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TOM TAT

Béo cao trinh bay két qua khao sat qua trinh nhuom den thép & nhiét do thuong (30°C) Lop phu
chuyén d6i hinh thanh dwgc danh gia so sanh voi mang nhudém den xir 1y trong dung dich kiém & nhiét
d6 cao (140-148°C) thong qua do dac tinh nang co ly, kiém tra tinh trang tri (d0 bong va toa do mau)
va kha nang bao vé chong an mon kim loai. Thyc nghiém cho thdy co thé sir dung qua trinh nay dé tao
16p nhudém den trén nén thep cacbon phu hop yéu cau ky thuét. Bong hoc va co ché ctia phan tg tao
mang nhudém den & nhiét d6 thudng ciing duoc bude dau nghién ciru va thao luan. Toc do phan tng
nhudém den phu thudc vao ndng do tac chit va dic biét vao pH dung dich theo phuong trinh V =
k[H'[SeO5*][ Cu*"].
ABSTRACT

Steel blackening process at room temperature (30°C) has been investigated. The physico-mechanical
characteristics, decorative appearance (gloss and colour) and protective performance of the obtained
conversion coatings have been evaluated and compared with those treated in hot alkali solution (140-
148°C). The process can be used for deposition of suitable coatings on carbon steel. Kinetics and
mechanism of the blackening reaction has also been investigated and discussed. Reaction rate depends

on solution concentration and pH by equation V = k[H"][SeOs>][ Cu*"].

1. MO PAU

Cong nghé nhuom den thép nhim tao ra 16p
phi chuyén d6i co kha ning chdng dn mon
tuong d6i tot, it 1am thay ddi kich thudc va
tinh ning co ciia bé mat chi tiét, khong gay
ch6i mat dbi véi dung cy cit got, vii khi, dung
cu quang hoc, c6 tinh thAm my cao, gia thanh
lai thap nén duogc sir dung rong rai trong nhiéu
nganh cong nghiép.

Hién tai c6 bon loai cong nghé khac nhau dang
dugc st dung dé tao 16p nhudém den trén nén
thép: i) xtr ly trong bé mudi nong chay &
315°C hodc cao hon; ii) dung dung dich kiém
noéng (140 - 148°C); iii) dung dung dich kiém
4m (87 — 93°C) va iv) xur Iy & nhiét do phong
(20 - 4OOC). Cong nghé nhudm den 6 nhiét do
phong con dugc goi la cong nghé oxy hoda
lanh, dugc khoi xudng tir dau nhitng nim 1970
va co su phat trlén manh mé nhimg nam gan
day do cac yéu cau vé tiét kiém niang luong va
giam thiéu 6 nhiém moéi truong. Trong sd cac
dung dich nhuém den & nhiét do thuong thi

dung dich chira hop chit Se thu hiit dugc nhidu
su chil ¥ nhit cia cic nha nghién ciru va ciling
dd dugc tng dung & mét sé nudc (Hoa Ky,
Oxtralia, Trung Quéc,...).

2. THU'C NGHIEM

2.1 Khio sat lya chon thanh phin dung dich
va dong hoc phan ing

Phuong phap t6i wu héa thong ké duoc su
dung dé khao sat lwa chon thanh phan dung
dich nhudém den [1, 2]. Thanh phan dung dich
dinh hudng dya theo cac tai li¢u [3 - 6]. MO
hinh Simplex II véi ham sb 1a L (d6 sang trong
toa d0 mau) va cac bién s 1a thanh phan dung
dich, pH, thoi gian, nhiét d¢ thyc hién phan
mg. Bai toan t6i wu 1a tim ving khong gian
thich hop tai 6 cho két qua L bé nhét (gan véi
d6 den tuyét doi nhat).

DPong hoc qua trinh phan tng budc dau duge
khéo sat dua theo su bién di néng dd cac ciu
tu theo thoi gian [7, 8]. Trong phuong phap



nay, gia tri p duoc gia thiét 1a bac phan ung
theo phu’ong trinh vi phan:

LdIC]

=k[C]
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Sau d6 xac dinh ham f{[C]) biéu dién theo thoi
gian thong qua cac gia tri thuc nghiém. Nong
do cac chat phan tich theo tai liéu [2, 9]. Tién
hanh phan tich hdi quy tuyen tinh va néu d6 thi
phu thugc la duong thang VOl gid trl tuyet d6i
ctia hé s6 twong quan R gan véi 1 thi coi nhu
gia thiét ding.

2.2. Khao sat thanh phian va ciu tric 16p
nhu¢m den

Thanh phﬁn 16p nhudém den dugc xac dinh
bang phan tich nhidu xa tia X (XRD) trén may
Shimadzu XD - 54 (Nhat Ban) véi ngudn birc
xa CuK, & budc song A = 1,54064 °, dién ap
35kV, cuong d dong phat 25mA.

Cac mau sau khi nhuém den duoc lam kho, gitr
trong binh hut am 24h, sau do tién hanh quan
trac bé mat va chyup anh SEM trén may JSM-
5500 (JEOL, Nhat) ¢ dién thé 10kV va do
phong dai 2.000X. D§ day mang nhud¢m den
cling dugc do trén anh SEM ¢ do phong dai
1.000X

2.3 Tinh nang co ly va kha nang bio vé€ cta
16p nhu¢m den

Do thAm dau cua l6p nhuém den dugc xac
dinh theo TCVN 5025 - 1989, 6 bam dinh
theo TCVN 2097 — 1993, @6 bén udn theo
TCVN 2099 — 1993, d6 bén va dap theo
TCVN 2100 — 1993. Céc tiéu chudn trén chi
yéu dung cho mang phétphat hoa va mang son,
nén duoc ap dung voi mot vai bién ddi cho phu
hop véi mang oxy hoa.

Do bén dn mon duge danh gia biang phuong
phap phun mi mudi ASTM B 117 va nhiing
miu ASTM G31-72. Téng tr& do trén may
Autolab PGSTAT 30 FRA2 (Ecochemie, Ha
Lan). Céc thong s6 xac dinh tir phd tong tro 1a
dién tr& Rs, Rp va dién dung C. D6 bién mau
dugc thir trong tu chibu buc xa mat troi
Solarbox 3000 (Co-Fa-Me-Gra, Italia).

2.4 Xac dinh tinh nang trang tri

D6 mau duoc do bang quang phd ké Minolta
(Nhat) theo toa d6 mau L*C*h, trong d6 L 1a
d6 sang (lightness), C la cuong d6 mau
(chroma), h 1a gbc mau (hue angle). Vat den
tuyét ddi co toa d6 mau twong tng 0¥0*0. Nhu
vy, mau cang co L gan véi gia trj 0 thi cang
den.

D6 bong dugc xac dinh bang thiét bi BYK
Gardner Glossmeter (Prc) & goc 60°.

Do dong déu cia mau va do bong thé hién qua
do 1éch chuin cua cac gia tri thuc nghiém ddi
v6i dudng thiang va tinh theo cong thirc:
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Véi Sn,x 1a d6 1éch chuan mau cho ting gia tri
riéng le Xi. Do d6 gid tri Sn,x cang tién vé 0 thi
sai s6 giita cac phép do cang thap, d6 dong déu
cang cao.

3. KET QUA VA BAN LUAN
3.1 Lua chon thanh phén dung dich

Dung dich dinh huéng ban dau chira cac ion
Cu*", Se*" va hé dém axit xitric — xitrat [3 - 6].
Trén bang 1 13 két qua khao sat bién thién do
sang L theo sy thay ddi nong do cac bién sb
cac chu tir chinh. Trong qua trinh thi nghiém
d4 loai bo dan nhing thi nghiém c6 L 16n nhat.

Bang 1. Két qua toi wu héa theo Simplex II

No CuSO.. Se0,, g/l Do sang
5H,0, g/l L
1 3,50 0,75 40,77
2 6,50 0,75 27,60
3 5,00 1,05 35,17
4 5,00 0,85 36,30
5 5,00 0,85 35,70
6 6,50 1,00 30,30
7 6,50 0,98 39,70
8 6,50 0,98 40,80
9 6,50 0,68 38,10

Két qua trén cho thiy kéo dai cac phép do tir
thi nghiém 7 dén 9 khéng dem lai két qua tbt
hon. Trong sb cac thi nghiém thi thi nghiém
thir 2 cho két qua tt nhat véi gia trj L= 27.6.
Vi vay, qua trinh lya chon dung & thi nghiém




thtr 9 va lua chon két qua thi nghiém tha 2 dé
tiép tuc khao sat dong hoc qua trinh va do dac
tinh ndng mang.

3.2 Dong hoc qua trinh phan ung

Str dung két qua cua thi nghiém tha 2 cia qua
trinh t6i vu hoa dé khao sat dong hoc phan tng
nhuém den. Gia thiét 12 xay ra cac phan tng
bac 1 va tién hanh phan tich tinh toan sy phu
thuc InC,/C theo thoi gian dong thoi kiém tra
hé sb trong quan R.

Trén bang 2 1a két qua khao sat anh huong ciia
pH dén tinh trang bé mit mang. Két qua trén
bang 2 cho thay khi quan tric bang mit thudong
mang phu 1a tot nhét ¢ khoang pH 14 2,8 - 3,2.

Bing 2. Anh hwéng pH dén trang thai mang
TT | pH | Thoi Pic diém mang
gian, S nhufm den

1 | 1,8 300 | Kéttuanhiéutrong
dung dich

2 | 23| 300 |Kéttnanhiéutrong
dung dich

3 |28 | 300 |Mangden déu, khong
tua

4 |32 300 |Mangden déu, khong
tda

5 13,6 | 300 | Mang tho, xuat hién
cham tring

Hinh 1 - 3 va bang 3 thé hién bién thién nong
dd cua cac ion Cu, Se va Fe trong dung dich
nhudm den theo thoi gian phan tmg.

N6i chung su bién d6i In ndng do cia cac cdu
tir trong dung dich 1a tuyén tinh voi hé sé R rat
gan voi 1. Ngoai ra mic du khong phai la mot
thanh phéan ctia dung dich nhung bién thién cua
ham luong Fe cho thy sy tham gia cua nén
thép vao qua trinh tao mang phu chuyén doi.

Bing 3. Bién thién ndng d theo thoi gian

Nong dd, Thoi gian, S

M 0 60 | 120 | 180 | 240 | 300

Ceu 10 2,83 12,48 | 2,33 | 2,22 | 2,07 | 1,98

Cs.. 10 10,2 | 10,0 | 9,50 | 8,73 | 8,10

10

IN(Coe/C) | - | 1,32 | 1,94 | 2,43 | 3,13 | 3,57
.10

In(Coso/C). | - | 1,98 | 7,11 | 15,6 | 2,31

2
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Két qua phan tich XRD cho thay thanh phan
san pham nhud¢m den c6 thong sO mang la:
2,027; 1,729; 1,434 dac trung cia CuSe, ngoai



ra con c6 mot luong san pham cua Fe dang
Wiistite FeO va CuO.

Cin ctr va cac sb lidu trinh bay trong bang 2 va
két qua xac dinh thanh phan san phim nhudém
den bang XRD, budc dau dé xuit co ché hinh
thanh 16p phu chuyén tiép trén bé mat thép
cacbon nhu sau:

1. Ton Cu®" tac dung véi Fe trong nén thép tao
nén nguyén tir Cu va Fe*".

Fe + Cu®® —» Cu +Fe* (D)

2. Nguyén tir Cu tac dung véi SeOs” tao CuSe
c6 mau den

Cu + SeO;” +6H" - CuSe + 3H,0 (2)
Phuong trinh phan tng tong:

3Fe + Cu*' + Se0;> "+ 6H" — CuSe + 3Fe’" +
3H,0 3)

Céc két qua xac dinh bién thién nong do Cu(Il)
va Se(IV) theo thoi gian (hinh 1 va hinh 2) véi
gi4 tri hé s twong quan R twong tng 13 0,996
va 0,991, cing voi sy anh hudng cua pH dén
su hinh thanh mang, cho thy gia thiét vé co
ché néu trén 1a chép nhan duoc.

Tir cac khao sat vé bac phan tmg c6 thé dé xudt
phuong trinh dong hoc cua qua trinh nhu¢m
den nhu sau:

V =k[H][SeO;*][ Cu*"]

Theo phuong trinh dong hoc va co ché néu trén
c6 thé thdy rang néu pH qua thap thi phan tng
hinh thanh CuSe qua nhanh 1am san pham két
taa trong 1ong dung dich, nguoc lai néu pH cao
s& 1am cham qué trinh tao CuSe va lam xuét
hién két taa Fe*'. Mot luong FeO xuét hién
trong mang phu do c6 mit Fe*".

3.3. So sanh tinh ning co 1y sian phim

Tinh nang cia mang nhuo¢m den xu ly ¢ nhiét
d6 thuong va nhiét d6 cao dugc so sanh trong
cac hinh 4 - 5 va cac bang 4 - 6.

Bé& mit 16p nhuém den & nhiét d6 thuong (hinh
hinh 4b) ¢6 cau trac déu va min hon so voi bé
mat xu 1y trong dung dich kiém & nhiét do cao
(hinh 4a). Két qua xac dinh d6 léch chuan cua

d6 sang va do bong ciing khang dinh diéu do
(bang 5).

Hinh 4. So sanh bé mat anh chup SE
(a- nhiét do cao; b- nhiét d§ thuwong)




Hinh 5. So sanh d§ day mang do bang SEM
(a- nhiét do cao; b- nhiét do thwong)

Céac thong s6 khac nhu kha ning chéng an
mon, tinh ning co 1y ciia mau xir Iy & nhiét do
phong noéi chung 1a twong duong, thdm chi 1a
t6t hon mau xir Iy trong dung dich kiém néng
& nhiét do cao.

Do day nhan dugc ¢ nhiét dd phong (hinh 5b)
dao dong trong khoadng 5,5-6,5um cao hon do
day mang nhudém den xir ly trong dung dich
kiém & nhiét d6 cao 2,0-3,5um (hinh 5a), nho
d6 tang dugc tinh nang bao vé kim loai nén.
Tuy nhién, kha ning chdng an mon cua 16p
nhuém den ciing nhu cac 16p phu chuyén doi
khac no6i chung 1a khong cao. Vi vdy, can phai
tam phu bo sung dé kéo dai thoi gian bao vé.

Bing 4. So sinh kha niing chdng in mon

No Théng sb Tri s0
Nhiét d¢ | Nhiét d
phong cao
1 | Rs, 02 3,97 4,70
2 | Rp, 2 89,2 87,4
3 |CF 1,66.10° | 1,57.107
4 | Nhing mau, > 21 > 21
5 | Mumudi, cycle >4 > 4
6 | Chiéu UV, & >240 >240
Béng S. So sanh kha ning trang tri
Cong Sn,x Sn,x | P9 sang | Po bong
nghé béng | sing L) (%)
T°cao 5,19 2,63 29,09 41,20
T°thuong 0,53 0,94 27,73 29,92

Béang 6. Tinh ning co ly mang nhuém den

TT Théng sb Mang nhu¢ém den

Nhiét d | Nhiét
thuwong | do cao

1 | b6 day, um 6,5 4.5

2 | Do thim dau, 3.4 32
a/m’

3 | Do bén udn 1 1

4 | Po bén va dap, > 80 > 80

Kg.cm

5 | b6 bédm dinh 100 100

4. KET LUAN

- Co thé s dung h¢ dung dich chira ion Cu, Se
va hé dém xitric-xitrat dé tao mang nhuom den
trén nén thép cacbon & diéu kién nhiét do
thuong voi muc dich ting cuong kha ning
chdéng an mon va tinh ning trang tri.

- Mang nhuom den c6 d¢ day khong cao nén
khong 1am thay doi kich thudc, khong bién
dang chi tiét ciing nhu dam bao tinh ning co Iy
phil hop. Céc tri s6 tinh ning trang tri, chdng
an mon nodi chung tuong duong voi 16p nhudm
den truyén thong xur Iy bang dung dich kiém ¢
nhiét do cao.

CAM TA: Bio céo nay sir dung mot phan két
qua dé tai “Xdy dung quy trinh nhuém den
thép o nhiét do thuong” do S& Khoa hoc va
Cong nghé TPHCM tai trg. Cac tac gid xin tran
trong cam on su hd trg quy bau cta quy So.
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