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TINH CHAT CO VA KHA NANG BAO VE CHONG AN MON THEP
CARBON CUA MANG SON EPOXY CHUA NANOSILICA HAP THU
3,5-DINITROBENZOIC ACID
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TOM TAT

Trong nghién cizu ndy, mét chat ¢ ché an mon xanh trén co s¢ hat nano SiO; va
3,5-dinitrobenzoic acid cho I6p phi epoxy da duwoc ché tgo thanh cong. Phan tich phé IR
cho thdy hat nano SiO, hdp thu 3,5-dinitrobenzoic acid da ché tgo thanh cong. Két qua
phan tich bang kinh hién vi dién tir quét phat xa truong FE-SEM cho thdy mang son epoxy
chiza 2,5% hat nano SiO, hdap thu 3,5-dinitrobenzoic acid khong c6 khuyét tdt, cac hat
nano phan tan déu trong nén nhy:a. B¢ bén va dap va kha nang i ché an mon cua lép phui
epoxy duoc cdi thién dang ké.

Tw khoa: Son epoxy, nanosilica, 3,5-dinitrobenzoic acid.
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1. PAT VAN BE

Ton that vé kinh té gay nén boi an mon kim loai dac biét 1a an mon thép la rat lon.
Tur lau con nguoi da tim nhiéu cach dé bao vé chdng lai sy dn mon. Trong d6, phuong
phép bao vé bang cac 16p phu hiru co 1a giai phap cé hiéu qua, pho bién va chlem ty trong
I6n nhat. Dé ché tao céc I6p phu bao vé dap (mg cac yéu cau ngay cang cao vé mat ky
thuat, kinh té, bao vé moéi truong, cac nha nghién ctu, san xuat va dau tu dang tap trung
giai quyét dong thoi ca hai van dé: i) ban chat, thanh phan 16p phi va ii) phuong phap gia
cong [1], [2]. Nhua epoxy chira mach hidrocarbon da dang va phan nhém chic epoxy,
hydroxyl kha phan cuc. Son trén co s& hhua epoxy ¢6 nhirng tinh nang quy nhu kha nang
bam dinh t6t trén kim loai, kha nang chiu luc va chiu mai mon cao, bén hoa chat va dung
moi, dic biét cd kha ning che chin cao chdng lai sy xam thuc caa cac yéu tb méi truong
nhu nudc, ion, oxygen,... nén nhua epoxy 1a dbi twong duoc lya chon phd bién nhit dé ché
tao son 16t bao vé chong an mon kim loai [3]. Tir thuc té dé tang hiéu qua bao vé chdng in
mon kim loai, cac phu gia ¢ ché ian mon thuong dugc dua vao cong thic son. Trong do,
hop chit Crom VI (Cr (V1)) c6 kha ning chéng dn mon tuyét voi nhat khién ching tro
thanh chit wrc ché an mon tiéu chuan trong cong nghiép son [1], [2]. Tuy nhién, Cr (VI) c6
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doc tinh rat cao, gay bénh ung thu ¢ ngudi va tac dong xau dén méi truong. Vi ly do nay,
ké tir dAu nhitng nam 1990, cac hop chat Cr(VI) da bi ap dat han ché st dung trong céc
ung dung cdng nghiép va dac biét la trong 16p pha hitu co [3]. Ngoai ra trong linh vuc uc
ché an mon cho bé tong cbt thép, hién nay chét phu gia ¢ ché dn mon dugc st dung nhiéu
nhét 1a cac mudi nitrit: Ca(NO,),, NaNO; vi gia thanh ré. Tuy nhién gdc nitrit ciing giéng
nhu Cr (VI) n6 c6 doc tinh. Trong nhimg nam gan day, cic nha nghién ctru di nd lyc tap
trung nghién ciu, phét trién cac chat ic ché dn mon phi nitrit mai hidu qua va than thien
v6i moi truong [4][5]. Trong nghién ciru ndy, mot sd tinh chit co va kha niang bao vé
chdng an mon thép carbon ciia mang son epoxy chira nanosilica hap thy 3,5-dinitrobenzoic
acid da duoc khao sat. Voi muc tiéu 1a ché tao thanh cong son bao vé chéng an mon thép
carbon than thién moéi trudng trén co s& nhya epoxy va cac hat nanosilica mang chat wc
ché an mon 3,5-dinitrobenzoic acid, ¢é tudi tho cao.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Hbéa chat

Bt nano SiO,: Kich thudc hat ~ 12 nm; d§ pH 3,7 - 4,7; dién tich bé mat 175-225
m?/g; d6 tinh khiét 99,8%; (Sigma-Aldrich, My);

DNBA: 3,5-dinitrobenzoic acid, do tinh khiét 98%, quy céch: 1o 500G; (Acros, My);

Nhuya epoxy diane E-44 (E44): M = 500g/mol, ham lugng epoxy 1a 4mol/kg (Trung Qudc);

Chét dong ran dang amine polyethylene polyamine (PEPA) Trung Qudc;

Xylene, toluene dang k¥ thuat (Trung Qudc).

2.2. Chuain bi c4c hat nano SiO; hap thu 3,5-dinitrobenzoic acid

Quy trinh chuén bi cac hat nano SiO, hap thu 3,5-dinitrobenzoic acid (SiO,-DNBA)
nhu sau: Chuan bi DNBA va hat nano SiO, theo ti 18 1:5 (0,2 g DNBA va 1g SiO,) vao
binh cau ba ¢6, thém vao 50 ml toluen va tién hanh rung siéu 4m hdn hop bang may rung
siéu &m Utrasonic Cleaner dé cac hat nano SiO, va DNBA phan tan déu trong dung moi.
Sau d6 hdn hop duoc gia nhiét dén 80-100°C bang cach dun cach cat trong 1 gid dong thoi
khuéy & tbe do 120 vong/ phut dé DNBA tan va hép thu vao cac hat nano SiO,. Ha nhiét
d6 hdn hop vé nhiét &6 phong rdi loc va sdy san pham ran thu duoc ¢ 120°C trong 12 h thu
duge miu nano SiO, hap thu DNBA. Cac miu sau khi say kho s& duoc bao quan hat am.
Hinh 1 1 Hinh anh chuin bi mau nano SiO» hép thu DNBA. Hinh anh cac hat nano SiO,,
DNBA va mau nano SiO, hip thu DNBA trinh bay trén Hinh 2.

\ «
Hinh 1. Hinh anh chuin bi miu nano SiO, hap thu DNBA
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Hinh 2. Hinh anh hat nano SiO2 (a), DNBA (b) va nano SiO, hap thu DNBA (c)
2.3. Chuén bi c&c mau son chira c4c hat nano SiO.-DNBA

Thanh phéan cic mau son chira cac hat nano SiO2-DNBA vé6i ham lwong khac nhau
trinh bay ¢ bang 1.

Bang 1. Ty 1¢ cac hoa chit ché tao mau son (ham lweng chit khang bay hoi 70%)

T Ki hiéu mau Mo M; M, M; M,
Ham lugng hat nano SiO,-DNBA (%) 0 1 2,5 5 75

1 | Nhya epoxy E44 100 100 | 100 | 100 | 100
2 | Hat nano SiO; bién tinh DNBA 0 1,1 2,7 54 8,1
3 | Toluene 26 27 28 30 32
4 | Xylen 26 27 28 30 32
5 | Chat dong ran PEPA 6,5 65 | 65 | 65 | 65

Chuan bi hat nano SiO,-DNBA va dung mdi toluene va xylen theo ti I¢ trinh bay
trén bang 1 cho vao lo thuy tinh, tién hanh rung siéu am 6 lan (10 phit/lan) sau d6 khuay
tir trong khoang 2 gio. Sau do, thém tiép nhya epoxy E44 véi ti 1é nhu trong bang 1, roi
rung siéu am 10 lan (10 phat/lan), két hop khudy tir trong khoang 3 gio dé phan tan cac hat
nano dong déu trong hé nhya. Thém chat dong ran PEPA theo ty I& bang 1, sau d6 khuay
déu hdn hop thu duoc hé nhua epoxy hat nano SiO,-DNBA. Hé nhua vira dugc khudy tron
d6 s& duoc st dung dé tao mang son dwoc biang dung cu tao mang Erichsen Film
Applicator (model 360). Mang son kho c6 do day 30-50 pm.

2.4. Phwong phap phan tich, thir nghiém

Phan tich hinh thai cdu tric bang kinh hién vi dién tir quét phat xa truong FE —~SEM:
Hinh théi bé mat cua cac 16p phu epoxy E44 va epoxy E44 chira hat nano SiO,-DNBA voi
cac ham lugng khéac nhau dugc phéan tich FE-SEM trén may S4800 (Hitachi, Nhat Ban).
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Phan tich phé hong ngoai FT-IR: Dic trung cic nhom cau tric cua SiO,, DNBA,
SiO; bién tinh DNBA duoc phan tich bai thiét bi quang phd FT-IR (NEXUS 670, Nicolet).

D6 bam dinh duoc xac dinh bang dung cu Elcometer Cross Hach Cutter cua Anh,
theo tiéu chuan 1SO 2409. D6 bén va dap cia mau duoc xac dinh bang dung cu IMPACT
TESTER, model 304 cua Puc theo tiéu chuan 1SO 6272. Do cing twong ddi cua mau dugc
xéac dinh bang dung cu PENDULUM DAMPING TESTER moder 299/300 cua Drc, theo
tiéu chuan PERSOZ (NFT30-016).

Thir nghiém mu mubi duoc thuc hién trong ta Q-FOG theo tiéu chuan ASTM B 117

(phun nudc mudi NaCl vai néng d6 5% ¢ dang swong mu lién tuc trong khoang nhiét do
35°C +1,1+1,7°C).

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Phan tich dic trung phd hong ngoai ciia DNBA, nano SiO; va SiO-DNBA

Ph6 hong ngoai cia SiO, ban dau va sau hap thu DNBA o ty 16 DNBA/SIO; = 1/5
(SiO2-DNBA) trinh bay trén hinh 3. Ph6 hong ngoai cia DNBA trinh bay trén hinh 4.
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Hinh 3. Pho hong ngoai ciia SiO; ban dau va SiO; bién tinh DNBA
6 ty 18 DNBA/SiO, =1/5
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Hinh 4. Phé héng ngoai cia DNBA

Tur céc hinh 3 va 4 ta thay trén pho IR cua mau SiO,-DNBA c6 cac hap thu dac
trung cua DNBA tai 1704, 1630, 1470, 1350, 723 cm™. Biéu nay khang dinh su c6 mat caa
DNBA trong mau SiOs.

3.2. Anh hwéng cia hat nano SiO; bién tinh DNBA dén d6 bam dinh, d6 bén va
dap va do cirng twong d6i Cha mang son

Két qua phan tich d6 bén va dap, do bam dinh va do ctng twong ddi cia mang son
dugc trinh bay ¢ bang 2.

Bang 2. Bang tong hop cac két qua phan tich tinh chat co ciia mang son

Ham luong hat nano (%)
. 0 1 | 25| 5 |75
Tinh chat
Do bén va dap trén nén thép CTs (kg.cm) 110 | 120 | 140 | 135 | 115
D6 bam dinh (diém) 0 0 0 1 1
Do cing twong ddi 0,83(0,82| 0,81 |0,75| 0,61

Tir bang 2 cho thay: Do bén va dap tang khi ting ham lwong hat nano SiO, -DNBA
1én 2,5% va sau d6 giam xudng néu tiép tuc tang ham luong hat nano; o bam dinh ciing
giam khi nong do hat nano SiO,-DNBA 16n hon 2,5%; D6 cimg twong d6i ¢6 xu huéng
giam. Mac du viéc dua hat nano SiO,-DNBA vao l6p phu cd kha nang lam tang d6 cing
chic cia mang son tuy nhién no ciing lam ting dd nham bé miat do d6 do cimg twong ddi
giam vi do cing twong ddi phu thudc ca vao do cing chic ciia mang va do tron nhin cua
bé mat. Nhur vay, két qua phén tich cho thdy & ham luong cac hat nano mang SiO,-DNBA
bang 2,5%, 16p phu c6 tinh chat co 1y t6t nhat: Do bén va dap trén nén thép CT3: 140
kg.cm; Do bam dinh (diém): 0 ; D6 cing tuong ddi: 0,81.

104



p-1SSN 3030 - 4628

TAP CHI KHOA HQC TRUONG PAI HQC HONG DUC - SO 72C (03.2025) o-1SSN 3030 - 4636

Hat nano c6 do bén co hoc cao, chiu mai mon tét do do tang do chiu mai mon cho
I6p phu, tuy nhién ¢ ham luong hat nano qué cao ( > 2,5 %) do sy két khdi caa hat nano
SiO; bién tinh DNBA (hinh 6) nén c6 thé dan dén su twong tac pha giita hat nano SiO,-
DNBA véi nén polymer kém, 16p phu d& bi bong troc. C6 thé vi li do d6 ma do bén va dap
cua lop pha giam xudng.

3.3. Hinh thai céu trdc caa lép phia

Hinh thai cau triic caa I6p phi duoc thé hién bang phuong phap chup FE-SEM. Hinh
5 1a anh FE-SEM bé mat cua cac 16p phi epoxy E44 khong chaa va chira hat nano SiO,-
DNBA véi cac ham luong 2,5, 5,0 va 7,5%.

IMS-NKL 5.0kV 5.3mm x80.0k SE(M) 500nm | IMS-NKL 5.0kV 5.3mm x100k SE(M)

IMS-NKL 5.0kV 5.2mm x100k SE(M) 500nm | IMS-NKL 5.0kV 5.1mm x80.0k SE(M)

Hinh 5. Anh FE-SEM bé mit cuaa lép phi epoxy E44 khong chira va chira hat nano SiO,-
DNBA Véi cac ham lugng 2,5, 5,0 va 7,5%

Tir hinh 5 ¢6 thé thay cac 16p pha ¢ cau tric chat chg, khong co cac vét nat va
khuyét tat, bé mat cua 16p phu epoxy E44 chira hat nano SiO,-DNBA véi ham lugng 2,5%
cac hat nano khdng c6 su két dam 16n va phan tan tot trong nén polymer véi kich thudc tir
50-200 nm. Hinh anh FE-SEM ciing cho thdy mot phan hat nano ndi trén bé mat lam ting
d6 nham bé mat. Vi vay 16p phu chtra 2,5% nano SiO,-DNBA duoc lua chon dé nghién
ctiru d6 bén mu mudi.

3.4. Anh hwéng cia hat nano SiO, - DNBA dén d$ bén mit muéi cia 16p phii

Anh chup cac miu mang son khong chira va chira 2,5% hat nano SiO,-DNBA trudc
va sau 15 ngay thir nghiém mu mudi trinh bay trén hinh 6.

Tir hinh 6 cho thay, 16p pha khdng chira hat nano SiO,-DNBA thi vét rach bi pha hay
manh hon va xuét hién nhiéu diém gi trén toan bo bé mat tim thép. Con mau mang son co
chia 2,5% hat nano SiO,-DNBA thi vét rach bi an mon it hon va xut hién rat it diém gi
trén bé mat. Nhu vay, ching to hat nano SiO,-DNBA ¢6 kha ning ting cuong Gc ché an
mon thép cacbon, co ché e ché trong tu indole-3 butyric acid modified clay [6].
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EP EP-SiO,-DNBA

Ban ddu

Sau 15 ngay

Hinh 6. Anh chup c4c miu mang son khéng chira va chira 2,5% hat nano SiO,-DNBA
truéc va sau 15 ngay thir nghiém mu mudi

4. KET LUAN

Trong c6ng trinh ndy, hat nano SiO, hap thu 3,5-dinitrobenzoic acid da ché tao thanh
cong va duoc sir dung nhu mot chat e ché an mon xanh cho 16p phu epoxy. Két qua phan
tich FE-SEM bé mit cua I6p pha epoxy E44 khéng chira va chira hat nano SiO,-DNBA
véi cac ham luong 2,5, 5,0 va 7,5% cho thy, I16p phii epoxy E44 chira 2,5% nano SiO,-
DNBA c4c hat nano phan tan tot trong nén polymer. Su c6 mat nano SiO,-DNBA véi ham
luong 2,5% da cai thién dang ké do bén va dap va kha niang Gc ché an mon cua 16p phu
epoxy. Lop phu chira 2,5% hat nano SiO, hap thu 3,5-dinitrobenzoic acid c6 tiém ning
g dung Ién 1am son phu bao vé chéng dn mon thép carbon.
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MECHANICAL PROPERTIES AND ABILITY TO PROTECT CARBON
STEEL CORROSION OF EPOXY PAINT FILM CONTAINING
NANOSILICA ABSORBING 3,5-DINITROBENZOIC ACID

Hoang Thi Huong Thuy, Ngo Xuan Luong, Nguyen Van Nghia, Do Truc Vy, Ha Manh Hung
ABSTRACT

In this study, a green corrosion inhibitor based on SiO, nanoparticles and 3.5-
dinitrobenzoic acid for epoxy coatings was successfully prepared. IR spectrum analysis
shows that SiO, nanoparticles absorbing 3.5-dinitrobenzoic acid were successfully
fabricated. FE-SEM analysis results show that the epoxy paint film containing 2.5% SiO,
nanoparticles absorbing 3.5-dinitrobenzoic acid has no defects, the nanoparticles were
well dispersed in the resin matrix. The impact resistance and corrosion inhibition ability of
the epoxy coating are significantly improved.

Keywords: Epoxy paint, nanosilica, 3.5-dinitrobenzoic acid.
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