ dong dién Dy =1 A/dm? thoi gian ma 40 phut
(mAu s 96) va Fe/(ZnNi); - 4 tai mat d6 dong dién Dy =4A/ dm? thoi gian ma
10 phut (miu sd 36) va lép ma ZnNi 03 16p Fe/(ZnNi);-4/1/4 trong d6 16p 1:
Dk =4A / dm? thoi gian ma 5 phit; 16p 1: Dk = 1A/ dm? thoi gian ma 20 phut;
16p 3: Dk =4A/dm? thoi gian ma 5 phut (mAu s6 91). Cac 16p ma c6 mau xam,
16p ma khongbibongtrocva phdng rop, c6 @6 bam dinh tét voinén (hinh 1).
Bang 2. Thanh phin héa hoc cia céc 16p ma

Lép ma Dk -t %Ni %7Zn Tong
Fe/(ZnNi), - 1 1A40m 16,2 83,8 100
Fe/(ZnNi); - 4 4A-10m 14,1 85,9 100

Fe/(ZnNi); -4/1/4 4-1-4 16,5 83,5 100

Tir bang 2 va hinh 2 cho thdy 16p ma Fe/(ZnNi)l _ 1 ¢6 % Ni 14 16,2 %
16n hon so véi 10p ma Fe/(ZnNi); - 4 16p tai mat 4o dong dién cao Dk 4A/dm?
va thoi gian ma 10 phut o6 %Ni 1a 14,1%. H¢ 16p ma ba 16p Fe/(ZnNi)3_4/1/4
c6 % Nila 16,5 % va % Zn 1a 83.5 %.

Chiéu day cic 16p ma duge tinh toan bang phuong phip cin khéi hrong
trudce va sau khi ma theo tiéu chuin TCVN 4392:1986 muc 3. Két qua & bang 3
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16p ma Fe/(ZnNi);-1 c6 chiéu day trungbinh 13 9,2 pm, 16p ma Fe/(ZnNi), - 4
¢6 chiéu day trungbinh 13 8,5 um, 16p ma Fe/(ZnNi); -4/1/4 ¢6 chidu day trung
binh 1a 13,2 pm

Bang3. Kétqua chidu day céc 16p ma bang phuong phap cin khéi lwong miu
trude va sau khi ma

T Ky Chiéu
T Lép ma hiéu | g, g 2 8 gg,g | TB,g | day,

mau pum
1 | Fe/(ZnN1),-1 33 | 15,2818 | 15,5463 0,2645
2 | Fe/(ZnNi),-1 35 14,893 | 15,176 0,283

0,2750 | 9,2

3 | Fe/(ZnNi); -1 35 | 14,5699 | 14,8649 0,295
4 | Fe/(ZnNi), -1 96 17,892 | 18,1496 0,2576
5 | Fe/(ZnN1), - 4 36 14,955 | 15,2158 0,2608
6 | Fe/(ZnN1), - 4 92 | 15,6284 | 15,8703 0,2419 0,2536 2.5
7 | Fe/(ZaNi), - 4 94 | 14,9037 15,1597 0,256 ’
8 | Fe/(ZnNi); - 4 95 | 14,9037 | 15,1597 0,256
9 |Fe/(ZnNi);-4/1/4| 87 | 15,3628 | 15,7417 0,3789 0.3953
10 | Fe/(ZnNi);-4/1/4| 88 | 15,1185 | 15,4735 0,355 ’ 130
11| Fe/(ZnNi);-4/1/4| 90 | 15,4899 | 15,8974 0,4075 ’
12 | Fe/(ZnNi);-4/1/4| 91 | 15,4159 | 15,856 0,4401

Tt bang 4 va hinh 3 téng 3 16p ma c6 chiéu day trung binh 17,308 um,
Lép ma 1 ¢6 chiéu day trung binh 6,158 pm. Lop ma 2 ¢6 chiéu day trung binh
5,044 pm. Lép ma 1 ¢ chiéu day trung binh 6,106 pum.

Bang 4. Két qua do chiéu day 16p ma 3 16p Fe/(ZnNi);-4/1/4

Lan do Linl1[Lin2 [ L4n3 [ Lan4 | Lan5 | Gia tri TB, pm
Lép ma 1 6,6 6,08 6,47 5,95 5,69 6,158
Lép ma 2 5,04 | 5,17 4,66 4,92 5,43 5,044
Lép ma 3 5,95 | 5,95 5,69 6,34 6,6 6,106




4225

Téng3 lop | 17,59] 17,2 | 16,82 | 1721 [ 17,7 17,308

Két qua do dién hoa
Céc miu ma ZnNi dugc thuc hién cic phép do dién hoa trong dung dich
NaCl 3,5% theo m6 hinh hé 3 dién cuc, bao gém dién cuc lam viéc 1a cac 16p
ma c6 dién tich 4,52 cm?, dién cyc so sanh 1a dién cuc calomen bédo hoa (SCE),
va dién cuc dbi 14 dién cuc Pt. Cac miu ma ZnNi dugc do phan cuc Tafel trong
khoangdién thé+ 250 mV so v6i thé mach hd Eocy, va tdc do quét thé 0,1 mV/s.
Str dung phuong phép Stern (Tafel fit) va phuong phép Stern and Geary
(Rp fit), co thé tinh dugc cac gia tri mat 4o dong dn mon va dién trd phén cyc
tai cac dién thé dn mon.
Bang5. Cacthong 6 dién héa cia cac 16p ma Fe/(ZnNi); _ 1; Fe/(ZnNi); _
4; Fe/(ZnNi); _4/1/4

Mau B a Bc Rp Leorr Ecorr
@V) | @V) | @.cm? | (mA/km?) | (mV/SCE)

Fe/(ZnNi);, _1

Vw34 85,7 | 647,8 | 2461,5 | 645 - 855
Fe/(ZaNi), _ 4
w94 125 | 414 | 88425 | 1,83 -1 088

Fe/(ZnNi)s _ 4/1/4

Mau 87 86,3 82,8 1129,5 1,64 -995

T bang 5 va hinh 4 cho thiy, sau khi ngdm 20 phut trong dung dich
NaCl 3,5%, miu ma 87 c¢6 dién tré phin cuc R, = 1129,5 Q.cm? cao hon so voi
cac mau 34 co R, = 2461,5 Q.cm?, mau 94 c6 R, = 8842,5 Q.cm? . Nguge voi
gia tri dién tré phan cuc Lor, mat 6 dong an mon cia mau 87 ¢b gia tri Lor=
1,64 mA/cm?nhd hon cic miu 34 ¢6 Low = 6,45 mA/cm2, mau 94 ¢6 Ieor= 1,83
mA/em?. Nhu vay c6 thé sip xép d6 bén in mon cic mau nhu sau: mau 3 16p
Ni16,5% Fe/(ZnNi); _4/1/4 (87) > miu Fe/(ZnNi); _4 (94) > mau Fe/(ZnNi); _
1 (34).
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Két qua thir nghiém ma mudi

Tir cic két qua trén hinh 5 cho thdy sau 168 gi phun mudi lién tuc, bé
mit cic 16p ma d3 bi gi tring toan bo bé mit. Cac mau chua xuét hién diém gi
d6. D bén in mon cha cic miu (ZnNi)n n=1 va n = 3 duge sdp xé nhu sau:

Fe/(ZnNi); _4/1/4 (91)> Fe/(ZnNi), _ 4 (36) > Fe/(ZnNi); _ 1 (96)

11
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YRU CAU BAO HQ
1. Quy trinh tao ra hé phu ba 16p kém — niken ba 16p hé KCl trén nén thép
cacbon bao gdm cac budc sau:

(i) chudn bi dung dich ma ZnNi bang cach: hoa tan NHCI trong nude
néng 60°C, hoa tan ZnCl, véi nude 10i cho vao dung dich NH,CI néng, khudy
cho tan hét, hoa tan NiCl, v6i nuée, hoa tan KCl1 véi nudce, hoa tan H;BO; riéng
trong nudc néng 60°C rdi @6 chung vao dung dich trén, thém nudc dén thé tich
di tinh dé thu dugc dung dich ma ZnNi hé KC1 véi thanh phé.n nhu sau ZnCl,
60 g/L, NH,C1 50 g/L, KC1200 g/L NiCl, 90 g/L, H;BO320 g/L, va diéu chinh
pH=355;

(i) Tao 16p ma ZnNi thur nhét: ma dung dich ma ZnNi hé KC1 thu duoc ¢
budc (i) néu trén 1én nén vat liéu thép cacbon véi diéu kién ma tao 16p ma ZnNi

thir nhat ma tai mit do dong dién 4A/dm2, thoi gian 5 phut;

(iii) Tao 16p ma ZnNi thir hai: ma dung dich ma ZnNi hé KCI thu duogc &
budc (i) néu trén 1én 16p ma ZnNi thir nhét thu dugc & budc (i) tai mat 4o dong
dién 1A/dm2, thoi gian 20 phut dé thu duogc 16p ma ZnNi hai 16p;

(iv) Tao 16p ma ZnNi tht ba: ma dung dich ma ZnNi h¢ KCl thu duoc &
bude (i) néu trén 1én 16p ma ZnNi thi hai thu dugc & bude (iii) tai mat d6 dong
dién 4A/dm?2, thoi gian 5 phut dé thu duoc 16p ma ZnNi ba 16p.
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mau sb 91 mau sb 96 mau sb 36
Fe/(ZnNi);-4/1/4 Fe/(ZnNi); -1 Fe/(ZnN1), - 4
Hinh 2

Hinh 3
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Hinh 4

—— 34-1
—e— 944
b 87-4/1/4

I i I i I i N I N i

-1.2 -1.1 -1.0 . -0'.9 . -OI.S . 0.7 -0.6 -0.5
E (V/ISCE)

Hinh 5
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Lép ma Lop ma Lép ma
Thoi gian, giv | Fe/(ZnNi);-4/1/4 | Fe/(ZnNi); -1 Fe/(ZnNi), - 4
91 96 36
.0
24
48
144
168

Hinh 6
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