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1. MO PAU

Lép ma bac hodc hop kim bac thuong duge sir dung trong nganh my nghé,
trang tri, hay trong cong nghiép dién, dién tir d& ma cac chi tiét, tiép diém dan dién,
mach in... [1+3]. Cong ngh¢ ma bac truyén théng st dung dung dich ma c6 chua
mudi bac va mudi xyanua tu do d& giy doc va 6 nhidm méi trudng nén cac dung
dich ma bac chira nhiéu xyanua bi cdm hodc han ché sir dung tai mét sé nuée cong
nghiép phat trién. Viéc thay thé hop chét xyanua trong cdc dung dich ma bac thu hiit
su quan tim cua cac nha dién hoa [5+7]. Nhitng nghién ciru gan day chi ra cac dung
dich ma bac khéng chira xyanua ty do cho 16p ma c6 céc tinh chit co 1y, hiéu qua
bao vé chdng dn mon twong dwong 16p ma bac truyén théng, dic biét ddi véi cac chi
tiét 1am tiép diém, dan dién hodc ma trang tri [4, 8].

Mot trong cac dung dich ma bac trén co s& hé mudi dém phétphat
(K;HPO4/KH,PO,) khong chira xyanua tu do di dugc nghién ctru cho thay hiéu qua
va nhiéu dic tinh vu viét nhu: Chat luong 16p ma tét, dung dich 6n dinh, d& van
hanh, dic biét 1a it doc hai d6i véi nguoi ma va moéi truong [3, 7]. Trong dung dich,
cac anion Ag(CN), va H,PO4, HPO4™ tao thanh t hop phirc va phan tng phéng
dién tur phtc nay tao két tha bac trén catdt. Do vay, tinh chét 16p ma s€ phu thudc rat
16n vao dién thé trén dién cuc, hay truc tiép la mat do dong dién. Ngoai vai tro tao
phtc voi mubi bac, hé mudi ciia phdtphat c6 tac dung tao tinh dém cho dung dich va
tang d6 dan dién, kha nang phan bd. Vi cac ty 18 thich hop hdn hgp mudi KH,PO,
va K,HPO, ¢6 thé tao ra nhitng mac pH on dinh trong khoang pH = 6,8+7,2. Mudi
KH,PO4 va K;HPO4 trong moéi truong axit s€ cho ion OH', con trong moi truong
kiém tao ra ion H" lam 6n dinh pH cta dung dich:

HPO,” + H,0 < H,PO, + OH
H,PO, < HPO,” + H
Tuy thudc vao ham luong cia KH,PO,4 va K;HPO,4 va nhiét d, dung dich s€
co gia tri pH khéc nhau.

Trong bai bio nay, cac tac gia trinh bay mot s6 két qua nghién ctru dung dich
ma bac hé mudi phétphat khong chira xyanua tu do, khao sat cac yéu anh hudng nhu
mat d6 dong, nhiét d6 va thanh phan dung dich ma dén chat luong 16p ma, dinh
huéng thay thé dung dich ma bac chita xyanua truyén théng.
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2. THUC NGHIEM

2.1. Héa chit, thiét bi

2.1.1. Céc héa chit va thiét b

Hoéa chét bao gom: AgNOs, KCN, K,HPO,, KH,PO,4, KOH, H3PO, tinh khiét (PA).

Céc thiét bi bao gdm: dung cu thiy tinh, thiét bi gia nhiét, nhiét ké, chinh luu.

Dung dich ma bac duogc lya chon khao sat c6 thanh phén la: 5+20 g/L Ag"
dang K[Ag(CN),] + 35+80 g/L KH,PO4 + 100+160 g/L. K;HPO4. Chay dién ¢ mat
d6 dong catot 0,01+0,05 A/dmz, thoi gian 90120 phut, nhiét d6 50°C.

2.1.2. Chudn bi méu do va ché dé ma

Pdi voi mau do anh SEM, phan tich EDX, XRD dugc ma trén vat liéu d@)ng do
¢6 dién tich 1 cm?, thoi gian ma 30 phut, ¢ cac dieéu kién ma khac nhau.

Cac mau truée khi ma duoc danh bong bang gidy rap véi dé min 400, 600,
1500 va 2000 (Nhat Ban), tay sach dau md& trong dung dich kiém trudc khi ma.

2.2. Phuwong phap nghién ciru

Chup anh kinh hién vi dién tir quét - SEM, két hop phan tich phd tan sic ning
luong (EDX) dugc phan tich trén thiét bi JSM 6610 LA-Jeol (Nhat Ban). Cac mau

xac dinh thanh phan bang phuong phap EDX déu dugc phan tlch ¢ 3 vung khac
nhau trén bé mit, thanh phan ctia mau 1a gid tri trung binh cua 3 s6 liéu do.

Mau phan tich Ronghen (RXD) dugc do trén thiét bi X’Pert Pro.

Nghién ctru dién héa duoc thuc hién trén thiét bi Autolab 30 (Ha Lan). Pudng
cong phan cuc dugc do trong hé dién hoa gém 3 dién cuc voi dién cuc so sanh la
dién cuc calomen, dién cuc lam viéc la dién cuc déng co dién tich 1 cm’. Puong
cong phan cuc catot (quét tir dién thé can bang vé phia 4m) dugc quét trong khoang
-0,4 dén -1,5V, téc d6 quét 10mV/s.

Chiéu day 16p ma va hiéu suit ctia qua trinh ma duoc tinh toan theo phuong
phap do khéi luong ctia chi tiét trude va sau khi ma, duge so sanh khi méc nbi tiép
v6i Culong ké dong [2].

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Nghién cttu céc yéu t6 anh hwéng téi chét lwong 16p ma bac tir dung
dich photphat

3.1.1. Anh huong ciia n(”;ng do bac kim loai dén chit lwong lop ma

Dung dich nghién ctru, khao sat c6 thanh phan: 5+20 g/L Ag'(KAg[CN],)
+30g/L KH,PO4 + 160 g/l K;HPO4. Qua trinh ma thuc hién & mat do dong

0,4A/dm2, st dung dién cuc ludi titan lam andt, dun néng dung dich dén nhiét do
60-+-65°C, thoi gian ma 30 phut. Két qua khao sat duoc trinh bay ¢ bang 1.
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Bang 1. Anh hudng ciia ndng d6 bac dén chat luong 16p ma

STT N6:§+d@ Chit lwong 16p ma 1(ycph:::: (dl?‘f‘) H;Ié{u(;‘:l)ﬁt
1 5 Lép ma tho, gai 4,25 92,42
2 10 Ldép ma sang, min 6,35 85,65
3 15 L6p ma sang, min 6,68 93,12
4 20 L&p ma phan bd kém, tho, xop 7,02 90,06

Tir bang 1 cho thay, khi nong do bac thap (< 5 g/L) mat do dong dién ma thap,
tbc 40 ma cham, tuy nhién hi¢u sut dong dién cao. Khi néng dd bac 16n (=20 g/L)
thi téc d6 ma tang, c6 thé ma duoc & mat dé dong cao, tuy nhién kha ning phan bd
cta dung dich giam. Nhu vay khoang nong do thich hop cua dung dich 1a 10+15g/L
Ag" va ¢ nong d6 15 g/L Ag' cho hiéu suét va chat lugng 16p ma t6t nhat, do vay
tién hanh c¢6 dinh ndng do Ag™1a 15 g/L.

Pudng cong phan cyc catot ciia cac dung dich ¢6 ndng d6 Ag” khac nhau duoc
trinh bay trén hinh 1.
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Hinh 1. BPuong cong phan cuc cuia dung dich ma bac ¢ cac néng d06 khac nhau

Khi ndng d6 bac trong dung dich 1a 5 g/L thi d6 phan cuc 1a 16n nhét. Khi ting
ham luong Ag Ién 10+15 g/L thi d¢ phéan cuc giam di. Khi ham luong tang 1én 20
g/L d6 phan cuc giam di rat 16m, khi thyc hién ma tir dung dich c6 nong do nay sé
dugc toc ma 1én, tuy nhién 16p ma thé xSp vi ion bac d& phong dién, phirc
KAg[CN], kém bén hon.

3.1.2. Anh hwéng ciia néng dp K;HPO,va KH,PO,

Anh huong cua ham lwong Ko;HPO4 khi thye hién ma ¢ dung dich ¢6 thanh
phan: 15 g/L Ag'(KAg[CN],) + 30 g/L KH,PO4 + X g/L K,HPO, trong d6 X thay
ddi tir 100+180 g/L, mat d6 dong dién ma 0,4 A/dm?, nhiét do dung dich 6065 °C
dugc trinh bay trong bang 2.
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Bang 2. Anh huong cua ndng do K,HPO4 dén hiéu suat dong dién va tinh chat 16p ma

STT C(ng/‘;f)"“ H‘%‘;g‘i‘{t f,}(‘)’“g Chl‘s; ?:Ifl)'“p Chét lugng 16p ma
IS
2 120 90,78 6,95 L&p ma x0p.

3 140 93,12 7,21 Lop ma tréng min
4 160 91,43 7,02 Lép ma tréng min
5 180 90,96 7,18 Lop ma tréng min

Tir két qua cho thay téc d6 tang 1én khi ndng do K,HPO, tang, diéu do6 thé hién
16 qua su thay d6i c6 quy luat cia chiéu day 16p ma. Trong khi d6 hiéu suit dong
thay ddi khong dang ké. Khi ting nong d6 K,HPO, tir 100 dén 140 g/L, hiéu suét
dong dién tang 1én, tiép tuc ting nong do K,HPO, 1én 180 g/L hiéu suat dong giam
xudng. Lép ma dat yéu cau ky thuat trong khoang ndng do KoHPO4 tir 140180 g/L.
Lop ma dat chét luwong tt déng thoi voi hiéu suét dong dién cao khi ham lugng
K,HPO,4 ¢ gié tri 140g/L, do vay trong cac thi nghiém sau nhom tac gia lya chon
dung dich K-HPO, & ndng do nay.

Trén bang 3 trinh bay anh hudng ciia ndng d6 KH,PO, khi thyc hién ma trong
dung dich c6 thanh phan: 15 g/L Ag'(KAg[CN],) + 140 g/L K,HPO, + X g/L
KH,PO, trong d6 X thay ddi tir 20+40 g/L, mat do dong dién ma 0,4 A/dm?, nhiét
d6 dung dich 60+-65°C.

Bang 3. Anh huéng cua nong d6 KH,PO, dén hiéu sut va tinh chit 16p ma

Cxuzros H‘iéu Sl.l? ¢ Ch,i Su diy £ .
STT L) dongodl(;n 16p ma Chat lwgng 16p ma
H% (lm)
1 20 90,16 6,95 L&p ma bi xam, phan bo khong deu.
2 25 90,25 7,01 L&p ma x6p, kha nang phan bo kém.
3 30 93,12 7,21 L6p ma tring min
4 35 91,38 7,18 L6p ma tring min
5 40 90,43 7,08 Lép ma tréng min.

Khi ndng d6 KH,PO, ting, hiéu suit dong ting va qua trinh ma co thé dat
dén hiéu suét 93,12%. Nhung néu tiép tuc tang néng d6 KH,PO, thi hiéu suit dong
lai giam. Lép ma thu duoc tring min, khong bi thd, xdp & ndng d6 KH,PO, tir
30+40 g/L va ¢ ndng d6 30 g/L cho hiéu suét, chit luong 16p ma tét nhat, do vay
nhém tac gia lya chon KH,PO, & ndng d6 nay cho cac thi nghiém sau.
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Hinh 2. Pudng cong phan cuc cia dung dich c6 ndng d6 mudi phdt phat khac nhau

D1: dd 40 g/L KH,PO4 + 140g/L K,HPOy; D2: dd 35 g/L KH,PO4 + 140 g/L
K,HPOy; D3: dd 30 g/L KH,PO4 + 140 g/L K,;HPOy; D4: dd 25 g/L KH,PO4 + 140
g/L K2HPO4; D5:dd 20 g/L KH2P04 + 140 g/L KzI‘IPO4.

Pudng cong phén cuc cta cic dung dich khi thay ddi ndng do mudi phét phat
dugc thé hién ¢ hinh 2. Trong d6 KH,PO, va K,KPO, dong vai tro dém pH cua
dung dich trong khoang ndng do KH,POy tir 20+40 g/L, cac duong cong phan cuc
thay doi khong dang ké, khong anh hudng toi qua trinh phong dién cia ion Ag’.

3.1.3. Khdo sdt anh huong ciia mat do dong dién va nhiét do dung dich
3.1.3.1. Anh huwong cua mdt do dong dién dén hiéu sudt va tinh chat lop ma

Khao sat ma ¢ cac mat do dong dién khac nhau tir 0,2 + 0,6 A/dm?, thoi gian
ma 30 pht trong dung dich ma bac c6 thanh phan: 15 g/L Ag” (KAg[CN],)}+ 30 g/L
KH,PO, + 140 g/L K,HPO,. Két qua thu dugc thé hién trong bang 4.

Bang 4. Anh huong ciia mat d6 dong tdi hiéu suét va chét lugng 16p ma

STT | /];:nz) H‘%‘;&:‘g f,};’“g Ch:fl: ?:Ifl)l“p Chét lugng 16p ma
1 0,2 88,32 3,81 llghégn‘;lgéfng’ phan bo
2 0,3 91,87 6,95 Lép ma tréng min
3 0,4 93,12 7,21 Lép ma tréng min
4 0,5 86,77 6,96 L6p ma tring min
5 0,6 72,62 6,18 L6p ma x0p
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Tir két qua cho thay néu mat do dong nho hiéu suat dong dién thap, khi ting
mat do dong thi hi¢u sudt tang, nhung dén mot gia tri nhét dinh khi tiép tuc tang mat
d6 dong thi hiéu suat dong lai giam.

Nhu vay, co thé chon mat do dong ma trong khoang 0,3+0,5 A/dm? cho 16p
ma trang sang, min, dep, khong bi gai, xop va & mat d6 dong 0,4 A/dm? cho hiéu
suét tét nhat, do vay trong cac nghién ctru sau, nhom tac gia lya chon ché d6 ma mat
d6 dong 0,4 A/dm?.

3.1.3.2. Anh hwong cua nhiét do dén hiéu sudt dong dién va chat luong 16p ma

Nhiét 6 1a mot trong nhitng yéu tb ¢6 anh huong 16n dén qua trinh ma cia hé
phirc phétphat. Lép ma trang, min hay thd, nga mau mot phan do nhiét do quyét
dinh. Mat khac, téc d6 ma cling bi anh hudng boi nhiét dg, nhiét do cang cao tbe do
ma cang nhanh. Pé khao sat sy anh huong cua nhiét do, ¢ dinh thanh phén dung
dich va céac ché d6 ma nhu sau: Mat do dong 0,4 A/dm?, thanh ph?ln dung dich 15g/L
Ag', 30 g/L KH,POy; 140 g/L K,HPO, r6i tién hanh ma ¢ cac khoang nhiét do khac
nhau tir 30-80°C. Két qua khao sat dugc thé hién trong bang 5.

Bang S. Anh huong cua nhiét o dén hiéu suét va chat lugng 16p ma

STT | T(°C) H‘g‘::;‘;‘{t f;i’“g Chlirél; ?;‘l“lyl)l“p Chét lugng 16p ma
1 30 74,58 6,35 g:’i};g;bi xdm, bot
2 40 80,96 6,94 Lép ma tho
3 50 92,53 7,05 Lép ma trang tho
4 60 93,12 7,21 Lépma tréng min
5 70 94,29 7,14 Lépma tréng min
6 80 94,31 7,26 Lépma tréng min

Két qua cho thdy nhiét do cang cao thi chiéu day 16p ma cang tang, diéu d6
thé hién tdc d6 ma tang 1én khi tang nhiét do. Hi¢u suét dong dién ciling tang dan
theo chiéu ting ctia nhiét do. Lop ma dat yéu cau trong khoang nhiét do tir 60-80°C.
Tuy nhién khi ting nhiét 6 dung dich 1én cao thi s& lam tiéu ton ning luong dét
néng, dong thoi 1am dung dich bay hoi gay 6 nhiém moi trudng, anh hudng t6i stc
khoe nguoi lao dong. Dé dam bao tiét kiém ning luong dun nong dung dich, an toan
moi truong c6 thé ma & khoang nhiét 6 60+65°C 1a phu hop.
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3.2. Phén tich céu tric, hién vi dién tir quét, phan tin xa niing luong bé
mat l6p ma thu dugc

3.2.1. Phédn tich Ronghen

Két qua phan tich anh Ronghen (XRD) ciia mau ¢ ché d6 ma: mat do dong
0,4A/dm?, thanh phan dung dich 15 g/L Ag 30 g/lL KH>PO4, 140 g/L K,HPO,,

nhiét do: 60 C duoc chi ra & trén hinh 3, miu c6 xuét hién pic cia kim loai bac (Ag)
rat dic trung [ 8].

Hinh 3. Gian d6 XRD cta mau ma bac
3.2.2. Chup danh hién vi dién tw quét, phé tin xq nang lwong (SEM-EDX)

Két qua phan tich anh SEM-EDX ctia mau ma duoc chi ra ¢ trén hinh 4. Trén
anh hién vi dién tir quét (SEM) cho thay ¢ diéu kién céng nghé ma di chon cho 16p
ma min, bong. Phd phan tich EDX cho thiy 16p ma chtra 100% bac, diéu nay cho
thdy 16p ma chtra kim loai bac rat tinh khiét.
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Hinh 4. Anh SEM va ph6 EDX ctia mau ma bac
4. KET LUAN

Thanh phéan va ché d6 thich hop cua dung dich ma bac tur mudi phét phat,
khong chura xyanua ty do la: Méat do dong 0,4 A/dmz, thanh phan dung dich 15 g/L
Ag’; 30 g/L KH,POy; 140 g/L K,HPO,, nhiét d6 60°C.

Véi cac két qua phan tich SEM-EDX, XRD cho thay 16p ma bac thu dugc c6 do
tinh khiét cao. Lép ma thu dugc sang, min, diéu nay cho thiy dung d1ch trén co trién
vong Umg dung trong vi¢c thay thé dung dich ma bac chtra xyanua truyén thong, giup
han ché sir dung hop chét xyanua doc hai dbi voi méi truong.
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SUMMARY

STUDYING ON PHOSPHATE SILVER PLATING WITH
NON-FREECYANIDE SOLUTION AND FACTORS AFFECTING
ON THE QUALITY OF THE SILVER PLATINGS

The conditions and chemical composition of the non-freecyanide solution to
silver plating had been investigated. The solution is well distributed. The quality of
the plating is similar to the plating with free cyanide plating solution. Therefore,
non- free cyanide phosphate solution could be replacing by the traditional cyanide
silver plating. The appropriate composition and plating conditions are: 15 g/L Ag’;

30 g/L KH,PO,; 140 g/L K,HPO,; current density 0.4 A/dm?; temperature 60+65°C.
The received silver platings are pure, bright and smooth.

Keywords: Silver plating, Non cyanide plating, Phosphate plating solution.
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