VNU Journal of Science: Natural Sciences and Technology, Vol. 39, No. 1 (2023) 108-115

VNU Joumal of Science: Natural Sciences and Technology

Journal homepage: hitps:/js.vnu.eduyn/NS'1

Original Article

Modification of Alkyd with Epoxy and its Application
for Paint. Part 2: Durability of Paint Manufactured from this Ester

Nguyen Trung Thanh*

Institute of Technology - Vietnam Defence Industry,
3 Cau Vong, Duc Thang, Bac Tu Liem, Hanoi, Vietnam

Received 31 March 2020
Revised 28 August 2020; Accepted 22 October 2022

Abstract: This article synthesized the epoxy alkyd ester resin by modifying alkyd resin with
epoxy resin. The characteristics of synthesized resin was considered through the thermo-oxidation
resistance, the chemical resistance (in 5 wt.% HCI, or in 5 wt.% NaCl solution), the UV-thermo-
humidity complex stability (30 cycles, each cycle of 8 hours in UV irradiation at 60 °C and
followed by 4 hours of humidity condensation at 50 °C), and the thermal shock resistance
(7 cycles, each cycle of 10 minutes in refrigerated chamber at - 50 °C and 10 minutes in oven
chamber at + 50 °C) The results showed that the thermo-oxidation resistance, the chemical
resistance, and the UV-thermo-humiditycomplex stability of the ester epoxy alkyd paint film were
higher than that of alkyd paint film, while the thermal shock ability was similar to that of the
alkyd paint.
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Bién tinh nhya alkyd bang nhya epoxy va tng dung 1lam son
Phan 2: Khao sat d0 bén cta son ché tao tur este nay

Nguyén Trung Thanh”

Vién Cong nghe, Téjng cuc Cong nghiép Québc phong,
3 Cau Vong, Puc Thang, Bac Tw Liém, Ha Noi, Viét Nam

Nhén ngay 31 thang 3 ndm 2020
Chinh stra ngay 28 thang 8 nam 2020; Chap nhan dang ngay 22 thang 10 ndm 2022

Tém tit: Bai bao dé cap dén két qua khao sat do bén oxy hoa nhiét, kha nang chiu méi trudng hoa chat
(axit HCI 5% vé khdi luong va nude mudi NaCl 5% vé khdi luong), kha ning chiu néng am - UV
(trong 30 chu ky, mdi chu ky bao gdbm 8 gior chiéu UV tai 60 °C va 4 gid ngung tu tai 50 °C), kha ning
chiu séc nhiét (trong 7 chu ky, mdi chu ky bao gdm 10 pht trong khoang lanh tai - 50 °C va 10 pht
trong ti siy & + 50 °C) ctia mang son ché tao tir nhwa este epoxy alkyd thu duoc béang cach bién tinh
nhua alkyd véi nhra epoxy. Két qua nghién ctru cho thdy do bén oxy hoa nhiét, kha nang chiu méi
truong hoa chat, kha nang chiu néng &m - UV clia mang son este epoxy alkyd cao hon mau son alkyd.
Két qua thtr nghiém so¢ nhiét cho thdy mang son este epoxy alkyd c6 kha ning chiu dugc sbc nhiét

tuong dong voi mang son alkyd.

Tir khéa: Son este epoxy alkyd, d6 bén oxy hda nhiét mang phu , néng 4m - UV mang son, soc nhiét.

1. Mé dau

Nhua alkyd c6 dac tinh mém déo, bam dinh
cao, bén udn tbt, gia thanh thip, c6 kha ning
tuong hop tot voi nhiéu loai nhwa khéac, day 1a
mot trong nhitng loai nhwa duoc dung phd bién
trong nganh son. Tuy nhién, mang son ngudn
gbc tir nhya alkyd c6 nhuwoc diém 1a do cung
thip, kém bén hoa chét,... [1-3]. D& c6 thé sir
dung trong nganh son, nhiéu tic gia di khic
phuc nhitng nhugc diém ciia nhya alkyd bang
cach bién tinh, phdi tron nhua alkyd voi nhua
melamin, véi nhya styren, nhya phenolic, voi
dau cao su,... nham cai thién do danh cimg, kha
ning chiu hoa chat, tinh chat co 1y,... [ 4-7]. Mot
sO tac gia dd nghién ctru bién tinh nhua alkyd
bang nhya epoxy nhim thu dugc este epoxy
alkyd. Este nay két hop duoc nhiéu wu diém
nhu kha nang bam dinh cao 1én nhiéu loai vat
liéu, bén hoa chit,... cua nhua epoxy va do mém
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déo, cé kha nang khau mach nhd oxy khong
khi,... cua nhya alkyd [8-14]. Trong mdt nghién
ctru khac [15], tac gia da dé cap dén két qua cua
qua trinh este héa nhua alkyd bang nhua epoxy
dé tong hop nhya este epoxy alkyd. Bén canh
do, tac gia cling da khao sat tinh chit co ly, do
bén nhiét ciia son trén co so nhyua este epoxy
alkyd va so sanh cac gia tri nay vdi cac gia tri
tuong rng cua son alkyd.

Trong nghién ciru ndy, tac gia s& dé cap dén
viée khao sat do bén oxy hoa nhiét, kha ning chiu
mdi trudng hoa chét (axit HCl 5% vé khdi luong
va nuéc mudi NaCl 5% vé khdi lugng), kha ning
chiu néng 4m - UV trong 30 chu ky (1 chu ky bao
gom 8 gior chiéu tia UV & 60 °C, tiép theo 4 gid
ngung tu & 50 °C), kha ning chiu s¢ nhiét véi
nhiét d¢ khoang lanh - 50 °C va nhiét do tu s?iy
+ 50 °C, thir nghiém trong thoi gian 7 chu ky
(01 chu ky bao gdm 10 phut trong khoang lanh
va 10 phut trong ti sdy) mang son ché tao tir
nhya alkyd va nhya este epoxy alkyd khau
mach bang oxy khéng khi dé khing dinh tinh
uu viét cia mang son este epoxy alkyd so vai
v6i mang son alkyd.



110 N. T. Thanh / VNU Journal of Science: Natural Sciences and Technology, Vol. 39, No. 1 (2023) 108-115

2. Phuong phap nghién ciru
2.1. Nguyén liéu va héa chat

- Nhya alkyd GP-019 (Nga) c6 chi tiéu
ky thuat:

+ Ham lugng chat khéng

bay hoi (62+2)%

+ Chi s6 axit 45-60 mg KOH/g
+ Chi s6 xa phong 300 mg KOH/g
+ Do béo 58,3%

- Nhya epoxy E-40 (Nga) co chi tiéu ky thuat:

+ Ham luong chat khéng
bay hoi

+ Ham lwong nhém epoxy
+ Khéi lwong phan tir

- Chét héa déo Dioctyl phthalat (DOP), xylen,
white spirit, bentonit, chat 1am khd coban, than den
N330: cong nghiép (Trung Qudc).

- CaCOs: ¢& hat 10 - 15 pm, d tinh khiét
> 98%, la san pham thwong mai cua cong ty
Hoa chat Minh Duc.

2.2. Ché tao mau

2.2.1. Ché tao este epoxy alkyd

- Nhya alkyd, nhya epoxy va xylen, theo
don nghién ctu da trinh bay trong cOng trinh
trudc [15], duoc dua vao binh phan wng, khudy
va nang nhiét do l1én (160 = 2) °C. Phan ung
dugc duy tri & nhiét do nay trong 4 - 5 gior két
hop khudy nhe, 20 - 30 vong/phut. Céc théng sd
cua phan ung (nhiét do, thoi gian, téc do khudy)
duoc theo dbi va kiém soat trong sudt qua trinh.
Khi chi sé axit dwoc xac dinh vao khoang
2,5 mgKOH/g, phan tng dugc dung lai, lam
nguoi san pham va cho vao binh thay tinh c6
nat kin dé bao quan.

- Tiép d6, san pham dugc gan lang phan két
tia mau trang (Pentaerytrytol tach ra tir nhya
alkyd) dudi day binh, va loc bang vai loc 2 16p
dé tu duoc nhya este epoxy alkyd.

- Nhya este epoxy alkyd téng hop duoc
kiém tra chi sb axit cua theo quy trinh, san
phdm este téng hop cé chi sb axit khoang
2,5 mgKOHY/g. Bén canh d6, dung dich nhya este
epoxy alkyd dat ham lwong chét khong bay hoi 1a
khoang 60%.

> 94%

13-15%
930-1000 g/mol

- San pham, sau d6, duogc dong goi va
bdo quan.
2.2.2. Ché tao son

- Nguyén liéu dugc chuan bj va dinh luong
theo don nghién ctru nhu trinh bay trong Bang 1
va Bang 2.

- Cong doan mudi u: nhya este epoxy alkyd
va 90% luong dung mdi White Spirit dugc cho
vao khudy déu. Sau do, toan bo lwong bot mau,
phu gia,... dugc dua vao va khudy ¢ toc do
20- 40 vong/phut trong 1 gio. Tién hanh mudi u
hén hop trong 24 gio.

- Cong doan nghién min: nghién ¢ toc do
1300 - 1500 vong/phat, dén khi d6 min dat < 25 um.

- Cong doan pha chinh: hdn hop duoc bd
sung dung mdi White Spirit, khudy déu trong
2 gio. Mau son duoc di kiém tra dé dat tiéu
chuan cho phép.

- Cong doan loc - dong hop - bao quan: sir
dung luéi 100 16/mm? dé loai hét cac hat tho
hodc bui ban & trong son, sau d6 chuyén sang
dong hop.

Bang 1. Thanh phan don ché tao son alkyd

P, Ty lé
TT | Nguyén liéu % kh g; lfr(yng)
1 | Nhya alkyd GP-019 40
2 | DOP 5
3 | CaCOs 30
4 | Bentonit 1
5 | Chét 1am kho coban 2
6 | Than den N330 3
7 | Xylen 4
8 | White spirit 15
Bang 2. Thanh phan don ché tao son
este epoxy alkyd

TT Nguyén ligu Ty & (% khdi lugng)
1 | Nhya este epoxy alkyd 40
2 | DOP 5
3 | CaCOs3 30
4 | Bentonit 1
5 | Chét lam kho coban 1
6 | Than den N330

7 | Xylen 5
8 | White spirit 15
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2.3. Phuong phap thir nghiém danh gia

- Son sau khi duoc ché tao s& duoc gia cong
mau (theo tiéu chuan TCVN 2090:2015) trén céc
tam mau theo tiéu chuan TCVN 5670: 2007.

- Do bén oxy héa nhiét: Phan tich nhiét khi
luong (TGA) duoc thuc hién trén thiét bi
NETZSCH TG 209F1 LIBRA tai Vién Ky thuat
nhiét doéi - Vién Han 1dm Khoa hoc va Cong
nghé Viét Nam. Cac phép do duoc thuc hién
trong méi truong khdng khi, véi téc do nang
nhiét 10 °C/phut, tir nhiét do phong dén 600 °C.

- Hinh thai cu tric cia mang son duoc
quan sét trén kinh hién vi dién tr quét do phan
giai cao FESEM Hitachi S4800 (Nhat Ban) vai
d6 phong dai 2000 lan, dién thé 5 kV tai Vién
Khoa hoc Vit liéu - Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.

- Thir nghiém nhiét 4m - UV: thir nghiém 30
chu ky theo tiéu chuan ASTM D4587-05 (1 chu
ky - 12 gio bao gom 8 gio chiéu tia UV ¢ 60 °C,
tiép theo 4 gid ngung tu & 50 °C), d6 am twong
dbi (93 + 2)%. Thiét bj thir nghiém: ATLAS
UVCON UC 327-2 (My), chiéu sang UV két
hop ngung 4m, sir dung dén huynh quang UVB
- 313 tai Vién Ky thuat Nhiét d6i, Vién Han
Iam Khoa hoc va Céng ngh¢ Viét Nam.

- Thar nghiém kha nang chiu héa chat cua
mang son (mdi truong axit HCl 5% vé& khoi
lugng va nudc mudi NaCl 5% vé khéi luong)
theo tiéu chuan TCVN 10517-1:2014 & diéu
kién nhiét d6 (30 £ 2) °C va d6 am twong dbi
(50 + 5)% tai Vién Cong nghé - Téng cuc Cong
nghiép Qudc phong.

- Thir nghiém kha ning chiu séc nhiét cua
mang son theo tiéu chuan TCVN 8653-5: 2012
tai Vién Cong nghé - Téng cuc 'Cong nghiép
Quéc phong, st dung ta sidy Memmert
UNE-550 (Ptc), bé diéu nhiét Julabo F81-ME
(Puc), kinh lap dé kiém tra bé mat mau trudc
va sau thir nghiém. Nhiét do ta sdy la +50 °C.
Nhiét do khoang lanh la -50 °C. Dit mau vao tu
sy, duy tri nhiét d6 + 50 °C trong 10 phut. Sau
d6, mau duoc nhanh chéng dua tir ta siy vao
khoang lanh. Thoi gian chuyén tiép khéng qué
2 phit. Mau duoc giit trong khoang lanh & nhiét
do -50 °C trong thoi gian 10 phat. Sau d6, mau
lai dugc chuyén tir khoang lanh V& tu sy, thoi

gian chuyen tiép khong qua 2 phdt. Tién hanh
Iap quy trinh nay lién tiép 7 chu ky. Sau 7 chu
ky thir nghiém, bé mat son duoc quan sat bang
kinh lup c6 d6 phong dai 20 lan dé quan sat va
chup anh SEM dé danh gia kha ning chiu soc
nhiét cia mang son.

3. Két qua va thao luan

3.1. Khdo sdt dé bén oxy héa nhiét cia son
alkyd va mang son este epoxy alkyd

Dé nghién ctru d6 bén oxy hoa nhiét cua 02
loai mang son alkyd va son este epoxy alkyd,
phuong phap phan tich sy bién doi khdi lwong
mau theo nhiét do (TGA) duoc lwa chon su
dung. P9 bén oxy hoa nhiét cia miu xac dinh
tir gian d6 mat khdi luong theo nhiét d6. Mau
son ding dé khao sat co thanh phan va dugc
ché tao nhu trinh bay trong muc 2.2.2.

Hinh 1 a, 1 b cho thy hinh dang duong cong
TGA cta mau son alkyd va mau son este epoxy
alkyd c6 su khac biét ro rét. Trong khoang nhiét
do tir nhiét o phong dén 300 °C, két qua TGA thé
hién qué trinh phan huy cta nhém chirc con du
trong mach polyme VA cc chat thap phén tu,...
Pudng cong TGA cta son este epoxy alkyd co
cac khoang mit khdi luong tuong ng véi sur tiéu
hao cua cac doan mach alkyd, epoxy trong dai
phan tir este epoxy alkyd. Sau 300 °C, mau este
epoxy alkyd chi mat 5,83% khdi lwong, nhd hon
dang ké so voi mau son alkyd théng thudng
(19,14% khdi lugng) (Bang 3).

O nhiét d 500 °C son alkyd da mét 51,28%
kh01 luong, trong khi mAu son este epxy alkyd
mét 38,15% khdi lugng. Khi so sanh do déc coa
duong TGA trén Hinh 1 a va 1 b, ta ciing thay c6
su khac biét. Puong cong cia d6 thi Hinh 1b thé
hién d6 déc nhé hon so véi duong cong cla dd thi
Hinh 1 a. Hién tugng nay co thé dugc giai thich,
trong mach dai phan tir este epoxy alkyd co cac
doan mach epoxy c6 do bén nhiét cao hon mach
dai phén tir cia nhya alkyd. Ngoai ra, sy c6 mat
ctia cac doan mach epoxy c6 thé 1am cho ciu tric
mach dai phan tir cua este epoxy alkyd chat ché
hon, tir d6, lam can trd sy xam nhap cua oxy vao
mach dai phan tir [8-11]. Két qua TGA cho thay
d6 bén oxy hoa nhiét ciia mang son este epoxy
alkyd cao hon so véi mang son alkyd.
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Hinh 1. Gian &6 TGA ctua miu son alkyd (a) va ciia mau son este epoxy alkyd (b).

Bang 3. Cac dic trung TGA ctia mau son alkyd
va este epoxy alkyd

Khéi lwgng mau bi mat &

Tén miu cac nhiét d6 khac nhau, %

Bang 4. Kha niang chiu moi truong hoa chat
clla mang son

200°C | 300°C | 500°C

Mau son
1,77 5,83 38,15
este epoxy alkyd

Mau son alkyd 5,59 19,14 | 51,28

Bé mit ctia mang son

A (thoi gian ngdm mau 72 gid)
Ten mau Do bén trong Do bén trong

axit HCI 5% NaCl 5%

Mausoneste | Mang son bi e

epoxy alkyd | giamdobong | <nong doi
Mau son Mang son bi Mang son bi
alkyd phong rop giam d¢ bong

3.2. Khdo sét khd ndng chiu héa chdt ciia son
alkyd va mang son este epoxy alkyd

Khao sit vé do bén ciia mang son trong mot
s6 moi truong axit HCl 5% vé khdi lugng va
nuéec mudi NaCl 5% vé khdi lwong ¢ nhiét do
(30 % 2) °C duoc thuc hién déi v6i mau son este
epoxy alkyd va mau son alkyd. Két qua khao
sat dugc trinh bay trong Bang 4 va Hinh 2, 3.

Két qua nghién ctru trong Bang 4 va cac két
qua do SEM thé hién trén Hinh 2, 3 cho thiy,
mAu son este epoxy alkyd c6 do bén ddi voi axit
HCI 5% va NaCl 5% cao hon mau son alkyd,
diéu nay cho thiy khi c6 cac doan mach epoxy
trong dai phan tir da 1am ting do bén hoa chat
cua son este epoxy alkyd so vdi son alkyd. Bén
canh d6, cAu trac cua mach dai phén tir este
epoxy alkyd cling chat ché& hon, nén qua trinh
tham thiu dung dich axit HCI va dung dich NaCl
bi ngan can xam nhap vao bén trong mang son.

(b)
Hinh 2. Anh SEM ctia mdu son este epoxy alkyd (a) va mu son alkyd (b)
sau khi ngdm trong dung dich axit HCI 5% vé khdi lugng.
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(@)

(b)

Hinh 3. Anh SEM ciia mau son este epoxy alkyd‘(a) va son alkyd (b)
sau khi ngdm trong dung dich NaCl 5% vé khoi lugng.

3.3. Khao séat kha ndng chiu ndng am-UV cua
son alkyd va mang son este epoxy alkyd

Dé nghién danh gia do bén trong diéu kién
néng am - UV ciia mang son. Khao sat duoc
thuc hién doi Vorl mau son este epoxy alkyd
t6ng hop va mau son alkyd. Khao sat duge tién

hanh ¢ diéu kién nhiét 4m - UV 30 chu ky
(1 chu ky 1a 12 gio bao gom 8 gio chiéu tia UV
& 60 °C, tiép theo 4 gid ngung tu & 50 °C). Két
qua khao sat duoc trinh bay trong Bang 5 va
Hinh 4.

Béng 5. Két qua thir nghiém kha ning chiu nhiét 4m - UV ciia mang son

TT | Tén mau

Két qua thir nghiém

1 | Mau son este epoxy alkyd

Bé mit khong ran nirt, khong phong rop, khong
bong troc, mat mau nhe, d bong giam nhe

2 | Mau son alkyd

B& mit c6 ran nit, phdng rop, khong bong troc,
mat mau nhiéu, d6 bong gidm manh

Hinh 4. Anh SEM mau son este epoxy alkyd (a) va mau son alkyd (b) sau thir nghiém nhiét 4m - UV.

Két qua nghién ciru trong Bang 5 va Hinh 4 a
va 4 b cho thiy, cac mau son este epoxy alkyd
c6 d6 bén trong diéu kién nhiét 4m - UV tdt hon
son alkyd d6i chimg. Két qua nay cho thay vai
tro cia cac doan mach epoxy trong dai phén tir

este epoxy alkyd, co thé do su c6 mit cua cac
doan mach epoxy lam cho ciu trac mach dai
phéan tir cua este epoxy alkyd chat ché hon,
ngin can sy thAm thau cua nudc vao trong
mang son. Bén canh d6, nhiing doan mach
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epoxy ciing gop phan lam ting kha ning chiu
nhiét cia nhya alkyd, do d6 da cai thién dang
ké d6 bén nhiét am - UV clia mang son este
epoxy alkyd so voi mang son alkyd.

3.4. Khao sét kha ndng chiu soc nhiét cua
mang son

Pé khao sat kha nang chiu s6¢c nhiét cua
mang son este epoxy alkyd va mang son alkyd,
sir dung ti sdc nhiét Memmert UNE-550 (Pic),
bé diéu nhiét Julabo F81-ME (Pirc), kinh lup dé
kiém tra bé mat mau trudc va sau thir nghiém.
Nhiét d6 tu sdy 1a + 50 °C. Nhiét d6 khoang
lanh 13 - 50 °C. Pit miu vao tu séy, duy tri
nhiét d6 + 50 °C trong 10 phut, sau d6 mau

dugc iy dot ngot tir ti sdy, dua vao khoang
lanh, thoi gian chuyén tiép khong qua 02 phut.
Mau dugc giit & khoang lanh & nhiét do - 50 °C
trong thoi gian 10 phit, sau d6, mau duoc léy
dot ng6t tr khoang lanh va dua trd lai tu séy,
thoi gian chuyén tiép khong qua 2 phit. Tién
hanh l3p thir nghiém lién tiép 7 chu ky. Sau 7
chu ky thir nghiém, quan sat bé mit son bang
kinh lup c6 do phéng dai 20 lan va so sanh véi
mAu khong thir nghiém sbc nhiét. Bén canh do,
thuc hién chup anh SEM c6 d6 phong dai 2000
lan dé quan sat bé mat cia mang son son sau
thir nghiém. Két qua thir nghiém duoc thé hién
trong Hinh 5.

Hinh 5. Anh SEM mAu son este epoxy alkyd (a) va mau son alkyd (b) sau thir nghiém séc nhiét.

Két qua thir nghiém sdc nhiét 7 chu ky cho
thdy, bé mit mang son khong c6 sy thay doi vé
d6 bong, khong cod hién tugng ran nut, bong
troc, phong rop. Qua anh SEM thé hién trén
Hinh 5 a va Hinh 5 b v4i d6 phéng dai 2000
lan, c4c miu son thir nghiém sau 7 chu ky soc
nhiét khong XuAt hién cac vét nut, bong tréc,
phdng rop. Piéu nay cho thiy, mau son este
epoxy alkyd va miu son alkyd déu cé kha ning
chiu dugc diéu kién thay d6i dot ngot (sdc
nhiét) trong 7 chu ky.

4. Két luan

- Do bén oxy hoa nhiét va kha nang chiu
nhiét 4m - UV sau 30 chu ky thir nghiém cua
son este epoxy alkyd cao hon so véi son alkyd.

- Trong diéu kién méi truong axit HCI 5%
va nudc mudi NaCl 5% son este epoxy alkyd
cling thé hién do bén cao hon so voi mau son
alkyd déi chtng.

- Son alkyd va son este epoxy alkyd c6 kha
nang chiu sdc nhiét & nhiét d6 +50 °C va -50 °C
trong thoi gian 7 chu ky.
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