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TOM TAT

(6ng trinh nay trinh bay két qué khdo sat cac tinh chat ca li (d6 bdm dinh, o bén mai mon) cla mang son acrylic chia phu gia tro bay, su bién di hod hoc,
su sut giam khdi lugng va tinh chat bé mat cla [6p ph sau qua trinh thi nghiém thai tiét. Cac két qua cho thay tro bay phén tan va lién két tot vdi cdu tric cla
[6p phd, lam tang dd bén mai mon cla I6p ph tir 84,2 lit/mil [én 108,1 lit/mil. Sau 48 chu ki thi nghiém, nhd su che chan bao vé clia tro bay trén bé mat da gitp
tang cudng kha ndng chdng lao hoa cla I6p pha. Cu thé, so sanh su thay ddi cia I6p phd chia 10% tro bay va khdng chia tro bay sau qud trinh thi nghiém gia
toc: i) ham lugng con lai cla nhom alkane trong I6p phd chita con lai cao han (tueng ting 3 65% va 54%), ii) su sut giam khdi lugng thap hon (tueng ting 83%
va 89%); iii) d6 bén mai mon sau thir nghiém déu giam nhe, iv) d6 phan héa cao hon so vdi I6p phi khdng chita tro bay. Tir d cho thay nhiing dng dung trién
vong clia mang son chdng ldo ha trén ¢ s¢ nhua acrylic va tro bay.

Tirkhéa: Ldp phi bén thai tiét, Idp phi hiu ca, nhua acryli, tro bay.

ABSTRACT

This study elucidates the findings of an inquiry into the mechanical characteristics (adhesion, wear resistance) of acrylic paint films that incorporate fly ash
additives, alongside an analysis of chemical modifications, mass loss, and surface attributes of the coating after rigorous weathering tests. The findings indicated
that the fly ash exhibited effective dispersion and adhesion within the coating's matrix, resulting in an enhancement of the wear resistance of the coating from
84.2 liters/mil to 108.1 liters/mil. Following 48 test cycles, the protective barrier formed by the fly ash on the surface contributed to an augmented aging
resistance of the coating. In particular, a comparative analysis of the variations between the 10% fly ash coating and the coating devoid of fly ash after the
accelerated testing revealed: i) a higher residual content of the alkane group in the coating containing fly ash (65% compared to 54%), ii) a reduced mass loss
(83% versus 89%); iii) a slightly diminished abrasion strength post-testing, and iv) an increased pulverization compared to the coating lacking fly ash. A paint
film with 10% fly ash exhibits superior weather resistance relative to a paint film that does not incorporate fly ash. This observation underscores the promising
potential for applications of anti-aging paint films based on acrylic resins augmented with fly ash.

Keywords: Weather resistant coating, organic coatings, acrylic polymers, fly ash.
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1. GIGI THIEU tU cac hoat dong cong nghiép la viéc lam rat can thiét va
Hién nay, viéc tim kiém, khai thac nguén nguyén lidu céy nghia trong thuc tién. Trong khi nhu cau tiéu thu dién
m&i dé han ché su phét thai, téi st dung cac chat phé thai  Nang trén thé gisi khong ngling gia tang cling Vai viéc
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phat trién kinh t&, xa héi; luong than dét cho cac nha may
nhiét dién, khdong ngung tang lén. Tro bay (fly ash) la mét
trong nhimng chat thai cla cac nha may Nhiét dién trong
qua trinh dét than, su phat sinh ngay mot nhiéu cta tro
bay dan tdi kho khan vé dién tich chia cling nhu anh
hudng t6i moi trudng. Thuc té cho thay, kha nang tng
dung cua tro bay rat da dang, dac biét trong linh vuc lam
vat liéu xay dung [1-7]. Tuy nhién, viéc nghién cltu nham
dua tro bay vao cong thuc san xuat son nudc va tao ra cac
san pham son ¢6 chat lugng cao, c6 thé (ng dung trong
cong nghiép va dan dung la chua cé. Viéc két hop phu gia
tro bay véi cac bot mau va chat tao mang trong san xuat
son nuGc ngoai lam tang tinh chat ca li cla mang son, con
c6 thé giup tang cudng kha nang chéng lao hod thai tiét
cla I6p pht do thanh phan chinh trong tro bay (SiO-) hap
thu manh UV, c6 kha nang bao vé rat tot [8-10].

2. THUC NGHIEM
2.1. Nguyén liéu héa chat

- Nhua acrylic R 4152, Ham g6c¢ 50%, Synthomer.

- Tro bay clla Nha mdy nhiét dién Nghi Son | (Thanh
Hoa).

- Dung dich NaOH 0,5N va dung dich HCI 36% (hang
Xilong, Trung Quéc)

- Chat lam dac 3025, hang DOW (My)

- Phu gia diéu chinh pH PHLEX 110; phu gia hé trg
phan tan Triton X405.

2.2. Chuan bi cdc mau son si dung tro bay
X ly bé mat tro bay: Sc d6 quy trinh x(r ly tro bay
dugc trinh bay trén hinh 1.

Tro bay Dung dich NaOH 0,5M

Hon hop

Khuéy déu & 90°C trong 6 gio

Hon hop

Lam ngudi, loc rira dén pH =7

A 4

Chét rin

Séy kho & 100°C trong 12 gioy

Tro bay da xir Iy bé mit

Hinh 1. S¢ d0 quy trinh x(r 1y tro bay
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Phdn tdn tro bay trong nhua acrylic nhi tuong: Cac
hat tro bay sau khi xtr ly kiém dugc dua vao cong thiic son
véi ty 1&é 10% so véi nhua acrylic, dugc trinh bay trong
bang 1.Tién hanh khao sat 2 mau son, nhua acrylic R4152
khong chia tro bay (AC) va mau nhua acrylic R4152 chia
tro bay x( ly kiém va phu gia (AC-10%TB).

Bang 1. Thanh phan ty |é cac chdt trong mau son

Hoa chat AC AC-10%TB
Nhua R4152 60 60
Tro bay xi Iy kiém (g) 0 3
Phu gia lam ddc 3025 0 1,5
Phu gia trg phan tan 0 0,06
Phu gia diéu chinh pH 0 0,09

Mau son sau khi dugc chuan bi sé dem khudy tron &
van toc khoang 1200 - 1400 vong/phut trong khoang 2
gi d€ hat tro bay phan tan déu trong hé nhya.

2.3. Ché tao cdc mau mang son

Tam nén bé téng c6 cac kich thudc phu hgp vai ting
tiéu chuan, dugc gia cdng bang via xi mang (Hoang
Thach PC 30) - cat vang - séi (kich thudc < 0,5cm). Trudc
khi ché tao mang san, bé mat tdm nén da dugc lam phang
va dugc dudng ho trong 28 ngay.

Cac mau son thu dugc dem ché tao cac mang son cé
chiéu day kho khoang 60um bang dung cu khung gat
chiéu day ERICHSEN MODEL 360 trén bé mat cac tam kinh
kich thudc 100x70x2mm. Sau 7 ngay dé mang son khé tu
nhién trong phong thi nghiém, mang son sé dugc tiép tuc
mang di th& nghiém.

2.4, Ky thuat sit dung, phuong phap phan tich, danh
gia tinh chat cia mang son

- Cac tinh chat ctia mang son dugc xac dinh nhu sau:
D6 bam dinh theo tiéu chuan ISO 2409, d6 bén mai mon
cét roi theo tiéu chuan ASTM D968-15, dugc do tai Vién
Ky thuat nhiét déi, Vién Han lam Khoa hoc va Céng Nghé
Viét Nam.

- Phan tich hinh thai bé mat cta I16p phi duoc thuc
hién trén kinh hién vi dién ti quét phat xa trudng S-4800
(Hitachi).

- D6 bén thai tiét gia toc cla I6p pha dugc thi nghiém
trong ta Atlas UVCON UC-327-2, ap dung chu ky 8 gi&
chiéu tia UV-A & 60°C va 4 gid ngung nudc & 50°C.

- Phan tich t6n hao khéi lugng: cac mau I6p pha dung
dé phan tich t6n hao khéi lugng trong qua trinh thu
nghiém dugc ché tao vai chiéu day mang uét la 120 um
trén cac tam kinh (10 x 7cm) ) bang khung gat tao mang
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ERICHSEN MODEL 360. L&p pht sau khi tao xong sé dugc
dé kho hoan toan & nhiét do phong trong vong 7 ngay.
Céng thtic tinh tén hao khéi lugng nhu sau:

m
D= —2x100
m

Trong d6: D 1a phan tram tén hao khéi lugng

mo va m; lan lugt 1a khéi luong I16p phu (khé hoan
toan) ban dau va sau khi tht nghiém.

Su bong troc, ran nut, phan hoa, phéng rop clia mang
son trong méi trudng thai tiét gia téc clia cdc mau son
khoéng chuia hat va chira 10% hat tro bay sau 48 chu ky thi
nghiém thdi tiét gia tc theo tiéu chudn BS EN 1SO 4628.
C6 6 cap do ky hiéu tur 0 (t6t nhat) dén 5 (kém nhat).

3. KET QUA VA THAO LUAN
3.1. Cac dac trung hinh thai cau tric va tinh chit co ly
clia mang son

Dé& quan sat kha nang phan tan cla cac hat tro bay

trong I&p pht st dung phuong phap FE-SEM. Trén hinh 2
la anh FE-SEM bé mat va mat cat ngang cua I6p phd.

@

IMS-NKL 2.0kV 5.1mm x2.00k SE(M)

()
IMS-NKL 2.0kV 5.1mm x500 SE(M)

Hinh 2. Anh FE-SEM phan tich bé mét (a) va mét c&t ngang (b) cia I6p phi
chtfa 10% hat tro bay

Trén hinh 2a, thay rang hat tro bay phan tan tuong déi
déng déu trong I6p phu, khong quan sat thay trén bé mat
I6p ph cé khuyét tat va I6p phl c6 cau tric chat ché.
Trén anh FE-SEM mat cat ngang (hinh 2b) thay rdng hat
tro bay lién két véi cau tric I6p phu cé thé la do dién tich
bé mat I6n cla hat tro bay sau khi xtr ly kiém dugc tang
lén nén kha nang phan tan cla chung dugc téi uu hon.
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Ngoai ra, phan I6n cac hat tro bay xuat hién trén bé mat

clia I&p phti nén c6 thé giup tang cudng mot sé tinh chat

cta I6p phu vi hat tro bay c6 kha nang hap thu UV nén sé

c6 nhiéu tng dung trién vong cho I16p phd chéng lao hoa.
Khao sat mét s6 tinh chat co ly cla I6p phu acylic

khéng chira hat va I6p pht acylic cé chira 10% hat tro bay.

K&t qua tinh chat co ly dugc thé hién nhu trong bang 2.
Béng 2. Cac tinh chat ca Iy cla I6p phd

TT | Tinh chat o ly Mau0% | Mau10%
1 | D6 bam dinh diém 1 1
2 | DO bén mai mon cét roi, lit/mil 84,2 108,1

Tu két qua bang 2 cho thay, khi thém 10% hat tro bay
xU ly kiém vao I1&p phti acrylic (AC-10%TB) khéng lam thay
déi d6 bam dinh cla I6p phu so véi I6p phu acrylic ban
dau (AC). Mat khac, khi I6p phu chira 10% hat tro bay x
ly ki€ém (AC-10%TB) thi d6 bén cat roi tang Ién 1,28 lan so
v3i I6p ph khéng chira hat (AC). C6 thé thay rang, hat tro
bay cé dé bén co hoc cao, chiu mai mon tot tir d6 tang do
chiu mai mon cta I6p pht (vi hat tro bay nam phan 16n
trén bé mat clia I6p phu), két qua nay phu hgp vai két qua
FE-SEM.
3.2.D6 bén thai tiét cia mang son acrylic chia tro bay

3.2.1. Su'bién déi héa hoc ciia mang son

Dé& nghién ctu su dnh hudng cla hat tro bay dén qua
trinh chéng lao hod clia I6p ph thi sé tién hanh phan tich
phé héng ngoai ctia I6p phd khéng chia hat va chira 10%
hat tro bay tai thdi diém ban dau va sau 48 chu ky thi
nghiém d6 bén trdi tiét gia toc, két qua dugc trinh bay
nhu trén hinh 3 va 4.

Ban dau

- "

Sau 48 chuky

%T

4000 3000 2000 1000
Wavenumbers (cm-1)

Hinh 3. Phd hdng ngoai cta 6p phd acrylic khdng chiia hat tro bay ban
dau va sau 48 chu ky thi nghiém do bén thoi tiét gia toc

Quan sat trén hinh 3 va 4 thay rang, khi thém hat tro bay
vao I&p pha thi khéng lam thay déi cac dao déng dac trung
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so V@i I6p phu khéng chia hat. Nhu vay khi thém hat tro
bay vao I16p pht khong lam anh hudng dén cau tric va dac
diém clia nhua acrylic. Ngoai ra, sau 48 chu ki thi nghiém
gia toc thdai tiét, vi tri cdc dao dong ddc trung cda I1&p phu
khong chia hat (AC) va chia 10% hat tro bay (AC-10%TB)
khéng 6 su thay déi vé cac dinh dao déng nhung ching
6 suthay d6i vé cuding dé cac dao déng. Sau qué trinh thir
nghiém thi cuong d6 cac dao dong hau nhu c6 xu huéng
thay ddi, két qua dugc thé hién cu thé & bang 3.

o~ NP

E ’\ Ban dau /< f\%

N \ 7 . (

Sau 48 chuky f \

. \ A au 48 chuky / &}\\\

LN \

S YA \
- \

- AC-10 %TB /( J

2 ]

15

10 | f

’ W

2000 1000
Wavenumbers (cm-1)

Hinh 4. Phé hong ngoai ciia I6p ph acrylic chita 10% hat tro bay ban déu
va sau 48 chu ky thif nghiém thoi tiét gia toc

Béng 3. Bang tom tat cac dao dong ddc trung clia cac lién két trong I6p
pht acrylic khdng chiia va cd chifa 10% hat tro bay

gy [30%0ng | Daodong | o0 0 | Nhanxat
(em™) | dactrung ’
Sau Sau S
Ban | 48 | Ban| 48 | Cudng th;;\
dau | chu | dau|chu| do |
. . doi
ky ky
g | 390 va0-Ho ] va | T
3443 ancol, acid !
2060- v ctiaC-H .
2 2850 alkanetrong | + | + | + | + | Manh | Gidm
nhém(H;,CHz
3] 1730 v(la (=0 + | + | + | + | Manh K_“‘?”g
ester 1o rang
dctaC-H
4 | 1450 | alkanetrong | + | + | + | + | Manh | Gidm
nhém(H;,CHz
dctaC-H
Trung | _,
5 1387 | alkanetrong | + | + | + | + binh Gidm
nhém CH;
150 | VA C0- Khng
6 trongnhém | + | + | + | + | Manh | _ |
1165 rd rang
ester
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Cé thé thdy rang sau 48 chu ki thir nghiém thdi tiét gia
téc thi cudng d6 dao dong ctia nhom OH c¢d xu hudng
tang nhe. Trong khi d6, cudng d6 dao déng clia cdc nhém
alkane déu c6 xu hudng gidm manh, vi thé sé tién hanh
nghién clu su suy gidm clia nhém alkane trong qua trinh
thr nghiém dé c6 thé thay dugc su dnh hudng ctia cac hat
tro bay. Hinh 5 Ia két qua nghién ctiu dinh lugng su thay
déi cudng dé nhom alkane trong qua trinh tht nghiém
thdi tiét gia toc theo thai gian.

—
(=3
(=}

o
(=]

80

70
—_— 0%

60 —_— 0%

Phén con lai cia nhém CH alkane (%)

50

0 6 12 18 24 30 36 42 48
Thot gian tht nghiém (chu ky)

Hinh 5. Anh huing clia tro bay dén sibién d6i nhom CH alkane trong qué
trinh th{ nghiém thi tiét gia toc

Trén hinh 5 c6 thé thay rang sau 48 chu ki, ham lugng
nhém alkane clia 16p phu khong chia hat (AC) va (AC-
10%TB) déu c6 xu hudng giam theo thaoi gian. Lép pha
(AC) ¢ xu hudng gidm manh ngay ti khi bat dau tha
nghiém gia t6c, nhung véi phi (AC-10%TB) sau 12 chu ki
dau mai bat dau c6 xu huéng gidm manh. Cu thé, sau 48
chu ki th&r nghiém thi ham lugng nhém alkyl I6p phu (AC)
giam nhiéu hon 16p phu (AC-10%TB), véi gia tri lan lugt la
54% va 65%. Nhu vay, budc dau co thé thay rang véi su co
mat clia tro bay da giup tang cudng kha nang chong lao
hoa cla I6p phu.

3.2.2. Nghién ciu su tén hao khéi luong ciia mang
son trong méi trudng thai tiét gia téc

Hinh 6 thé hién phan tram khéi lugng con lai clia cac
I6p phu khong chia (AC) va chita 10% hat tro bay (AC-
10%TB) trong qua trinh thi nghiém thai tiét gia toc theo
thai gian.

Két qua trén hinh 6 cho thay sau qua trinh thir nghiém
thi khoi lugng ctia I6p pha khéng chia (AC) va chia 10%
hat tro bay (AC-10%TB) déu cé xu huéng giam dan theo
thai gian. Khéi lugng 16p pha (AC) gidam nhiéu hon khoi
lugng I6p phu (AC-10%TB), phan tram khoi lugng con lai
cia 16p phti (AC) va 16p phti AC-10%TB) cu thé 1an luot Ia
83% va 89%. Nhu vay, c6 thé khang dinh rang kha nang
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ch6ng lao hoa cua I6p phu acrylic khi dugc thém tro bay
t6t hon so vdi I6p phu khéng chira hat.

100
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>
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=]
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Q
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g 90
=]
3
2 g 0%
€ — 0%
ey
80

0 6 12 18 24 30 36 42 48
Thot gian thir nghiém (chu ky)

Hinh 6. Khdi lugng con lai cta Idp phi khong chia va chida 10% hat tro
bay trong qua trinh thir nghiém thoi tiét gia toc

3.2.3. Nghién citu su thay déi tinh chdt co ly cia
mang son sau thi' nghiém théi tiét gia téc

Trén bang 4 thé hién su thay déi tinh chat co ly cta l6p
pht khéng chiia (AC) va chiia 10% hat tro bay (AC-10%TB)
sau 48 chu ki thir nghiém gia toc thai tiét.

Bang 4. Su thay ddi tinh chét co Iy ctia mang son sau thi nghiém thoi tiét
gia toc

Mau 0% Mau 10%
, v } Ban | Sau48 | Ban Sau 48
T Tinhchatwoly | oo | kg | diu | chuky
1 | Pdbam dinh diém 1 2 1 1
2 {?o be..*n mai mon cat rai, 842 80,1 108, 1051
lit/mil

Dua vao két qua trong bang 4 cho thdy sau qua trinh
tht nghiém gia téc tinh chat co ly cta I16p phu c6 xu
huéng gidm. Cu thé, véi tinh chat d6 bam dinh thi I6p pha
(AC-10%TB) khéng thay déi nhung 16p pha (AQC) thi lai
giam. Mat khac, gia tri 0 mai mon cét roi clia cac I6p phu
déu c6 xu huéng giam, 16p phu (AC) gidm 1,05 lan va I6p
pht (AC-10%TB) giam 1,03 lan. C6 thé thay rang sau qua
trinh th& nghiém thai tiét gia téc thi cac I6p phu déu suy
giam nhe vé tinh chat co ly nhung véi I6p phu chia tro
bay thi tinh chat co ly it bi anh hudng hon.

3.2.4. Nghién citu su’ thay déi hinh thdi céu tric cia
mang son

Két qua phan tich FE-SEM cla cac mang son khéng
chta hat va chira 10% hat tro bay ban dau va sau 48 chu
ky thi nghiém thdi tiét gia téc dugc trinh bay trén hinh 7.
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Ban dau

Mang son khong
chitra hat tro bay

Mang son chira 10%
hat tro bay

Hinh 7. Anh FE-SEM clia cic mang son khong chfa hat va chia 10% hat
tro bay ban ddu va sau 48 chu ky thi nghiém thoi tiét gia tdc

Tu hinh 7 cho thay, sau 48 chu ky thr nghiém cac
mang son khéng chua tro bay bilao hoa bién dang, hinh
thanh cac vét nhan trén bé mat trong khi bé mat cta
mang son chifa 10% tro bay khong bi bién dang va hinh
thanh cac vét nhan ma chi bi bao mon dé 16 ra cac hat
tro bay. Két qua nay ciing phu hgp véi cac két qua
nghién ctiu sy bién d6i héa hoc va su tén that mau cua
mang san sau 48 chu ky thirnghiém gia toc thoi tiét. Nho
c6 su che chédn bao vé cla tro bay, mang son chita 10%
tro bay c6 d6 bén thai ti€t cao han han mang son khong
chua tro bay.

3.2.5. Nghién ciu su bong tréc, ran nut, phdn héa,
phéng rép cia mang son

Anh chup cac mau son khong chira hat va chda 10%
hat tro bay ban dau va sau 48 chu ky tht nghiém thgi tiét
gia téc dugc trinh bay trén hinh 8. Két qua danh su bong
troc, ran nit, phan héa, phéng rop clia mang son trong
moi trudng thai tiét gia téc clia cdc mau son khéng chia
hat va chiia 10% hat tro bay sau 48 chu ky thr nghiém
thdi tiét gia toc trinh bay trén bang 5.

Tu hinh 8 va bang 5 cho thay, sau 48 chu ky thir nghiém
cac mang son khong chia va chiia 10% tro bay quan sat
bang mat thudng déu chua c6 su thay déi nhiéu ngoai tris
mang son khéng chira tro bay cé su phan hda nhe. Két hgp
cac két qua nghién ciu su bién d8i hda hoc, tén that mau,
phan tich FE-SEM va danh gia su bong troc, ran nut, phan
hda, phong rop clia mang son sau 48 chu ky thr nghiém
gia toc thdi tiét cho thay mang son chia 10 tro bay cé do
bén thai tiét cao hon han mang son khong chia tro bay.
Su ldo héa clia cac mang son mai & gia doan dau tuc la su
thay déi rd rang vé cau truc, tinh chat ca ly gidm nhe. Su
ton that mau chu yéu lién quan dén cac qua trinh bién déi
héa hoc tao thanh cac phan tirnhé hon bi bay hoi hoac rira
trGi trong qua trinh th& nghiém.
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Ban dau Sau 48 chu ky
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Hinh 8. Anh chup cdc mang san khong chifa hat va chiia 10% hat tro bay
ban dau va sau 48 chu ky thir nghiém thdi tiét gia toc

Bang 5. Két qua danh su bong trdc, ran nit, phan héa, phong rop clia
mang son trong mdi trung thoi tiét gia toc cia cdc mau son khong chiia hat
va chiia 10% hat tro bay sau 48 chu ky thir nghiém thai tiét gia toc

M s | G oy |ty
1 | Ddbongtréc 0 0

2 | Dophanhda 1

3 | D& phong rop 0 0

4 | Porannat 0 0

4, KET LUAN

Céc hat tro bay khi dugc thém vao mang son acrylic
lien két t6t véi cau tric cha I6p phu da gidp cho 16p phu
tang do bén mai mon tir 84,2 1én 108,1 lit/mil. Mat khac,
I6p pht trén co s nhua acrylic va cac hat tro bay da cho
thay kha nang ch6ng lao hoa thai tiét tot hon nhiéu so vai
I6p phu khong chia hat. Sau 48 chu ky tha nghiém thoi
tiét, I6p pha chia tro bay gitr dugc nhiéu nhom alkane
han (65% so vGi 54%), sut giam khoi lugng it hon (83% so
vGi 89%), dd bén mai mon giam nhe va d6 phan hoa tang.
Nhu vay, I&p phl chia hat tro bay c6 tiém nang 1én cho
tng dung son bén thai tiét.
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