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Tém tit: Tinh chat quan trong nhat clia 16p ma crom trang tri 1a ¢6 bé mat “bat mat” dap ung
yéu cau thi hiéu. Tinh chit nay c6 thé quan sit va danh gia cam quan bang mat thuong, thong
qua quan sit bé mat san pham, hodc anh chup giéi thiéu san phim. Ngoai ra, ddi véi 16p ma
crom trang tri hoan thién, con céc tinh chét khdc, nhu d6 bam dinh, d6 cting, thanh phén, do bén
an mon ... can duge nghién ctru xac dinh trudce khi dua ra ing dung. Tuy nhién trong qué trinh
nghién ctru ma crom trang tri con c¢6 nhitng yéu cau bat budc khéc can tuan thi, trong d6 dic
biét 12 yéu cau bao vé méi trudng. Vi vay bé ma crom véi Cr(VI) doc hai, da bi cAm sur dung &
nhiéu nudc trén thé gidi, dugc thay thé bang bé ma Cr(III). Bai bdo nay gidi thi¢u két qua khao
sit tim diéu kién phit hop cho qué trinh ma crom trang tri tir bé ma phirc Cr(IIl), huéng t6i
nghién ctru hoan thién qué trinh ma Cr(III) than thién mdi truong.

Tur khoa: Ma trang tri Cr(III), ma Cr(III), ma crom tir bé ma phtc Cr(IID).

1. Mé dau

L6p ma crom ¢6 d6 béng cao, dd bén co
hoc 16n, dugc su dung trong rat nhiéu linh
vyc: 1am 16p ma trang stc, bao vé chdng an
mdn va ma crom cimg chéng mai mon ding
trong cong nghiép. Lép ma crom dugc ung
dung nhiéu trong thuc t& va khé c6 thé tim
duoc cac 16p ma kim loai khac thay thé duoc
16p ma crom [1-3].

Dé tao ra 16p ma crom ban diu thuong sir
dung dung dich ma Cr(VI), 16p ma thu dugc
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¢6 nhitng tinh chit tot dam bao céc yéu cu ky
thuat. Tuy nhién Cr(VI) rat doc hai, la tac
nhan oxy héa manh, giy 6 nhiém mdi trudng,
nguy hai ddi véi sirc khoe. Dung dich ma Cr®™
da bi cam st dung ¢ nhiéu noi trén thé gidi, do
d6, nghién ctru tao 16p ma crom tir hé dung dich
Cr(IIl) thay thé dung dich ma Cr(VI) 1a van dé
dang duoc thé gisi hét stic quan tam [4, 5].

Cong nghé ma crom tir dung dich hop chat
crom hoa tri 3 duoc bt dau nghién ctu tr rat
sém. T nam 1854 Robert phit minh ra
phuong phdp ma dién crom hoa tri ba, nhung
vi 1y do khac nhau viéc nghién ctru cong nghé
ma crom hda tri ba dién ra cham. Tu nhiing



176 N.X. Huy va nnk. / Tap chi Khoa hoc PHQGHN: Khoa hoc Tu nhién va Cong nghé, Tap 32, S64(2016) 175-183

niam 1970, v6i nhiing tién b trong khoa hoc
va cong nghé, qué trinh ma crom tir dung dich
mudi crom hod tri 3 ¢6 nhiéu budc tién méi.
Sau nhiing nam 1980, cidc nhém nghién
clru qué trinh ma crom héa trj ba bat ddu phat
trién. Nam 1981 & Anh, W.Canning phat trién
mot qud trinh ma dya trén mudi crom héa tri
ba sulfat . Bén ndm 1990, cong nghé ma crém
héa tri ba da bat dau phat trién nhanh chéng .
Trong nhitng ndm gan ddy, mot s6 san phim
dung dich ma crom 3+ thuong mai ra doi

[CrL(H,0),]*

2[CrL(H,0);0H*" —

OH
[L(H,0);Cr -

OH

[L0pcr 7~

\Cr(HZO)gL] RN

nhung chi dap ung dugc mot ph?ln nhat dinh
vé chit lugng tmg dung ma trang tri.

Céc dung dich ma crom hod tri ba dugc
nghién ctru c6 thanh phan co ban la mudi
Cr(IlD), cdc chit din dién, chit dém, chit hoat
dong bé mit dic biét trong cic dung dich ma
chat tao phtrc 1a thanh phan quan trong quyét
dinh kha nang tao thanh l6p ma [4]. C6 thé st
dung nhiéu loai chét tao phurc khic nhau nhu
mubi format, axetat, ure, aminoaxetic axit... [4
- 6]. Theo tai liéu [8, 9], phan Ung tao phuc
xdy ra nhu sau:

— [CrL(H,0);0H]** + H*

OH

\
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No NN
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Cr(L0)L] ¥ + 2H,0

Trong d6, L 12 cdc phdi tir nhu: nuéc, glicin, formic...

Bai bdo nay gidi thiéu két qua ma crom tir
dung dich phuc Cr(Il) trén nén déng va mot
s tinh chit ciia 16p ma.

2. Thue nghiém
2.1. Hod chdt va dung cu

2.1.1. Cdc hod chdt va chudn bi dung
dich ma

a. Hod chit

Héa chat ding dé pha ché dung dich ma
nghién ciru duge st dung 12 ho4 chét tinh khiét
ciia Trung Qudc do tinh khiét loai AR. Cic
hod chit sir dung bao gém: crom sunfat, axit
aminoaxetic, amoni sunfat, axit boric, kali

bromua, dung dich amoniac, dung dich axit
sunfuric.

b. Pha ché dung dich ma

Pha dung dich ma crom 3+ la mét trong
nhiing bi quyét céng nghé, quy trinh pha phy
thuéc vao tdc nhan tao phuc. Pha ché dung
dich theo cac budc sau:

- Can axit boric pha trong 700ml nudc
cat, khudy va gia nhiét & 70-75°C cho dén
khi H;BOj; tan hoan toan trong nudc (Dung
dich A).

- Can mubéi Crom (IIT)  sunfat
Cry(SO4);.6H,0O cho vao dung dich A khuéy
trong 30 phiit (Dung dich B).

- Can céc chit tao phirc cho vao dung dich
B, khudy va gia nhiét & 75°C trong 3 gio
(Dung dich C).
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- Hoa tan hoan toan chit dan dién
(NH4),SO4 véi 200 ml nude cat (Dung dich D).

- Rét tir tir dung dich D vao dung dich C,
khuay va gia nhiét & 75°C trong 30 phiit.

- Thém luong chit thdm w6t bé mat, tiép
tuc khuay trong 30 phit

- Pinh mirc dung dich 1000ml bang nudc cit

2.1.2. Dung cu

- Cbc thuy tinh 250, 500,1000ml

- Binh dinh mirc 1000ml

- Nhiét ké, gidy gidp, chdi 1ong

- Can phan tich

- M4y khudy tir va gia nhiét

- T sdy

2.2. Khdo sdt tdc dng ciia mot sé thong so

Phan cuc dong tinh dugc sir dung dé ma
crom. Mat d6 dong dugc khio sat trong
khoang rong tir SA.dm* dén 8A/dm® & nhiét do
T =40°C, d6 pH 3,5, thoi gian ma t = 20 phit.

Nghién ctru anh hudng cua nhiét do duoc
thuc hién ¢ 20°C; 30°C; 40°C; 50°C; 60°C,
cling diéu kién pH = 3,5 A/dm’ mat d6 dong
Dc=7,0 A/dm’, thoi gian ma t = 20 phuit.

Tac dong cua pH duogc khao sat trong
khoang pH = 2,5 dén 5,0, cdch 0,5, cing diéu
kién nhiét d0 T = 40°C, mat d6 dong Dc =
7A/dm?, thoi gian ma t = 20 phit.

Do pH duoc diéu chinh bang axit H,SO,
hodc dung dich NH,OH.

Tong hop két qua thu dugc xay dung dugc
hé ma Cr(Ill): bé ma v&i thanh phan phit hop,
ché d6 ma v6i mat do dong, pH, nhiét d6 va

thoi gian ma, cho qua trinh nghién ctu hoan
thién tiép theo.

3. Két qua va théo luan
3.1. Anh hirdmg ciia mdt dé dong dién

Trong hinh 1 12 anh chyp bé mit cic mau
crom dugc ma véi mat d0 dong khiac nhau.
Céc mlu tr (a) dén (g) dugc ma & cung diéu
kién nhiét do T = 40°C, pH 3,5, thoi gian ma t
= 20 phiit, véi mat d6 dong tuong tng 1an luot
1aJ (A/dm? =5,0; 5,5; 6,0; 6,5; 7,0; 7,5; 8.0.

Tat ca cic mau déu tao 16p ma, ching to
trong khoang J = 5,0= 8,0A/dm’, dung dich
c6 kha nang lam viéc. Tuy nhién chat lugng
cua ching khac nhau. Pbi v6i mau (a) su dung
mat do dong 12 5SA/dm? 16p ma thu duoc rét
moéng, cha yéu hinh thanh & xung quanh ria
ngoai dién cyc. Khi mat do ting 1&€n 5.5
A/dm’, téc d6 phéng dién nhanh hon, lugng
kim loai két taa trén (b) nhiéu hon nhung van
chua du lap kin bé mat. Tiép tuc ting mat do
dong Ién 6,0 va 6,5 A/dm?, mau (c) va (d), 16p
Cr sap xép dic sit hon, 16p ma trang sing hon
so véi mau (a) va (b) nhung van kha mong.
Pén miu (e), dugc ma & mat do dong 7,0
A/dm’, c6 mau tring séng, béng vé cam quan
dat duoc yéu cau ky thuat. Tuy nhién v6i mau
(h) va (g) dugc ma 6 mat do dong lan luot 1a
7,5 va 8,0 A/dm®, 16p ma c6 hién tuong xdp,
bot khong bam dinh, bé mat ¢6 hién tugng lén
hoa (mau (g)); nguyén nhén do tdc d6 phéng
dién xay ra nhanh, luong Cr sinh ra trén bé
mat khong kip két tinh, tao nén hién tuong 16p

£ 9

ma bi “chay” xdp.
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(d) (e)

®

Hinh 1. Mau crom ma ¢ cac mét d¢ dong khac nhau

(a) 5,0A/dm’; (b) 5,5A/dm?; (c) 6,0A/dm’; (d) 6,5A/dm?; (e) 7,0A/dm?; (f) 7,5A/dm?; (g) 8,0 A/dm®

So sdnh hinh anh cdc 16p ma nhan thiy &
mat d6 dong Ia 7A/dm? (4nh e - hinh 1) cho
16p ma c6 d6 tham my cao nhét.

3.2. Anh hieong ciia @6 pH trong dung dich ma

Anh bé mit cdc miu crom san phdm ma &
cac d6 pH khac nhau dug gidi thiéu trong hinh
2. Céc mau tir (a) dén (f) dugc & clng diéu
kién nhiét d0 T = 40°C, mat d6 dong Dc =
7A/dm?, thoi gian ma t = 20 phiit, nhung trong
dung dich 1an luot ¢6 pH = 2.,5; 3,0; 3,5; 4,0;
4,5; 5,0, hinh 2.

Véi pH = 2,5 16p ma méng, phu khong
hoan toan bé mit ciia mau, vé co ban khong
dat yéu cdu ma trang tri. PSi véi miu pH =
3,0, 16p ma da cé sy khac biét ro rét, mau
sdng, d6 che phu t6t hon nhung chua hoan
toan phu kin mau. Dbi véi mau pH = 3.5, 16p
ma pht kin toan bg dién tich bé mat miu, mau
sic tring sang, bong vé cam quan ddp Ung

mau trang tri. V&i mau pH =4,0 16p ma c6 xu
huéng bi tdi mau hon. Tiép tuc ting pH 1én
4,5 va 5,0 16p ma bét ddu xuét hién vét rd,
nhét 1a pH 5,0 16p ma bi mo.

So sanh céac lop ma thu dugc ¢ d6 pH khac
nhau, c¢6 thé thdy mau tién hanh ma ¢ pH =
3,5 (anh ¢ hinh 2) 1a ddm bao vé mit thdm
my, thich hop nhat dé s dung lam 16p ma
trang tri.

Dé 6n dinh va duy tri d6 pH cta dung dich
trong pham vi mong mudn can thém cdc phy
gia goi 1a chat dém. C6 thé sir dung céc bd
dém san nhu phosphat, citrat hoic hé dém
borat, trong d6 axit boric dugc dé xuét 1a cho
dat hiéu qua cao nhit (Hinh 3).
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(b)

(d) (e) ®

Hinh 2. M4u ma crom trong dung dich ¢6 pH khéc nhau.

(a) pH=2,5; (b) 3,0; (c) 3,5; (d) 4,0; (e) 4,5; (£) 5,0.

G (e)

Hinh 3. Mau crom dugc ma & nhiét do khac nhau.

(a) t = 20°C; (b) 30°C; (c) 40°C; (d) 50°C; (e) 60°C
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3.3. Anh hirdmg ciia nhiét dg

Anh bé mit cdc mau crom san phém duoc
ma & cac nhi¢t d§ khac nhau duogc gidi thiéu
trong hinh 3. Céc mau tir (a) dén (e) dugc ma
& cing diéu kién pH = 3,5 A/dm’, mat d6 dong
Dc=7,0 A/dmz, thoi gian ma t = 20 phat, véi
nhiét d6 ma lan luot 13 20°C; 30°C; 40°C;
50°C; 60°C.

O nhiét d6 20°C, céc tinh thé Crom dugc
phit 1&n bé mit trong d6i dong déu, 16p ma c6
mau tring sdng, tuy nhién con méng. Ting
nhiét do 1én 30°C — 40 °C, bé mat 16p ma c6
chat lugng tét hon, 16p ma phu kin hoan toan
bé mat vat liéu, c6 do tréng sang cao. Tuy
nhién ¢ nhiét d6 cao hon, 50 °C va 60 °C, chét
luong bé mat 16p ma c¢6 mau xdm hon rat
nhiéu so véi cdc miu ma trudce, ¢6 hién tugng
chdy sém ¢ nhiét do 60°C.

3600

1600 | o

1

Position [*2Theta]

Hinh 4. Gian dd nhiéu xa tia X cua 16p ma.

Tir gian d6 nhidu xa tia X cho thdy 16p ma
1a kim loai crom véi cic pic tinh thé dic trung,
hinh 4. B& mdt mau min dong déu ching t6
phan bd dong ma tét, hinh 5.

Mau san phim ma dugc phén tich thanh
phan bang phuong phiap EDX. Pho EDX va ti
1¢ Cr trong san pham 16p ma crom 3 dugc gidi
thiéu trong hinh 6 va bang 1. Thanh phan kim

Ciing giébng nhu pH va mat do dong dién
c6 khoang gid tri phit hop dé ma duoc san
phém chét lugng, nhiét d0 ma dam bao dugc
chat lugng nam trong khoang tir 30+45° C,
chon le”iy gid tri nhiét do 40°C (anh ¢ hinh 3) 1a
phu hop.

3.4. Lop mg crom

Nhu vay diéu kién ma phit hop nhét 1a pH
ma 3,5, mit do dong 7,0 A/dnr’, nhiét d6 40°C,
thoi gian ma 20 phut. Sau khi ma & diéu ki€ém
ma dugc chon ndy, miu san phém duoc ria
sach bang nudc cét va con ki thuat, siy kho
bang khong khi néng, bao quan trong géi gidy
phan tich. Sau dé mau duogc do nhiéu xa tia X,
xdc dinh thanh phan theo phuong phiap EDX
va chup anh bé mit.

[— T

Hinh 5. Anh SEM chup bé mit 16p ma.

loai crom trong 16p ma chiém ti 1€ 92,43%,
cacbon chiém 7,57% - luu y 1a thanh phan C
Iubn cé6 mat trong 16p ma Cr(Ill) [2-4].
Cacbon ton tai trong 16p ma xen 1an vao cdc
tinh thé kim loai crom, khong anh huéng dén
cAu tric tinh thé crom, dén mau séc, do sang
ctia 16p ma. Thanh phan C nay c¢6 ngudn gbc
tir chét tao phtec [7].
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Hinh 6. Phé EDX cia mau ma Cr tir dung dich ma Cr’*.

Béng 1. Ti 1¢ ham lugng nguyén t6 crom trong 16p
ma Cr tir dung dich ma Cr’*

N Mirc Phan tram

Teén nan khéi !
STT nguyén & Sai s6

@ lugng  luong

V) (%)

1 C 0277 17,57 +0,28
2 Cr 5411 92,43 +0,14
Tong 100

Dé ddnh gid d6 biam dinh cia 16p ma c6
thé sir dung nhidu phuong phap nhu bé gap,
gach khia..., trong nghién ctu nay chon
phuong phap gach khia [10].

Phuong phap nay st dung mot mii kim
loai nhon khia vao bé mat mau ma céc duong

khia ciach nhau 1-2mm, tai cdc 6 nho 16p ma
van bam chic vao bé mit nén dam bao khong
bong tréc. Tir hinh 7 ¢6 thé thdy mau dam bao
vé d6 bam ddi v6i nén kim loai bang dong,
dap ung duoc diéu kién vé do bam cua 16p ma
trang tri.

Qua nhitng khdo sit vé 16p ma crom tir
dung dich ma sir dung chét tao phtrc axit amin
oaxetic, cic két qua so voi mot sé cong trinh
nghién ctru truéc day nhu trong tai liéu [6].
Chat lugng 16p ma da duoc cai thién, cidc mau
ma dugc trong diéu kién thuc té c6 thé ép

dung ngay trong linh vuc ma trang tri bén
ngoai 16p ma niken.

Hinh 7. Hinh 4nh miu ma kiém tra d6 bim theo phwong phap gach khia.
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4. Két luan

Tir két qua nghién ctru anh huéng cua pH,
mat d6 dong, nhiét do6 dén chét luong cam
quan cua 16p ma crom trong dung dich phuc
Cr(IlD), da chon duoc diéu kién ma phu hop 1a
: pH = 3,5, nhiét d6 40 °C, mat 46 dong ma J =
7,0A/dm’. San phdm 16p ma crom tir bé ma
phuc Cr(IIl) véi diéu kién ma dugc chon phu
hop trén ddy c6 mau sic trang tri tot, vé cam
quan dam bao chét luong 16p ma crom trang
tri. Lép ma c6 d6 bam dinh, phan bd dép ung
yéu ciu.

Diéu kién thuc nghiém trén day dugc chon
cho nghién ctru anh hudéng cua cic yéu tb
ndng d6 Cr(Ill), ti 1& chat tao phirc va mot sb
tdc nhan khdc, dén qud trinh khir Cr(IIT) tao
16p ma crom trang tri than thién moi truong.
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Electrochemical Cr Deposition in Cr(III)
Complex Solution 1. Precipitate Conditions
for Suitable Organoleptic Surface
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Abstract: The most important properties of decorative chromium plating surface is "eye-
catching”" meeting the tastes. This property can be observed and sensory evaluated with the naked
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eyes, through observation surface of the products, or product descriptions shots. Also, for chromium
plating decoration, the other properties, such as adhesion, hardness, composition and corrosion
durability should be studied before deciding application aspects. However in the process of
researching decorative chromium plating, there are other mandatory requirements to be complied
with, in particular to environmental protection requirements. Chrome bath with toxic Cr(VI), has
been banned from the use in many countries around the world, to be replaced by Cr(III) complex
bath. This paper introduces the survey results to find suitable conditions for the decorative
chromium electroplating from Cr(IlI) complex bath, towards perfecting Cr(IIl) plating process
friendly to environment.

Keywords: Electroplating trivalent chromium,electroplating from Cr(III) complex bath.



