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Abstract

Iron oxide layers formed on mild steel substrates in alkaline media by chemical method were studied. The effects of
some factors such as: NaOH, NaNO;, NaNO, solution concentration, temperature on synthesized magnetite films on
mild steel were investigated. Morphology and structure of the oxide film on mild steel, were formed in solution of (500
g/L NaOH, 100 g/L NaNOs, 200 g/LNaNO,), at temperature 120 °C, in 40 minutes were studied. The results showed
that synthesized magnetite films have thickness 1.29+0.20 um, crystal uniform globes, average diameter 20 nm.

Keywords. Fe;0, film, chemical method, mild steel.

1. MO PAU

Mang magnetite (FesO,) dugc tobng hop trén
nhiéu vt liéu nén khac nhau nhu Cu [1], MgO [2],
Si [3], SiO; [4], thuy tinh [5], sat [6, 7].... Trén nen
sit, mang oxit Fes04 co thé duoc tong hop bang
phuong phap két tia dién hoa ¢ nhiét do cao [8],
phuong phap bay hoi héa hoc [3], phuong phéap oxi
hoa hoa hoc [4, 9] va phuong phép oxi hoa di¢n hoa
[6, 7, 10, 11]. Phuong phdp oxi hoa dién hoa truc
tiép nén thép trong dung dich kiém cho phép tong
hop mang oxit sit & dang tinh thé hinh lap phuong
[13], bAm dinh tét, chiéu day vai micromet [6, 11],
dang Xép, hinh cau kich thudc tir 1030 nm [14] voi
mau sac phong phu [6, 7]. Phuong phéap hoa hoc ¢6
thé tao mang oxit FesOy trén nén thép bang cach
phan hay nhiét mubi sit II [3], oxi héa truc tiép thép
trong khong khi [13], trong mdi trudong axit hay moi
truong kiém [9]. Cac két qua nghién ctru cho thiy
mang oxit Fe;O, co kha ning chéng dn mon [6, 7,
14], vi vay chung duoc dung dé bao vé thép trong
mdi trudng khi quyén va trong bé tong [9,15]. Sit co
pht mang oxit FesO4 con dugce st dung lam dién cuc
dé tong hop dién hoa, xir 1y nude thai, khir mubi
trong nudc va phan huy xianua, khir trung [16, 17]
va dé ché tao dién cuc cho ngudn dién [11, 12, 18].

Bai bao nay trinh bay két qua khao sét cac yéu t6
co ban anh huong dén hinh thai caa mang oxit tong
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hop bang phuong phap oxi hoa hoa hoc truc tiép nén
thép trong méi truong kiém. Mang oxit tong hop
dugc trén nén thép dinh hudng str dung lam vat liu
nén dé ché tao dién cuc PbO,.

2. THUC NGHIEM

Qua trinh tong hop mang oxit duge thuc hién
trong binh bang sit chira 200 mL dung dich NaOH
300+600 g/L,NaNO; 50+300 g/L, NaNO, 50+300
g/L, duoc gia nhiét & khoang nhiét do tir 80 dén 120
°C va khudy tron biang may khudy tir IKA (Duc).
Nhiét d6 dugc theo ddi bang nhiét ké va duy tri véi
d6 chinh xac +0,5 °C. La thép mém c6 thanh phan
0,056 % C, 0,02 % Si, 0,48 % Mn, 0,06 % Ni, day
0,05 mm, kich thudc 2 cm x 2 c¢m, sau khi téy sach
dau m&, duge rira bé“mg nudc cat, séy khoé. Hinh thai
va ciu triic cia mang oxit dwoc nghién ctru bang phd
EDX trén thiét bi OXFORD ISIS (Anh). Phé XRD
dugc ghi trén may SIMENS D5005 BRUKER
(Ptrc). Hinh anh SEM bé mat mang oxit dugc chup
trén may S4800-NIHE Hitachi (Nhat Ban). Do day
mang dugc do trén may KHV Axiovert 40 MAT.

3. KET QUA VA THAO LUAN

3.1. Khio sat mdt s6 yéu t6 anh hwéng dén hinh
thai hoc ciia mang oxit
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3.1.1. Anh hweng nong dg ciia NaOH

Trong dung dich kiém dic & nhiét do cao va cb
mit oxi, sit s& bj hoa tan tao thanh Na,FeO, va
Na,Fe,O,. Hai mudi nay tac dung voi nhau tao thanh
F6304 [9,20]

4Fe + 02 +4NaOH — 2N3.2F6204 + 2H20 (l)
Fe + 02 + 2NaOH —> NazFeOQ + Hzo (2)
NazFeQO4 + NazFeOQ + 2H20 —>F6304 +NaOH (3)

Hinh 1 giéi thiéu hinh thai bé mit ciia cic mang
oxit tong hop trong dung dich NaOH véi nong do
thay doi: 300; 400; 500; 600 g/L. O dung dich c6
ndéng d6 NaOH thap 300 g/L, qua trinh hinh thanh
mang oxit cham, bé mit thép gém tip hop cac hat
v6i bién gidi khong rd rang va con nhiing vung thép
chua bi oxi hoa (hinh 1a). Khi ting ndng d6 NaOH
trong dung dich, cic hat oxit hinh thanh dong déu
hon, ving chua bi oxi héa trén bé mit giam (hinh
1b,1c- mau My, 1d). Tuy nhién, v6i ndong d6 NaOH
trong dung dich 16n (600 g/L), & nhiét d6 tong hop
100 °C, xay ra hién tugng bay hoi nudc nhanh 1am
taing ndong do NaOH. Do viy, dung dich oxi hoa
chita 500 g/ NaOH dugc lya chon cho nhiing
nghién ciru tiép theo.

Hinh 1: Anh SEM bé mit mang oxit tao thanh trong
thoi gian 20 phut, nhiét do 100 °C, nong d6 NaOH
(9/L): a. 300; b. 400; c. 500; d. 600

3.1.2. Anh hwong nong dé NaNOj

Trong dung dich kiém ding dé oxi héa thép,
NaNO; thuong dugc thém vao dé tang nhiét do soi
cua dung dich [9].

Ching t6i da khao sat sy hinh thanh mang oxit
trong dung dich kiém véi su ¢6 mat NaNO; & céc
ndéng d6 khac nhau 50; 100; 200 va 300 g/L. Anh
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SEM cuiia mang oxit tong hop trong cac didu kién
trén duoc gidi thiéu ¢ hinh 2.

Sy ¢6 mat cia NaNO; ¢6 anh huong rd rét dén
hinh thai bé mat cia mang oxit. O ndng d6 NaNO;
thip (50 g/L) céc hat oxit xuat hién véi bién gigi
khong rd rang, kich thuéc kha 16n, tir 26 nm dén
41nm (hinh 2a).

Hinh 2: Anh SEM bé mat mang oxit tao thanh trong
dung dich NaOH 500 g/L, thai gian 20 pht,
nhiét d6 100 °C, nong d6 NaNO; (g/L):

a. 50; b. 100; c. 200; d. 300

Khi néng d6 NaNOs ting 1én 100 g/L, cac hat
oxit c¢6 kich thuéc dong déu hon bién déi trong
khoang tir 30 dén 35nm, c6 bién gi6i rd rang (hinh
2b). Tiép tuc ting ndng d6 NaNO; dén 200 g/L, cac
hat oxit ¢c6 dang hinh clu véi duong kinh bién d6i
trong khoang 15 nm dén 25 nm (hinh 2c). Tuy
nhién, khi ting ndng d6 NaNO; dén 300 g/L, hinh
dang ciia cac hat oxit trong tu nhu tong hop trong
dung dich c6 NaNO; ndng do 200 g/L. Két qua xéc
dinh chiéu day bang phuong phép chup anh mit cat
ngang trén kinh hién vi phong dai 1000 lan cho thiy
& ndng d6 NaNO; 100 g/L do day trung binh cta
mang oxit xac dinh tai 5 vi tri 1a 0,81+0,20 um (hinh
3a-miu M,) va & ndng d6 NaNO; 200 g/L la
0,88+0,20 um (hinh 3b).
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Hinh 3: Anh mit cit ngang mang oxit tbng hop trong
trong dung dich NaOH 500 g/L, thoi gian 20 phut,
nhiét 46 dung dich 100 °C, ndng d6 NaNOs:

a. 100 g/L; b. 200g/L
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Su c6 mat cia NaNO; trong dung dich vdi néng
do6 16n (200g/L, 300g/L) 1am cho 16p oxit hinh thanh
min va kin khit trén nén thép, can trd qua trinh oxi
hoa sdu vao phia trong. Vi vay, khi ndng d6 NaNO;
trong dung dich ting tir 100 g/L dén 200g/L chiéu
day trung binh ctia mang oxit gan nhu khong thay
d6i. Do d6 néng dd6 NaNO; trong dung dich 14100
g/L dugc lya chon cho cac khao sat tiép theo.

3.1.3. Anh huong cua nong dg NaNO,

NaNO, dugc dua thém vao dung dich kidm dé
tang kha nang oxi hoa thép [9, 19]. NaNO, tham gia
phén tng tao thanh mang oxit nhu sau [20]:
2NaNO,+ Fe + H,O0 — FeO + 2NaOH + 2NO  (5)
2NaNO,+ 3FeO + H,O — Fe;04 + NaOH + 2NO (6)

Chung t61 da khao sat sy hinh thanh cta mang
oxit trong dung dich dwoc b6 sung NaNO, vai nong
d6 50; 100; 200; 300 g/L. Hinh thai bé mat cua
mang oxit dugc gidi thiéu trén hinh 4.

Hinh 4: Anh SEM bé mit mang oxit téng hop trong
dung dich NaOH 500 g/L, NaNOs 100 g/L, thoi gian
20 phut, nhiét 6 100 °C, nong do NaNO, (g/L):
a. 50; b. 100; c. 200; d. 300

Trong ving ndng d6 khao sat kich thudc cac hat
oxit tuong d6i dong déu, dao dong tir 15nm dén 20
nm. O ndng d6 NaNO, 50 va 100 g/L, cac hat oxit
c6 bién gidi r6 rang va xap xép khong khit nhau
(hinh 4a, 4b). Khi néng d6 NaNO, trong dung dich
tang dén 200 va 300 g/L, bé mit mang oxit gom cac
hat hinh cau xép sit nhau va phat trién dong déu trén
nén thép (hinh 4c - mau M; va 4d). Tuy nhién, su
khac biét hinh dang va kich thudc cua cac hat oxit
tao thanh & ndng d6 200 g/L va 300 g/L khong 16n.
Vi vdy, chung t6i lya chon ndéng d6 NaNO, 200 g/L
dé tiép tuc khao sat.
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3.1.4. Anh hwéng cua nhiét do

Hinh thai bé mit cia mang oxit tong hop & nhiét
do thay doi tir 80 °C dén 120 °C duoc gidi thiéu trén
hinh 5. O nhiét d6 80 °C tdc d6 cac phan tng tao
thanh mang oxit chim, mang oxit chua dong déu va
khong min (hinh 5a). Chiéu day mang oxit 1a 0,60
um (hinh 6a). Khi nhiét d6 ting dén 120 °C, bé mit
mang oxit nhin min, cac hat oxit h1nh cau khong con
bién gi6i rd rang (hinh 4d - mau M,), chidu day
trung binh ciia mang oxit 1a 1,21 pm (hinh 6b). Bé
phul hop véi diéu kién thi nghiém va mang oxit tao
thanh c6 chiéu day 16n nhat ching t6i chon nhiét do
120 °C cho cac khao sat tiép theo.

E4B0CIHE 10.0k 8.7mm

4200k SE(M,LAE) g1

Hinh 5: Anh SEM bé mit mang oxit tong hop trong
dung dich NaOH 500 g/L NaNO3 100 g/L, thoi gian
20 phat, ndng d6 NaNO, 200(g/L), nhiét d6 dung
dich thay doi la (°C): a. 80; b. 120
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Hinh 6: Anh mat cit ngang mang oxit tong hop
trong dung dich NaOH 500 g/L, NaNO; 100 g/L,
NaNO, 200 (g/L), thoi gian 20 phat. Nhiét d dung
dich (°C): a. 80 b. 120

3.1.5. Anh huong cua thoi gian

Thoi gian oxi hoa thép c6 thé anh huong dén
hinh dang hat oxit ciing nhu chiéu day ctia mang oxit
[8, 9]. Chung t6i da khao sat sy hinh thanh mang
oxit v&i thoi gian oxi hoéa khac nhau 10; 20; 30 va 40
phat. Hinh anh SEM bé mit ciia mang oxit tong hop
duogc thé hién trén hinh 7. Trong thoi gian 10 phut,
mang oxit hinh thanh véi kich thudc hat 16n (hinh
7a). Khi thoi gian tong hop ting 1én, bé mit mang
oxit gdm cac hat sap x¢ép kin khit trén bé mit (hinh
7d). Tuy nhién, chiéu diy ciia mang oxit thay d6i
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khong déng ké tir 1,09 um (hinh 8a), 1,21 pm (hinh
6b) va 1,29 um (hinh 8b - miu M), twong tmg véi
thoi gian tong hop 10, 20 va 40 phut.

Hinh 7: Anh SEM bé mat mang oxit téng hop trong

dung dich NaOH 500 g/L NaNOs 100 g/L, néng do

NaNO, 200 (g/L), nhiét do dung dich 120 °C. Thoi
gian (phat): a. 10; b. 20; c. 30; d. 40
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Hinh 8: Anh mit cit ngang mang oxit tong hop
trong dung dich NaOH 500 g/L, NaNO; 100 g/L,
NaNO, 200 g/L, nhiét d6 dung dich 120 °C.
Thoi gian (phat) a. 10; b. 40

3.2. Phan tich thanh phin, hinh thaipha cia
mang oxit

Két qua phan tich phd tin xa tia X theo ning
lugng cia mang oxit mau M;, M, M; M, va
Msduoc lua chon tir cac khao sat & phﬁn trén duoc
gidi thiéu ¢ bang 1.

Két qua cho thdy, phan tram khi lugng cia hai
nguyén t6 chinh O va Fe trong cac mau khac nhau
khong nhiéu. Ty 18 vé s lugng nguyén tir gitta O va
Fe xap xi 1:1.

Mang sit oxit duge xac dinh hinh thai pha bang
phan tich nhidu xa tia X trong khoang 26 tir 10°+
70°. Gian d6 nhifu xa tia X cho thiy cac miu M,
M, (0,81 pm), M3 mang oxit méng nén chi xuat hién
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vach nhiéu xa tai 35,50° (d = 2,527) dic trung cho
Fes0, [21], cac vach nhiéu xa co cuong do 1on tai
44,71° (d = 2,025) va 65,11° (d = 1,430) c6 cudng
dd nho dac trung cho st, do anh hudng cua vat li¢u
nén (hinh 9 My, M,, M3). Tuy nhién, khi d6 day cua
mang oxit tang 1,21 pm (My) va 1,29 pm (M) trén
gian d6 nhiéu xa tia X xuét hién thém cac vach nhiéu
xa tai 29,95° (d = 2,981), 53,34° (d = 1,716) va
56,83° (d = 1,619) dic trung dic trung cho Fe;O4
(hinh 9 M4, Ms). Vi vay, cong thue cua mang OXit
trén nén sat tao trong cac diéu kién tong hop duoc
xac dinh 1a Fe30,4 [21].

Bdng 1: Két qua phan tich pho tan xa tia X theo
nang lugng cliia cac mau mang oxit/thép

Nguyén % % Tilg
Mau gtéy khoi | nguyén | nguyén tir
luong tur (Fe:0)
Fe 77,78 50,00 1:1,00
M; 0] 22,22 50,00
Fe 77,82 50,06 1:1,00
M, 0] 22,18 49,94
Fe 77,73 49,93 1:1,00
Ms O 22,27 50,07
Fe 76,96 48,89 1:1,05
M, 0] 23,04 51,11
Fe 77,01 48,97 1:1,04
Ms 0] 22,99 51,03
= 1,619
B 1,43
< S el Mg
‘("8-
ef
,§ M,
@)
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M,
M,
2025 M8
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Hinh 9: Két qua phan tich nhiéu xa tia X
cua nén thép Mg va mang oxit My, M,, M3z, My, Ms
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