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TOM TAT

Bai bdo trinh bay két qua nghién ciru ché tao son c6 dg cimg cao tao trén co sé nhia epoxy
rdn va dau trau maleic héa dé son cho mét sé loai dan c& nho. Anh hwong cua ty l¢ cdc thanh
phan chinh dén cdc tinh nang ky thudt cia son da dwgc nghién ciu. Két qua cho thdy, diéu kién
maleic héa dau trau 161 wu la: ham lwong anhydrit maleic: 20%, nhiét d: 230 °C, thoi gian: 4 h.
Ty 1¢ nhya ddu trau maleic héa/epoxy = 1,5/10 (theo khoi heong). Son c¢6 mét s6 tinh nang ky
thudt nhu: Ham luong chat khong bay hoi: 20 - 23%, thoi gian kho hoan toan ¢ 150 °C la 1,0 h,
dé bam dinh: 1 diém, d6 bén va dap: 50 kG.cm, @6 bén uon: 2 mm.

Tir khoa: Maleic héa; Nhya epoxy rén; Lép phu polyme.
1. MO PAU

Tai Nga, d¢ bao quan dan c& nho sau san xuat, thuong sir dung son BJI-51 ¢6 chét lugng dat
theo TY 6-10-1385-78 duoc ché tao tir nhya cresol formaldehyde, poly vinyl butyral, este dau
lanh va dung méi etanol, xyclohexanon [2].

Tai My va mét sb6 nudc, 16p phu cac loai dan c& nho con duogc ché tao trén co s& son nude
cua polysiloxan hitu co va copolymer ctia butadiene voi styrene cling duwoc nghién cuu [3].
Ngoai ra, phu polyurethane, epoxy va polysiloaxane, 16p phi dugc boc Ién toan bd vién dan sau
khi da hoan thién [4].

Hién nay, quan di ta thudng sir dung cac loai dan gdbm: dao phéo phan luc, dan phéo phong
khong, dan phéo xe ting, dan cdi, dan sing tiéu lién AK, sing ngén [1],... Trong d0, s6 lugng cac
loai dan ¢& nhé (nhu dan K51, K56, K53, K59) san xuat hang nim phuc vu du trit, huan luyén,
dién tap ban dan that 1a nhiéu nhét. V6 dan ¢ nho dugc ché tao trén co s¢ sit ma dong do. Viée
phu mot 16p son béo v¢ 1én cac vo dan nay 1a mot cong doan. Lép phu nay phai cé do cling cao,
chiéu day dong déu (10 - 15 um) dé khong bi xude, ket trong qua trinh lap réap dan trén day
chuyén ty dong.

Trong nudc da ché tao dugc son dai dan cdi voi do cing cao trén co s¢ nhya alkyd melamin
ctia dau lanh [6]. Son dién di anot tir dau thuc vat dé bao quan bé mat kim loai. Mot trong nhing
mg dung thyc tién ctia hé son nay trong quan déi 1a day chuyén son dién di cho dudi qua dan cdi
[5]. Tuy nhién, cac h¢ son nay khong dugc st dung cho quy trinh san xut dan ¢& nho vi s& phai
thay doi cong nghé toan bo dy chuyén san xuat.

Nhom nghién ctru phong Vit liéu Cao phan tir da ché tao son trén co s& nhua alkyd caa dau
lanh va nhira epoxy dé son cac loai dan ¢& nho. Tuy nhién, d6 climg ciia mang son chua cao, do
day chwa dong déu do hién twong dong giot.

D¢ cai thién d¢ clmg ctia mang son, nhom nghién ciru da thay thé nhya alkyd cua dau lanh
bang dau triu maleic hoa. Phan tng cla dau thyc vat va maleic anhydrit khong sir dung chat xuc
tac, dung moi tao thanh cac dan xuit mang goc alkenylsuccinic anhydride (ASA) [7]. Cac dan
xuat nay c6 kha niang khiu mang véi nhua epoxy tot hon va giup cho mang son cé céu tric
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khong gian chit ché ting cudng do bén co 1y ciia mang son. Ngoai ra, voi mach dai phan tir cua
axit béo dau thyc vat maleic hoa giup cho mang son c6 d6 déo dai hon.
Trong nghién ciru nay, trinh bay két qua maleic hoa dau trau va két hgp v6i nhua epoxy dé
ché tao son, st dung d€ son mot so vé loai dan ¢& nho.
2. THUC NGHIEM

2.1. Héa chit sir dung

- Dau trau: chi s6 I-6t: 160-175 mg/g, chi sé axit: 4-5 mgKOH/g, khdi luong riéng: 0,930-
0,942 g/cm®, mau vang dam, Viét Nam.

- Anhydride maleic (AM): khéi luong riéng: 1,48 g/cm®, nhiét d6 néng chay: 51 + 53 °C, ham
luong: > 99%, Sigma-Aldrich;

- Nhya epoxy Kukdo YD-020L: dang ran, d6 nhét dung dich 40% trong Diethylene glycol
monobutyl ether: 5000-10000 cP; duong lugng epoxy: 3500 - 4300 g/eq; Han Quoc;

- Dung méi: Xylen, butanol, loai tinh khiét, Trung Quéc.
2.2. Dung cu va thiét bi

- Cbe thiy tinh loai: 200 mL, 500 mL, 1000 mL, 2000 mL;

-Bo thié:c bi phan tng tong hop: binh cau chiu nhiét ba ¢, nhiét ké, may khudy co, bd khudy
thuy tinh, bép dién tu ngat;

- Thiét bi do d¢ day mang son Elcometer 415: khoang do 0 - 1000 pm, Anh;

- May khudy thuong: tbc d6 0 - 1500 rpm;

- Thiét bi do do nhot Brookfield Ametek: khoang do 15 - 2000000 cP, M¥;

- Cén dién tu: khoang can 0 — 300 g, d9 chinh xac 0,001 g, Scientech (M¥);
2.3. Phwong phap tong hop vit liéu
2.3.1. Maleic héa dau trau (DTm)

Cho dau trau vao binh cau 3 ¢, 1ap canh khudy va nhiét ké, dun nong hén hop dén 120 + 130 °C.
B6 sung tur tir anhydride maleic vao binh phan tmg theo ty 1¢ (thoi gian nap khoang 30 phat).
Nang nhiét hon hop phin g den 230 °C véi toc do 10 °C/phit va giir trong 04 h. Cir sau 01 h
ké tir khi nhiét do phan tng dat 230 °C lay mau kiém tra chi so axit va ham lwgng AM ty do.
2.3.2. Phwong phdp ché tao son nhiing

Cho epoxy ran vao binh phan Gmg chira 500 g hon hop dung méi xylen va butanol véi ty 1¢
xylen:butanol = 6:2, tién hanh khuﬁly & toc do 150 rpm trong 6 - 8 h lién tuc ¢ nhiét do thuong dé
hoa tan hoan toan nhya epoxy. Bo sung tir tir dau trau maleic hoa theo ty 1€ vao binh phdn tmg.
Tiep tuc khudy cho dén khi dat hon hop dong nhat. B6 sung hon hop dung méi trén d€ san pham
c6 d6 nhét 60 + 68 s.

2.3.3. Cac phwong phap nghién ciru

- Céc tinh chit cia son duge xé4c dinh theo cac Tiéu chuén sau: Tém 9hu§n dé thir theo TCVN
5670:2020; d6 bam dinh xac dinh theo TCVN 2097-2015; d0 bén udn xac dinI} theo TCVN
2099-2013; d6 ctrng mang son (d9 cung bl:lt chi) xac dinh theo ISO 15184; d6 bén va dap xac
dinh theo TCVN 2100-2013, ham lugng chat khong bay hoi xac dinh theo TCVN 2093-2013; d6
nhét xac dinh bang phéu VZ-246 theo TOCT 8420-74; thoi gian khoé hoan toan & 150 °C, h xac
dinh theo TCVN 2096:2015.

- Chi sb axit duge xéc dinh theo tiéu chuin TCVN 6127:2010;

- Ham luong AM tu do {(éc dinh dua trén viéc chiét n}ﬁu chét béng nug'yc, sau do thuy ,phén
anhydrit maleic, sau d6 chuan d¢ dung dich axit maleic bang dung dich ki€ém 0,1N véi chat chi
thi 1a phenolphtalein [9].
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3. KET QUA VA THAO LUAN

3.1. Két qua maleic héa dau triu
3.1.1. Anh huéng ciia ty 1é AM dén tinh chdt cia dau trau maleic héa (DTm)

Két qua do chi sb axit, ham luong AM tu do trong DTm sau phan ung (diéu kién: nhiét do
230 °C, thoi gian 4 h va ty 16 AM khéc nhau) dugc trinh bay trong bang 1. Céc lién két doi lién
hop va cac nhom o-metylen cua triglycerid c6 thé tham gia twong tic voi anhydric maleic hinh
thanh cac nhém -COOH va -COC- trong phan tir, dan t6i viée gia ting gia tri cta chi s6 axit. Dé
sir dung dau triu bién tinh 1am thanh phan cia son, thuong ngudi ta khong ché chi sé axit trong
khoang 160 - 170 mg KOH/g va ham lugng AM tu do trong khoang nho hon 2% [8]. Tt két qua
bang 1 thay, chi s6 axit cta dau trau maleic hoa tang 1én theo ty 16 AM tham gia phan ng. Voi
ty 16 AM thip (nho hon 20%) thi da phin AM di tham gia vao phan tng véi dau trau nén lugng
AM ty do trong dau thap (0,16 - 0,42%). Khi ty 1¢ AM tang 1én 23% thi chi s axit tiép tuc tang,
tuy nhién, ty 1¢ AM tu do ciing tang dang ké so voi mau co ty 1& AM 20%. Diéu nay cho thay
rang, khi ty 1¢ AM 16n hon 20% thi lugng AM c6 thé tiép tuc tham gia vao phan tmg vdi dau trau
1a rét it, co ban ton tai & dang tu do. Vi vay, nhém tac gia lya chon mau DTmS5, véi ty 16 AM
200 dé tiép tuc cac khao sat tiép theo.

Bdng 1. Chi 6 axit, ham luwong AM tu do ciia DTm.

Ty 18 ciu tir tham gia phan wng,% | Chi s axit,

Miu P o~ mg KOH/g Ham luwgng AM tu do, %0
DTml 95 5 55 0,16
DTm2 91 9 78 0,21
DTm3 87 13 102 0,25
DTm4 83 17 140 0,42
DTm5 80 20 165 1,16
DTm6 77 23 176 2,66
DTm7 70 30 189 4,18

3.1.2. Anh hwéng ciia thoi gian phan vmg dén tinh chat ciia DTm
Khdo sat anh huong cua thoi gian phan tng dén tinh chat ctia DTm véi ty 16 AM 20%, & nhiét
d6 230 + 2 °C. két qua thu dugc nhu sau:
Bing 2. Anh huéng cua thoi gian phan img dén tinh chat cia DTm.

T Ty lepcllaglntil:;ga;n g Thoi gian Do nhot, | Chi sé axit, mg | Ham lwong AM
> phan ang, h cP KOH/g tu do, %
Mdau triu Mawm
1 80 20 0 5999 191 4,30
2 80 20 1 8398 183 3,26
3 80 20 2 16198 176 2,35
4 80 20 3 25195 165 1,16
5 80 20 4 25395 165 1,10

Chi s6 axit ciia dau triu maleic hoa 1a chi sb axit tong cta lugng AM da tham gia phan ung,
va luong AM ty do trong dung dich. Khi méi bat dau phan tng, lugng AM tu do vin con nhiéu,
nén chi sd axit cao, nhung theo thdi gian phan tng, mot lugng AM bi thoat ra ngoai do anh
hudng ctia nhiét do nén chi s6 axit va ty 16 AM tu do cia DTm giam dan theo thoi gian phan
mg. Sau 04 h phan g thi chi s axit gan nhu khong d6i va d6 nhét cta san pham thu duoc
cling khong cé su bién dong dang ké. Piéu nay cho thiy rang trong luong phén tir cua dau trdu
maleic hoa d 6n dinh. Tir két qua do duoc, nhom tac gia lya chon thoi gian phan tmg maleic hoa
dau trau 14 4 h.
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3.1.3. Anh hwéng ciia nhiét do phan vig dén tinh chat ciia DTm
Tiép tuc khao sat anh huong cua nhiét do phan tng dén tinh chit cia DTm vdi ty 16 AM 20%,
& nhiét do tir 200 dén 240 °C, thoi gian phan tng 4 h. Két qua khao sat dugc trinh bay tai bang 3.
Khi nhiét d6 phan tng tang thi chi s6 axit cia DTm thu duoc giam di, diéu nay la do khi nhiét d6
tang luong AM tu do co trong dung dich bi thoat ra nhiéu hon. Ngoai ra, lugng ndi doi con lai
trén mach phan tir ciing tiép tuc xay ra phan ing dong trung hop, & nhiét 6 cao. Khi dé, nhiing
n6i d6i nay s& dé phan tmg véi nhau hon, kéo dai mach phan tir cta dau trau dan dén d¢ nhot
dung dich ting 1én. O nhiét 46 230 + 240 °C d6 nhét va chi s6 axit cia DTm twong dbi 6n dinh.
Do d6, diéu kién maleic hoa dau trau 1a: Ty 16 AM 20%; Nhiét d6 phan tng 230 °C; Thoi gian
phan g 4 h.
Bing 3. Tinh chat ciia DTm theo nhiét @6 phan iing.

Ty 1§ céu tir tham gia o o i . L
TT phin ing, g Nhiét do phan | Py nhét, | Chiso axit, mg | Ty 1é AM tu
’ irng, °C cP KOH/g do, %
Mgiu triu Mam
1 80 20 200+ 2 12597 188 3,95
2 80 20 2102 15297 182 3,13
3 80 20 2202 19996 174 2,24
4 80 20 230+2 25195 165 1,16
5 80 20 240+ 2 25597 163 0,97

3.2. Ché tao son nhl'lng mét thanh phin trén co sé nhya epoxy va DTm

Nhwa epoxy dong rin bang axit anhydrit cho phép nhén dugc vt liéu co tinh chit co hoc cao
do ¢6 ciu triic khong gian chit che, két hop voi mach dai phan tu alkyl cua axit beo dau thyc vat
gitip cho mang son tao ra ¢ do mém déo khic phuc nhuoc diém gion, cimg ciia nhua epoxy [10].
3.2.1. Anh hwéng ty 1é DTm/epoxy YD-020L dén co Iy mang son

Cac mau son duoc ché'tao véi ty 1€ DTnl/qpoxy YD-020L = 9,5/10; 1,0/10;’ 1,5/10; 2,0/10;
2,5/10 theo khoi luong. Két qua danh gid do bén co 1y cua cac mau son sau ché tao dugc trinh
bay ¢ bang 4.

Bing 4. Anh huong ty 1é DTm/epoxy YD-020L dén dé bén co Iy mang son.

x Ty 1é D) bén va dap, | P bam dinh, | P ctirng mang | P bén udn,
Mau . X
DTm/epoxy kG.cm diém son mm

M1 0,5/10 40 2 HB 3

M2 1,0/10 45 2 HB 3

M3 1,5/10 50 1 HB 2

M4 2,0/10 50 1 B 2

M5 2,5/10 50 1 2B 2

Véi mau son véi ty 16 DTm/epoxy 1a 0,5/10 va 1,0/10 c¢6 do ctrng mang son cao (dat do cting
HB), nhung gion, d6 bén udn dat 3 mm, do bam dinh dat 2 diém va do bén va dap chi dat 40 - 45
kG.cm. Vi cac mau co ty 1&¢ DTm/epoxy la 1,5/10; 2,0/10; 2,5/10 déu cho mang son c6 do bén
va dap, do bam dinh va do bén udn tot. Tuy nhién, d¢ ciing cila mang son voi mau co ty 1&
DTm/epoxy 16n hon 2,0/10 lai khéng dap ing dugc yéu cau, chi dat gia tri B va 2B. Mau c6 ty 1&
1,5/10 cho do bén co 1y cia mang son tdt nhat véi do bén va dap dat 50 kG.cm, d¢ bam dinh dat
giatri 1, do bén udn dat 2 mm, va do cung dat gia tri HB. Chinh vi vy, nhom nghién ctru da lua
chon ty 1¢ phéi tron cua DTm/epoxy 1a 1,5/10 lam ty 1€ dé ché tao son.
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3.2.2. Anh hwéng ham lwong chdt khéng bay hoi dén co Iy ciia mang son

Tién hanh khao sat ham luong chit khong bay hoi cua son tir 15% dén 25%, ty 18 DTm/epoxy
1a 1,5/10 dn tinh chét cia son. Két qua duoc néu trong bang 5 cho thdy, khi ham lugng chat
khong bay hoi cta son nho hon 20%, d6 nhét cua son thap (dudi 60 gidy), 46 diy mang son sau
khi say ¢ 150 °C tuwong doi mong, dat 8,0 pm va 9,5 um va c6 hién tuong bi co mang son. Nguoc
lai v6i mau c6 ham luong chat khong bay hoi 16n hon 23% thi luc ndy mang son day va bat dau
xuat hién hién tuong dong giot khi nhiing (d¢ ddy mang son la 15,4 um) dan dén mang son khong
dong déu. Nhom tac gia xac dinh ham lugng chat khong bay hoi thich hop cho son 1a 20 + 23%.
Bing 5. Anh huong ciia ham liwong chat khéng bay hoi dén dg nhot, va chiéu day ciia mang son.

Miu | Ham lugng chit khong bay hoi, % [po—o— o é‘ll‘lg‘(‘;y ing som
EP-2-3.1 150 48 8,0
EP-2-3.2 18,0 54 95
EP-2-3.3 20,0 60 11,0
EP-2-3.4 215 64 12,4
EP-2-3.5 23,0 68 14,0
EP-2-3.6 25,0 73 15,4

3.2.3. Anh hwéng ciia nhiét do dong rdn dén co Iy ciia mang son
Nhiét d6 sdy co anh hudng tuong dbi 16n dén d6 cimg cua mang son. Tién hanh khao sat co
Iy cua mang son ¢ cac nhiét d say khac nhau trong thoi gian 01 h. Két qua dugc trinh bay o
bang 6 va hinh 1.
Bing 6. Anh huong cia nhiét dp dén tinh chdt ciia mang son.

TT | Nhiét dp sy, °C Két qua D) cirng mang son
1 120 Kho bé mit, mang son mem 3B
2 130 Kho bé mit, mang son mém 2B
3 140 Kho, mang son ciing, bong B
4 150 Khé, mang son cirng, danh bong HB
5 160 Kho, mang son ciing, bi xam HB

A+, il
T Y IN

N Hinh 1. Mang son sau khi sdy ¢ cdc nhiét @ khdc nhau.
a) Mau chua son ; b) 120 °C; ¢) 130 °C; d) 140 °C; e) 150 °C; f) 160 °C.
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Két qua trén bang 5 va hinh 1 cho thdy, khi sdy & nhiét do thap (120°C dén 140 °C), mang son
mém 6 do cimng tir 3B dén B, mau nhat. biéu nay la do khi nhiét d6 say tuong doi thap qua trinh
dong ran ctia hé son chua toi wu, mat do lién két khong gian ctia mang son thap dan t6i mau sic
va do cimg mang son khong dat theo yéu cau k¥ thudt ding lam mang son bao vé vo dan. Khi
nhiét d¢ sdy tang lén 150 °C dén 160 °C, mang son c6 dg climg déu dat gi4 tri HB, mang son danh,
cting dong déu, mau dam. Tuy nhién, ¢ nhiét do sdy 160 C mau son tuy co d6 cimg HB, nhung c6
hién twong bi xam mau va mot so diém co hién twong mat do bong cua son (hinh 1.f). DPé mang
son ¢6 d6 cing HB, mau dam, mang son danh bong thi nhiét do sdy t6i wu ctia son 1a 150 °C.

3.2.4. Anh hwéng ciia thoi gian sdy dén co Iy ciia mang son
Thoi gian sdy ciing anh hudng tdi tinh chit ciia mang son. Nhom téc gia tién hanh khao sat
anh huodng thoi gian say khac nhau 1én tinh chat cia mang son, két qua dugc trinh bay trong
bang 7.
Bing 7. Anh huong ciia thoi gian dén kha nang dong rdn cia son.

TT Thmpgr:zltl says Trang thai mang son P§ cirng mang son
1 15 Kho bé mit, mang son mém 3B
2 30 Kho bé mat, mang son mém 2B
3 45 Khé bé mat, mang son cing B
4 60 Kho, mang son cung, danh bong HB
5 90 Kho, mang son cung, danh bong HB

Béang 6 cho thdy, khi mang son duoc sdy ¢ 150 °C trong thoi gian tir 15 phat dén 45 pht,
mang son c6 sy thay doi trang thai va mau sac cham. Mang son liic ndy mém, d6 cting dat gia tri
3B dén B. Nguyén nhén c6 thé 1a do khi thoi gian sy khong du dai thi qua trinh kho (déng ran)
trong mang son chua triét ¢& dan t6i 6 cing va ngoai quan ciia mang son khong dat yéu cau ky
thuat. Khi tiép tuc tang thoi gian sdy 1én 60 phat va 90 phat, mang son liic nay c6 do bong cao,
danh clrng, mau 6n dinh va ko ¢6 hién tuong bi loang 16 hay dong giot. Khi vay, thoi gian séy tbi
uu d6i voi mang son ¢ 150 °C 14 60 phit.

4. KET LUAN

Di xéc dinh diéu kién maleic héa dau trau t6i wu 1a: Ty 16 AM 20%; nhiét d6 phan tmg 230 °C;
thoi gian phan tng 4 h. San pham DTm c6 chi s6 axit 165 mg KOH/g, ham lugng AM tu do dat
1,16%, d6 nhot 25195 cP. Ché tao son nhung mot thanh phz‘in st dung cho son vé dan cd nho
trén co s& DTm va nhya epoxy véi ty 1€ DTm/epoxy = 1,5/10. Son ¢6 cac chi ti€u k¥ thuat sau:
Ham lugng chat khong bay hoi: 20 + 23%, thoi gian khé hoan toan ¢ 150 °C: 1,0 h; d6 bam
dinh: 1 diém, d6 bén va dap: 50 kG.cm, d¢ bén udn: 2 mm.

Loi cam on: Nghién cieu nay dwoc thuc hién nho sw tai tro kinh phi cua Pé tai nghién ciru khoa hoc

cd'p Vien Hoa hoc - Vit liéu nam 2021: “Nghién ciru hoan thién quy trinh ché tao son nhung mot thanh
phan co do cung cao su dung deé son phu mot so loai dan”.
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ABSTRACT

Research and fabrication of high hardness one component dipping paint
based on maleicized tung oil and epoxy resin

This work presented the fabrication of dipping paint with high hardness based on solid
epoxy resin and maleicized tung oil used for protection of small caliber bullets. The
influences of temperature, maleicized time, components ratios on the properties of the
prepared paint were investigated in detail. The results showed that the optimal
maleicization conditions of tung oil were: Maleic anhydride content of 20%, temperature
of 230 °C, reaction time of 4 hours, and maleicized tung oil/epoxy resin ratio of 1,5/10 (by
weight). The prepared paint was of a non-volatile matter content of 20 + 23%, complete
drying time at 150 °C of 1 hour; adhesion point of 1, impact strength of 50 kG.cm, and
flexural strength of 2 mm.

Keywords: Maleicization; Solid epoxy resin; Polymer coating.
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