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- Diém néi bit:
v Nong d6 toi vu cia dung dich trc ché an mon DB-2.1 dé bao vé cho ca
kim loai mau (d6ng M1) va kim loai den (thép CT3) 1a 45 g/L.
v O ndng d6 nay, dung dich rc ché an mon co6 hiéu quéa bao vé chong an
mon dong M1 va thép CT3 trong mdi truong trung tinh chira NaCl 3,5%
lan lugt dat 94,38% va 84,69%.

- Tém tdt: Trong bai bao ndy ching toi trinh bay cac két qua khao sat hiéu qua
bao vé thép CT3 va ddng M1 cua dung dich trc ché an mon PB-2.1 bang cac phuong
phap: dién hoa, thir nghiém nhiét 4m va thir nghiém mu mudi. Két qua nghién ctru da
xac dinh dugc ndng do tdi uu cta dung dich @c ché an mon 1a 45 g/L, khi d6 hiéu qua
bao vé chéng an mon dong M1 va thép CT3 cua dung dich nay lan luot dat 94,38%
va 84,69%. Két qua nghién ctu gop phan nang cao chat luong san pham, hudng t6i
ung dung rong rii trong bao vé chdng dn mon cho cac chi tiét, trang bi k¥ thuat ché
tao tir ddng, thép va hop kim cua chiing.

- Tir khéa: an mon kim logi, irc ché an mon, phirong phap dién hoa, phuong
phap ton hao khoi lwong, axit béo, benzotriazol, cyclohexylamin, thep CT3, dong M1.

1. PAT VAN PE

Nham dap tmg yéu ciu ning cao chat luong niém cat, bao quan vii khi trang bi
ky thuat (VKTBKT) trong Quan doi, Trung tdm Nhiét déi Viét - Nga da tién hanh
nghién ctru, thir nghiém va dua vao ng dung nhiéu loai vat liéu, phuong tién bao
quan tién tién ctia nude ngoai, trong d6 co gidy uc ché an mon DB-2 va dung dich tre
ché an mon PB-2.1 [1]. So véi bao quan bang dau m& truyén thong, gidy PB-2 va
dung dich PB-2.1 ¢6 nhiéu wu viét hon hin do6 1a don gian héa quy trinh bao quan
niém cat, ting cuong mirc do san sang chién ddu cho VKTBKT, giam thiéu ti da cac
tac nhan an mon tac dong lén bé mit kim loai, cong nghé ché tao vat liéu va quy trinh
sir dung don gian, than thién moi trudng, gia thanh san pham hop 1y.

Gidy trc ché an mon PB-2 va dung dich trc ché dn mon DB-2.1 duoc nghién ctru
ché tao dya trén gidy trc ché an mon YHUB (TOCT 16295- 2018) va dung dich urc ché

an mon M1 (I'OCT 9.014-78) cua Lién bang Nga [2,3]. Gidy bB-2 va dung dich BB-
2.1 ¢6 cung thanh phan chét e ché an mon gom hdn hop mudi cyclohexylammoni
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stearat (CS), cyclohexylammoni laurat (CL) va benzotriazol (BTA). Hon hop chat wrc
ché néi trén duoc tam 1én gidy nén dé tao thanh gidy trc ché an mon PB-2 hoic hoa
tan trong dung mai ethanol ¢ dang dung dich dé thu duoc dung dich @c ché dn mon
DB-2.1. Gidy PB-2 va dung dich PB-2.1 1a vt lidu {rc ché in mon da ning ding dé
bao vé chéng an mon cho cac chi tiét kim loai nhu thép, gang, sit, nhom, déng, cadimi,
thiéc, crom, bac, niken, kém va hop kim ctia nhitng kim loai nay [2]. Vi c6 co ché bao
vé trong ty nhau, dung dich trc ché dn mon PB-2.1 duoc lya chon dé danh gia hiéu qua
bao vé thép CT3 va dong M1 ciia chiing loai vat liéu nay.

V& co ché hoat dong [4,5], dung dich trc ché an mon BB-2.1 ¢6 kha nang ty bay
hoi va khuéch tan trong khong gian bao goi kin tai diéu kién nhiét do, ap suat thuong.
Khi tiép xtc véi bé mit kim loai, cac phan tir trc ché dn mon dugc hoa tan trong mang
hoi nudc té vi tao thanh mang dién ly. Cac hop chét sau d6 lién két voi bé mat kim
loai thong qua co ché hap phu vat 1y hoac lién két hoa hoc dé tao thanh 16p mang bao
vé 6n dijnh va 1am cham cac qué trinh &n mon dién hoa xay ra trén bé mit kim loai.

Mot s6 két qua thir nghiém thuc té cho thdy dung dich DB-2.1 phu hop sir dung
dé bao quan tam thoi hodc niém cit dai han VKTBKT quan sy ma khong lam thay doi
chat luong ctia chung [6,7]. Tuy nhién, viéc t6i wu hoa ham luong chét trc ché an mon
bang céc tiéu chuan thir nghiém khac nhau chwa dugce dé cap. Ngoai ra, hiéu qua bao
vé chéng dn mon cua nhitng vat lidu nay trong cic mdi trudng thir nghiém khac nhau
chua duge 1am rd. Trong bai bao nay chung tdi trinh bay cac két qua khao sat hiéu
qué bao vé thép CT3 va dong M1 ciia dung dich tre ché an mon PB-2.1 bang phuong
phdp dién hoa, phuong phép thir nghiém nhiét a 4m va thir nghiém mu mubi. Két qua
thir nghiém nham t6i vu hoa ham lugng chat e ché an mon va danh gia hiéu qua bao
vé thép CT3 va dong M1 ciia san pham dung dich PB-2.1 trong cc moi truong khac
nhau. Két qua nghién ctru gop phan hoan thién chat luong san phiam hudng toi sir
dung rong rii trong bao quan niém cit VK TBKT quén doi.

2. VAT LIEU VA PHUONG PHAP NGHIEN CU'U
2.1. Vit ligu

Thép CT3 (Lién bang Nga) theo tiéu chuan GOST 380-2005; Pong M1 (Lién
bang Nga) theo tiéu chuan GOST 859-2001; CS va CL (Viét Nam) theo tiéu chuan
TCVN/QS 1984:2024; BTA (P06 tinh khét99%, Hang Kanghua, Trung Quéc), ethanol
(D6 tinh khiét 96%, Hang TNJ, Trung Qudc).

Chét tc ché an mon CS : CL : BTA trong dung dich trc ché an mon DB-2.1
duoc tron tbeo ty 1€ 19 : 19 : 8 vé khdi lugng. Khég sat dung dich trc ché d&n mon DB-
2.1 & cac nong do 0; 15; 25; 35; 45; 55 g/L, cac mau tao thanh dugc ky hi¢u BB-2.1-
0; bB-2.1-15; bB-2.1-25; BB-2.1-35; bB-2.1-45; BB-2.1-55 tuong tng.

2.2. Phwong phap nghién ciru

Phuong phap di¢n héa do dudng cong phin cye: Do dudng cong phan cyc
theo phuong phap thé dong duogc thuc hién trén thiét bi dién hdéa Autolab
PGSTAT302N (héng Metronhm, Ha Lan) véi hé 3 dién cuc: dién cuc so sanh 1a dién
cuc chuan Ag/AgCl trong KCI bao hoa; dién cyc doi la dién cuc Pt; dién cuc lam vige.
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Khoang quét thé -0,5 V dén 0, 5V. Téc do quét 1 mV/s. Cac mau dién cuc lam viée
dugc ngam trong dung dich mudi NaCl 3,5% trong 30 phut trude khi do. Cac phép do
duogc thuc hién & nhiét do (25 + 2)°C. Cac két qua do dwgc xur 1y trén phan mém
NOVA 2.1. Hiéu qua bao vé chong an mon dugc xac dinh theo mét d§ dong an mon.

Chudn bi cdc mau dién cuc lam viéc: bién cuc lam viéc 1a cac mau kim loai
hinh vudng 1am bang thép CT3 va dong M1 co kich thude canh 10 mm, day 3mm.
Mau kim loai duoc han véi ddy dan bang dong ¢ vo boc cach dién. Mau sau d6 duoc
duc vao nén nhya epoxy hinh tron duong kinh 21 mm (Hinh 1). Bé mit cac dién cuc
lam viéc duoc mai phang bang gidy nham tho P-800, sau d6 gidy nham min P-2000.
Sau do mau dugc rua sach bang ethanol 96% va acetone, dé kho va bao quéan trong
binh hat 4&m. Cac mau dién cuc duoge nhung vao dung dich tic ché an mon PB-2.1 véi
cac néng d6 khac nhau 15; 25; 35; 45; 55 g/L. Péi voi mdi loai dung dich bB-2.1
nhung 03 mau dién cuc lam viée. Thoi gian nhing mau dién cuc vao dung dich chit
{rc ché 1a 2 phut. Sau khi nhiing, mau dugc treo 1én gia, dé kho & nhiét do phong trong
thoi gian 24 gio trude khi thu nghiém.

Hinh 1. Cac dién cuc 1am viéc bang thép CT3 va dong M1
Hiéu qué bao vé chéng dn mon (H) duoc tinh theo cong thirc (1):

H — iO,COTT‘_iCOT‘T x 100 (1)
iO corr
Trong d6: H 1a hiéu qua bao v¢ chong an mon, %; io,cor 12 mét d6 dong an mon
ciia mau dién cuc khong co chat trc ché, (A/cm?); icorr 14 mat d6 dong dn mon ctia mau
dién cuc c6 chét trc ché dn mon, (A/cmz)

Phwong phap do tong tré dién héa: Do tong tré dién hoa duoc thyuc hién trén
cung thiét bi dién hoa Autolab PGSTAT302N nhu do dudng cong phéan cuc. Cac mau
dién cuc lam viéc (Hinh 1) dugc ngdm dung dich mudi NaCl 3,5% trong 30 phut trudc
khi do. Cac phép do duoc thyc hién & didu kién nhiét do (25 + 2)°C. Thir nghiém tong
tro duoc thyuc hién ¢ tan sé quét 0,1 - 100.000 Hz, bién d¢6 10 mV. Cac két qua do
duoc xt ly trén phﬁn mém NOVA 2.1. Hiéu qua bao vé chéng an mon duogc xac dinh
theo dién tré ciia h¢ mach tuong duong;

Hiéu qua bao vé chdng an mon (H) dugc tinh theo cong thic (2):

H — ZO, COTT_ZCOT‘T X 100 (2)
ZO, corr
Trong d6: H 14 hi€u qua bao vé chong an mon, %; Zo,corr 1 tong tré mau dién
cuc c6 chat trc ché an mon, Q.cm?; Zeorr 12 thé dién trd cia mau dién cuc khong co
chat e ché dn mon, Q.cm?.
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Phwong phap thir nghiém mu mudi: Tién hanh thir nghiém mu mubi dugc tién
hanh trén thiét bi ta thir nghiém ma mudi WEISS CS450 (hing WEISS — Birc). Thur
nghiém sir dung dung dich mudi NaCl ham lugng 3,5%. Khong gian dat mau ciia budng
phun mi mudi phai duoc gitt & nhiét d6 35°C [8]. Luong suong mudi duoc phun sao
cho ctr m&i 80 cm? dién tich tiét dién himg nam ngang c6 thé thu dugc 1,0 mL dén 2,0
mL dung dich trong 1 h. Két thuc thoi gian thir nghiém mau dugc lay ra khoi ta mu
mudi, tién hanh loai bo san phém dn mon theo tiéu chuan GOST 9.907-2007 va can
xéc dinh khéi lugng mau.

Phuong phap thir nghiém nhiét 4m trong binh kin véi hoi 4m ngung tu:
Thir nghiém nhiét 4m duoc tién hanh trén thiét bi tu thir nghiém nhiét 4m Clime-Event
C/1000/40/3 (hdng Vostchotechnik — Ptc). Cac binh thiy tinh c6 chira mau thu
nghiém duogc dat trong ti nhiét am. Thir nghiém dugc tién hanh trong 25 chu ky trong
td thir nghiém nhiét am. Mdi chu ky thir nghiém gdém 2 giai doan theo GOST 9.054-
75 [9]: Giai doan 1: Do am 95-100%; Nhiét do 40°C trong 7 gio; Giai doan 2: Do am
95-100%, Nhiét d6 20-25°C trong 17 gio. Két thuc thoi gian thir nghiém méu duoc
liy ra khoi ta nhiét 4m va binh thiy tinh, tién hanh loai bé san pham dn mon theo tiéu
chuén GOST 9.907-2007 va can xac dinh khbi luong mau.

Chudn bi mau kim loai dé thir nghiém mu mudi va thir nghiém nhiét am: Mau
kim loai hinh vuéng dugc lam tir thép CT-3 va déng M1, c¢6 kich thudce canh 50 mm,
chiéu day tir 1,5 mm dén 3,0 mm (Hinh 2-a). Cac mau duoc khoan mét 16 nhé ¢ chinh
giita mép canh dudng kinh 2 mm dé treo mau. Dung dap sé danh sé cac mau kim loai
thir nghiém. Cac mau kim loai dugc 1am sach bé mat béng giﬁy nham tho P-240, sau
d6 gidy nham min P-800. Mau kim loai sau d6 dwgc rira sach bang acetone, dé kho va
dugc bao quan trong binh hiit 4m trudc khi tién hanh thr nghiém. Can cac mau kim
loai thtr nghi€m, véi d6 chinh xac dén 0,0001 g. Nhung cac mau kim loai d3 dugc
chuan bi vao dung dich trc ché an mon PB-2.1 véi ham lwgng chit trc ché dn mon 15;
25; 35; 45; 55 g/L. DBéi v6i mdi loai dung dich BB-2.1 nhung 03 mau kim loai. Cac
mau sau khi nhing dugc treo 1én gia, dé kho ¢ nhiét &6 phong trong thoi gian 24 gio
trudce khi thir nghiém.

Hinh 2. Mau kim loai thir nghiém mut mudi va nhiét 4m (a) va binh thuy tinh
c6 nap cai kin (b) trong thir nghiém nhiét am

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 40, 12 - 2025 188



Nghién cutru khoa hoc céng nghé

Chudn bi cdc binh thiy tinh trong thir nghiém nhiét a am: Chuan bj binh thiy tinh
c6 nap gai kin khi, da duoc rira sach va sdy kho, dung tich 1500 mL (Hinh 2-b). Rét
50 ml nude cit vao day mdi binh thiy tinh. Str dung cac sgi day nhua dé treo cac mau
kim loai da nhing dung dich trc ché an mon PB-2.1 v&i ham luong khao sat 1a 15; 25;
35; 45; 55 g/L. Mdi binh thay tinh chi treo 01 mau thir nghiém. O mdi nong d6 thir
nghiém chuan bj 03 binh thuy tinh. Mau kim loai duoc treo & gitra miéng binh sao cho
mau khong cham véi thanh binh. Mép dudi cac mau thtr duoc treo cach mat nudce
trong day binh mot khoang 5 cm. Pong kin nap binh thiy tinh.

Hiéu qua bao vé chéng an mon thur nghiém mu mudi va thir nghiém nhiét am
duoc xac dinh theo tén hao khéi luong cua mau thtr trude va sau khi thir nghiém.

Téc d6 an mon cac mau kim loai duoc tinh theo cong thic (3):

mo—m

K= Tom 3)

Sxt
Trong d6: K, té¢ d6 dn mon kim loai, g/(m2.h); mo 1a khdi lwong kim loai trude
thir nghiém, g; m la khoi luong kim loai sau thtt nghiém, g; S 1a dién tich mau kim
loai dung dé thu nghiém, m?; t 13 thoi gian thtr nghiém, h.
Hiéu qua bao vé chdng an mon (H) duge tinh theo cong thuc (4):

KoK % 100 ()

H =

0
Trong do: H 1a hiéu qua bao v¢€ chong an mon, %; Ko 1a toc ¢ &n mon mau kim
loai khong c6 chat tic ché, g/(m?.h); K 1a toc d6 dn mon mau kim loai c6 chat trc ché, g/(m?.h).
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Hinh 3. Puong tafel cia dong M1 (a) va thép CT3 (b) trong dung dich NaCl 3,5 %
khi c6 va khong c6 mat chat urc ché
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Bang 1. Hiéu qua bao vé dong MI va céc thong sérdién hoéa trong dung dich NaCl
3,5% & cac nong do chat tc che khac nhau

Tén miu bB-2.1- | bB-2.1- | BB-2.1- | bB-2.1- | DB-2.1- | DB-2.1-
0/Cu 15/Cu 25/Cu 35/Cu 45/Cu 55/Cu

Théng s dién hoa

Ecorr (V vs. Ag/AgCl) -0,136 -0,011 -0,081 -0,060 -0,050 -0,034

icor (LA cm™?) 1,4781 0,1465 | 0,1054 | 0,0855 | 0,0696 | 0,0657
R, (k) 183,37 | 3814,80 | 4989,10 | 4420,60 | 3836,20 | 4539,50
Ba (mV/dec) 21,423 | 20,905 19,508 19,418 15,236 15,102
Be (mV/dec) 24,433 4,578 22,221 17,154 | 20,815 12,580
Hiéu qua bao v¢, % - 90,09 92,87 94,22 95,29 95,56

Bang 2. Hiéu qua bao vé thép CT3 va cac thong sb dién héa trong dung dich NaCl
3,5% & cac néng d6 chat trc ché khac nhau

Tén miu bB-2.1- | bB-2.1- | bB-2.1- | bB-2.1- | bB-2.1- | DB-2.1-
0/Fe 15/Fe 25/Fe 35/Fe 45/Fe 55/Fe

Thong s dién hoa

Eeor (V vs. Ag/AgCl) | -0,735 | -0,556 | -0441 | -0354 | -0267 | -0247

fcor (WA cm™2) 17,5950 | 62328 | 5,1748 | 39872 | 2,6669 | 2,5171
R, (kQ) 2440 | 6,119 | 6989 | 11,714 | 15,003 | 15,126
Ba (mV/dec) 22,700 | 22,991 | 24,117 | 32,800 | 22,754 | 29,162
Be (mV/dec) 22,900 | 27,133 | 23,157 | 29,486 | 15,482 | 27912
Hiéu qua bao v&, % - 64,58 | 70,59 | 77,34 | 84,84 | 8569
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Hinh 4. Hiéu qué bao vé dong M1 va thép CT3 cua dung dich &rc ché an mon PB-
2.1 trong thur nghiém dudng cong phan cuc
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Hinh 5. Pho tong trd dién hoa ctia mau dong M1 khi khong c6 va c¢6 chét trc ché an
mon DB-2.1 trong dung dich NaCl 3,5%

DB-2.1-0/Cu DB-2.1-35/Cu

L ) e
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Hinh 6. Tong tro dién hoa cua h¢ mach tuong duong cua bé mit dong M1 khi khong
c6 va co chat tc ché an mon PB-2.1 trong dung dich NaCl 3,5%
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Hinh 7. Pho tong tro dién hoa ciia mau thép CT3 khi khong c6 va c¢6 chét trc ché dn
mon PB-2.1 trong dung dich NaCl 3,5%

Bang 3. Hiéu qua bao vé dong M1 va cac thong sb dién hoa trong dung dich NaCl
3,5% & cac nong d6 chat trc ché khac nhau

Tén miu bB-2.1- | bB-2.1- | bB-2.1- | bB-2.1- | bB-2.1- | bB-2.1-
0/Cu 15/Cu 25/Cu 35/Cu 45/Cu 55/Cu

Thong s dién hoa

Rs (kQ.cm?) 0,151 0,012 0,014 0,010 0,013 0,014
Rpl (kQ.cm?) 46,800 8,380 5,840 16,200 | 20,700 | 58,400
Rp2 (kQ.cm?) - 489,000 | 595,500 | 784,000 | 815,000 | 847,000

Tong tro R (kQ.cm?) 46,951 | 497,392 | 601,354 | 800,210 | 835,713 | 905,414

Hiéu qua bdo v¢, % - 90,56 92,19 94,13 94,38 94,81
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DB-2.1-0/Fe DB-2.1-35/Fe
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Hinh 8. Tong tr¢ dién hoa cta hé mach twong duong cia bé mat thép CT3 khi
khong c6 va c6 chat irc ché an mon PB-2.1 trong dung dich NaCl 3,5%

Bang 4. Hiéu qua bao v¢ theép CT3 va cdc thong sérdién hoéa trong dung dich NaCl
3,5% & cac nong d6 chat trc ché khac nhau

Tén miu bB-2.1- | bB-2.1- | bB-2.1- | bB-2.1- | bB-2.1- | PB-2.1-
0/Fe 15/Fe 25/Fe 35/Fe 45/Fe 55/Fe
Thong sé dién hoa
Rp (kQ.cm?) 0,608 1,970 2,530 3,380 4,790 4,960
Rs (kQ.cm?) 0,146 0,150 0,110 0,134 0,134 0,112
Téng R (kQ.cm?) 0,754 2,120 2,640 3,514 4,924 5,072
Hiéu qua béo vé, % - 64,43 71,44 78,54 84,69 85,13

Bang 5. Thoi gian xuat hién vét an mon trong thir nghiém mu muoi.

Tén miu PB-2.1-0 BBlg.l BBzg.l BB3§.1 BB‘é.l BBsg.l
Thoi gian xuat hién vét an mon, gid
Thép CT3 1 4 7 9 20 20
DPong M1 4 27 68 93 93 93
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bB-2.1-0 | bB-2.1-15 | PB-2.1-25 | PB-2.1-35 | DB-2.1-45 | PB-2.1-55

Hinh 9. Hinh anh bé mét mau kim loai bdng dong M1 va thép CT3 truée (1; 3) va
sau (2; 4) thir nghiém mu muoi
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Higu qua bao vé ddng M1 (%)
5] 8
1 1

Hiéu qua bao vé thép CT3 (%)

BDl\lllllll
10 15 20 25 30 35 40 45 50 55 ¢ 10 15 20 25 30 35 40 45 50 55

Néng dé dung dich BB-2.1 (g/L) Nbng dé dung dich BB-2.1 (g/L)

Hinh 10. Hiéu qua bao vé dong M1 va thép CT3 cua dung dich trc ché an mon
DB-2.1 trong thtr nghiém mu mudi
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Hinh 11. Hiéu qua bao vé dong M1 va thép CT3 cua dung dich trc ché an mon
DB-2.1 trong thir nghiém nhiét am

Bang 6. Hiéu qua bao vé thép CT3 va dong M1 cua dung dich DB-2.1 bang céac
phuong phap thtr nghiém khac nhau

Tén miu bB-2.1- | DB-2.1- | bB-2.1- | DB-2.1- | DB-2.1- | DB-2.1-
0/Fe 15/Fe 25/Fe 35/Fe 45/Fe 55/Fe

Hiéu qua bao vé, %

Phuong phap tafel - 64,58 70,59 77,34 84,84 85,69
Phuong phap tong trd - 64,43 71,44 78,54 84,69 85,13
Phuong phap mii mudi - 61,40 71,82 78,33 85,13 85,49
Phuong phép nhiét am - 74,46 82,16 86,35 95,14 95,27
trong binh kin

Tén miu PB-2.1- | PB-2.1- | bB-2.1- | PB-2.1- | PB-2.1- | PB-2.1-

0/Cu 15/Cu 25/Cu 35/Cu 45/Cu 55/Cu

Hiéu qua bao vé, %

Phuong phép tafel - 90,09 92,87 94,22 95,29 95,56
Phuong phép tong tro - 90,56 92,19 94,13 94,38 94,81
Phuong phap mii mudi - 90,58 93,72 95,53 96,78 96,70
Phuong phép nhiét am - 91,95 95,34 96,61 97,88 97,88
trong binh kin
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4. THAO LUAN
4.1. Két qua thir nghiém dwong cong phan cuc

Két qua do dudng cong phén cuc véi dién cyc lam viée bang dong M1 (Hinh 3-a)
cho thay, khi ting nong d6 dung dich e ché in mon PB-2.1 tir 0 g/L dén 55 g/L 1am
suy giam nhanh mét d¢ dong &n mon anot, thé a an mon dich chuyen ve phia duong hon
so voi khi khong ¢6 chat e ché an mon. Khi ndng do chét wc ché DB-2.1 tang tur 0
dén 55 g/L thé an mon ciia dong M1 va thép CT3 dich chuyen tuong ung ve phia
dwong hon tir (- 0,136 V) d&én (-0,034 V) va tir (-0,735 V) dén (-0,247 V) tuong ung;
mat d6 dong an mon giam 21,50 1an (dong M1) va 6,99 lan (thép CT3) so voi khi
khong c6 chat e ché an mon. R& rang, khi c6 mit chat (e ché an mon hiéu qua bao
vé chong dn mon dong M1 va thép CT3 cua dung dich PB-2.1 ting 1én dang ké.

Két qua Bang 1 va Bang 2 cho thay, khi ndng d6 chat tic ché dn mon trong dung
dich PB-2.1 ting tir 15 g/L dén 55 g/L, mat 6 dong an mon cua dong M1 giam tir
10,09 1an (15 g/L) d&én 22,50 lan (55 g/L); cua thép CT3 giam tir 2,82 1an (15 g/L) dén
6,99 1an (55 g/L) so v&i mau khong c6 chat tic ché, ciing dong nghia hiéu qua bao vé
chéng an mon dong M1 va thép CT3 ting dan. Mirc d6 giam mat d6 dong an mon cua
ddng M1 (22,50 1an) cao hon so véi cta thép CT3 (6,99 1an) cho thay dung dich tic
ché an mon DB-2.1 ¢6 hiéu qua bao vé kim loai dong M1 tét hon so v6i bao vé thép CT3.

Tir két qua Bang 1 va Bang 2 cho thay, khi nong d6 chét trc ché an mon PB-2.1
dat tir 45 g/L dén 55 g/L d6 giam mat d6 dong dn mon cua dong M1 va thép CT3 thay
d6i khong dang ké, 1an luot (tir 21,24 1an dén 22,50 lan) va (tir 6,60 lan dén 6,99 1an)
twong tng, so voi khi khong c6 chét trc ché dn mon, diéu nay c6 thé giai thich do mirc
bdo hoa néng d6 dé tao thanh 16p phu bao vé vat liéu, hay noi cach khac cac phan tu
{rc ché an mon di bao phu toan b bé mat vat licu.

Dung dich DB-2.1 ¢6 hiéu qua bao vé dong M1 cao ngay ca véi ndng do thap,
& ndng d6 15 g/L hidu qua bao vé dong M1 di dat hon 90% (Hinh 4). Khi tiép tuc
tang nong do chat rc ché dn mon trong dung dich PB-2.1 tir 15 g/L dén 55 g/L hiéu
qua bao v¢ tang tir 90,08% (15 g/L); 92,87% (25 g/L); 94,22% (35 g/L); 95,29% (45
g/L) va 95,56% (55 g/L). V61 ham lugng chat trc che 35 g/L, dung dich BB-2.1 ¢
hiéu qua bao vé dong M1 trén 94%. Ro rang, khi nong d6 chat trc ché an mon tir 35
dén 55 g/L hiéu qua bao vé tang khong dang ké (tir 94,22% dén 95,56%). Piéu nay c6
thé duoc giai thich khi ndong do chat irc ché khong nho hon 35 g/L thi bé mat dong M1
da bi che phu gﬁn nhu hoan toan [10], ham lugng chét te ché an mon tdi wu, do d6 khi
tiép tuc ting nong do chat tc ché thi kha nang bao vé ddng M1 ting khong dang ké.

Hiéu qua bao vé chdng an mon thép CT3 tang tir 64,58% (15 g/L); 70,59% (25
g/L); 77,34% (35 g/L); 84,84% (45 g/L) va 85,69% (55 g/L) khi nong d6 chat trc ché
an mon trong dung dich DB-2.1 ting tir 15 g/L dén 55 g/L (Hinh 4). RS rang, khi nong
d6 chat trc ché an mon tir 45 g/L dén 55 g/L hiéu qua bao vé thép CT3 ting khong
dang ké, két qua ghi nhan twong ty trén vat lidu ddng M1. Piéu nay c6 thé duoc giai
thich khi ndng d6 chit trc ché dat dén gia tri toi wu (45 g/L) thi bé mit thép CT3 da bi
che pht gan nhu hoan toan cac phan tir chat e ché [10], do d6 khi tiép tuc ting ndng
d6 chat trc ché thi kha ning bao vé thép CT3 ting khong dang ké.

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 40, 12 - 2025 196



Nghién cutru khoa hoc céng nghé

4.2 Két qua thir nghiém tong tré dién hoa

Két qua do tong tré dién hoa véi dién cuc 1am viée bang dong M1 (Hinh 5) cho
théy, téng tré dién hoa cia hé mach gém dung dich dién ly (NaCl) - Chét trc ché PB-
2.1 - Bé mat kim loai ting dan theo chiéu ting ctia ndng do dung dich wrc ché an mon
DB-2.1. Khi ndng do chat trc ché an mon PB-2.1 ting tir 0 g/L dén 55 g/L tong tré
dién hoa ciia hé mach tang nhanh. Didu d6 ching t6 kha niang trc ché dn mon hiéu qua
cta dung dich PB-2.1 d6i véi vt liéu dong M.

Két qua tinh toan tong trd ctia hé mach tuong duong cia mau déng M1 (Hinh
6, Bang 3) cho thay, khi khong co chit e ché dn mon (mau bB-2.1-0/Cu) hé¢ mach
gom dién trd ciia dung dich dién ly va dién tr6 16p oxit ddng, voi tong tro 46,951 kQ.
Khi c6 mit chit trc ché an mon DB-2.1 hinh thanh nén mot 16p thi ba, ¢6 dién trd cao
dé bao vé kim loai dong M1 (téng tré R > 497,392 kQ). Ldp phu bao vé dwoc hinh
thanh c6 thé giai thich do thanh phan benzotriazol dugc ting cudong véi
cyclohexylamoni c6 trong dung dich tic ché PB-2.1 phan tmg hoa hoc véi oxit dong,
tao thanh 16p phtrc (chudi polyme -BTA-Cu-BTA-) thy dong [10]. Tir dit liéu tong tré
Béang 3 c6 thé khéng dinh, tinh chat bao vé kim loai déng M1 cua dung dich BPB-2.1
duogc quyét dinh chi yéu boi hinh thanh 16p phu thy dong nay.

Két qua thir nghiém tong trd dién hoa cho thay, hiéu qua bao vé chong an mon
dong M1 tang khi nong d6 dung dich DB-2.1 ting tir 0 dén 55 g/L. Khi ndng d6 dung
dich PB-2.1 > 35 g/L hiéu qua bao vé ting khong dang ké tir 94,13% dén 94,81%.
Két qua do tong tro dién hoa ctia dong M1 khi c6 va khong c6 chit trc ché dn mon
PB-2.1 tuong dong véi két qua thir nghiém duong cong phan cuc tafel da khao sat.

Két qua tinh toan tong trd ciia hé mach twong dwong ctia mau thép CT3 (Hinh
8, Bang 4) cho théy, khi khong co chét trc ché dn mon (mau PB-2.1-0/Fe) hé mach
gom dién tro ciia dung dich dién ly (Rs) va 16p oxit sat (Rp), v6i tong trg 0,754
kQ.cm?. Khi ¢6 mit chét tc ché an mon PB-2.1 dién trd cua 16p oxit kim loai ting
nhanh do qua trinh hap phu chit trc ché 1én bé mit dién cuc. Khi ndng do ting tir 0
dén 55 g/L th1 dién trd cua lop ox1t dugc hap phu rc ché an mon (Rp) tang nhanh tur
0,608 kQ.cm? dén 4,960 kQ.cm?. Tuy nhién, khi ndng do chat irc ché an mon thay
dbi tir 45 dén 55 g/L hiéu qua bao vé ting khong dang ké tir 84,69% dén 85,13%, két
qué ghi nhan tuong ty véi két qua do duong cong phan cuc. Diéu nay c6 thé dugc giai
thich khi nong d6 chét trc ché > 45 g/L thi bé mat thép CT3 da bi che phu gan nhu
hoan toan, d6 day 16p phu tao thanh trén bé mit dién cuc da dat t6i da do d6 khi tiép
tuc ting nong do chat trc ché thi kha ning bao vé thép CT3 ting khong dang ké.

Tur mach tong trd dwong duong Hinh 8 cho thay dang mach dién thu dugc trén
cac mau thép CT3 twong ty nhau d6i véi mau khong co va cé chat trc ché an mon
PB-2.1. Piéu niy c6 thé giai thich cic chét e ché dn mon PB-2.1 bao vé thép CT3
dua theo co ché hap phu vat 1y do hinh thanh lién két hydro, van-der walls véi 16p
mang oxit trén bé mat thép CT3, ma khong lam bién tinh bé mit kim loai do phan ting
hoéa hoc dé hinh thanh 16p phu thu dong nhu d6i voi vat liéu dong M1. Diéu nay ly
gidi hiéu qua bao vé chéng an mon ctia dung dich trc ché DB-2.1 dbi v6i ddng M1 cao
hon cua thép CT3.
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4.3. Két qua thir nghiém mu mudi

Két qua thir nghiém mu mudi (Bang 5, Hinh 9) cho thdy khi c6 mit cac chit wc
ché an mon, hiéu qua bao v¢ kim loai déng M1 va thép CT3 ting 1én 13 rét so v6i mau
khong c6 trc ché dn mon. Khi co chat trc ché dn mon nong do 15 g/L thoi gian xuat hién
vét &n mon dau tién trén thép CT3 13 4 gio; trén dong M1 12 27 gid, trong khi mau khong
c6 chit e ché dn mon chi bi a an mon sau chua déy 1 gid (d6i voi CT3) va dudi 4 gio
(601 voi dong M1). Khi tang nong do chat e ché an mon PB-2. 1, thoi gian xuét hién
vét an mon dau tién trén cac mau tang 1én. Hiéu qua bao v¢ cac mau thép CT3 va dong
M1 trong thtr nghiém mu mudi dugc danh gia bang phuong phap hao hut khéi luong.

Tir két qua danh gia hiéu qua bao vé chong an mon ciia dung dich PB-2.1 theo
hao hut khéi lwgng (Hinh 10) cho thiy, khi ndng d6 chit trc ché PB-2.1 ting tir 0 dén
55 g/L, hiéu qua bao vé chdng an mon ctiia mau thép CT3 tang tir 61.40% dén 85.49%;
mau dong M1 tang tir 90,58% dén 96,70%. O cac nong d6 45 g/L dén 55 g/L hiéu qua
bao vé chdng dn mon thép CT3 thay ddi khong dang ké (tir 85,13% dén 85,49%. O
cac nong d6 35 g/L dén 55 g/L hiéu qua bao vé chong an mon déng M1 95,53% dén
96,78%. Piéu nay c6 thé 1y giai rang khi nong d6 dung dich PB-2.1 dat dén gié tri ti
wu (45 g/L d6i v6i thép CT3; 35 g/L ddi voi dong M1), 16p bao vé tao thanh dugc phit
kin hoan toan mau, ting nong d6 1én hon khong mang lai hiéu qua bao vé t6t hon.

4.4. Két qua thir nghiém nhiét 4m trong binh Kkin véi hoi 4m ngung tu

Tir két qua thir nghiém nhiét 4m v6i hoi 4m ngung ty trong binh kin cho thiy,
mau trang 0 g/L va mau thép CT3 véi ham lugng chét e ché an mon 15 g/L xuét hién
cac diém an mon nho trén bé mat va mép canh mau & chu ky thir 25. Trong khi cac
mau con lai co néng do 25 g/l dén 55 g/L chua xuét hién vét n mon trén bé mét mau.

Két qué thir nghiém nhiét 4m trong binh kin v&i hoi 4m ngung tu tuan hoan ddi
d6i v6i dung dich BPB-2.1 (Hinh 11) cho thay, ¢ diéu kién tac dong boi hoi 4m va nhiét
d6 hiéu qua bao vé chéng an mon cua dung dich DB-2.1 trén nén thép CT3 ting 74%
dén 95%; trén nén déng M1 1 92% dén 98% khi nong do dung dich DB-2.1 tang tur
15 g/L dén 55 g/L. RS  rang, so voi diéu kién thir nghiém mu mudi, tbc d6 an mon cac
mau thir giam dang ké, vi vay hiéu qua bao vé chdng an mon thép CT3 va dong M1
cta dung dich trc ché an mon PB2.1 cao hon.

Téng hop két qua danh gia hiéu qua bao vé chdng an mon cua dung dich trc ché
an mon DB-2.1 trén thép CT3 va dong M1 bang cac phuong phap do duong phéan cuc
tafel, do téng trd, thir nghiém mu mudi, nhiét 4m duoc trinh bay trong Bang 6.

Két qua Bang 6 cho thiy trong diéu kién nhiét 4m dung dich PB-2.1 ¢6 kha
nang bao v¢ thép CT3 vai hi€u qua bao vé tu 74,46% dén 95,27%; déng M1 tr91,95%
dén 97,88% khi nong @6 dung dich ting tir 15 g/L dén 55 g/L. O diéu kién an mon
khic nghiét hon (c6 mit ion clorua) hiéu qua bao vé kim loai CT3 thay d6i tir 61,40%
dén 85,69%; dong M1 tir 90,09% dén 96,70%. Khi ndng do dung dich BB-2.1 > 45
g/L hiéu qua bao vé kim loai den va kim loai mau la tbi wu, v6i hidu qua bao v¢ 84-
85% ddi v6i thép CT3 va 94-95% dbi voi dong M1. Nhu vy, ham lwong t6i uu ddi
v6i dung dich BB-2.1 1a 45 g/L.
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5.KET LUAN

Dung dich trc ché an mon PB-2.1 ¢ hiéu qua bao vé chéng dn mon dong M1
tir 90,09% dén 97,88% va thép CT3 tir 61,40% dén 95,27% trong mdi trudng trung
tinh chtra ion clorua khi nong d6 dung dich chat tic ché thay d6i tir 15 g/L dén 55 g/L
béng cac phuong phap thir nghiém dién hoa, thir nghiém mu mudi va thu nghlem
nhiét 4m. Nong d6 tdi wu cua dung dich e ché an mon PB-2.1 bao vé cho ca dong
M1 va thép CT3 1a 45 g/L, ¢ nong d6 nay hiéu qua bao vé chdng an mon dong M1 va
thép CT3 lan luot 1a 94,38% va 84,69%. Két qua nghién clru nay gop phan nang cao
chat luong san pham hudng t6i tng dung rong rai dé bao vé cac chi tiét, trang bi k¥
thuat ché tao tir ddng, thép va hop kim cia ching.

Loi cam on: Nhom tac gia tran trong cam on Trung tam Nhiét doi Viét - Nga
da cdp kinh phi thuc hién nhiém vu Khoa hoc va cong nghé cap Trung tam, Mda so
DB.N1.13/24.

Tuyén bd vé dong gop cuaa tac gia: Neuyén Vin Thanh: Chudn bi ban théo
goc; Nguyén Vin Thanh, Lé Quoc Pham: Chinh sira, khdi niém héa, phwong phdp
lugn; Hoang Viét Hing, D6 Minh Hiéu, Lé Quéc Pham: Phan tich, khao sat. Tat ca
cac tac gia da doc va dong y véi ngi dung ban thdo bai bdo.

Tuyén bd vé xung dét loi ich: Cdc tdc gia bai bdo khéng cé xung dot loi ich.
Kinh phi thyc hién nhiém vu ma s6 PB.N1.13/24 tir Ngan sach khoa hoc, dwoc Trung
tam Nhiét doi Viét - Nga quan Iy.
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ABSTRACT

CORROSION INHIBITION EFFECT ON COPPER M1 AND
STEEL CT3 BY THE ANTICORROSION SOLUTION bB-2.1 IN A
NEUTRAL CHLORIDE ION ENVIRONMENT

This study investigates the corrosion inhibition performance of the PB-2.1
solution inhibitor for copper M1 and carbon steel CT3 in specify test medium 3.5 wt%
NaCl solution, using electrochemical and gravimetric techniques. Potentiodynamic
polarization and electrochemical impedance spectroscopy (EIS) were employed to
evaluate corrosion potential, corrosion current density, polarization resistance, and
inhibition efficiency at various inhibitor concentrations. Gravimetric measurements
were conducted to determine the mass loss and corrosion electrochemical results. The
obtained data show that the presence of the inhibitor significantly shifts corrosion
potential towards the noble direction, decreases corrosion current density, and
increases polarization resistance, indicating a marked reduction in corrosion rate. The
maximum inhibition efficiency reached 94.38% and 84.69% for copper M1 and steel
CT3 respectively at the optimum concentration 45g/L., with consistent results from
polarization, EIS, and gravimetric methods in good agreement. These findings suggest
that the studied solution inhibitor PB-2.1 can serve as an effective corrosion inhibitor
for carbon steel and copper under the tested conditions, with strong potential for
practical application after further long-term and field-scale evaluation.

Keywords. corrosion inhibition, electrochemical impedance spectroscopy,
potentiodynamic polarization, gravimetric analysis, benzotriazol, cyclohexylamine,
steel CT3, copper M1
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