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ANH HLPaNG CUA SiOj va AI2O3 TQI DO BEN AN MON HOP KIM 
ZnNi TRONG MOI TRU'ONG TIJ NHIEN VA NHAN TAO 
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1. GIOI THIEU 

Ldp ma dien boa hgp kim kem nicken, ZnNi, la mpt trong nhCrng vat lieu dang dugc quan 
tam bdi cac nha khoa hpc cung nhu cac nha cong nghiep [1 - 14] d ch6 cac ket qua nghien ctm 
deu cho thay hgp kim ZnNi co d6 ben an mon ldn bon rat nhieu so vdi ldp ma kem, dae biet la 
vdi lop ma co thanh phan nickel 14% thanh phan kh6i lupng. Tuy nhien, sir phat trien cua bgp 
kim nay chu yeu dua tren cac ket qua nghien ciiu trong phong thi nghiem nhu thtr nghiem mti 
muoi, do dae dien boa trong dung djch NaCI 3% [1, 5, 6, 13, 14]. Trong cac thtr nghiem tu 
nhien, mot vai nghien ctru gan day [6, 10, 11] cac tac gia cting thu dugc ket qua tuong tu nhu 
trong cac thtr nghiem gia tdc. Ngugc lai trong nghien ciiu cua cac tac gia [12, 15] lai cho thay 
cac ldp ma hgp kim ZnNi to ra kem ben an mon hon lop ma Kem trong cting dieu kien thtr 
nghiem tu nhien. 

Tren the gidi trong may thap ki gan day, nhieu trung tam nghien ciiu ldn ve kT thuat ma 
kim loai d nhtrng nudc cdng nghiep phat trien ngay cang quan tam tdi ldp ma to hgp dien boa, 
viet tat la CEP (Combination electro-plating) hay con gpi la ldp ma composite [16]. Do la ldp 
ma dien boa binh thuong, nhung ben trong cau tao cac hat cue nho cua mpt hay vai chat, nhung 
hat nay d6ng ket ttia ciing kim loai tCi' mpt huyen phu. Huyen phti dugc tao ra bang each trpn lan 
mpt lugng hot xac djnh vao dung djch ma. Cac dang bpt thudng str dung nhu la Corundum 
AI2O3, cacborundum SiC hoac TiC, ZrC, TaC hoac cac loai oxit nhu Ti02, Si02, ZrOi ... co kich 
thudc rat nho (ttr 0,01 pm tdi 4 pm). Cac hat bpt tra nay khi tham gia vao ldp ma se lam thay doi 
cac dae tinh boa li cua kim loai ma. 

Cac nghien cuu gan day cho thay cac dang ldp ma t6 hgp tren ca sd nickel va kem dang rat 
dugc chu y. Vdi ldp ma CEP tren ca sd nickel, su gop mat ctia cac hat tra da khien cau triic cua 
ldp ma thay d6i ro ret nhung chting cung to ra hCru hieu trong viec lam tang kha nang ben nhiet, 
ben ca khi ciing nhu dp cting va kha nang chju mai mon so vdi cac ldp ma thuan nickel. Tieu 
bilu vdi cac ldp ma Ni-Ti02[17], Ni-SiC [18] hay Ni-P-SiC [19, 20, 21]. Trong trudng hgp ldp 
ma nickel chua cac hat tra AI2O3 [22, 23, 24], B va Si [25]. Ngoai kha nang tang dp ben ca hpc 
cua ldp ma thi dp ben an mon ctia chting cting dugc cai thien ro ret. 

Ben canh do cac lop ma CEP tren ca sd kem cting cho thay sir co mat ctia cac hat AI2O3, 
Si02 va Ti02 lam tang dp ran te vi len nhieu lan so vdi ldp ma kem nguyen chat [16]. Dp bin an 
mon ldp ma Zn(CEP) tuong d6i nhay cam vdi ham lupng cua AI2O3, Si02, Ti02, ket qua thuc 
nghiem cho thay trong khoang nong dp ttr 0,3 den 0,4%, trpng mpt s6 nghien ctm da sii dung 
trong khoang n6ng dp ttr 2 den 4 g/L dung djch, ket qua dp ben an mon cua ldp ma Zn(CEP) 
tang len hang chuc lan so vdi ldp ma kem nguyen chat, tuong duong vdi dp ben an mon ctia ldp 
ma kem nguyen chat dugc thu dpng boa. 

Cac dae tinh dien boa va vi cau true ctia chting da dugc tim hieu kha kT trong mpt sd 
nghien ctru [26 - 28], kit qua cho thay cac hat tra Si02, SiC tham gia trong ldp ma lam thay doi 
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thanh phin ciu true cua lop ma nhung lai gia tang kha nang ben an mon ctia chting. Gan day 
Muller va d6ng nghiep [29] da thu dugc ldp ma ZnNi/SiC ttr be ma kiem. Ong thay rang qua 
trinh kit tua dien boa ctia hpp kim nay it chju anh hudng bdi su cd mat cua cac hat tra SiC, tuy 
nhien mot vai dae tinh nhu thanh phin, ciu trtic ldp ma thi thay ddi rd ret. Tiec ring, nghien ctru 
chi dtrng lai d nghien ctru qua trinh kit tua dien hoa chua phan anh dugc cac th6ng so ve kha 
nang ch6ng an mon ctia Idp ma ZnNi khi co mat SiC. 

Nhu vay su tham gia ctia cac hat tra hay co the noi cac hat composite nay cting da phan nao 
cai thien dugc dp bin an mon ctia cac ldp ma noi chung, tren ca sd do chting toi da str dung 
phuang phap ma xung dien boa dl chl tao hgp kim ZnNi va qua do danh gia anh hudng cua cac 
dantJ hat tra Si02 va AI2O3 tdi d6 bin an mon ctia dang hpp kim nay. Hai loai thtr nghiem danh 
gia dugc str dung : thtr nghiem tu nhien va thtr nghiem gia toe (mti mu6i theo tieu chuan ASTM 
8117). 

2. T H V C NGHIEM 

Cac mau nghien ctru dugc chl tap tren nen thep 08-KP, chieu day 1mm, bang ngu6n xung 
ludng cue do phong Vat lieu dien ttr thuoc Vien Khoa hpc vat lieu, true thudc Vien Khoa hpc va 
C6ng nghe Viet nam chl tao dugc ki hieu nhu bang 1. 

Bang 1. Ki hieu cac mau nghien ctru 

STT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Loai mau 

Kem 

Kem Niken 4% 

Kem Niken 7% 

Kem Niken 14% 

KemNiken(Si02)4% 

Kem Niken (SiOj) 7% 

Kem Niken (SiOj) 14% 

Kem Niken (AI2O3) 4% 

Kem Niken (AI2O3) 7% 

Kem Niken (AI2O3) 14% 

Ki hieu 

Z 

Z4 

Z7 

Z14 

ZS4 

ZS7 

ZS14 

ZA4 

ZA7 

ZA14 

Vdi cac Idp ma ZnNi CEP, cac hat tro Si02 va AI2O3 d day co kich thudc < 1,5 pm, ham 
lupng str dung 2 g trong 1 Lit dung djch ma bgp kim. Chieu day trung binh ctia cac mau ma 
nghien ctru khoang 10 ^ 12 pm dugc do bdi may do chilu day ldp ma Coulotechnotest CT2, 
Nhat Ban. 

Cac ldp ma ZnNi CEP sau khi che tao da dugc dem phan ticb thanh phan be mat, ket qua 
cho thay ham lupng cac hat tra SiOi va AI2O3 dat ttr 0,28 din 0,3 % tong thanh phin. 
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Kem niken (AI2O3) 14% Kem Niken (SiOz) 7% 

Hinh I. Ket qua soi chup dudi kinh hien vi dien ttr SEM vdi EDX 

Hai dang moi trudng thti' nghiem dugc str dung: Thtr nghiem tu nhien dugc tien hanh tai 
tram phai mau ctia Vien KT thuat nhiet ddi tai Ha Npi va Thtr nghiem gia t6c mCi mu6i vdi tti thtr 
nghiem LABOMAT ESSOR Q-FOG CCT 600 Ha Lan theo tieu chuin ASTM Bl 17 [30]. 

De danh gia kha nang ben an mon ctia mpt vat lieu nao do, thi th6ng s6 dugc coi la quan 
trpng nhat do la djnh lugng an mon. Th6ng thudng thi phuong phap danh gia t6n hao kh6i lugng 
la mpt trong nhu'ng phuong phap dugc biet den nhieu nhat. Cac mau thu ve dugc xtr li trong mpt 
dung djch tay gi thich hpp ve nguyen tac thi dung djch nay chi boa tan cac san pham an mon qua 
day gia trj t6n hao khdi lupng con the hien t6e dp an mon ctia vat lieu nghien cuu. 

Tuy nhien phuong phap nay chi chinh xac vdi cac mau nghien ctru la kim loai thuan. Trong 
trudng hgp ctia cac ldp ma dien hoa vdi chieu day trung binh khoang 1 2 - 1 5 pm do do trpng 
lupng tuang ting cua chting kha nho so vdi trpng lupng ctia kim loai nen can phti. Ben canh dp 
dung djch tay gi th6ng thuong khong nhCrng hoa tan san pham an mon ma con hoa tan mpt phan 
kim loai phti. Do do phuong phap nay cting an chtra sai so. 

Do do chting t6i da str dung d6ng thdi hai phuang phap danh gia an mon: th6ng qua su biln 
doi trpng lugng ctia cac mau nghien ctru kh6ng qua tay gi; phuang phap ton hao kh6i lugng qua 
do xac djnh t6c dp an mpn; Do duong cong phan cue dien the vdi may AUTOLAB PGSTAT 
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300; hinh thai hpc cua cac miu trudc vao sau thtr nghiem dugc nghien ciiu nhd kinh hien vi dien 
ttl' (Scanningelectron microscopy - SEM). 

3. KET QUA VA THAO LUAN 

3.1. Du'dng cong phan eye dien the 

Hinh 1 trinh bay cac dudng cong phan cue dien thi cua cac hgp kim ZnNi va ZnNi CEP 
trong dung djch NaCI 5%) thep phuong phap thi dpng. Ttr cac dudng cong do dugc ta cd tbi xac 
dinh dugc mat dp ddng an mon ctia cac ldp phti bdi phuong phap ngoai suy Tafel cung nhu xac 
dinh duac dien the an mon Ecorr. 

E/V 

Mau 

Z 

Z4 

Z7 

Z14 

ZA4 

ZA7 

ZA14 

ZS4 

ZS7 

ZS14 

icorr 

pA/cm2 

11,78 

8,23 

5,15 

2,21 

3,51 

3,12 

1,69 

3,78 

2,95 

1,72 

E corr 

mV/SCE 

-1,081 

-997 

-982 

-953 

-974 

-865 

-753 

-981 

-871 

-774 

Hinh 2. Ket qua do dudng cong phan cue dien the trong dung dich NaCI 5% 

Qua kit qua thu dugc budc dau cho phep danh gia dugc anh hudng cua ham lupng Ni 
trong lop ma cting nhu anh hudng ctia thanh phan hat tra Si02 va AI2O3 tdi gia trj dien the an 
mon cua cac ldp ma nghien cuu. Nhin chung ham lupng Ni trong ldp ma tang dan den dien the 
an mon tang.Ben canh do su tham gia ctia thanh phan hat tra trong ldp phti khien mat dp dong an 
mon giam, co nghTa la khi cac hat tra nay tham gia trong cau true ldp ma da co anh hudng co Igi, 
gia tang dang ke d6i vdi dp ben an mpn cua cac Idp phu hpp kim ZnNi. Ben canh do su khac biet 
gitra cac gia trj dien the cQng nhu mat dp dpng an mpn cae ldp ma chtra Si02 va AI2O3 hau nhu 
kh6ng dang ke doi vdi m6i loai thanh phan hgp kim. 

3.2. Ket qua thir nghiem gia toe mii muoi 

Ket qua thtr nghiem mti muoi (hinh 3) cho thiy ngay ehi sau 1 ngay phun mudi lien tuc gi 
trang da bat dau binh thanh tren hiu hit cac ldp ma, mat dp gi tring ti le nghjch vdi ham lugng 
Ni trong ldp ma. Gitra cac ldp ma co va khong cd thanh phin hat tra khong cd su khac nhau r5 

90 



ret ve mat dp xuat hien diem gi trang. Sau 21 ngay thtr nghiem gi do van chua xuat hien nhung 
ciing da xuat hien mpt va diem d6m tham, theo nhu ket qua nghien ctru ctia mpt vai tac gia [15, 
31] thi tai cac viing nay ldp ma hau nhu da bj oxy boa, dieu nay cd nghTa la da xay ra hien tupng 
an mon cue bp tai mpt s6 vting c6 cau true khong d6ng deu doi vdi ldp phti Kem hoac nhtrng 
vung xay ra qua trinh an mon chpn lpc cau ttr Zn d6i vdi Idp phu hgp kim. Chae chan rang sau 
mpt thdi gian thu nghiem nua day se la nai ma gi do xuat hien. 

Hinh 2 cho thay rang kh6i lupng cac ldp phti deu tang nhanh trong 6 ngay dau thtr nghiem 
sau do toe dp tang dan dat trang thai 6n dinh. Rieng vdi ldp phu Kem kb6i lupng van tiep tuc 
tang. T6c dp an mon ctia cac mau nghien ctru cung tang nhanh dat gia trj tdi ban d 3 ngay dau 
sau do giam dan. Nhin chung cac ket qua chia ra 4 vting chenh lech kha ro ret, ldp ma Kem lu6n 
giir gia trj cao nhat ca ve bien thien kh6i lupng cting nhu toe dp an mon tiep den la cac lop ma 
hgp kim co ham lugng niken ttr 4, 7 va 14%. Rieng trong nhom cac ldp ma hgp kim, cac ldp ma 
ZnNi CEP to co gia trj thap hon so vdi ldp ma ZnNi, ke ca d cting mpt gia trj ham lupng Niken. 
Dieu nay cho thay ham lugng thanh phan niken va thanh phan bat tra da anh hudng co lgi tdi 
kha nang ben an mon ctia hgp kim ZnNi. Su thay doi nay cting dugc cac tac gia [12, 15] thu 
dugc khi nghien cuu thtr nghiem mii mu6i vdi cac ldp ma ZnNi che tao bang phuong phap dong 
mpt chieu. 

Nhu chting ta da biet qua trinh an mon ctia kim loai chju anh hudng ctia rat nhieu yeu t6 
cua khi hau nhu dp am, nhiet dp, dp 6 nhiem, mua nang... cting vdi dae tinh ben an mon von co 
ctia kim loai, dae tinh bao ve ctia Idp san pham an mon tao ra... kbi qua trinh an mon bat dau xay 
ra, san pham an mon 6 at hinh thanh dieu nay khien kh6i lugng ctia doi tupng nghien ctru tang 
len la duong nhien, theo ket qua nghien ctru rat chi tiet mpt s6 tac gia [2, 4, 5, 7, 12, 15] cho thay 
trong thti' nghiem mti muoi noi chung, khi phan tich thanh phan san pham an mon cho thay do 
bao gom hon hgp cac muoi cloruahydroxyt ctia kem va dien hinh la dang Simonkoleit 
Zn5(OH)8Cl2.H20 day la dang mu6i rat ben va it tan khi chting xuat hien tren be mat cua ldp ma 
tao thanh mpt Idp mang bao ve lam suy giam toe dp an mon cua kim loai trong giai doan an mon 
tiep theo. Dieu nay co the li giai tai sao kh6i lugng ctia cac mau nghien ctru ban dau lai tang 
nhanh sau do giam dan. 

Nhu vay trong thu nghiem mCi muoi Idp ma kem co dp ben an mon la kem nhat, tiep den la 
cac lop ma hpp kim va hpp kim ZnNi 14% co kha nang ch6ng an mon cao nhat... Cac ldp ma 
hgp kim co dien the an mon duong ban, li thuyet ma noi thi khi cung tham gia bao ve cho Idp 
thep thi toe dp an mon ctia hgp kim se nho ban, thanh phan hgp kim cang cao dp ben an mon 
cang Ion. Su tham gia ctia niken trong thanh phan lop ma da thay doi dae tinh dien boa cung nhu 
vi cau true ctia ldp ma kem. 

Neu tinh tdi kha nang an mon cau triie tinh the thi cac ldp ma co ham lupng Ni thap < 6%, 
CO duy nhat mpt pha r\, khi ham lupng Ni trong hgp kim tang 7 -̂  12% cau true trd thanh hai pha 
(q + y), ldp ma se trd nen bdng va nhan hon vdi kich thudc hat rat mjn. Khi lupng pha y du ldn, 
no se lam ngtrng su phat trien ciia pha r\, va khi chi con pha y, Idp phti se co cau true bat, nhan 
va xit chat tuo'ng trng vdi ham lupng Ni > 12% [2, 3]. Nhu vay vdi ldp ma Zn va ZnNi ttr 12% 
trd len t6c dp an mon se nh6 hon so vdi cac hpp kim 2 pha ZnNi co ham lupng Ni ttr 6 den 12%. Tuy 
nhien ket qua lai hoan toan bat d6ng.. Dieu nay theo nhieu tac gia thi hoan toan lien quan den sir xuat 
he th6ng cac vet nut tren cac ldp ma nay [5 -̂  12, 15] va dang san pham an mdn hinb thanh. 

Vdi ldp ma kem th6ng thudng qua trinh an mon dien ra tuan tu ttr an mon deu den an mon 
cue bp. Cac hpp kim ZnNi bao g6m cac qua trinh an mon deu, an mon chpn lpc roi tdi an mon 
cue bp. Trong qua trinh an mon tai nhtrng diem ma thanh phan pha kh6ng d6ng nhat thanh phin 
kem se bi an mdn gay ra cac vet ntrt tren be mat. Khi do thanh phan hpp kim da thay d6i dien thi 
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an mpn se tiln tdi gia trj duang hon dien thi ban diu. co nghTa la hop kim lai cang ben an mon. 
Ben canh do. san phim an mon tao thanh trong moi truong mti mu6i chti yeu la Silmonkoleit ben 
it tan da lap ttrc bit chat cac vit ntrt nay va tao mpt Idp mang nhu mpt ldp thu dpng be mat each 
li moi trudng vdi vdi kim loai nin, he bao ve luc nay co tinh chat bao ve catot hon he ban dau, 
Idp bao ve cang chat khit thi kim loai nin cang dugc bao ve tdt hon. Day chinh la nguyen nhan 
khiln cac hpp kim ZnNi co dp bin an mon cao ban han so vdi ldp ma Kem th6ng thudng. 

Bi6n thien kh6i lipcyng, g (Q-FOG) (b) Bien thien Toe do an mon (Q-Fog) 
Vcorr, g/m2.ngay 

(c) 

5 

4 

3 

2 

1 

0 

a l n thien T 6 C 66 an mon (Q-Fog) 
Vcorr, g/m2.ngay 

(d) 

3 

Bi§n th ien Toe 66 an mon (Q-Fog) 
Vcorr, g/m2.ngay 

5 10 

-Z —B—Z4 

-ZS4 —9—ZS7 

15 20 T, ngay25 Q 

-t^Zl —©—Z14 

- ^ Z S 1 4 i 

5 

-ZA4 

-ZS7 

10 15 20 T,ngay25 

-B—ZM —A—ZA14 —e—ZS4 

-A—ZS14 

Hinh 3. Bien thien khoi lugng tinh va toe do an mon cua cac ldp ma nghien ciru trong thtr 
nghiem gia toe mil muoi NaCI 5% 

Truong hpp vdi cac hpp kim ZnNi CEP, cac hat tra Si02 va AI2O3 td ra da nang cap dugc 
dp ben an mon ctia hgp kim dae biet d6i vdi hgp kim co thanh phin 14% niken, toe dp an mon 
ctia ca hai dang ZA14% va ZS14% diu nhd hon rit nhilu so vdi cac hgp kim ZnNi CEP ctmg 
loai (hinh 3b,c). Ket qua ban dau nay cho thay hai loai hat tra nay anh hudng that hieu qua vdi 
cac hpp kim cp ham lupng niken cap. Ve co che anh hudng nay thi cting chua cd tac gia nao neu 
ra va giai thich dugc, chting toi cho rang cac hat tra nay da phin nao thay d6i cac dae tinh dien 
boa cua hpp kim qua su xe djch % ham lupng cua hai thanh phan kem va niken dan tdi thay doi 
gia trj dien the an mon ban dau, dilu nay co thi nhan thiy qua gia trj dien thi va dong an mon 
ngoai suy theo phuang phap Tafel trong hinh 1. 



Hgp kim cd them mpt pha hat tra trang qua trinh an mon, khi m6i trudng xam thuc tiep xuc 
vdi ldp bao ve, dien tich tac ddng cua m6i trudng len ldp bgp kim la ldn hon cho dti ham lugng 
hat tra trpng bgp kim chi chiem khoang 0,28 den 0,3% tong thanh phan. Luc nay thanh phan 
kem bj an mon nhieu ban, hgp kim trd len giau Ni hon so vdi hgp kim ZnNi, dien the an mpn 
dich chuyen ve phia duong nhieu hon. Ket qua nay ciing dugc quan sat thay khi chting toi tien 
hanh theo doi su bien thien dien the an mon cac mau nghien ciiu theo thdi gian khi ngam trong 
dung djch NaCI 5%. 

Vdi Idp phu kem su thay d6i dien the la khong dang ke theo thdi gian, giao dpng trong 
khoang tir -059 mV den -1036 mV. Ben canh do dien the an mdn cua thep thay d6i kha dae biet 
giam nhanh trong khoang thdi gian dau roi kha on djnh tai gia tri -680 mV dieu nay cho thay 
thep bj an mon nhanh sau kbi tiep xuc vdi dung djch nghien ciiu, san pham an mon nhanh chong 
hinh thanh d day la gi dd, dieu nay dugc quan sat thay trong qua trinh nghien ciiu. 

Con doi vdi cac ldp phti ZnNi va ZnNi CEP - AI2O3 kbi ham lupng Ni trong ldp ma cang 
ldn thi dien the an mon ban dau cang cao, dae biet dien the an mon cac ldp ma ZnNi composite 
luon ldn ban so vdi cac ldp ma ZnNi ke ca giCra cac ldp ma co cting ham lugng Ni, theo xu 
hudng chung dien the an mon giam nhanh sau 50 gid ngam, sau do tdc dp suy giam on djnh dan. 

Hinh 4. Bien thien dien the an mon theo thai gian trong dung dich NaCI 5% 

3.3. Ket qua thur nghiem ty nhien 

Cac ket qua trong thtr nghiem tu nhien ve bien thien kh6i lugng va t6c dp an mon dugc 
trinh bay tren hinh 6. Khong gi6ng vdi dieu kien thtr nghiem gia tdc, ket qua bien thien kh6i 
lupng ctia cac mau nghien ctru ban dau cting la trpng lupng trong khoang 1 thang dau tang len 
tuong trng vdi qua trinh hinh thanh cac san pham an mon, sau do trpng lupng mau giam dan vdi 
toe dp kha nhanh, sau 6 thang thtr nghiem thi t6c dp suy giam cham lai, giai doan nay bap g6m 
hai qua trinh song song : tiep tuc hinh thanh san pham an mon dong thdi vdi su rtra troi san 
pham an mon. Dieu nay cting dugc cac tac gia [12, 15] quan sat thay khi tien hanh cac nghien 
cuu ctia minh. Tuy nhien theo cac tac gia nay, qua trinh an mon cua hgp kim ZnNi bao g6m 3 
giai doan: giai doan tang trpng lugng (hinh thanh eae san pham an mon), giai doan suy thoai 
trpng Iupng (san pham an mon tiep tuc hinh thanh va bj rtra troi) va cuoi cting la giai doan on 
djnh trpng lupng (san pham an mon ctia kim loai nen dugc hinh thanh - gi d6). Trong trudng 
hgp cua chting tdi co the vi thdi gian thtr nghiem khdng du dai de thay dugc giai doan thtr 3 nay. 
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Cho din thdi diem thu miu cuoi (12 thang) cting vin chua thay xuat hien cac diem gi do tren be 
mat cac mau nghien ctru. 

dm 
Tang kh6i 
luong ;• 

1 • V , 

• -

!* ^ . Suy giam 
11 K^oi lugng 

I i " 

Binh on khoi 
la(?ng 

III 

• 

Thai gian phai mau 

6 ' 0 i • 
ua trinh an mon ctia hgp kim kem niken trong tu nhien [15] 

Kit qua biln thien khoi lupng (hinh 6b, c, d) nhin chung cho thay rang vdi hpp kim ZnNi, 
khi ham lugng niken tang len thi t6c dp suy giam trpng lupng lai dien ra ngugc lai, hgp kim 
ZnNi 14% CO t6c dp suy giam ldn nhat. Trong khi vdi cac hgp kim composite ZnNi CEP lai 
hoan toan nghjch dao, toe dp suy giam trpng lupng giam khi bam lugng niken trpng hgp kim 
tang len. Va nhin chung thi kb6ng co su khac biet lam gitra cac bgp kim composite chtra AI2O3 
va Si02. 

Xet ve su khac biet giCra t6c dp an mon ctia cac bgp kim nghien ctru, vdi cac hpp kim ZnNi 
toe dp an mon ti le nghjch vdi ham lugng niken chtra trong hpp kim. Ben canh do vdi cac hgp 
kim composite, toe dp an mon lai thay d6i theo chieu ngugc lai, t6c dp an mdn ti le thuan vdi 
ham lugng niken. Dieu nay hoan toan trting khdp vdi ket luan ve sir bien thien kh6i lugng. 

Dieu dang chti y la su gop mat cua thanh phan hat tra trong hpp kim da dan tdi su thay doi 
dang ke d6i vdi dp ben an mon cua chting. Neu so sanh vdi ldp ma kem, cac hgp kim ZnNi deu 
to ra kem ben an mon hon. Nhung khi co mat cac bat tra dp ben an mon ctia hpp kim da dugc 
cai thien dan. Vdi cac hpp kim co ham lugng niken chiem khoang 4% cac ldp ma composite c6 
toe do an mdn ldn hon ZnNi 4%) va tat ca chting deu ldn bon tdc dp an mon cua kem (Vcorr: 
ZA4, ZS4 > Z4>Z), hinh 6f 

Khi ham lugng niken len tdi 7% thtr tu nay da cd su chuyen ddi, Hinb 6g, tdc do an mon 
ctia cac hgp kim composite hau nhu tuang duong vdi kem va nho hon so vdi hpp kim ZnNi 7% 
(Vcorr : ZA4, ZS4 ~ Z>Z4). 

O ham lupng niken cao nhat 14% thi khoang each nay da co su khac biet cac hgp kim 
composite co tdc dp an mon nho ban so vdi kem va nho ban bgp kim ZnNi 14% (Vcorr: 
Z14>Z>ZA14, ZS14), hinh6h. 

Nhu vay co the ket luan rang cae bat tra AI2O3 va Si02 da cai thien dugc dp ben an mon 
cua hgp kim ZnNi nhung chi co hieu qua vdi cac hpp kim cd ham lugng niken cao ttr 7 den 14 
%. Dieu nay cting cd the dugc quan sat thay khi chting tdi nghien ctru binh thai hpc ctia cac lop 
ma nghien ctru sau khi loai bd san phim an mon. 
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Hinh 6. Bien thien khoi lugng va toe do an mon cua cac Idp ma nghien ctru sau 12 thang 
thtr nghiem tu nhien 
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Qua cac ket qua thtr nghiem tren chiing ta thay rang bgp kim ZnNi td ra ben an mdn hon rat 
nhieu so vdi kem trong thtr nghiem mti muoi nhung trong dieu kien thtr nghiem tu nhien thi 
chting lai de dang bj pha htiy hon. Dieu nay cung kha ro rang kbi chiing ta lien he lai vdi ket qua 
trong mti muoi, trong qua trinh an mon cac hgp kim ZnNi dan bien d6i dae tinh trd thanh Idp 
phti bap ve co tinh catot hon dugc bao ve bdi mpt ldp mang san pham ben virng it tan la 
Simonkoleit, he th6ng cac vet ntrt do qua trinh an mon chpn lpc cau ttr kem vtra hinh thanh da bj 
bit chat lai bdi loai san pham an mon nay. 

Trong khi hoan toan ngugc lai trong dieu kien tu nhien, san pham an mon cua kem cting 
nhu bgp kim kem rat da dang, ttiy thupe vao dieu kien khi hau tai nai thtr nghiem. Vdi laai hinh 
khi hau thanh pho nhu tai tram phai mau cua Vien KT thuat nhiet ddi tbi cac chat 6 nhiem cung 
rat da dang nhung chu yeu g6m cac dang g6c SO4"", Cl", bui kim loai ... nhu vay san pham an 
mon cung g6m nhtrng dang kem bsn de hoa tan nhu ZnS04 la mpt vi du. Va chting se de dang bi 
rtra tr6i bdi nudc mua, trong qua trinh an mon cua hgp kim ZnNi khi cae vet mit hinh thanh lai 
khong dugc che lap, kem theo su thay d6i cua gia trj dien the an mdn djch chuyen ve phia duong 
hon, tieh chat bao ve cua hpp kim chuyen dan sang tich chat bao ve catot. Tat ca nhCrng dilu 
kien nay rat thuan lgi cho qua trinh an mon phat trien manh, cac bgp kim ZnNi to ra kem bin 
han so vdi kem. 

Nhung kbi co mat thanh phan cac hat tra trong hpp kim, chting ta cung eo tbi giai thich 
mpt each tuong tu nhu trudng hgp thtr nghiem mti mudi. Kbi qua trinh an mon xay ra, cac hat 
tra nay cpng vdi mpt sd san pham an mon ben vCrng it tan cd goc cloruahydroxyt, chiing tao 
thanh mpt hon hpp co tac dung san lap va bdi bit cac vet mit eua bgp kim, tang dp bin an mon 
cua ehung so vdi ldp ma kem. 

4. KET LUAN 

Cac hpp kim ZnNi va ZnNi CEP (AI2O3, Si02) vdi ham lugng thanh phin composite chilm 
khoang 0,28 den 0,3 % t6ng thanh phan kb6i lugng da dugc ebl tao theo phuang phap xung 
dien boa va dugc thtr nghiem trong hai dang m6i trudng khac nhau : tu nhien va gia toe (mti 
mu6i). 

Cac hpp kim ZnNi va ZnNi CEP 4, 7 va 14% niken eo dp bin an mdn ti le thuan vdi bam 
lupng niken va ldn ban so vdi kem trong thtr nghiem mti muoi. Thanh phin cac hat tra AI2O3, 
Si02 da CO anh hudng tich cue gia tang kha nang bin an mdn eiia hgp kim ZnNi dae biet d ham 
lupng niken 14%. 

Trong dieu kien tu nhien cac bgp kim ZnNi lai to ra kem bin ban so vdi kem, dp bin an 
mon ti le nghjch vdi ham lugng niken trong hpp kim; ngay ca cac hgp kim composite d ham 
lugng niken thap 4% cung co ket qua tuong tu. Tuy nhien cac bat tra AI2O3 va Si02 da gia tang 
dang ke do ben an mdn eua hgp kim ZnNi so vdi kem nhung ehi vdi cac bgp kim co ham lugng 
niken cao ttr 7 din 14%). 
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SUMMARY 

INFLUENCE OF Si02 AND AI2O3 TO CORROSION RESISTANCE OF ZNNI COATfNGS 
IN NATURAL ATMOSPHERE AND ARTIFICIAL ATMOSPHERE 

Electrodeposited zinc-nickel alloy coatings (with composition of Ni: 0, 7 and 14% by 
weight) in ammonic bath have experimented in natural atmospheres and artificial atmospheres 
(salt-fog test). Results in salt-fog test show that corrosion resistance of ZnNi coatings is higher 
by far than Zn coating, especially ZnNi 14% coating. But, results in natural test are on the 
contrary. Coating composition with Si02 and AI2O3 inert particles has effect on improve 
significantly corrosion resistance of these electrodeposited alloy coatings. Results are affirmed 
by tests in natural atmospheres and artificial atmospheres (salt-fog test). 
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