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Carbon steel is the most economical and widely used material in the
world because it has a low price and good quality. However, carbon
steel also has the disadvantage of being susceptible to corrosion,
especially in highly corrosive environments such as seawater. Steel can
be heat treated to slow down the destruction process and increase
corrosion resistance. In this study, the corrosion potential of steel was
evaluated based on heat-treated samples, including annealed,
normalized, quenched, and tempered samples working in seawater. The
results showed that the quenched sample obtained a solid solution
structure with the highest corrosion resistance compared to the
annealed and normalized samples. The corrosion potential of the
sample after quenching was achieved at -0.604 V, while the corrosion
potential of the samples after annealing and normalizing was -0.77 V
and -0.758 V, respectively. The tempering temperature also showed an
effect on the corrosion potential. In the tempering temperature range
from 200 °C to 500 °C, the corrosion potential value decreased from -
0.57 V t0 -0.64 V as the tempering temperature increased.
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X 1y nhiét

Ung xir an mon
AISI 1040

Dién thé in mon

Thép cacbon

Thép cacbon la loai vat liéu kinh té va dugc st dung nhiéu nhat trén thé
gii do né co gia thanh thip va chit lwong tét. Tuy nhién, thép cacbon
cling ¢6 nhuge diém 1a d& bi dn mon, dic biét 1a nhitng méi truong cd
tinh xam thuc manh nhu nudc bién. B 1am cham qua trinh pha huay,
thép c6 thé dwoc mang di xir 1y nhiét dé tang kha ning bén an mon.
Trong nghién ciru nay, dién thé an mon thép duoc thuc hién danh gia
dwa trén cac miu da qua xir Iy nhiét bao gom mau sau u, mau sau
thuong hoa, miu sau t6i va ram lam viéc trong moi truong nudc bién.
Két qua nghién ciru da chi ra ring mau sau t6i nhan duoc t6 chic dung
dich ran cho kha ning bén dn mon cao nhét khi so sanh vi miu sau
va thuong hoa. Dién thé an mon ciia mau sau toi dat duoc tai -0,604 V
trong khi dién thé &n mon cua cac mau sau u va thuong hoa lan luot 1a -
0,77 V, -0,758 V. Nhiét d6 ram ciing d cho thdy c6 anh huong dén
dién thé an mon. Trong khoang nhiét d6 ram tir 200 °C dén 500 °C, gi4
tri dién thé an mon giam tir -0,57 V dén -0,64 V khi nhiét d6 ram ting.

DOI: https://doi.org/10.34238/tnu-jst.11958

" Corresponding author. Email: lan.nguyenngocl@hust.edu.vn

http://jst.tnu.edu.vn

295 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.11958

TNU Journal of Science and Technology 230(02): 295 - 300

1. Gigi thigu

Thép cacbon 1a hop kim quan trong dugc sir dung rat nhiéu trong cac nganh cong nghiép nhu
dau mo, hoa chat, xay dung do do bén phu hop, kha ning han va tao hinh tot [1], [2]. Tuy nhién,
vat liéu nay rat d& bi an mon khi sir dung trong moi truong ty nhién, dac bi¢t 1a trong cac moi
truong co tinh xdm thyc cao nhu nude bién [2] — [4]. Piéu nay s& dan dén ton that 16n vé kinh té
[5], [6]. Dé giam thiéu duoc thiét hai do an mon, c6 nhiéu phwong phap c6 thé duwoc st dung nhu
bao vé dién hoa, tao 16p phii bao vé, dung chat tc ché in mon hay Xu ly nhiét [7], [8]. Trong do,
xu Iy nhiét 1a mét phuong phap hiéu qua dé 1am thay doi cau triic té vi cua thép, qua d6 dan dén
két qua 1a cai thién dugc tinh chat bao gém ca viéc 1am ting tinh bén an mon.

Xir 1y nhiét bao gom cac phuong phap nhu thudng hoa, 1, toi va ram déu cho thay co tac dong
nhiéu dén kha nang bén dn mon cho thép [5]. Vi thép cacbon trung binh, nhiét d6 nung s& dugc
lya chon trén nhiét do A twong ng voi ham lwong cacbon co trong thanh phan. Qua trinh gt
nhiét sau d6 c6 tac dung phan huy cac hop chat nhu xémentit, cacbit, v.v. dé hoa tan va lam dong
déu thanh phan trong dung dich rin austenit truée khi 1am ngudi hop 1y s& nhan dugc to chirc ¢6
anh hudng dén tinh bén an mon cua thép. P c6 nhiéu nghién ciru chirmg minh dwgc tim quan
trong cua qua trinh nhiét luyén dén viéc cai thién d6 bén an mon cho thép [9]. Tuy nhién, véi mdi
mac thép c6 thanh phan khac nhau, théng sé cu thé ciia qua trinh nhiét luyén ciing s& phai thay
d6i dé toi wu hoa duoc do bén dn mon cua thép. Do do, viéc nghién ciru chi tiét dé tim ra duoc
thong s6 phu hop ¢ng vai ting thanh phan dic trung 1 can thiét.

Trong nghién ctru nay, thép AISI 1040 dugc mang di u tai 840 °C, thuong hoa tai 860 °C, t6i &
860 °C va két hop ram trong khoang nhiét d6 (200-500) °C. Cac két qua nghién ctru di cho thay,
ché d6 nhiét luyén co anh hudng dén té chuc té vi, qua d6 anh hudng dén d6 bén dn mon cua thép.

2. Thuc nghiém

Thyc hién nghién ctru nay, thép AISI 1040 sir dung c6 thanh phan hoa hoc duoc biéu dién
trong Bang 1.
Bang 1. Bdng thanh phan héa hoc ciia thép AISI 1040

Nguyén tb C Si Mn P S Fe
% Khéi lwong 0,38 0,34 0,81 0,03 0,04 98,40

Dé thyc hién duogc viéc danh gia vé anh huong cua ché do nhiét luyén dén to chirc va tinh bén
in mon, thép duoc cit thanh cac mau khdi nho co kich thude (@15x10) mm. T4t ca cac mau déu
dugce nung trong moi trudng bao vé nham dam bao bé mat miu khong bi oxy hoa hay thoat
cacbon trong qua trinh nung. Diéu nay giup cho dit liéu thu duoc khi quan sat ¢ muc do tin cay
t6t hon. Ché do xur 1y nhiét theo d6 dwoc thuc hién bang 10 dién tr co didu khién (Nabertherm,
model N11/H) nhu sau: mau G va thuong hoa 1an luot duoc thyc hién tai cac nhiét do theo thir tu
840 °C va 860 °C. V6i mau toi, nhiét d6 t6i thuc hién tai 860 °C trudc khi tién hanh ram tai cac
nhiét d 200 °C, 300 °C, 400 °C va 500 °C trong thoi gian 1 gio.

Dé quan sat va danh gia duoc sy thay doi trong cau tric, cac mau khéi sau nhiét luyén duoc
cit ngang, tiép d6 mai phang, danh bong va tam thuc truge khi quan sat dudi kinh hlen vi quang
hoc (Olympus GX53). Dé xéac dinh sy thay ddi cau trac trong qué trinh ram, cac mau dugc kiém
tra ciu trac boi gian dd nhiu xa tia X (XRD) trén thiét bj (XRD, ARL EQUINOX 5000). Cac
mau do dién thé an mon trong méi truong nudc bién (dugc lay truc tiép tai khu vuc bién Con
Vanh, Tién Hai, Thai Binh) déu duoc lam sach bé mit va kiém tra trén thiét bj do thong sb dién
hoa (PGSTAT302N). Gi4 trj dugc phan tich va ghi lai trén phan mém diéu khién, viéc tinh toan
hoan toan ty dong.
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3. Két qua va ban luan
3.1. Két qud quan sdt trén kinh hién vi quang hec

Hinh anh té chuc t~é Vi ciia cac mau trén kmh hién vi quang hoc duoc thé hién nhu trén Hinh 1
va Hinh 2. Véi cac mau sau uva thuong hoa, toc do ngu6i~khéc nhau da thé, hién rd qua viéc quan
sat kich thudc cac hat tinh thé véi cung d6 phong daj. Mau u (Hinh 1a), toc d6 ngudi cham cho
phép cac hat sat nhép lam tang kich thudce trong khi doi vi mau thuong hoa (Hinh 1b), viéc ngudi
ngoai khong khi tinh c6 toc d¢ ngudi cao hon cho phép gilr dugc kich thudc hat nhoé min hon.

] =5 ARE L N d ; g
S w%% T { Thit ‘ ,v
3 5 o * AL

Hinh 1. Anh t6 chirc té Vi ciia cdc mau thép ¢ dg phong dai x500: (a) mau sau i; (b) Mdu sau thuong héa

V&i cic mau sau toi va ram & cac nhiét do khac nhau, to chirc mactensit nhé min khi ram &
nhiét d6 thap (Hinh 2a) va hdn hop bao gdm cécbit & va ferit khi ram & nhiét d6 cao hon (Hinh
2b-d) nhu thé hién trén Hinh 2. Trén tit ca cac mau sau ram déu quan sat thiy co sy tiét ra cacbit
& 14 cac hat nho mau sang, va chiing c6 xu hudng ting dan kich thudc khi nhiét do ram ting. Mic
du vay, viéc danh gia nay ciing chua thuc su rd rang do han ché vé mtc d6 phong dai cia kinh
hién vi quang hoc str dung.

Hinh 2. Anh t6 chirc té Vi ciia cdc mau thép sau téi va ram & cac nhiét dp khac nhau véi dp phéng dai
x500: (a) sau ram tgi 200 °C; (b) sau ram tgi 300 °C; (c) sau ram tgi 400 °C; (d) sau ram tgi 500 °C

3.2. Két qud XRD

K&t qua kiém tra nhiéu xa Ron ghen ddi véi mot s6 mau bao gdm: mau sau i, mau sau t0i va
Mau sau t0i ket hop ram, ket qua nhu the hién trén Hinh 3. Céc dinh nhicu Xa chinh lan luot theo
thir ty tir goc nhiéu xa thap 1én cao dugc xac dinh 1a (110), (200) va (211). Pay chinh la cac dinh
nhiéu xa dic trung cua sat alpha (Fe,) [10]. Mic du vay, trén tat ca cac gian do XRD ciia mau sau
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ram, van khong quan sat thay c6 sy xuat hién vach nhiéu xa ddc trung cua cac pha céacbit € tiét ra
trong qué trinh ram. Piéu nay c6 thé do ham luong cacbit & vin con kha nho nén tin hiéu ron
ghen khong du dé xac nhan.

Véi mau sau t (Hinh 3a), két qua XRD cling da phdn anh duoc té chuc thép nhu khang dinh
trong phan két qua khi quan sat dudi kinh hién vi quang hoc bao gom cht yéu 1a ferit. Vi mau
sau t6i (Hinh 3b), vi tri cac vach nhiéu xa hoi dich sang trai so v6i mau sau u. Nguyén nhan 1a do
trong qua trinh t6i, viéc nung trén nhiét ¢ Ac; gitip hoa tan nhiéu vao trong nén austenit. Do d6
két qua 1a 1am tang hang sb mang tinh thé dan dén viéc giam goc nhidu xa 26.

(110)
o (211)

z 211
3 (200)

£ _A A

Q-

*;0 (c)

g (b) .— A

a) A A
30 40 50 60 70 80 90

Géc nhiéu xa 20

Hinh 3. Gidn d6 nhiéu xg tia X: (a) mdu sau u; (b) mdu sau t6i;
(c) mau sau t6i va ram ¢ 200 °C; (d) mau sau t6i va ram ¢ 500 °C

Véi cac mau sau ram (Hinh 3c-d), vi tri cac dinh nhidu xa chinh trén gian dd XRD so sanh véi
clia mau sau toi thi lai co xu dich chuyén dan sang phai (theo chiéu ting goc nhidu xa 260). Nhiét
d6 ram cang cao, mirc do dich chuyén cang 16n. Nguyén nhén 1a do khi tang nhi¢t do ram, cac
nguyén t6 hop kim dang hoa tan trong mactensit c6 xu huéng di chuyén nhiéu hon ra khoi nén.
Két qua la lam giam mirc do x0 léch mang va giam hang s6 mang tinh thé. Hé qua 1 lam ting
goc nhiéu xa 26.

3.3. Két qud thi dién thé dan mon

Anh huéng ciia phuong phéap nhiét luyén dén dién thé an mon cua thép trong méi truong nudc
bién nhu thé hién trén Hinh 4.

Trén Hinh 4 c6 thé thay, duong cong phan cuc mau sau i (Hinh 4a) c6 dién thé dn mon thap
nhét (~ -0,77 V, kém bén an mon nhat). Piéu nay 1a do qua trinh u, thoi gian giir nhiét dai lam
tang kha nang tiét pha trén nén din dén viéc hinh thanh nhiéu cip vi pin hon. Do d6 téc do an
mon cua Mau sau u 16n nhat. Véi mau sau thuong hoa (Hinh 4b), tc d6 ngudi cao hon nén han
ché duoc viéc tiét pha hoa bén, diéu nay cho phép miu c6 dién thé dn mon cao hon so v6i mau
sau . Dién thé an mon vao khoang -0,758 V. Sau cing, miu sau t6i (Hinh 4c) di chi ra rang: tb
chuc chi gdm 1 pha mactensit 1a dung dich ran s& lu6n c6 d6 bén an mon cao nhat [11]. Biéu nay
da duoc thé hién qua dién thé an mon cua mau sau t6i do duoc vao khoang -0,604 V.

Anh huéng caa ché d6 ram & cac nhiét d6 khac nhau dén dién thé an mon cta thép trong moi
truong nudc bién nhu thé hién trén Hinh 5.
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Hinh 4. Duong cong dién phin cye trong nwéc bién ciia cdc mau:
(a) mau sau u; (b) mau sau thuong hoa; (c) mau sau téi;
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Hinh 5. Duong cong dién phin cue trong nwéc bién cia cdc mau: (a) sau ram tgi 200 °C;
(b) sau ram tgi 300 °C; (c) sau ram tgi 400 °C; (d) sau ram tgi 500 °C.

Két qua phan tich trén cac dudng cong phan cuc ddi v6i cac mau sau ram (Hinh 5) cho thay:
trong khoang nhiét do nghién ctru, d6 bén in mon c6 xu huéng giam khi ting nhiét do ram. Gia
tri dién thé an mon 16n nhat dat dwoc 1a cia mau ram tai 200 °C vao khoang -0,57 V (Hinh 5a)
trong khi gia tri nay c6 xu hudng giam xudng mirc thip nhat 1a -0,64 V (Hinh 5d) khi ram ¢ 500
°C. Piéu nay c6 thé hiéu duoc 1a do khi nhiét do ram ting, xu hudng ddy manh viéc tiét pha hoa
bén & nhiét d6 cao 1am ting kha ning dn mon cua thép. Do d6 1am giam gia tri dién thé dn mon.

4. Két luan

Thép AISI1040 c6 thé cai thién dwoc mirc d6 bén dn mon trong méi truong nude bién bang viéc
ap dung nhiét luyén dé 1am thay ddi té chuc té vi. Qua d6 thay dbi dugc dién thé an mon. Dién thé
an mon dat duoc sau 1, thuong hoa va t6i lan luot theo thir ty 14 -0,77 V, -0,758 V va -0,604 V. Két
qua cho thiy ¢ ché d¢ toi, kha nang chong an mon 1a tot hon ché do 1 va thuong hoa.

Nhiét d6 ram c6 anh hudéng dén d6 bén an mon cua thép, nhiét do ram ting c6 xu hudng lam
giam dién thé an mon. Vi khoang nhiét d nghién ctru (200-500) °C, gia trj dién thé dn mon nam
trong khoang -0,57 V dén -0,64 V. Két qua cho thay sau ram & 200 °C cho cu triic té vi c6 do
bén an mon tét nhat so véi cac ché dd ram & nhiét d6 cao hon.
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