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(57) Giai phap hiru ich dé cap dén quy trinh ché tao mang phu da 16p hé k&m niken nano
silic oxit dugc tao 16p thu dong mau den trén nén thép bao gdbm cac budc sau: tao ra 16p
ma thir nhit 13 16p ma ZnNi trén thép nén bang cach ma thép nén trong dung dich ma chura
cac thanh phan sau: NiCl,.6H,O véi lugng 110g/1, ZnCl, véi luong 60 g/1, NH,CI véi
luong 250 g/l, H3;BO;5 véi lugng 20 g/l; tao ra 16p ma thtr hai 1a 16p ma ZnNiSiO, nano
phia trén 16p ma ZnSi thir nhat bang cach ma tiép tim thép da duoc ma 16p ma thir nhat
trong bé ma chtra cac thanh phﬁn sau: NiCl,.6H,O véi luong 22¢/1, ZnCl, véi luong 60g/1,
NH,CI véi1 luong 250g/1, H;BO; voi lugng 20g/1, va silic oxit ¢& hat nano met véi luong
nam trong khoang tir 1 dén 3 g/l; va tao mang thu déng mau den bang cach thu dong thép
da co6 16p ma ZnNiSiO; nano thu dugc & budce ii) néu trén trong dung dich thu dong chira
cac thanh phan sau: ngudn Cr3* véi luong 5 g/l, chét tao phirc voi lugng 6 g/l, axit axetic
vo1 lugng 6 ml/l; pH cia dung dich thu dong 1a 2 va thoi gian thu dong 1a 30 giay. Quy
trinh theo giai phap hitu ich tao ra 16p mang phu da 16p c6 mau den c6 do bén mau va cd
hiéu qua chéng dn mon cao.
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Linh vwe k§ thuat dwoc dé cap

Giai phap hitu ich d& cap dén quy trinh ché tao mang phu da 16p hé kém niken

nano silic oxit duogc tao 16p phil mau den trén nén thép.
Tinh trang ki thuit cia giai phap hiru ich

Hién twong &n mon kim loai 1a vén d& thuong théy khi kim loai tiép xtc trye
tiép voi moi truong, dic biét 1a moi trudong dn mon, gay t6n hai 16n dén nén kinh té céc
qubc gia. Mot trong cac bién phip khéc phuc #n mon hiéu qua nhét d6 1a tao ra céac 16p
pht c6 kha ndng bao v¢ chbng #n mon cao va ¢4 do chiu mai mon 16n. Nhim han ché
qué trinh &n mon, kéo dai thoi gian s dung cua vat liéu kim loai, rAt nhidu cdng nghé
da dugc nghién ctru va dua ra ung dung nhu: thay thé vat liéu nén tir kim loai thong
thuong thanh hgp kim; tao ra mot 16p ma trén bé mit vat liéu nén; hay phu 1én trén bé
mit mot 16p mang hitu co bao vé. Trong sb tit ca cac hop kim ma dién thong thuong,
Zn-Ni 13 hgp kim dugc ing dung bao vé chéng #n mon trong didu kién moi truong
khéc nghiét. D3 c6 nhiéu bao cdo danh gia hiéu qua chéng #n mon cua 16p phi hop

kim Zn-Ni. Tuy nhién, d6 chi 12 cac 16p ma hop kim Zn-Ni don 16p.

Trong linh vuc nay cling da biét cac 16p phu da 16p didu chinh thanh phan
(composition modulated multilayer, CMM) dang tré nén hip din hon do cai thién
nhidu 13n v& bao vé chéng n mon, mic du ham lugng Ni trong cac 16p phu fit, ching
han & cac cong bd dugce liét ké dudi day:

Pedroza va cac cong su “Influence of formic acid on themicrostructure and

corrosion resistance of Zn—Ni alloy coatings by electrodeposition, Surface & Coatings

Technology 258 (2014) 232-2397;

Soroor Ghaziof va céc cong su: “Electrodeposition of single gamma phased
Zn-Ni alloy coatingsfrom additive-free acidic bath, Applied Surface Science 311
(2014) 635-6427;

Walsh va cac cdng su: “A revivew of the electrodeposition of metal matrix

composite coatings by inclusion of particles in a metal layer: an established and
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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. DOL
0.14810/ijamse.2014.3201;

Hany M. ABD EL-LATEEF, Abdel-Rahman EL-SAYED, Hossnia S.
MOHRADN, 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;

Moonjaé 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 phu (Compositionally Modulated Multilayer Alloy, CMMA) c6 thé dugc
ché tao bang cach diéu chinh thich hgp mat 40 dong ma catdt dinh ky trong diéu kién
t6i wu tir cing mot bé ma. Lop phi CMM chira nhiéu 16p kim loai/hop kim xen k&
mong ¢ thanh phan khac nhau va mdi 16p d6 dong vai tro quan trong dé dat duoc hiéu
nang mong mudn déi v6i an mon. Ban chét chéng an mon dugc ting cudng cua 16p
phti da 16p so v6i cac 16p phi don 16p duge quy cho la sy hinh thanh cac bé mit méi,
cho phép su lan rong cua chét in mon sang bén canh thay vi xAm nhdp truc tiép vao
nén da dugc nghién ciru trong cac cong bd cua Sadananda Rashmi va céc cong su
trong bai bao “Multilayered Zn-Ni alloy coatings for better corrosion protection of
mild steel, Engineering Science and Technology, an International Journal, Volume 20,
Issue 3, June 2017, Pages 1227-1232”. Sy lan r0ng méi trudng #n mon sang bén canh
din dén 1am chim téc do an mon trong 16p phu da 16p, trong khi n6 c6 thé xAm nhép
truc tiép t6i nén trong 16p pht don 16p, nhu duoc thé hién va giai thich trong Hinh 1.
Theo d6, thoi gian cin thiét @& moi trudng dn mon cham téi nén bing cach xuyén qua

céc 16p phit don 16p (it thoi gian hon) va da 16p (nhiéu thoi gian hon yéu cau ddi véi
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don 16p) 1a khac nhau, va do d6 hi¢u qua chéng dn mon ciing vay. Kha ning chdng 4n
mon cia 16p pht hop kim don 16p o thé tang 1én gip nhidu 1in d6 16n ciia n6 bing k¥
thuat da 16p. Hiéu qua chéng an mon cia 16p phi don 16p dugc cai thién nhiéu lan
thong qua phuong phép 16p phu da 16p. Pé nang cao hon nita do bén An mon cta 16p
pha bao vé chéng an mon cho kim loai vi¢c nghién ciru két hop céc 16p ma don 16p
xen k& nhau ting do bén #n mon cho hé phu da 16p 1a rAt cAn thiét. Hon nita, sy an
mon cia 16p phu da 16p cho phép su lan rong cua chét in mon sang bén canh thay vi
xam nhép truc tiép vao nén. Sy lan rong mdi trudng &n mon sang bén canh din dén
Jam cham téc d6 dn mon trong 16p phu da 16p, trong khi n6 c6 thd xam nhap tryc tiép
t6i nén trong 16p phu don 16p. Do do, thoi gian can thiét dé moi truong dn mon cham
t6i nén bing cach xuyén qua cac 16p phu don 16p (it thoi gian hon) va da 16p (nhiéu
thoi gian hon yéu cAu déi vé6i don 16p) 1 khac nhau, va do d6 hiéu qua chéng an mon

cling vay.

Pé tang tinh thAm m¥ va da dang vé mau sic cling nhu do bén 3n mon cho hé
béo vé da 16p phuong phap xu 1y bé mit tao mang thu dong Cr(IlI) tir cdc dung dich
thu chtra ion Cr(III) nang cao d¢ bén chéng dn mon, co kha ning tao nhiéu mau sic
khac nhau (tring, ciu vong, den, 6liu) cling dugc nghién ciu va da c6 nhitng san phim
cdng nghiép dugc cac hang san xudt 6t6 trén thé giéi chap nhén.

Ban chit ky thuit cta giai phap hiru ich

Muc dich cua giai phap hitu ich 1 tao ra hé phu da 16p c6 do bén dn mon cao.

Mot muc dich nita ciia giai phap hiru ich 1a tao ra 16p phu dugc thu dong c6 mau
den.

Pé dat duoc cac muc dich nay, giai phép hiru ich dé xuét quy trinh ché tao mang
pht da 16p hé k&m niken nano silic oxit duogc tao 16p thu dong mau den trén nén thép
bao gdm cac budc sau:

i) tao ra l6p ma thi nhét 13 16p ma ZnNi trén thép nén bing cach ma thép nén
trong dung dich ma chira cac thanh phan sau: NiClL.6H0 v6i lugng 110g/1, ZnCl v6i
lwong 60 g/1, NH4Cl vé6i lugng 250 g/1, H3BO; véi lugng 20 g/1;

ii) tao ra 16p ma thir hai 1a 16p ma 7nNiSiO, nano phia trén 16p ma ZnNi thu
nhét bﬁmg cach ma tiép tAm thép da dugc ma 16p ma thit nhit trong bé ma chaa cac

thanh phan sau: NiCl..6H»O v6i lugng 22¢/1, ZnCl, v6i lugng 60g/1, NH4Cl véi lugng
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250g/1, H3BOs voi lugng 20g/1, va silic oxit c¢& hat nano met v6i lugng nam trong
khoang tu 1 dén 3 g/l; va

iii) tao mang thy dong mau den bing cach thu dong thép da c6 lop ma
7nNiSiO; nano thu duge & budc ii) néu trén trong dung dich thu dong chira cac thanh
phén sau: ngudn Cr’* véi luong 5 g/, chét tao phirc véi lugng 6 g/l, axit axetic voi

lwong 6 ml/l; pH ctia dung dich thu dong 13 2 va thoi gian thu dong 1a 30 giay.

Theo mdt phuong an, trong quy trinh theo giai phap hitu ich ngudn Cr’* & budce
iii) 1a Cr2(SO4)3.6H20.

Theo mdt phuong 4n, quy trinh theo giai phap hiru ich con bao gdm bude rira
bing nudce thm thép did c6 16p ma ZnNiSiO2 nano the hai va hoat héa 16p ma
7nNiSiO; nano trong dung dich HNO3 0,5% thé tich trong 5 gidy trudc bude tao mang
thu dong Cr’" mau den.

Theo mot phuong an, trong do 16p ma ZnNi duoc tao ra khi ma & mat do dong
dién 2 A/dm? trong thoi gian 10 phut, 16p ma ZnNiSiO2 duoc tao ra khi ma ¢ mat do
dong dién 3 A/dm? trong thoi gian 20 phit.

Mo ta vin tit cac hinh vé kém theo

Dudi dy, quy trinh theo gidi phap hiru ich s& dugc mo ta mot cach chi tiét co

dua vao céac hinh v& kém theo, trong do:

Hinh 1: So dd co ché dn mon trong céc 16p phit hop kim da 16p va don 16p

Hinh 2: Gian dd céc budc cia quy trinh theo giai phap hitu ich

Hinh 3a): B& mit 16p ma ZnNi/ZnNiSiO2

Hinh 3b): Bé mit mang thu dong C3* mau den trén 16p ma ZnNi/ZnNiSiOz véi %Ni
trong 16p ma khac nhau

Hinh 4: Hinh anh chup cac miu phun mubi trong cac thoi gian khéc nhau

Hinh 5: Gian 6 EDX cua ZnNi/ZnNiSiO2/mang thu dong Cr** mau den.

Hinh 6a): Anh chup mau trude thir nghiém  6b): Anh chup mau sau 03 chu ky sbc
nhiét

Hinh 7: Anh chiu day 16p ma ZnNi/ZnNiSiOa/mang thy dong Cr** mau den.

Mo ta chi tiét giai phap hiru ich

Theo giai phap hitu ich, quy trinh theo ché tao mang phu da 16p hé kém niken
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nano silic oxit dugc tao 16p thy dong mau den trén nén thép bao gbm cic budc sau:

i) tao ra 16p ma thu nhét 13 16p ma ZnNi trén thép nén bang cach ma thép nén
trong dung dich ma chtra cac thanh phan sau: NiCl,.6H20 véi lugng 110g/1, ZnCly v6i
lugng 60 g/l, NH4Cl v6i lugng 250 g/1, H3BOs3 voi lugng 20 g/1;

ii) tao ra 16p ma th hai Ia 16p ma 7ZnNiSiOz nano phia trén 16p ma ZnSi thk
nhit bang cich ma tiép tAm thép da dugc ma 16p ma thir nhit trong bé ma chira céc
thanh phan sau: NiCl,.6H20 v6i luong 22¢/1, 7ZnCl, véi lugng 60g/1, NH4Cl v6i lugng
250g/1, H3BO;3 véi lugng 20g/l, va silic oxit ¢ hat nano met v6i luong nim trong
khoang tur 1 dén 3 g/l; va

iii) tao mang thu dong mau den bang cach thy dong thép dd c6 16p ma
7nNiSiO, nano thu duge & bude ii) néu trén trong dung dich thu dong chira cac thanh
phan sau: ngudn Cr’* véi lugng 5 g/, chét tao phirc v6i lugng 6 g/l, axit axetic Vi
lugng 6 ml/l; pH cua dung dich thu dong 13 2 va thoi gian thu dong 1a 30 gidy.

Dudi ddy, ting budc cliia quy trinh s€ duge mo ta va giai thich mot cach chi tiét
¢6 dua vao hinh 2. Nhu dugc thé hién trén hinh 2, trudc khi ma, cac mau thép duoc téy
diu m& bing dung dich chira 60 g/L Udyprep-110EC (Enthone), & nhiét do 50 + 80°C,
trong thoi gian 5 + 10 phat. Sau d6 mau thép dugc tdy gi trong dung dich HCI 10% thé
tich c6 chia chét tc ché urotropin 3,5 g/L, & nhiét d0 phong, trong thoi gian 2 + 5
phit. Céc cong doan nay la cac cong doan thong thuong cAn chuén bi trong qua trinh
ma pht, véi muc dich 1a lam sach bé mit thép aé tang hiéu qua bam dinh cta l6p phu
1én bé mit thép va tranh céc khuyét tat bé mat do cac tap chét (tir ddu m&, vay gi) trén
bé& mit thép lam anh hudng dén d6 bam dinh cua 16p phu.

Sau cac cong doan lam sach bé mat, tim thép dugc phu 16p phi ZnNi bing
dung dich phi chta cac thanh phan sau: NiClL.6H20 v6i luong 110g/1, ZnCl, voéi
luong 60 g/l, NH4Cl voi luong 250 g/l, H3BOs v6i luong 20 g/l. Dung dich nay duoc
chudn bi bing cach nhu sau: hoa tan NH4Cl trong nudc néng 60°C, hoa tan ZnCl, v6i
nuéde rdi cho vao dung dich NH4ClI nong, khudy cho tan hét, hoa tan NiCly véi nudc,
hoa tan H3BO; riéng trong nudc néng 60°C i d6 chung vao dung dich trén, thém

nuée dén thé tich da tinh dé thu duge dung dich ma ZnNi.

TAm thép duge phu 16p phi ZnNiSiO2 bang dung dich phi chira cac thanh phan
sau: NiCL.6H20 véi lwong 22g/1, ZnClz v6i lugng 60g/l, NH4Cl voéi lugng 250g/1,

H3BO; v6i luong 20g/1, va silic oxit ¢& hat nano met v6i lwong nam trong khoang tir 1
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dén 3 g/1. Dung dich ma nay dugc chuén bi béng c4ach nhu sau: Phan tan nano silic oxit
trong nuwdc bing cach: pha dung dich nudc c¢6 mdi truong pH =9, phan tan nano silic
oxit ¢6 kich thudc hat 12 nm vao dung dich nude bang cach cho tir tir nano silic oxit
vao dung dich bnuc’)'c dang dugc khudy biang may khudy tir va tién hanh rung si€u 4m hé
phan tan bing may rung siéu am & tdn s6 20 kHz dé thu dugc hé phén tin néu trén
trong nude (dung dich A); Tiép theo hoa tan NH4Cl trong nu6c nong 60°C, hoa tan
7nCl, v6i nudce rdi cho vao dung dich NH4Cl nong, khudy cho tan hét, hoa tan NiCly
v6i nuée, hoa tan HiBOs riéng trong nuéc nong 60°C rdi dd chung vao dung dich trén,
thém nuéc dén thé tich da tinh dé thu duogc dung dich ma ZnNi (dung dich B); Rot
dung dich A vao dung dich B va khudy, rdi bd sung nudce dé thu dugc dung dich ma
7nNiSiO,. Silic oxit ¢6 kich thudc hat nano 1a san phém da duoc ban trén thi truong,
chéng han, san phém Aerosil 200 c6 xuat x@ tir Bi véi kich thuéc hat 12 nm. Cac
thong s6 ché do ma tao 16p ma ZnNi nhu sau: mét do dong ma: 2 A/dm?, hoi gian ma

10 phuat.

Sau khi ma xong, miu ma dugc rira sach trong dong nuée chay dé loai bd hét
dung dich ma bam trén san phém. Sau d6 miu ma dugc rira sach béng nuGe cat va
chuyén sang bé ma ZnNiSiO> dé tao 16p ma ZnNiSiO,. Cac thdng s6 ché 6 ma tao
16p ma ZnNiSiO; : méat do dong ma: 3 A/dm?, thoi gian ma 20 phut. Nhigt d6 phong
(khoang 30°C). Vét ma catdt dugc dung dua doc theo truc song song véi hai an6t.

Khoang céch gifta catdt va anot tb1 thiéu 1a 10 cm.

Sau khi ma xong, mAu ma duge rira sach trong dong nudce chay dé loai bd hét
dung dich ma bam trén san phim. Sau d6 mAau ma dugc rira sach bing nudc cht va
chuyén sang bugc tao mang thu dong Cr** mau den.

Thu dong tao mang thu dong Cr3* mau den: miu ma kém dugc hoat hoa trong
dung dich HNOs 0,5% thé tich trong 5 gidy, sau d6 dugc thy dong trong thoi gian 30

gidy trong dung dich c6 thanh phan co ban nhu sau:

Cr?* (& dang Cr2(SO4); 6H20) 5 g/l;
Chét tgo phirc 6 g/l;
CH3;COOH 6 ml/l;
pH 2
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Nhiét do 30°C
Thoi gian thy dong 30 gidy

pH dung dich dugc do bing may do pH METERLAB PHM210 va duge didu
chinh bing dung dich HNO3 hodc NH;OH.

Sau khi thu déng, mau dugc ria bang nudc, sdy kho bang may sdy va sdy trong
td sy & nhiét do 80°C trong thoi gian 30 phit.
Vi du thwe hién giai phap hitu ich

Giai phap hitu ich s& tré nén rd rang hon nita qua cac vi du dudi day. Tuy
nhién, cac vi du nay khong lam gi6i han giai phap hitu ich.

Céc tdm thép cacbon thip dugc st dung lam vét ma trong cac vi dy va thu

nghiém.
Bang 1: Thanh phan cic nguyén t6 trong mAu thép céc bon thip
Nguyén td Fe C Mn Si S P
Ham lugng, % 99,21 0,25 0,36 0,07 | 0,011 | 0,003

Chuén bi dung dich ma ZnNi bé‘mg céch: hoa tan NH4Cl trong nude noéng 60°C,
hoa tan ZnCl, v6i nudce rdi cho vao dung dich NH4Cl nong, khudy cho tan hét, hoa tan
NiCl, v6i nuéce, hoa tan H3BO; riéng trong nudc nong 60°C rdi d6 chung vao dung
dich trén, thém nudc dén thé tich d3 tinh dé thu dugc dung dich ma ZnNi; ndng do cua
dung dich ma nhu sau: NiCl,.6H20 véi lugng 110g/1, ZnCl, vé6i lugng 60 g/1, NH4Cl
v6i lugng 250 g/1, HsBOs véi lwgng 20 g/l.

- Chuin bi dung dich ma ZnNiSiOz bing cach: phan tan nano silic oxit trong
nuée bang cach: pha dung dich nuée c6 mdi truong pH = 9, phan tan nano silic oxit c6
kich thudc hat 12 nm vao dung dich nude bing cach cho tir tir nano silic oxit vao dung
dich nudc dang dugc khudy bang may khudy tir va tién hanh rung siéu &m hé phén tan
bing may rung siéu am & tAn s6 20 kHz dé thu dugc hé phan tan néu trén trong nudc
(dung dich A); tiép theo hoa tan NH4Cl trong nude néng 60°C, hoa tan ZnCl, v6i nude
rdi cho vao dung dich NH4Cl néng, khuéy cho tan hét, hoa tan NiCly v6i nudc, hoa tan

H3;BO;s riéng trong nudc néng 60°C rdi @b chung vao dung dich trén, thém nudce dén
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thé tich d3 tinh dé thu dugc dung dich ma ZnNi (dung dich B); rét dung dich A vao
dung dich B va khudy, rdi bd sung nudc dé thu dugc dung dich ma ZnNiSiO». Nong

d6 ctia dung dich ma ZnNiSiO; theo timg vi du duoc néu trong bang A.

Vit ma la céc tAm thép cacbon thép ¢6 kich thuéce 50 x 50 x 1,2 mm duge danh
bong biang gidy rap dén c& 600. Trude khi ma, cac mau thép dugc ty diu m& bang
dung dich chia 60 g/L Udyprep-110EC (Enthone), & nhiét do 50 + 80°C, trong thoi
gian 5 + 10 phut. Sau d6 mau thép dugc ty gi trong dung dich HCI 10% thé tich c6
chtta chét e ché urotropin 3,5 g/L, & nhiét do phong, trong thoi gian 2 =+ 5 phut.

Trude khi ma, mu thép duge hoat hoa trong dung dich HCI 5% thé tich trong 5
gidy va treo vao trong bé ma. Dung dich ma ciling duoc khudy tron trong 15 phut trudc

khi ma. Mbi 14n ma tiép theo, dung dich ma duoc khuéy tron 5 phut.
Pé tao 16p ma ZnNi mau dugc ma trong dung dich ZnNi
Cac thong s6 ché d6 ma tao 16p ma ZnNi:
- Mat d6 dong ma: 2 A/dm?
- Thoi gian ma 10 phat.
- Nhiét dd phong (khoang 30°C).
- Vat ma catdt duge dung dua doc theo truc song song v641 hai andt.
- Khoang céach gifra catdt va andt t51 thiéu 1a 10 cm.

Sau khi ma xong, mAiu ma duoc rira sach trong dong nudc chay dé loai bd hét
dung dich ma bam trén sén pham. Sau d6 mAu ma dugc rua sach bang nude cat va

chuyén sang bé ma ZnNiSiO, d tao 16p ma ZnNiSiOz.
Cac thong s6 ché d6 ma tao 16p ma ZnNiSiO:
- Mat do dong ma: 3 A/dm?
- Thoi gian ma 20 phut.
- Nhiét @6 phong (khoang 30°C).
- VAt ma catot dugc dung dua doc theo truc song song véi hai anot.

- Khoang cach gitta catot va anot tbi thiéu 12 10 cm.
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Sau khi ma xong, mau ma dugc rira sach trong dong nuéc chay dé loai bé hét
dung dich ma bam trén san phém. Sau d6 mau ma dugc rira sach béng nuGc cét va
chuyén sang budc tao mang thy dong Cr** mau den.

Thu dong tao mang thu dong Cr3* mau den: miu ma kém dugc hoat hoa trong
dung dich HNO3 0,5% thé tich trong 5 gidy, sau d6 duoc thu dong & cac thoi gian khac

nhau trong dung dich c6 thanh phén co ban nhu sau:

Dung dich thu dong:

Cr** (¢ dang Cr2(SO4); 6H20) 5 g/l;

Chét tao phirc 6 g/1;

CH;COOH 6 ml/l;

pH 2

Nhiét do 30°C

Thoi gian thu dong dbi vé6i timg vi dy dugc néu trong bang

pH dung dich dugc do bang may do pH METERLAB PHM210 va dugc didu
chinh bing dung dich HNO3 hozc NH4OH.

Sau khi thy dong, miu dugc rira bang nudc, sdy kho bing may sdy va sy trong
ti sy & nhiét do 80°C trong thoi gian 30 phit.

Mau sau khi thuy dong duoc dé trong binh hut 4m (decicator) 48 gio dé mang
thu dong 6n dinh trude khi tién hanh cac phép do, phan tich

San phdm ma dugc kiém tra theo cac chi tiéu sau ddy: thor nghi€ém mu mudi,
quang phé FTIR, d6 bam dinh dugc xac dinh theo phuong phéap kiém tra va phuong
phap dénh gia theo HES D6001 muc 4.4, dd bén mau: phwong phap kiém tra va
phuong phéap danh gia theo HES D6001 muc 4.5 (Thuc hién & 80°C trong 30 phut), do
chiéu day 16p ma.

Chi tiét céc thi nghiém dugc néu chi tiét dudi day:
Thir nghiém mu muoi
Diéu kién thit nghiém phun mudi trung tinh:

- pH dung dich: 6,5 + 7,2
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- Nbng d6 NaCl: 5%
- Ap suét phun: 1,0 Atm
- Nhiét d6 kiém tra: 35 + 37°C
- Nhiét d6 bon bao hoa: 47 + 49°C
- Téc @ phun: 2 ml/gid/80cm?
S& mau tht nghiém cho mbi loai: tbi thidu 3 mau.
Panh gid mau thir nghiém theo tiéu chuén JIS 8502:1999.
Phé héng ngogi FTIR
M4y quang phd FTIR dugc ding chu yéu phan tich dinh tinh, dinh lugng hop
chét hitu co, céu tric hoa hoc ctia hop chéit vd co.
Muc dich: xac dinh sy c6 mat cia c4c nhom chie dic trung SiOs trong 16p ma
hop kim ZnNiSiOz va Cr(Il)-O trong mang thu dong.
Céc mau dugc do trén may NICOLET — IS10 tai Vién K§ thuét nhiét doi. Phé ghi lai &
ving sb séng 4000- 400 cm™ v6i do phén giai 4 cm.
Kiém tra dé bdm dinh va do bén mau cua l6p phi
P bam dinh: Phuong phap kiém tra va phuong phap danh gid theo HES D6001
muc 4.4.
Do bén mau: Phuong phap kidm tra va phuong phap danh gia theo HES D6001
muc 4.5 (Thuc hién & 80°C trong 30 phut).
Do chiéu day 16p ma:
Chiéu day 16p ma dugc do tai mat cit ngang cla mAu, tién hanh do do day tai 5
vi tri trén anh va 14y gi4 tri trung binh.
Mau duogc do trén thiét bi kinh hién vi quang hoc Aviovert 40MAT, tai Trung tam

Péanh gia hu hong vat lidu, Vién Khoa hoc Vit ligu
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Bang 2 — Thanh phan cac dung dich ma

Lép ma|Vi du so|Vi du so|Vi du so|Vi du theo | Vi du so

thtt nhét | sanh 1 sénh 2 sénh 3 giai  phap | sanh 4

la gibng hitu ich

nhau dbi

voi tht ca

cac vidu

. DD ma | DD ma | DD ma | DD ma | DD ma | DD ma

Thanh phan .

ZnNi 7nNiSiO, | ZnNiSiO; | ZnNiSiO2 | ZnNiSiO2 | ZnNiSiO2
NiChL.6H,O | 110 g/l 16 g/l 20 g/l 21 g/l 22 g/l 32 g/l
ZnClp 60 g/l 60 g/l 60 g/1 60 g/l 60 g/l 60 g/l
NH4Cl 250 g/1 250 g/l 250 g/1 250 g/l 250 g/l 250 g/l
H;BOs 20 g/1 20 g/1 20 g/l 20 g/l 20 g/l 20 g/l
Nano silic| 0g/L

_ 2 g/l 2 g/l 2 g/l 2 g/l 2 g/l

oxit

Trong tit ca cac vi du néu trén thoi gian thu dong déu duge tién hanh trong 30

gidy.

Tu cac vi du trén c6 thé thay rang cdc mau sau khi ma va thu ddng & cac ndng

d6 NiClo. 6H>0 trong dung dich thay dbi tir 16 g/l; 20 g/1; 21 g/L va 22 g/L; 32 g/L

dugc quan sat bang cam quan cho thiy mau sic cua 16p ma ZnNi/ZnNiSiO; sau khi

thu dong trong dung dich Cr(IID) mAu c6 mau den thay ddi tir nhat dén dam (hinh 3b)

theo ham luong Ni trong 16p ma ZnNiSiOz (Lop ma ZnNiSiO, duge ché tao va thay

d6i ndng do tir 16 g/L dén 22 g/L) bé mit mang thu dong c6 mau den tdng dén va dam

nhit v6i 16p ma ZnNiSiO, duge ma trong dung dich c6 ndng do NiCl. 6H20 1a 22 g/L

sau d6 mau sic lai nhat din khi ting ndng dd NiCly. 6H2O 1én 32 g/L. Nhu vay, cam

nhan bing mét thuong thdy rang lya chon NiCl2. 6H2O 1a 22 g/L theo giai phéap hitu ich
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tao 16p ma ZnNiSiO; 16p ma hgp kim thép dé thu dong tao mang thu dong Cr’" mau

den. C4ac miu ma ZnNi/ZnNiSiO; ¢6 mau x4m bé mit nhdn min (hinh 3a).

Cdc vi dy tiép theo sé khdo st dnh hedng cia thoi gian thy déng dén do bén dn mon

cua lop phu:

qua duoc thé hién trong Bang 3 néu duéi day

Bdng 3: Anh hwong ciia thoi gian thy déng dén dé bén dn mon cua I6p ma

Trong céc vi du nay, thoi gian thu dong tir 0 dén 40 gidy s& dwoc khao sat. Két

Thoi gian | ZnNi/ZnNiSiOy/ ZnNi/ZnNiSiO2 | ZnNi/ZnNiSiO2 | ZnNi/ZnNiSiO, | ZnNi/ZnNiSiO,
phun mudi, | Mang thu dong Cr | /Mang thu dong | /Mang thu dong | /Mang thy dong | /Mang thy dong
gio mau den — Os (vi| Crmauden— Cr mau den — Cr mau den — Cr mau den —
du so sanh 5) 10s (vi du so 20s (vi du so 30s (vi du theo 40s (vidu so
sanh 6) sanh 7) GPHI) sanh 8)
1 gi tring Chua xuét hién | Chua xuéthién | Chua xuat hién | Chua xuat hién
gi tréng gi tring gi tréng gi tring
8 gi tréng Chua xuit hién | Chua xudt hién | Chwa xudt hién | Chua xuét hién
gi tring gi tréng gi tréng gi tréng
24 gi tring Xuat hién gi Xuét hién gi Chua xuét hién Xuét hién gi
tring gi tring tréng gi tring gi tring tréng gi tring
48 gi tring gi tring (< 3%) | gi tring (< 1%) Chuwa xuit gi trang (<
100 % hién gi tring 0,5%)
96 gi tring gi tring (>5%) | gitring (<5%) | gitring (<3%) | gi trang (< 5%)
100 %
168 gi tréng gi tring gi tring (50%) gi trang (5 %) gi trang (40%)
100 % 100 %
600 gi tring gi tring gi tring gi trdng (10%) | gi trdng (70%)
100 % 100 % 80 %
936 Gi d6 1% Gi d0 5% gi tring gi tréng (20%) | gi tring (100%)
100 %
1000 Gi 46 5% Gi d6 10% gi tring gi tring (50%) | gi tring (100%)
100 %
1100 Gido>10% Gido 15 % gi tring gi tring (60%) | gi trang (100%)
100 %

Cac miu ma ZnNi/ZnNiSiO; va ZnNi/ZnNiSiO»/Mang thu dong Cr mau den

sau khi ma va thu dong va dé 6n dinh mang sau 48 gio trong decicator dugc tién hanh
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thtr nghiém mu mubi theo tiéu chuan JIS H 8502. Phuong phép thi nghiém phun mudi
trung tinh (pH 6,5 dén 7,2) duogc st dung dé danh gia cac maiu ma. Mau thtr nghiém
dugc dit vao trong budng kin c6 chira moi trudng suong mu duoc tao ra va duy tri
bing cach phun n dinh lién tuc dung dich NaCl 5% & nhiét do 35°C. Két qua thi

nghiém ml mudi cua cac mau dugc trinh bay trong bang B va hinh 4.

So sanh dugc do bén #n mon cia ZnNi/ZnNiSiO, va ZnNi/ZnNiSiO2/mang thu
dong Cr mau den cac mau duoc thir nghiém trong ti thir nghiém gia tbc phun mudi
trung tinh NaCl 5% boi viéc theo doi sy xuét hién gi tring va gi do theo cdc chu ky
phun mudi.

Céc tac gia giai phap hitu ich da tién hanh theo doi sy xuit hién gi tring clia cac
mau sau 1 gio phun mubi két qua cho thiy ZnNi/ZnNiSiO2/mang thu dong Cr mau
den—0s d3 xuAt hién gi tring trén bé mit, ZnNi/ZnNiSiO2/mang thu dong Cr mau den—
10s; ZnNi/ZnNiSiO2/Mang thu dong Cr mau den—20s; ZnNi/ZnNiSiO2/Mang thu dong
Cr mau den—30s; ZnNi/ZnNiSiOz/méhg thu dong Cr mau den—40s c6 mang thu dong

Cr(IIT) bao v€ nén bé mit mau khong xudt hién gi tring.

Sau 48 gi¢ phun mudi miu ZnNi/ZnNiSiO»/mang thy dong Cr mau den—0s (gi
tring 100%); ZnNi/ZnNiSiO2/mang thu dong Cr mau den—10s (gi tring 3%);
ZnNi/ZnNiSiO2/mang thu dong Cr mau den—20s (gi tring 1%); ZnNi/ZnNiSiO2/mang
thu dong Cr mau den—30s (gi tréng 0 %); ZnNi/ZnNiSiO2»/mang thu dong Cr mau den—
40s (gi tring 1%). DO bén phun mubi clia cdc miu duge sip xép nhu sau:
7nNi/ZnNiSiOz/mang thu dong Cr mau den—30s > ZnNi/ZnNiSiO2/mang thu dong Cr
miu  den—40s > ZnNi/ZnNiSiO»/mang thy dong Cr mau den-20s >
ZnNi/ZnNiSiO2/mang thu dong Cr mau den—10s > ZnNi/ZnNiSiO>/mang thu dong Cr

mau den—0s.

Sau 96 gio phun mudi miu ZnNi/ZnNiSiO2/mang thu dong Cr mau den—0s (gi
tring 100 %); ZnNi/ZnNiSiOy/Mang thu dong Cr mau den—10s (gi trang > 5%);
7nNi/ZnNiSiOy/mang thy dong Cr mau den—20s (gi tring < 5%);
7ZnNi/ZnNiSiOy/mang thy dong Cr mau den—30s  (gi tring < 3%);
7ZnNi/ZnNiSiOz/mang thu dong Cr mau den—40s (gi tring < 5%).

Sau 168 gi¢ phun mudi miu ZnNi/ZnNiSiO»/mang thy dong Cr mau den—0s (gi
tring 100 %); ZnNi/ZnNiSiO2/mang thu déng Cr mau den—10s (gi tring 100%);
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ZnNi/ZnNiSiOy/mang thu dong Cr mau  den—20s (gi tring  50%);
ZnNi/ZnNiSiO»/mang thu dong Cr mau den-30s (gi tring 5%); ZnNi/ZnNiSiO2/mang
thu dong Cr mau den—40s (gi tring 40%).

Sau 600 gio phun mudi mu ZnNi/ZnNiSiO2/Mang thu dong Cr mau den—0s (gi
tring 100%); ZnNi/ZnNiSiO2/Mang thu dong Cr mau den—10s (gi tring 100%);
7ZnNi/ZnNiSiOy/mang thu déng Cr mau den—20s (gi tring  80%);
7ZnNi/ZnNiSiOy/mang thu dong Cr mau den—30s (gi tring  10%);
7ZnNi/ZnNiSiO»/mang thu dong Cr mau den—40s (gi tring 70%).

Sau 936 gi¢ phun mudi miu ZnNi/ZnNiSiO2/mang thu dong Cr mau den—0s (gi
6 1 %); ZnNi/ZnNiSiO»/mang thy dong Cr mau den—10s (gi do 5%);
7ZnNi/ZnNiSiOy/mang thy déng Cr mau den—-20s  (gi tring  100%);
ZnNi/ZnNiSiO»/Mang thy dong Cr mau den—30s  (gi tring  20%);
7ZnNi/ZnNiSiO»/mang thu dong Cr mau den—40s (gi trang 100%).

Sau 1000 gio phun mudi miu ZnNi/ZnNiSiO2/mang thu dong Cr mau den—0s
(gi d6 5%); ZnNi/ZnNiSiO»/Mang thu dong Cr mau den—10s (gi dd 10%);
ZnNi/ZnNiSiO»/mang thy dong Cr mau den—20s (gi tring  100%);
7ZnNi/ZnNiSiOy/mang thuy dong Cr mau den-30s  (gi tring  50%);
ZnNi/ZnNiSiO»/mang thu dong Cr mau den—40s (gi tring 100%).

Sau 1100 gio phun mubi miu ZnNi/ZnNiSiO2/mang thy dong Cr mau den—0s
(gi d6 >10 %); ZnNi/ZnNiSiO2/mang thy dong Cr mau den—10s (gi do 15%);
7ZnNi/ZnNiSiO2/Mang thuy dong Cr mau den—20s (gi tring  100%);
ZnNi/ZnNiSiOy/mang thy dong Cr mau den-30s  (gi tring  60%);
7nNi/ZnNiSiO2/Mang thu dong Cr mau den—40s (gi tring 100%). Sau 1100 gi¢ phun
mubi mau ma da 16p ZnNi/ZnNiSiOz ¢6 thu dong CrlIIl v6i thoi gian 20 va 30 gidy; 40
gidy chua xuét hién gi d6, mau thu dong thoi gian 10 gidy mang thu dong qua mong
chura bao vé cho hé ma da 16p 16p ma. D9 bén phun mubi ciia cic miu dugc sip xép
nhu sau: ZnNi/ZnNiSiO»/mang thy dong Cr mau den—30s > ZnNi/ZnNiSiO2/mang thu
dong Cr mau den—40s > 7nNi/ZnNiSiO2/Mang thu dong Cr mau den—20s >
7ZnNi/ZnNiSiO2/mang thu dong Cr mau den—10s > 7ZnNi/ZnNiSiO»/mang thu dong Cr
mau den—0s. Sau 1100 gid phun mudi cho thy mau ZnNi/ZnNiSiO2/Mang thu dong

Cr mau den—30s c6 dd bén an mon tot nhat.
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Tir céc vi du so sanh va vi du theo giai phdp hitu ich néu trén cho thdy rang, quy
trinh theo giai phap hitu ich tao ra 16p ma c6 do bén an mon tbt nhét. Tiép theo, céc
tinh chit cua 16p ma thu dugc theo gidi phap httu ich s& duoc khao sat chi tiét hon nita
& cac muc dudi day.

Phdn tich gidn dé tdn xa nang luong tia X (EDX).

Mang thu dong Cr3+ mau den/ZnNiSiO2/ZnNi dugc do gian d6 tan xa ning
luong tia X nhim muc dich xac dinh thanh phan hoa hoc cta l6p phu. Gian d6 thu
duoc trinh bay trén Hinh 5 va thanh phan héa hoc cua 16p ma hop kim dugc trinh bay
trong Bang 4 va dudi day.

Bang 4 — Thanh phén héa hoc ctia ZnNi/ZnNiSiO2/mang thu dong Cr** mau den

Téng
Nguyéntd | O Si S Cr Fe Ni Zn (Mass%)
Giandd1 | 522 022 02 | 1,33 | 061 | 11,72 | 80,7 100

Két qua phan tich thanh phan héa hoc cho thiy v6i ham lugng cic nguyén tb
kém va niken nhu vAy thi 16p ma hop kim hoan toan ndm trong vung pha gamma cua
gian d6 pha can bang kém-niken. Hon nita, gian dd EDX ciing phat hién ra cac nguyeén
t6 silic va Cr véi ham luong 0,22% va 1,33% tuong ng. Diéu nay ching t6 ring silic
oxit dd cung két tia vao trong 16p ma tao thanh composit va da tao dugc mang thu

dong Cr3* ¢6 mau den.
Két qua do bam dinh va do bén mau ZnNi/ZnNiSiOz/mang thu déng Cr mau den
P06 bam dinh dugc kiém tra va danh gia theo HES D6001 muc 4.4,

Nhu dugce thé hién trén céac hinh v& 6a va 6b, trudc thir nghiém bé mit mau
ddng déu, khong nép gip, khong bong tréc, khong phdng rop, khong 16, khong bi
cham kim, khong vét nit.

Sau 03 chu ky sdc nhiét bé mit miu dong déu, khong bong troc, khong phdng
rdp, khong vét nit. DO bén mau duoc kidm tra va danh gia theo HES D6001 muc 4.5.
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Mau dugc dé trong tu sdy & nhiét 80°C trong 30 phut. Két qua khong thdy su bién doi

mau cia mau sau thoi gian thir nghiém.

Két qua do chiéu day 16p ma ZnNi/ZnNiSiO2/mang thu dong Cr3* mau den

Do day 16p thAm ma duoc do tai mét cat ngang cua mau, léy gia tri trung binh.

Két qua do chidu day 16p ma miu 16p ma ZnNi 10,52 pm va ZnNiSiO; 6,84 pm (theo
TCVN4392:1986)

Bang 5. Chiéu day 16p ma ZnNi/ZnNiSiO2/mang thu dong Cr’* mau den

Vi tri do Vitri 1 Vitri 2 Vitri3 Vi tri 4 Vitris Giatri TB
Lép ma|9,77 11,19 10,23 10,55 10,87 10,52
7ZnNi

Lép ma|6,39 6,71 7,03 6,39 7,67 6,84
7ZnNiSiO2
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YEU CAU BAO HQ
1. Quy trinh ché tao mang phii da 16p hé k&m niken nano silic oxit dugc tao 16p
thu dong mau den trén nén thép bao gdm cac bude sau:

iv) tao ra 16p ma thir nhét 13 16p ma ZnNi trén thép nén bang cach ma thép
nén trong dung dich ma chira cic thanh phan sau: NiCL.6H20 véi lugng 110g/1,
ZnCly vé6i lugng 60 g/1, NH4Cl véi lugng 250 g/1, HsBOs véi lugng 20 g/1;

v) tao ra 16p ma thi hai 13 16p ma ZnNiSiO; nano phia trén 16p ma ZnSi thir
nhét bing cach ma tiép tAm thép da dugc ma 16p ma thir nhét trong bé ma chira cac
thanh phan sau: NiCl.6H20 véi lugng 22g/l, ZnCl, véi lugng 60g/l, NH4Cl v6i
lugng 250¢g/1, H3BOs véi lugng 20g/1, va silic oxit ¢& hat nano met véi lugng nam
trong khoang tir 1 dén 3 g/l; va

vi) tao mang thu dong mau den bang cich thu dong thép di c6 16p ma
ZnNiSiO> nano thu dugc ¢ budc ii) néu trén trong dung dich thu dong chira cac
thanh phan sau: ngudn Cr3* véi luong 5 g/l, chit tao phirc v6i lugng 6 g/l, axit
axetic vdi lugng 6 ml/l; pH cua dung dich thu dong 1a 2 va thoi gian thu dong 1a 30
gidy.

2. Quy trinh theo diém 1, trong d6 ngudn Cr3* & bude iii) 1a Cr2(SO4)3.6H20.

3. Quy trinh theo diém 1, trong d6 quy trinh nay con bao gém buédc rira biang
nuéc tdm thép da c6 16p ma ZnNiSiO; nano thit hai va hoat héa 16p ma ZnNiSiO
nano trong dung dich HNO;3 0,5% thé tich trong 5 gidy truéc budc tao mang thu
dong mau den.

4.  Quy trinh theo diém 1, trong d6 16p ma ZnNi duoc tao ra khi ma & mét do
dong dién 2 A/dm? trong thoi gian 10 phut, 16p ma ZnNiSiO2 dugc tao ra khi ma &
mat do dong dién 3 A/dm? trong thdi gian 20 phut.
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Hinh 2: Gian dd cic budc cia quy trinh theo giai phép hitu ich
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Hinh 3.1. B& mit 16p ma ZnNiSiO2/ZnNi

Hinh 3.2. B& mit mang thu dong Cr** mau den trén 16p ma ZnNiSiO»/ZnNi véi %Ni
trong 16p ma khéac nhau
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ZnNi/ZnNiSiO2 | ZnNi/ZnNiSiO2/Mang thu dong Cr mau den
ZnNi/ZnNiSiOy/ | ZnNi/ZnNiSiOz | ZnNi/ZnNiSiO, | ZnNi/ZnNiSiO; | ZnNi/ZnNiSiO;
Thoi Mang thu d6ng | /Mang thu déng | /Mang thu dong | /Mang thu dong | /Mang thu ddng
gian Crmauden—0s |Cr mau den — | Cr mau den — | Cr mau den — | Cr mau den -
10s 20s 30s 30s
0 gio
1 gio
48 giy
96 gio
168 gio
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600 gids

936 gidy

Hinh 4: Hinh anh chup cac mau phun mubi trong céc thoi gian khac nhau
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Hinh 6a) Anh chup mau trudc thit nghiém
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Hinh 5 Gian dd EDX ctia ZnNi/ZnNiSiO»/mang thu dong Cr’* mau den.

soc nhiét

6b). Anh chup mau sau Sau 03 chu ky

e g

Hinh 7. Anh chiéu day 1ép ma ZnNi/ZnNiSiO2/mang thu dong Cr** mau den
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