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Abstract

Effects of sodium carbonate, sodium molybdate and synergistic combination of zinc and phosphate ions on the
carbon steel corrosion inhibition in cooling water systems at room and 60°C temperatures have been investigated by
mass loss and electrochemical methods. Sodium carbonate and sodium molybdate were added in concentrations from
100 to 500 ppm. Mixture of phosphate and zinc ions added with concentrations from 5 to 100 ppm by volume. The steel
sample was evaluated by mass loss measurements after 4, 8, 24, 48, 72, 120, 144 and 168 hours of immersion at the
room temperature and after 8 hours of immersion at 60°C. Based on the experiment results, steel corrosion inhibition
mechanism was discussed and optimal concentration of corrosion inhibitors was determined and suitable conditions in

order to use in practice.

1. MO DAU

Hau hét cac nganh cong nghiép nhu: dién lyc, dau
khi, luyén kim, hoa chat... déu phai st dung hé théng
nude 1am mat duge ché tao tir thép cacbon dé van
hanh thiét bj san xudt [9].

Hé théng nude lam mat rat d& bi in mon va bj
doéng cau cén trén bé mat, vi thé anh hudng xau dén
qué trinh trao ddi nhiét [10].

Natri molipdat da duoc stir dung dé we ché sy an
mon thép trén tau chién cua hai quin Canada, dung
lam phu gia pha ché son chong an mon trong nganh
hang khong My [2]. Natri cacbonat dugc dung dé tao
ra moi truong dém va thy dong hoa thép [10]. Cac ion
kém va phét phat da dugc sir dung dong thoi lam chat
trc ché qua trinh dn mon dién hoa thép trong dung
dich nuée [11].

Bai bao nay khao sat hi€éu qua bao v¢ thép cacbon
ciia natri cacbonat, natri molipdat, hdn hop cac ion
k&m va phét phat trong thi nghiém mé phong hé thong
nude 1am mat, nhdam xac dinh duoc khoang néng do
t6i wu clia cac chit wrc ché va nhiing diéu kién thich
hop str dung chiing trong thuc té.

2. PHUONG PHAP THI NGHIEM

Thanh phan hoa hoc cua thép cacbon P110 1a: C
(0,24%), Mn (1,32%), P (0,22%), S (0,013%), Si
(0,16%). Mau thép kich thudc 50x15x3 mm.

Trudc va sau thi nghiém cac mau dugc xir 1y theo
tiéu chuan ASTM G1-03 [3].

Thanh phin hoa hoc cta nude may (mg/l): CI
= 32; SO, = 24; HCO; = 28; Ca*" = 24; Mg*" =
11; tong ion sit = 0,245; d6 pH = 6,65 ¢ 29,7°C.
Pha céac dung dich dém pH = 6; 7; 7,5; 8; 8,5 va 9
theo TCVN 1057-71 [1].

Nong d6 dung dich Natri cacbonat Na,COs va
Natri molipdat Na,MoQO, tinh khiét: 0, 100, 200,
300, 400 va 500 ppm (theo khdi luong).

Chat A duoc pha tir dung dich gdc 1a chat i
ché thuong mai A-Z-Lite 7359. Thanh phan chinh
ctia chit A-Z-Lite 7359 gdm: Orthophosphate (24%
PO,”); ion kém (6% Zn>"); phosphonate (4,2%
PO,*). Khéi luong riéng 1,32 - 1,38 kg/l; pH < 1.
Nodng d6 dung dich chét A thi nghiém: 0, 5, 15, 25,
35, 45 va 100 ppm (theo thé tich).

2.1. Phwong phap khéi luwgng

Thi nghiém trong dung dich thong khi ¢ nhiét
d6 phong va nhiét do cao (60°C), khong khudy va
khuay 250 vong/phiit, theo tiéu chuan ASTM G31-
72 va G111-97 [4, 5]. Thoi gian ngdm mau & nhiét
do phong: 4, 8, 24, 48, 72, 120, 144 va 168 gio; ¢
nhiét d6 cao (60°C): 8 gio.

Téc d dn mon thép tinh theo cong thirc:

rR=XW" @)
A-T-D
Trong d6: CR- toc d6 an mon thép (mm/nim),
K = 8,76.10*, W - ton thét khdi lugng miu (g), A -
dién tich mau (cm?), T - thoi gian ngdm mau (gio),
D- khéi luong riéng cua thép.
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Hiéu qua bao vé thép cua chat e ché tinh theo
cong thirc:

V

Z(%) = il

-100 )
0
Trong d6: Vi va V, - tbc do dn mon thép trong dung

dich khong va c6 chat trc ché (mm/niam).
2.2. Phwong phap dién hoa

Po duodng cong phén cuc thé dong theo tiéu chuan
ASTM G5-94 va G59-97 [6,7]. Do tong tr¢ dién hoa
theo ti€u chuan ASTM G106-89 [8].

3. KET QUA VA THAO LUAN

3.1. Anh hwéng ciia dd pH dén téc do dn mon thép
theo thdi gian ¢ nhiét do phong

a w

1.4000
1.2000
1.0000
0.3000
0.6000
0.4000
0.2000
0.0000

=4=pH6.0
=B=pH7.0

pH75
==pH 8.0
==te=pH 8.5
~0=pH9.0

Téc dé an moén (mm/nam)

24h

48h  72h  120h 144h 168h

Thi gian ngdm méu (giv')

Hinh I: Anh huéng ctua d6 pH dén téc d6 an mon thép
theo thoi gian

Hinh 1 cho thy, tc d6 an mon thép chi giam rd
rét theo chiu tang cua d§ pH dung dich trong thoi
gian dau ngdm mau (dén 48 gio).

Bang I Anh huéng ciia d6 pH dung dich dén cac
thong so dién hoa thép (theo phuong phéap ngoai suy

Tafel)
Beors  bs by ieonx10°  CR,
pH A% mV  mV  A/m’ mm/nim
6 1,082 3419 322,8 35,686 0,415
7 0,898 4113 5442 24,191 0,281
8 0,692 16662 133,7 6,123 0,071
9 0,655 17673 201,5 4,929 0,057

Khi tang d6 pH cua dung dich, dién thé an mon
thép (Ecor) va do dbc Tafel ant (b,) dich chuyén vé
phia gia tri duong, din dén sy giam cia téc do an mon
thép (bang 1).
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Bang 2: Anh huéng cua d6 pH dung dich dén cac
thong s6 dién hoa cua thép ( theo phuong phap do

tong trd)
y -OCP, Rpx107  Cyx10°, icmx10°, CR,

p \Y Q.cm®>  Flem?> mA/cm® mm/nim
6 0887 0,127 15,073 10,050 0,117
7 0,653 1,481 2,895 0,932 0,011
8 0416 6,637 0,516 0,087 0,001
9 0,394 10,295 0,159 0,085 0,001

Bang 2 cho thdy, theo chiéu ting cua do pH,
dién the mach hé (OCP) va dién tr¢ phan cuc (R;)
tang vé phia gi tri duong, dién dung cua 16p dién
tich kép (Cq) giam, din dén mat do dong an mon
(icorr) v toc d6 dn mon thép (CR) giam .

Nhing s6 liéu néu trén ching to, ting d6 pH
cua dung dich, da lam thuin loi cho sy tao thanh
san pham an mon thép it nhiéu c6 tinh chét bao vé.

3.2. Anh hwéng ciia ndng dd Na,CO; dén hiéu
qua bio vé thép & nhiét dj phong
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Hinh 2: Anh huong cua néng d0 Na,CO; dén hiéu
qua bao vé thép theo thoi gian

Hinh 2 cho thay, hiéu qua bao vé thép cua
Na,CO; ting theo chiéu ting ndéng do cua nd va
thoi gian, dat hi¢u qua bao v€ cuc dai 54% sau 168
gi®d ngdm mau.

Bang 3: Céc thong s6 dién hoa cua thép trong dung
dich c6 nong d¢ Na,CO; khac nhau (theo tir phuong

phap ngoai suy Tafel)
Na,CO3 -Ecorr,  bas be, ieerx10°  CR,
(ppm) V mV mV  (A/ecm®) mm/nim
0 0,710 4429 536,7 17,829 0,207
100 0,709 663,0 4164 15210 0,177
300 0,632 997,8 585,0 8,546 0,099
500 0,618 1023,2 604,0 7,452 0,087

Béng 3 va 4 ciing cho thay toc d¢ an mon thép
(CR) giam theo chiéu ting ndng do cua Na,COs,
tuong ing v6i su dich chuyén thé an mon (Ecoy) va
thé mach hd (OCP) vé phia gia tri duong, d6 dbc
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Tafel andt (b,) va dién trd phan cuc (Rp) tang, dién
dung cua 16p dién tich kép (Cy) giam .

Hiéu qua bao vé thép ciia Na,COs ting theo chiéu
ting ndng do6 cua nd cé thé giai thich 1a do ion
cacbonat CO;> bi thuy phan lam ting d6 pH cia
dung dich; va con do sy tao thanh mudi sit cacbonat
(FeCO;) két tia 1én bé mat thép.

Bang 4: Cac thong s6 dién hoa ctia thép trong dung
dich c6 nong d¢ Na,CO; khac nhau (theo phuong

phap do tong trg)
Na,CO;, -OCP, Rp  Cgx10° imx10’,  CR,
ppm V  (Q.cm’ (F/em®) mA/cm’® mm/nim
0 0,784 4424 58,133 23,732 0,276
100 0,754 4825 3,841 23,003 0,267
300 0,688 7625 2,187 20,984 0,244
500 0,644 8325 1,087 19,828 0,230
3.3. Hiéu qua bdo vé thép ciia Na,MoQ,
3.3.1. Bdor vé thép boi Na,MoO, trong dung dich
khong khuay
-20.00 =& 200 ppm

300 ppm
—=—400 ppm

-60.00 500ppm

Hi¢u qui biio vé Z (%)

-80.00

-100.00

Théi gian ngim mau (giv)

Hinh 3: Hi¢u qua bao v€ thép cua Na,MoOy
trong dung dich khong khuay

Hinh 3 cho théy, NazM004 la chit gia tdc an mon
thép trong thoi gian dau ngdm mau (dén 48 gi0); trong
do, Na,MoO, gia tbc an mon thép ‘manh nhit tai 24
gid ngdm mau. Sau 72 gid ngdm mau, Na,MoO, mdi
thé hién 1a chit uc ché yéu sy @n mon thép, mac du
sau d6 hiu qua bao vé thép ctia Na,MoO, ting dan
theo thoi gian. Su gia tbc an mon thép trong thoi gian
d4u ngdm mau, duoc giai thich 1a do ion molipdat
MoO,” ¢6 tinh oxy hoa manh hon phan tir oxy hoa tan
trong nudc, di gia tbc phan tng khir trén ving catt
ctia bé mit thép. Sau khi bi khir, ion molipdat MoO,*

Anh hieong ciia natri cacbonat...

d6i hiéu qua bao vé thép cua Na,MoO, khi thay d6i
ndéng do cua nd khong dang ké: Sau 48 gid ngdm
mau, hi€u qua bao v¢ thép ctia Na,MoO, chi tang tir
90% 1én 92%, khi ting ndng do ciia nd tir 100 ppm
1én 500 ppm.

3.3.2. Bao vé thép boi Na:MoO, trong dung dich
khuay (250 vong/phut)
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Hinh 4: Hi€u qua bao vé thép cua Natri molipdat
trong dung dich khuay 250 vong/phut

Bdng 5: Phu thudc ctia cac thong sb dién hqé thép
vao nong do Na,MoO, trong dung dich khuay (theo
phuong phap ngoai suy Tafel)

Na;MoO -Eeorr, by, be, ieorx10%,  CR,
(ppm) A% mV mV  A/em’ mm/nim
0 0,722 3656 2524 29708 0,345
100 0,555 8350 178,1 7,254 0,084
300 0487 9848 164,7 6,518 0,076
500 0,366 10584 1522 5981 0,069

Béang 5 cho thdy, theo chiéu ting nong do cua
Na2M004, dién thé an mon thep (Ecorr), d0 dbc Tafel
anbt (ba) va do dbc Tafel catdt (be) déu dich chuyén
dan vé phia gia tri duong hon. Piéu do6 ching to
Na,MoO, 1a chét tc ché qua trinh anot dong thot
lai gia tdc qua trinh catdt cua sy dn mon dién hoa
thép. Tac dung trc ché qua trinh andt vuot tréi hon
tac dung gia tbc qua trinh catdt nén toc do dn mon
thép dd giam dan khong dang ké theo chiéu ting
nong do Na,MoO,.

Bdng 6: Phy thudc cia cac thong s6 dién hgé thép
vao nong do Na,MoO, trong dung dich khudy (theo
phuong phap do tong tro)

chuyén thanh oxit molipden MoO, c6 tinh thu dong; Na,M0O,-OCP,  Rp, Cyx10’ inx10°,  CR,

do do, Na2M004~ da trc ché sy an mon thép sau thoi  ppm A\ Q.cm’ F/em® mA/cm® mm/nim

gian dai ngdm mau. , ‘ 0 0,747 1294 43366 49444 0,574
Trong dung dich khuay (hinh 4), ting nong d6

Na,MoOy tir 100 ppm dén 500 ppm, hiéu qua bao vé 100 0,687 18030 5,385 3,550 0,041

thép ciia n6 giam dan khi ngdm mau ngan han (&én 8 300 0,659 22796 4,592 2,281 0,027

gi0); nguoc lai, hiéu qua bao v€ thép cta nod tang 1én 500 0,627 32326 3,330 1,794 0,021

khi ngdm mau dai hon (24 - 48 gi®). Nhung su thay
18
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Bang 6 ciing cho thdy, theo chiéu ting ndong d6 Bdng 7: Cac thong sd dién hoa cua thép trong dung
Na,MoOy,, thé mach hé (OCP) ting, dién trd phan cuc dich c6 ndng do chét A khac nhau (theo phuong
(Ry) cuing tang, dién dung 16p dién tich kép (Ca)) giam, phap ngoai suy Tafel)
dan dén toc d6 dn mon thép (CR) giam.

Chat

” P pe 1 K A -Ecorrs b, -be, g1 06, CR,
3.4. Bao vé thép béi chat A ppr,n Vv mv mV  AJem® mm/nim
3.4.1 Hi¢u qua bdo vé thép cua chit A trong dung 0 0,710 4429 536,7 17,829 0,207
dich khong khudy ¢ nhiét do phong 5 0860 4656 4924 9,801 0,114

15 0,848 470,8 5282 7,849 0,091
Hinh 5 cho théy, trong dung dich khong khuay, chat A 25 0,752 685,1 559,7 3,984 0,046
gia tdc su dn mon thép trong thoi gian dau (trude 48 35 0,644 902,1 5993 1,893 0,022

gi0); sau 48 gio, chit A lai trc ché sy an mon thép. 45 0,749 698,4 586,8 3,255 0,038
Hiéu qua bao v¢ thép cua chat A thap, chi dat gia tri 100 0,832 589,9 498,51 6,432 0,075
cuc dai 1a 37% & nong d6 35 ppm sau 168 gido ngadm

mau. Bang 8: Céc thong sé dién hoa cua thép trong dung
dich c6 nong dg chat A khac nhau (theo phuong
>0 ” phap do tong trd)
= o 4—9——._’__: —4—5ppm .
s s e O OCP, Ry, Cx10Y, ierx10° CR,
s —<—35ppm ’ V  Qcm’ F/em’ mA/cm’ mm/nim
3 = ppm
El A 0 0,784 4424 58,133 23,732 0,276
:; 150 i 100ppm 5 0804 6000 47,876 17,166 0,199
15 0,792 12008 10,391 9,010 0,105
e Thai gian ngdm méu (gid) 25 0’755 23155 6’548 5’787 0’067
) 35 0,705 44263 1,797 3,524 0,041

Hinh 5: Hiéu qua bao v¢ thép cua chit A trong dung 45 0,750 25286 3,141 5458 0,063
dich khong khuay & nhi¢t d6 phong 100 0,777 18904 5,694 6,162 0,072

Chat A gia tc sy an mon thép trude 48 gid dau
ngadm mau, co6 thé 1a do tinh axit ciia dung dich tang
1én khi tang nong d6 chat A:

3.4.2 Anh hwong cua s khudy dén hiéu qua bdo vé
thép cua chat A, ¢ nhiét do phong

Trong dung dich khudy (hinh 6), hiéu qua bao

Nong do vé thép cuia chat A ting dan theo thoi gian va dat
chat A | 0 | 5 | 15|25 35|45 55/|100 cuc dai & nong do chét A 1a 25 ppm. O ndng do chat
(ppm) A 25 ppm, ting thoi gian ngdm mau tir 4 gid 1én 24

dDO pH 6.65/6,49/6.3716.19(6,07/5.92|5.74|5 45 gi®, hiéu qua bao vé thép ciia né ting tir 69% 1én

ung dich 87%.

Tir 48 gio tré di, hiu qua bao vé thép cua chit A e
tang theo thoi gian. Vi phan tng khir cia phan tt oxy - o A
va ion hydrd (H;0) & catbt da lam tang d6 pH cua ( 7000 /EZ/A Ii”iﬂm
dung dich, gitip cho sy két tua cac mudi phdt phat cua é o 25 ppm
kém va sat xay ra ngay cang dé dang. 5 4000 sé:———:f/j . o
Béng 7 cho théy, (1‘9 dbe Tafelranot (b,) dat gia tri z izgs —~e—100ppm
duong cuc dai va d6 doc Tafel catot (b.) dat gia tri am =
cuc dai O néng do chét A 1a 35 ppm, kéo theo mat do i

4h 8h 24h

dong dn mon (icer) va toc dd an mon thép (CR) giam

dén gia tri thap nhat trong dung dich c6 néng do chit . 5 . .
A 1335 ppm, s ame @ &8 Hinh 6: Anh huong cia néng o chét A dén hicu

qua bao vé thép trong dung dich khudy

Thii gian ngidm mau (gid)

Bang 8 cho két qua twong tu: Trong dung dich
chat A nong d6 35 ppm, dién tr& phan cuc (R, dat
gia tri cuc dai, dién dung 16p dién tich kép (Cq) dat
g1a tri cuc tiéu, nén toc do an mon thép (CR) duoc
giam dén gié tri thap nhat.

Béng 9 cho thiy, trong dung dich khudy & nhiét
d6 phong, d6 dbc Tafel andt (b,) dat gia tri cuc dai
va tbc do an mon thép (CR) dat gia tri cuc tiéu &
ndng do chat A 25 ppm.
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Bang 9: Cac théng‘sé dién hoa cua theép trong dung
dich khuay, c6 nong d6 chat A khac nhau (theo
phuong phap ngoai suy Tafel)

Chat A, -Eeor,  ba, b, deonx10%,  CR,

ppm V mV mV  A/em’ mm/nim
0 0,722 3656 2524 29,708 0,345
5 0,716 586,8 272,1 9,124 0,106
15 0,697 967,6 2034 5,830 0,068
25 0,655 12949 2254 3,258 0,038
35 0,645 976,7 279,9 3,847 0,045
45 0,610 6853 3659 8,829 0,096

100 0,511 411,6 488,0 13,462 0,156

Bang 10: Cac thong s6 dién hoa cua thép trong dung
dich khuay, c6 nong d¢ chat A khac nhau (theo
phuong phap do tong tro)

Chit A,-OCP, Rp, Cgx10°, icnx10° CR,
ppm V Qcm’ Flem’ mA/cm’ mm/nim
0 0,747 1294 43,366 49,443 0,574
5 0,704 5686 17,389 14,246 0,165
15 0,644 20990 9,370 3,478 0,040
25 0,616 163340 0,244 0,058 0,006
35 0,597 29364 2242 3,201 0,037
45 0,570 20957 4,191 4914 0,057
100 0,514 7642 11,764 12,693 0,147

Do tong trd (bang 10), ciing nhan duoc gia tri cyce
dai cua dién tré phan cuc (R;), gia tri cuc tiéu cua
dién dung 16p dién tich kep (Ca), va gid tri cuc tiéu
cua toc do an mon thép (CR) trong dung dich khudy
c6 chat A ndng d6 25 ppm.

3.4.3. Anh hwong cia nhiét o cao (60°C) dén hiéu
qua bao vé thép cua chat A trong dung dich khuay

Hinh 7 cho thdy, sau 8 gio ngdm mau trong dung
dich khuéy tai nhiét d6 cao 60°C,‘hiéu qua bao vé thép
cua chat A dat gia tri cuc dai 6 nong do 45 ppm.

Hiéu qui bio vé thép Z (%)

8h

Théi gian ngdm mau (gid')
Hinh 7: Hi€u qua bao vé thép cua cl}ét A sau 8h ngdm
mau trong dung dich khuay, 60°C

4. KET LUAN

1. Téc d6 an mon thép giam dan theo chiéu ting
d6 pH cua dung dich, tir pH 6 dén pH 9.
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2. Hiéu qua bao v¢ thép cua natri cacbonat tang

dan theo chicu tang nong dd ctia nod va theo thoi
gian.

3. Natri molipdat gia toc sy &n mon thép trong

thoi gian dau ngdm mau (dén 48 gio). Tir 72 gid tré
di, hiéu qua trc ché an mon thép ciia natri molipdat
ting dan theo thoi gian, theo su khudy va ting it
theo chiéu ting ndng d6 cua no.

4. Kha ning trc ché dn mon thép ciia chat A

thay doi phu thudc vao nong do ctua no, do pH cua
dung dich, nhiét do, di€u kién khuay va thoi gian
ngam mau:

O nhiét 6 phong, trong dung dich khong khuay

(hoac khudy 250 vong/phut), nong do tdi wu cua
chat A 1a 35 ppm (hodc 25 ppm theo thé tich);

Tai nhiét d6 cao 60°C, trong dung dich khudy

(250 vong/phut), ndéng do tdi wu cia chat A 1a 45
ppm (theo thé tich).

5. Nong d6 ti uu cua cac chit we ché dé bao vé

thép khoi an mon trong hé thdng nude lam mat 1a:

— Natri cacbonat & ndng do 300 ppm (theo
khéi luong).

—  Natri molipdat & néng do 100 ppm (theo
khéi luong).

— Chéit A ¢ ndng do tir 25 dén 45 ppm (theo
thé tich).
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