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Abstract. The purpose of this paper is to successfully fabricate SiO2 nanoparticles from rice
husk ash and use them as an additive to enhance the mechanical properties and anti-corrosion
of epoxy coatings. The analytical results showed that SiO, nanoparticles synthesized from rice
husk ash have amorphous phase structure and a particle shape with an average size of ~ 15
nm. The rice husk ash SiO2 nanoparticles with a content of 2.5% have markedly improved the
mechanical properties and the anti-corrosion to CT3 carbon steel of the coating based on
epoxy resin and polyamine. The coating has good mechanical properties and high anti-
corrosion, and has great potential for use as a primer to protect the steel against metal
corrosion.
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Tém tit: Muc dich cua cong trinh nay 1a ché tao thanh céng cac hat nano SiO, bang phuong
phap két taa tir tro trdu nung ¢ nhiét o 700 °C. Cac két qua phan tich cho thdy cac hat nano
SiO2 ¢6 cdu truc pha vo dinh hinh va kich thudc trung binh ~ 15 nm, két ty lai thanh nhiing
dam hat c6 kich thuéc 16n hon va c6 dang xdp. Viéc bd sung thém 2,5% cac hat nano SiO; tro
trau vao cong thic 16p phi da cai thién dang ké cac tinh chat co cta 1op phu trén co so nhua
epoxy va polyamin. Do bén va dép ting tir 175 kg.cm lén 190 kg.cm; do bén mai mon ting tir
82,9 lit/mil 1én 108,5 lit/mil va cdi thi¢n dang ké kha ning chong an mon thép carbon CT3.
Lép phu c6 tinh chét co ly t6t va kha niang chong an mon cao, ¢6 tiém ning 16n ¢ng dung lam
I6p son 16t dé bao vé Chong an mon kim loai.

Tir khoa: Tro trdu, nano SiO2, I6p phu epoxy, chong dn mon.
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1. PAT VAN PE

Hién nay, vat liéu phé pham tir nganh ndng nghiép duoc tng dung rong rai trong thuc
tién nhu st dung lam chat dét, phan bon, vat liéu xir Iy nuéc thai, san xuat dién...[1-3]. Trong
do6, vo trau duoc tng dung trong rat nhiéu linh vuc nhu: ché tao 1am cui trau, trau vién ding
cho cac 10 hoi cong nghiép thay cho than da hodc 10 gas cd cdng suit Ién tai cac khu cong
nghiép [4-6]. O Viét nam, nhiéu nha san xuat da str dung vo trau dé 1am cui trau, gd, thiét bi
loc nude va lam dién cuc cho pin Lithium-ion. Ngoai ra, vo trau va tro trau con c6 kha ning
ng dung nhiéu trong cac linh vyc xay dung va cong nghiép nhu: san xuat gach, bé téng siéu
nhe (tro vo triu thay thé khoang 20% xi ming thi s& mang lai hiéu qua rat cao cho bé tong),
vat liéu bao 6n (cach nhiét va chdng chay) [7-8]. ic biét, silica tir vo trdu dugc Gmg dung
lam phu gia bé tong va vat liéu xay dung, ché tao son khang khuén va son chéng dan,...
Thanh phan trong tro trdu bao gdm chu yéu la SiO2 va mét lwong nhod cac thanh phan vo co
khac nhu Al,O3, Fe203, CaO, MgO, Na:0, K20. Do dd, ngoai viéc nghién ctru céac diéu kién
téng hop anh huong dén kich thuée hat, hinh dang hat thi cac nghién ctru cling dé cap dén do
tinh khiét ctia san pham. Cac phuong phép chinh dé san xuat nano SiO2 tir v trau co thé dugc
chia thanh hai nhém chinh: phuong phéap nhiét hoc va phuong phap hoa hoc [9]. Bang phuong
phap nhiét hoc, nhom nghién ctru cta Ragini [10] da thu duge SiO2 vo dinh hinh tir trau lua
voi hi€u qua tach 16n nhat khi st dung 10 dién dé xur ly trau & nhiét do 700 °C trong 6 gio.
Silica v6i do tinh khiét 95,55% ciing thu dugc tir tro triu bang qua trinh tach str dung axit sau
khi xir 1y nhiét & 600 °C bang 1o dt khong sir dung oxygen [11]. Qué trinh xtr 1y axit sau khi
nhiét phan trau duoc thyc hién voi muc dich loai bo cac oxide kim loai khoi thanh phan cia
trau. Phuong phap hoa hoc bao gom giai doan tach bang kiém va sau d6 trung hoa bang axit 12
phuong phap hiéu qua va don gian dé thu dugc SiOz tir tro trAu. Phuong phap héa hoc di
duoc Kalapathy [12] va cong su tién hanh nhu sau: tro trdu dugc dun hoi luu trong dung dich
NaOH 1IN trong 1 gid dé hoa tan SiO2 thanh dung dich Na,SiOs. Sau d6, SiOz & dang gel
duogc tao thanh bang cach két tia dung dich Na,SiOs bang HC1 IN trong 18 gid. Cac phan
mg dién ra nhu sau:

SiOy (tro trau) + 2NaOH — NaySiO3 + H:0
Na2SiOs + HClI — SiO: (dang gel) + NaCl + H20

Theo bao cao ctia nhom tac gia Yuvakkumar [13], bang cach sir dung dung dich NaOH
2,5N dé hoa tach silica va két tiia bang dung dich H2SOa4, hat nano SiO2 thu dugc c¢6 do tinh
khiét cao (99,90%) vai kich thudce hat khoang 25 nm va di¢n tich bé mat riéng 1a 247 m?/g.

V6 trau 1a nguon nguy@n liéu thd tiém nang cho viéc tach chiét hat silica vi ham lwong
silica trong vé trdu cao. Hon nita, tai sir dung tro triu dé ché tao vat liéu gan lién véi viéc bao
vé moi trudng. Pac biét ddi véi Viét Nam 1a quéc gia xuat khau gao dang tha hai thé gidi,
viéc str dung phé pham ndng nghiép 1a vo triu vira gép phan lam giam ganh ning méi trudng
vira 6 ngudn cung cap nguyén lidu doi dao. Viéc ché tao va tng dung cac hat nano SiO; tir
tro triu thu hut su quan tam rat 16n. Vao thang 04 nam 2017, Vién Han 1am KHCNVN da
phéi hop voi Cong ty TNHH Dau tu va Phat trién SBS t6 chitc Chuong trinh hop tac qudc té
“Giai phap cong nghé toan dién” va Hoi thao “Nghién ctru, san xuit, tng dung Silica va Nano

silica tir trau”. Céc tac gia L& Vin Hai, Nguyén Vin Tuén va cic cong su di thanh cong trong
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viée ché tao cac hat nano SiO2 tir tro trdu va ing dung 1am phu gia bé tong. Nhém nghién ciru
cta tac gia Nguyén Tri Tudn [14] thudc trudng Dai hoc Can Tho ciing dua ra mot phuong
phap két tua don gian dé tong hop hat nano SiO tir tro vo tréu sir dung lam vat lidu xay dung.
Hat nano SiO2 téng hop dugc co cAu tric vo dinh hinh, kich thudc hat trung binh khoang 15
nm. Trong mdt nghién ciru khéc, tic gia Nguyén Vian Hung [15] da bao céo két qua vé ché
tao vat lidu nano SiO2 c6 kich thudc hat bé, do x6p cao va dién tich bé mit riéng 16n bang
cach hoa tan tro trau trong dung dich NaOH, sau d6 tao gel trong méi truong axit. Tinh cht
hép phu cua vat liéu dugce danh gia thong qua kha ning loai bo hop chit mau xanh methylene
& ndéng do cao trong nude. Mic du da ¢ nhiéu cong trinh nghién ciru diéu ché cac hat nano
SiO; tro tru va tmg dung chung trong nhiéu linh vic. Tuy nhién, chi c6 mot s it cac cong
trinh nghién ctru tng dung trong linh vuc 16p phu hitu co. V&i muc dich nghién ciu Gng
dung, tap doan son KOVA da thanh cong trong viéc sir dung céc hat nano SiO> tir tro trau dé
ché tao son khang khuan va son chdng dan. Trong nghién ctru cia Nguyén Thién Vuong va
cong su da chi ra r?mg cac hat nano SiO2 tir tro trdu c6 kha nang cai thién 16n tinh chét co ly,
d6 bén nhiét va do bén thoi tiét, do bén kiém va do bén axit ciia 10p phu trén co s nhua
acrylic nhil twrong va polyurrethane acrylic [16-18].

~ Trong bai bao nay s& trinh bay mot s6 két qua nghién ctu tinh chat co Iy va kha ning
chong an mon thép CT3 cua 16p phu epoxy dong ran bang polyamin chira cac hat nano SiO2
tro trau.

2. THUC NGHIEM
2.1. Nguyén liéu va hoéa chat
2.1.1. Nguyén ligu va héa chit tong hop hat nano tro triu

Trau lta: dugc cung cap boi Nha may xay xat gao va ché bién ndng san, Cong ty TNHH
Hung Ctc, Khu cong nghiép Xuan Quang, BPong Xuan, Bong Hung, Thai Binh, Viét Nam.

NaOH (99%) va HCI (36%), dwoc cung cdp béi Xilong Chemical Co., Ltd., Trung Quoc.
2.1.2. Nguyén liéu va héa chit ché tao 16p phii

+ Nhya epoxy DER 671X75 (Dow Chemicals) c6 duong lugng epoxy (EEW) 430-480
g/eq, ham lugng nhom epoxy 9-10 %, d6 nhét ¢ 25°C 1a 750011500 mPa.s, khoi luong riéng
& 25 °C la 1,09 g/cm®, ham lugng ran 78 %.

+ Chat déng ran polyamide Epicure 3125 (Hexion) c¢6 chi sé amin 330-360 mgKOH/g,
duong luong amin (AHEW) 127 g/eq, d6 nhét 6 40 °C 8000-12000 cP, ham lwong ran 70 %.

+ Han hop dung méi toluene va xylen cua Trung Québc véi ty 18 1/1
2.2. Ché tao mau
2.2.1. Quy trinh tong hop hat nano SiO; tir tro triu

Tru6c tién, trdu laa duoc rira va sdy kho, sau d6 dwoc nung & nhiét do 700 °C trong 1o
Naberthem (Duc) trong 4 gio dé tao thanh tro trau. Tro trau thu dugc dugc nghién min bang
cach su dung thiét bi nghién bi (Orto Alresa Alvarez Redondo, Tay Ban Nha) trong 24 gio.

Quy trinh tong hop cac hat nano silica tir tro trau dugc trinh bay trén so do 1:
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Tro trau NaOH

phan (mg. cgn 1A, séy

[ Rira sach, thu gom ]

So d6 1. Quy trinh tong hop cac hat nano silica tir tro trau.

Ba am (silica khong [ Gia hoa, loc, ]

khong tan)

~ + Bude 1: Phan ng kiém héa duoc thyc hién trong thiét bi kin bang thép khong gi. Tro

trau phén huy trong mo6i trudng kiém nong ¢ nhiét do thich hop trong khoang 3-4 h. Sau khi
phan ng két thac, tien hanh loc bo phan ba, thu dugc dung dich long.

+ Budc 2: Dung dich long thu dwoc tiép tuc phan ung voi dung dich axit HCI dé thu
duoc két tua Si(OH)a.

+ Buoc 3: Bun long dugc lam gia trong 24 gio, sau do loc rua nhiéu 1an bang nudc cat
nong dé loai bo cac tap chat tan, thu duoc ket taa.

+ Budc 4: Thu san pham: chat rin duoc say kho ¢ 105 °C trong 24 gio, thu duoc cac hat
nano silica.

Hinh anh trau l0a, tro tru va hat nano silica (SiO2) tu tong hop duogc trinh bay trén hinh 1.

a) Triu lia b) Tro trau ¢) Hat nano-SiO,
— — e

Hinh 1. Anh chup trdu lda (a), tro trau (b) va hat nano SiO, tong hop tir tro triu(c).

2.2.2. Ché tgo cac mdu son

Céc nghién ctru trude ddy di chi ra ring ham lugng hat nano SiO; tro trau st dung 2,5%
la thich hop nhat, & ham luong cao hon dan dén su két khdi 16n trong vat liéu [19]. Do vay,
trong nghién ctu nay, ham lugng hat SiO2 tro triu duoc st dung 1a 2,5 % so voéi téng khoi
lwong nhua ran (bao gom tong phan rin caa nhua epoxy va chit déng ran). Hon hop dung mai
toluen va xylen duoc thém vao vai ti 1é khéi luong sao cho thu duoc mau c6 ham lwong phan
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ran 12 60 %. Nhyua epoxy der 671-X75 va tac nhan khau mach polyamin Epicure 3125 duoc
tron véi nhau theo ty 16 2,3/1 (theo huéng dan caa nha cung cip) ngay truéc khi ché tao mang
son. Ty |é cac thanh phan trong cong thirc son duoc trinh bay trén bang 1.

Bang 1. Thanh phan cac chat ché tao mau.

TT | Thanh phan Mau 0% Mau 2,5%
1 | Dung dich nhya epoxy DER 671X75 (78%) 100 100
2 | Toluen 18 18
3 | Xylen 18 18
4 | Hat nano SiO2 tro triu 0 2,7
5 | Chat dong ran polyamide Epicure 3125 (70%) 43,5 43,5

Trudc tién, hat nano duoc phan tan trong dung méi toluen va xylen sir dung thiét bi rung
siéu am TPC-25 (Thuy Si) trong 3 h. Tiép theo, thém nhya epoxy vao va khudy tron bang
may khudy Ika RW16 Basic Mixer (MX315) trong 1 h. Dung dich nay dugc tron hop vai chat
dong rin polyamide Epicure 3125 str dung may khudy Ika RW16 Basic Mixer (MX315) trong
15 phat ngay truéc khi ché tao mang.

Cac l6p phu nghién ctu duoc tao mang bang cach phun véi chiéu day w6t 1a 60 um
(twong (ing Vi chiéu day khd 1a 30 um) trén bé mit cac vat ligu nén tim thép CT3, kinh) tiy
theo céc tiéu chuan cua phuong phap nghién ctru.

2.3. Phwong phap phan tich, thir nghiém
2.3.1. Kinh hién vi dién tir quét FE-SEM

Hinh thai cta hat nano SiO2 tro trau va bé mat mang son dwoc phan tich bang kinh hién
vi dién tr phat xa truong S—4800 FE-SEM (Hitachi, Nhat Ban).

2.3.2. Kinh hién vi di¢n tir truyén qua TEM

Hinh thai cu trac va kich thudc cuia hat SiOz cling duoc quan sét trén méy kinh hién vi
dién tir truyén qua TEM - JEM 2100 (Jeol, Nhat Ban).

2.3.3. Phé héng ngoai

Pic trung phd hong ngoai cua cac hat nano SiO; tro trau dugc xac dinh trén may Thermo
Nicolet Nexus 670 FTIR (My) & dang ép vién vai KBr ran.

2.3.4. Phé UV-Vis

Dic trung pho tir ngoai kha kién (UV-Vis) cua hat nano SiO; tro trdu duoc phan tich trén
may GBC CITRA 40.

2.3.5 Phwong phdp xdc dinh cac tinh chdt co

+ P cung tuong dbi cua cac mau mang son duge xac dinh bang dung cu PENDULUM
DAMPING TESTER modern 299/300 cia CHLB Pic, theo tiéu chuan PERSOZ (NFT30-
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016).
+ Do bén cat roi cua cdc mau mang son dugc xac dinh theo tiéu chuan ASTM D968.

+ D0 bam dinh dugc xac dinh béng dung cu Elcometer Cross Hach Cutter cia Anh, theo
tiéu chuan 1SO 2409.

+ Do bén va dap cia cac mau mang son duoc xac dinh bang dung cu IMPACT TESTER,
model 304 cua Cong Hoa Lién Bang Bic theo tiéu chuan ISO 6272.
2.3.6. Thiz nghigm phun mudi

Thir nghiém phun mubi dwoc thuc hién trong budng Q-FOGCCT-600 theo tiéu chudn
ASTM B117. Dung dich NaCl 5% duoc phun lén cac mau trong qua trinh thir nghiém ¢ 35
°C.

Cac mang son dé quan sat diém gi ¢ chiéu day 30 pm duogc ché tao trén cac tam thép
carbon CT3 ¢6 kich thudc 100x150x1 mm.

Cac mau dé quan sat diém gi sau khi mang son kho dwoc tao mét cach tha cong cac vét
tray xudc véi chiéu rong khoang 110 pm trén bé mat cua ting mau bang dao cit theo theo
tiéu chuan 1SO 17872. Cac tam mau thir nghiém dugc dat song song véi nhau va nghiéng 20°
S0 Vi phuong thang ding. Cac mau dugc quan sat trudc va sau khi thir nghiém.

3.KET QUA VA THAO LUAN
3.1. Pic trung cia hat nano SiOz tro trau
3.1.1. Hinh thdi, kich thwéc ciia hat nano SiO; tro trdu

Hinh thai va kich thudc ciia hat nano SiOz tong hop tir tro trau dugc khao sét thong qua
phén tich FE-SEM va TEM. Két qua thu dugc trinh bay trén hinh 2.

® A
@ | ®)

IMS-NKL 5.0kV 4.1mm x150k SE(M)

Vuong - H1010

—
Prinl Mag: 80400x @ 51 mm 100 nm

9:28:03 a 07724720 1V=30.0kV

TEM Modc: Imaging Dircct Mag: 40000x

EMLuab-NIHE

Hinh 2. Anh FE-SEM (a) va TEM (b) ciia hat nano SiO; tro trau.

Anh FE-SEM va TEM (Hinh 2) cho thay hat nano SiO: tro triu tong hop duoc ¢6 cau
truc vo d,inh hinh, cac hat c6 kich thuéc kha dong déu c& 1,5 nm. Cac hat nano SiO2 nay c6 xu
hudng keét tu lai vai nhau tao thanh mot dam hat c6 dang xop.
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3.1.2. Péc trung phé hang ngoai va phé tir ngoai khd kién ciia cac hgt nano SiO; tro trau
Phé hong ngoai cua cac hat nano SiO; tro trau trinh bay trén Hinh 3.

82 — /o

8 ,_7,ﬁ/)\/ \\ f\ . 1:\

78 I | fii %

76 — [ 4

4 el {

727 ~ \ /

70 ~3 f
~ 68 o
< 66 3 ‘ ’ ‘
= 64 \
‘§, 62 | J g
2 60 \ T =
Z 58 \ | &
8 56 \ +

54 /

52 gyL

50 2

48 -

46

44

42

4000 3000 ] 2000 1000

80 song (em-1)

Hinh 3. Phd IR cua céc hat nano SiO; tro trau.

Hinh 3 cho thay sy xuat hién caa van phé hap thu ¢ 3443 cm dic trung cho dao dong
hoa tri cia nhdm —OH. Céc van phd hap thu & 1098 cm™, 808 cm ™ va 469 cm? lan luot
tuong tng Vai cac dao dong hda tri bat doi xing, dao dong hoa tri ddi xung va dao dong bién
dang cta nhém Si—O [20].

Dic trung phd hap thu UV-Vis caa hat nano SiO; tro trau trinh bay trén hinh 4.

14

1.2

1

0.8

D6 hap thu (an)

0.6
0.4
0.2

0
200 300 400 500 600 700 800

Budce song (nm)

Hinh 4. Ph UV-Vis cua hat nano SiO; tro trau.

Hinh 4 cho thay phd hap thu UV-Vis cua hat nano SiO; tong hop tur tro trau ¢6 dinh hap
thu cuc dai Amax 0 vUNg tir ngoai gan - khoang 230 nm, dac trung cho cho cac lién két doi
Si=0 [17].

3.2. Tinh chit co ciia mang son epoxy chira hat nano SiOz tro triu

Tinh chit co ctia Iop phu rat quan trong. Néu cc tinh chat co khong dam bao, 16p phu dé
bi hong, bi bong troc, thoi gian su dung ngan, khéng con kha nang trang tri, bao vé va gay
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mat tham my. Két qua phan tich d6 bén va dap, do bén mai mon cét roi, @6 bam dinh va do
ctng tuong ddi cua lép pha epoxy khéng chira va chira 2,5 % céc hat nano SiOz tro triu duoc
trinh bay ¢ bang 2.

Bang 2. Mot s6 tinh chét co cia mang son epoxy khong chira va chira 2,5% hat nano SiOy tro trau.

. Ham lugng hat nano SiO2 (%)
TT Tinh chat co
0 2,5
1 | Do bén va dap trén nén thép CT3 (kg.cm) 175 190
2 | P6 bén mai mon (lit/mil) 82,9 108,5
3 | P9 bam dinh (diém) 0 0
4 | Bo cing tuong ddi 0,98 0,77

Tir bang 2 ta thiy do bén va dap va d6 bén mai mon ting khi thém 2,5% hat nano SiO2
tro trau vao cong thic 16p pha. Do bam dinh khong thay doi nhung do cing twong dbi giam
tir 0,98 xudng 0,77. Piéu nay dugc giai thich nhu sau, cac hat nano SiOz tro trau c6 do bén co
hoc cao, viéc dwa hat nano SiO; tro trau vao 16p phi di 1am ting d6 cing chic cua mang son
do d6 d6 bén va dap va ¢6 bén mai mon cua Iép pha tang 1én. Tuy nhién no6 ciing lam tang do
nham bé mit nén d6 cing twong dbi cua mang son giam vi do cimg tuong dbi phu thuoc ca
vao d6 cing chic cia mang va d6 nham cua bé mat. Didu nay da duoc khang dinh tir két qua
phén tich FE-SEM (Hinh 5).

IMS-NKL 5.0kV 4.3mm x10.0k SE(M)

Hinh 5. Anh phan tich FE-SEM cua mang son epoxy khong chira (a) va chira 2,5% hat nano SiO; tro
trau (b).

Hinh 5 cho thiy cac hat nano c6 xu hudng két thanh dam véi kich thudc ¢& vai trim nm.

3.3. Kha ning chdng in mon thép carbon CT3 ciia mang son epoxy chira hat nano SiO2
tro triu

Anh chup cac mau mang son epoxy khong chira va chira 2,5 % hat nano SiOz tro trau
trrdc va sau 15 ngay thir nghiém mu muoi duoc trinh bay trén hinh 6.
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Mang son khong chira hat nano SiO,

Mang son chira 2,5% hat nano SiO,

Hinh 6. Anh chyp cAc miu mang son khong chtra va chia 2,5 % hat nano SiOz tro trau trudc va sau 15
ngay thir nghiém mu muai.

Tir hinh 6 ta thay, véi I6p pha khong chira hat nano SiO; tro trau thi vét rach bi pha hay
manh hon va xuat hién nhiéu diém gi trén toan bo bé mat mau. Con dbi véi mau mang son cé
chta 2,5% hat nano SiO> tro trau thi vét rach bi dn mon it hon va khong thdy xuét hién diém
gi trén bé mat. Nhu vay, chang to viéc bd sung 2,5% hat nano SiO; tro trau vao cong thuc 16p
phu da ting cudong kha ning ¢ ché an mon thép carbon CT3 cua mang son epoxy. Hiéu qua
tang cudng wc ché an mon cua cac hat SiOy tro triu c6 thé theo co ché che chan, cac hat nano
SiO; dién day céc sai hong trong mang son do d6 ngan can sy xam thyuc cia méi trudng thim
qua mang son [21,22].

4. KET LUAN

D3 ché tao duoc cac hat nano SiOz bang phuong phap két taa tir tro vo trau nung & nhiét
d6 700 °C. Céc két qua phan tich cho thiy céc hat nano SiO2 c6 cu triic pha vo dinh hinh va
hip thu anh séng ¢ vung tir ngoai gan. Nhitng hat nano SiO; c6 hinh théai dang hat va kich
thuge trung binh ~ 15 nm, két tu lai thanh nhitng dam hat c6 kich thuéc 16n hon va c6 dang
x6p. Viéc bd sung thém 2,5% céc hat nano SiO tro trau vao cdng thirc 16p phi da cai thién
dang ké cac tinh chat co cua 16p phu trén co sé nhua epoxy va polyamin. Po bén va dap ting
tur 175 kg.cm 1én 190 kg.cm; do bén mai mon tang tur 82,9 lit/mil 1én 108,5 lit/mil va cai thién
dang ké kha nang chdng an mon thép carbon CT3.

LOI CAM ON
Nghién ctru nay duoc tai trg boi Bo Giao thong van tai trong dé tai ma s DT204047
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