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TOM TAT

Nhuya epoxy DER 671X75 dugc bién tinh bang axit béo cua dau dau nanh dé cai thién
d6 déo dai cua nhya epoxy. CAc axit béo cua dau dau nanh duoc tach ra bang phuwong phap
xa phong hoa trong dung dich natri hydroxit va axit héa bang axit sunfuric. Cac axit béo
duogc chiét xuat va nhya epoxy dau dfu nanh dugc dic trung boi pho hong ngoai bién doi
Fourier (FTIR). Két qua cho thiy anh huong cua diéu kién xa phong hoa va axit hoa dén tinh
chat cua axit béo. Nhua epoxy este duoc tong hop tir nhya epoxy DER 671X75 va axit béo
cua dau dau nanh véi ty 1é nhya epoxy va axit béo 1a 1:2 (khéi lwong), nhiét do phan ang
220 °C va thoi gian phan tng 6 gio cho mic do phan wng cao nhat. Nhya epoxy este c6 kha
ning ta0 mang va céc tinh chat co hoc ciia mang phu epoxy di duogc ting 1én.

Tir khéa: Dau dau nanh, epoxy hda, epoxy este, axit béo, nhwa epoxy DER 671X75.

1. MO DPAU

Nhuya epoxy véi nhitng uu diém tét v& do bén héa hoc, kha niang chiu tic dong moi
trueong tét, duoc tng dung nhiéu trong cac cong trinh va nganh cong nghiép. Tuy vay, do cé
nhiéu vong thom trong cau tric nén nhya epoxy don va kém déo dai. Dé cai thién do kém
déo dai cua nhya epoxy, da c6 nhiéu cdng trinh nghién ctru trén co so bién tinh thanh phan
mach chinh cia nhya epoxy hay str dung cac chat dong ran khac nhau [1-6].

Trong nghién ctiu cua JingJing Si va cong su (2020), dau d4u nanh epoxy hoa da duoc
bién tinh. Két qua cho thay, nhiét do thay tinh hoa (Tg) giam. Két qua phan tich FTIR cho
thiy dau dau nanh epoxy hoa da phan tng véi chat déng ran dé tao thanh mang khéng gian
va ting kha nang tuong thich tét véi nhya duong [1]. Trong nghién cau cua Soo-Jin Park va
cong su (2004), cac tac gid ciing da t6ng hop dau dau nanh epoxy héa (ESO) c6 ham luong
ESO tr 0 dén 20%. Do bén ubn cia mang epoxy dugc ting 1én dén 100%, lam ting tinh
mém déo caa nhya epoxy [2]. Két qua nghién cau cia Ammar va cong su (2020), cac ty 18
khéc nhau cua nhya epoxy (E) va dau dau nanh epoxy héa (ESO) dd dugc dua vao hdn hop
polyme acrylic - silicone véi sy hién dién cua polyisocyanate (NCO) lam chat dong ran. Céc
két qua thu dwoc cho thay kha ning két hop E va ESO ¢ ty 18 9:1 thi polyme epoxy/chat
dong ran & muc dong ran ti uu, do am tdt hon, dic tinh vat ly - co hoc tot, 6n dinh nhiét va
kha niang chéng dn mon dugc ting cuong dang ké [3].

Dau dau nanh 1a ngudn nguyén liéu rat phd bién & Viét Nam. Dau dau nanh duoc sir
dung rong rai dé bién tinh nhua epoxy do trong dau dau nanh c6 luong Ion cac lién két doi
C=C. Pic biét dau dau nanh tuong thich véi ciu tric mach epoxy ma khong anh hudng dén dic
tinh vat liéu [4-6]. Két qua nghién ctu ciia Nguyén Thi Thuy va cong su, Cac tac gia nghién ctu
dong hoc cua phan ting epoxy hoa dau dau nanh str dung xdc tac trén co sé mudi wonfram. Qua
trinh epoxy hoa d dat 91% chuyén hda ndi doi; 87,66% higu suat epoxy héa va hé xuc tac co do
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chon loc 0,96. San phan nhan dwoc sau 1 gio phan Gng & 60 °C c6 ham lwong nhom oxiran dat
6,68%. Hing sb toc do cua phan ung (K) thuc hién tai cac nhiét d6 nam trong khoang
0,45-1,16x10% L.mol™.s™ va niing lugng hoat hoa cua phan ung la 44,26 KJ.mol™*[6].

Trong cong trinh nghién ctru nay, ching toi tién hanh tach axit béo dau dau nanh va
dung axit béo dau d4u nanh dé bién tinh cho nhya epoxy DER 671X75. Khao sat cac yéu tb
anh huong dén quaé trinh tach axit béo dau dau nanh. Tong hop nhua epoxy este tir dau dau
nanh epoxy hoa va danh gia tinh chat co 1y cua mang nhyua epoxy este.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Hoa chit

Nhyua epoxy DER 671X75 (Dow Chemicals): duong lugng epoxy (EEW) 430 - 480
g/eq, ham luong nhdm epoxy 9 - 10%, dd nhét ¢ 25 °C 7500 - 11500 mPa.s, ham lwong ran
74 - 76%, khéi luong riéng & 25 °C 1,09 g/cm®. Dau dau nanh (Simply, 100% tinh chat, c6
chi sb iot (wijs) 124 - 139, Viét Nam). Natri hydroxit (98%, Trung Qudc). Axit sulfuric
(98%, Trung Quéc). Kali hydroxit (99%, Trung Quéc). Phenolphtalein (99,5% Trung Quéc).
Xylen (99,5% Trung Qudc).

2.2. Chuén bi méu
2.2.1. Phurong phdp tdch axit béo dau ddu nanh
Téch axit béo dau dau nanh gdm hai giai doan: xa phong héa va axit hoa [4-6].
Xa phong hoa dé thu dugc mudi natri cua axit stearic, san phim trung gian dé tao ra

axit béo, nguyén liéu dé bién tinh nhya epoxy (Hinh 1).

O
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Hinh 1. Phan &ng xa phong héa dau dau nanh

Tién hanh can 50 gam dau dau nanh cho vao céc 250 mL, gia nhiét dau dén 80 °C rdi
cho tir tir 30 mL dung dich NaOH 30%, ty 1& dau dau nanh:dung dich NaOH 30% la 1:3,8.
Duy tri nhiét do phan tng & 80 °C va khudy hdn hop tc do 500 vong/phdt trong 4 gid dén
khi hdn hop tro thanh dang sét va pH 8 - 9 thi nging khudy. Cho dung dich NaOH 30% vao
dau tir tir d¢ dam bao phan tng hoan toan, tranh dé du lugng dung dich NaOH. Xa phong sau
khi tao thanh s& dugc luu mau 24 gio dé dam bao phan ung xay ra hoan toan. Tinh hiéu suat
phan tng H (%) theo cong thuc:

H (%) = ™ «100% (1)

It

Trong do:
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mi 1a khéi lwgng xa phong tinh theo ly thuyét (gam);
mi: 12 khéi lugng xa phong thuc té thu duoc (gam);
Sau qué trinh xa phong hoa, san pham duoc axit hda bang dung dich H2SO, 20% véi ty
I1¢ mol gitra NaOH:H,SO, = 1:0,6. Nhiét d6 phan tng la 80 °C.ﬂSau khi xa phong tan hoan
toan va tach I6p axit béo (theo phan ng Hinh 2), thi lang tach dé thu axit béo. Rira sach axit
béo bang nudc cat va cb can bay hoi nudce & nhiét do 60 °C.

CH, - OH CHz—O—ﬁ--C.TH35
| H.S0, ddc | o
CH-OH +3HO - I(I: - Cy7Has

0]

CH=-0-C~CyHys

0-20°C
' | o) +3H,0
CH, =0~ C - C. H

(0]

CH,- OH

Chét béo - Lipit

Hinh 2. Phan (rng tach axit béo

2.2.2. Xéc dinh chi s¢ axit

Can 1,0 gam mau thir (diu dau nanh, axit béo tach dugc sau qud trinh xa phong hoa)
cho vao binh tam gi4c. Dung pipet Iy 10 mL dung dich axeton cho vao phan mau thir va nho
vai giot chi thi mau phenolphtalein. Trén buret cho dung dich KOH 0,1M. Tién hanh chuén
d6 cho dén khi mau thir chuyén sang mau hdng nhat bén trong 30 gidy. Poc thé tich dung
dich KOH tiéu tén va tinh chi sb axit (CA) theo cdng thirc.

~ Vion xCx56,1
m

Chisbaxit: CA (2)

Trong do:
Vkon: Thé tich dung dich KOH tiéu ton (mL);
C: Nong d6 chinh xéc dung dich KOH (M);
m: Khéi lugng mau thir (gam):
CA: chi sb axit (mg KOH/qg);

2.2.3. Phuong phdp tong hop nhyra epoxy héa ddu dau nanh (nhua epoxy este)

Pé phan tan axit béo dau dau nanh vao nhua epoxy DER 671X75 da sir dung may
khudy co IKA- RW 20 (Pic) va lap dat hé théng tong hop nhua. Lan luot cho nhya epoxy
va axit béo theo ti 18 2:1 (khéi lwong). Gia nhiét va duy tri nhiét ¢ hdn hop phan tng trong
khoang 160 - 180 °C va toc d6 khudy 800 - 1000 vong/phut. Cho xylen vao phéu chiét qua 1é
va nho tir tir dé tach nudce ra khoi hdn hop phan tng. On dinh phan Gng trong 4 - 6 gio. Tién
hanh chuan chi sb axit ciia hdn hop 15 phit/lan, d&én khi chi sb axit cia hdn hop dat dudgi 10
mg KOH/g thi dirng phan tng.

2.2.4. Chudn bj mdu phan tich

Khao sat ndng d6 dung dich NaOH anh huéng hiéu suat xa phong hoa:

Khao sat qué trinh xa phong hoa theo cac nong d¢ dung dich NaOH khéac nhau tir 10%,
20% va 30%, & nhiét do phan ang 60 °C.
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Khao sat nhiét ¢ anh huong dén qua trinh xa phong hoa:

Phan (ing xa phong héa véi dung dich NaOH 30%, khéi luong dau dau nanh 50 gam,
nhiét @6 phan ng lan lugt 1a 60 °C, 80 °C va 100 °C.

Khao st ndng d6 dung dich H2SO4 anh hudng dén qué trinh axit hoa:

Phan ung véi nhiét d6 80 °C, thoi gian phan ung 4 gio, mau xa phong nong do dung
dich NaOH 30%, thay déi ndng d6 dung dich H,SO4 1an luot 12 10% va 20%.

Khao sét nhiét d6 anh huéng dén qué trinh axit hoa:

~ Phan tng véi dung dich H2SO4 20%, khdi lugng dau dau nanh 50 gam, mu xa phong
nong d6 dung dich NaOH 30%, nhiét @6 phan (ng lan luwot la 60 °C, 80 °C va 100 °C.

2.2.5. Chudn bj cac mdu mang polyme

Nhuya epoxy este téng hop dwoc luvu miu 24 gio dé dam bao phan ung dién ra hoan
toan. Can bao quan nhya kin khi dé tranh nhua bi oxi héa lam s3m mau nhya. Chuan bi tim
thép, dung gidy nhdm cha bé mit sau d6 lau sach bang axeton. Pha lodng nhua epoxy etse
cuing véi dung mdi xylen theo ti 1& 1:1 (khéi lwong). Thém lugng chit 1am khd coban vao voi
ti 18 0,02% khdi lugng so véi nhira. Mang polyme epoxy este duoc gia cong trén thép bang
phuong phap quét.

2.3. Phwong phap phan tich va xac dinh tinh chit co 1y ciia mang phi

Panh gia dinh tinh nhém chic trong axit béo va nhya epoxy bién tinh bang phé FTIR.
D6 bén ubn cua mang duoc xac dinh theo tiéu chuan 1SO 1519:2002, trén dung cu Erichsen,
model 266. D6 bén va dap duoc xac dinh theo tiéu chuan 1SO 6272 trén dung cu Erichsen,
model 304. Do bam dinh duoc x4c dinh theo tiéu chuin ASTM D3359 trén dung cu
Erichsen, model 295. B& day mang son kho dwogc xac dinh theo tiéu chuin ASTM D1005
trén dung cu Erichsen, model 296.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng ciia nong d6 dung dich NaOH dén qua trinh xa phong hoéa
Khao sat qua trinh xa phong héa theo cac nong d6 dung dich NaOH la 10%, 20% va
30%. Khoi lwgng mau la 5Q gam, khao sat lan lugt voi dung dich NaOH nong d6 khac nhau,
nhiét @6 phan ung 60 °C. Két qua thu duoc trinh bay ¢ Bang 1.

Bang 1. Anh huéng cua nong do dung dich NaOH dén qua trinh xa phong hda

Mau Nhiét do, °C Thoi gian, gio C(rr‘r‘l;‘OKag:: /zf‘
NaOH 10% 80 4 126,22
NaOH 20% 80 2,5 148,10
NaOH 30% 80 2 213,18

Két qua tir Bang 1 cho thiy anh huong cua ndng d6 dung dich NaOH va thoi gian phan
g dén qua trinh xa phong héa. Vi dung dich NaOH 10% va thai gian phan ang 4 gio, chi
so axit CA thu duoc dat 126,22 (mg KOH/g). Vi thoi gian phan ang 2,5 gio va nong do
dung dich NaOH 20% thi chi s6 axit CA dat 148,10 (mg KOH/g). Véi dung dich NaOH 30%
va thoi gian phan ung 1a 2 gio thi chi sé axit dat 213,18 (mg KOH/g). Nhu vay, nong do
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dung dich NaOH va thoi gian phan ang dnh hudng dén hiéu qua cua qua trinh xa phong hoéa.
Tu ket qua Bang 1, dung dich NaOH 30% cho hiéu qua cua qua trinh xa phong hoa tét nhat
trong cac mau khao sét.

3.2. Anh hudng cia nhiét d§ dén qua trinh xa phong hoa
Phan &ng xa phong héa dau dau nanh véi dung dich NaOH 30% & nhiét do 60 °C, 80 °C

va 100 °C. Két qua xac dinh hiéu suat caa phan ung xa phong hoa dau dau nanh theo thoi
gian duoc trinh bay ¢ Hinh 3.
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Hinh 3. D6 thi biéu dién sw anh huong nhiét d6 dén hiéu suit cua qué trinh xa phong hoa

Qua két qua khao sét tir Hinh 3 cho thdy, lwong xa phong duoc tao ra phu thudc vao
nhiét d6 qua trinh phan tng, nhiét do phan tng thap, hiéu suat phan ung thip, thoi gian xa
phong hoa kéo dai. Cang tang nhiét do, phan ung xa phong hoa dién ra cang nhanh va hiéu
suit xa phong hoa ting.

Nhu véy, dé dat hiéu suat cao qua trinh xa phong héa, chon nhiét do qua trinh 1a 100 °C
va ndng do dung dich NaOH 1a 30%, phan tng trong 2 gio.

3.3. Anh hwéng caa nhiét dd dén qua trinh axit hoa
Phan tng véi dung dich H2SO4 20%, khéi luong dau dau nanh 50 gam, mau xa phong

nong do dung NaOH 30%, nhiét d6 phan (g lan luot 12 60 °C, 80 °C va 100 °C. Anh hudng
cua nhiét d6 dén hiéu suat ctia qua trinh axit hoa duoc trinh bay ¢ Hinh 4.
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Hinh 4. D4 thi biéu di&n sy anh huong nhiét do dén hiéu suit qua trinh axit hoa
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Két qua tir Hinh 4 cho thdy khi ting nhiét do phan Gng s& day nhanh qua trinh phan
ng. Hiéu suat ciia phan tng axit hoa khi nhi¢t do phan tng la 80 °C, 100 °C la cao nhat va
cao hon hi¢u suat phan tng ¢ nhiét do 60 °C. Nhiét o phan tng la 100 °C, thi hiéu suat cua
phan ung axit hoa cao nhat. Tuy nhién, khong co su thay doi dang ke so véi hiéu suat phan
ung ¢ nhiét @6 80 °C. Xét vé mat hiéu qua nang luong nhiét thi nhiét do phan ung cang thap
cang c6 lgi. Do vay, chon nhiét d6 qué trinh axit héa la 80 °C phu hop va mang lai hiéu qua
cao cho qua trinh axit héa.

Két qua ciing cho thiy dé hiéu suat qua trinh axit hoa xay ra cao trén 90%, thi thoi gian
axit hoa kéo dai 4 gio.

3.4. Anh hudng cia ndng dd dung dich H,SO, dén qua trinh axit hoa

Tir két qua & cac muc 3.2 va 3.3 da chon duoc diéu kién phan (mg giai doan axit héa Ia

nhiét do6 80 °C, thoi gian phan tng 4 gio. Nong d6 dung dich H,SO4 dung dé axit hda xa

phong duoc nghién ciru & 10% va 20% khoi lugng. Két qua khao sat anh huong clia nong do
dung dich H,SO. dén chi so axit CA cua axit tao thanh dugc trinh bay & Bang 2.

Bang 2. Anh huong ciia ndng do dung dich H.SO, dén qué trinh axit hoa

Mau Nhiét 6 (°C) | Thoi gian (gio) | Chi sé axit CA (mg KOH/g)
H>SO. 10% 80 4 56,2
H>S0. 20% 80 4 38,28

Tur két qua Bang 2, cho thdy dung dich H2SO4 20% c6 ndng d6 cao hon dung dich
H2S04 10% nén kha nang phan ang vei xa phong manh hon va phan ng axit hoa xay ra voi
hiéu suat cao hon. Két qua thu dugc axit béo c6 chi so6 axit cao.

Nhu vy, tir cac két qua nghién ciru & muc 3.1, 3,2, 3.3 va 3.4 cho thiy cac diéu kién
thich hop dé tach axit béo cua dau d4u nanh la: giai doan xa phong héa nhiét do 60 °C, thoi
gian 2 gio, ndng d6 dung dich NaOH 1a 30%; giai doan axit héa ¢ nhiét d6 80 °C, thoi gian
phan g 4 gid, nong d6 dung dich H2S04 13 20%.

3.5. Phé héng ngoai cia mau axit béo dau dau nanh

Két qua phan tich pho hong ngoai (FTIR) cua axit béo dau dau nanh dwoc trinh bay &
Hinh 5.
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Hinh 5. Phé FTIR cua axit béo dau dau nanh
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Tir Hinh 5 nhan thay, pho FTIR cua axit béo dau dau nanh cé nhiing dai hap thu manh
& budc song 400 - 4000 cm™. Pinh hap thu & 1715,48 cm™ cho thiy sy xuat hién cua cac lién
két C=0. Vj tri dinh ¢ 3008,38 cm™* biéu dién sy xuét hién cua lién két C-H khong béo hoa.
Dinh & 2921,53 cm™ dic trung cho dao dong C-H ciia nhém alkyl. Dinh hap thu & 723,42
cm™ 14 dic trung dao dong hda tri caa nhom CH.

So sénh két qua do phd FTIR cta dau dau nanh trong nghién ctiu [2]. Pho FTIR ton tai
cac dinh hap thu dic trung cho lién két C-H khong béo hoa va lién két C=0. Binh hip thu &
1415,16 cm™ dic trung dao dong cua lién két C-O-H. Sy dao dong bat dbi xiang C-O-C & vi
tri dinh & 1248,92 cm va 1285,24 cm™ [2].

3.6. Anh huéng ciia diéu kién phan ing dén tinh chét ciia nhua epoxy héa diu dau nanh

Ty I¢ phan Gng giita nhya epoxy DER 671X75 va axit béo dau dau nanh 13 1:2 (khdi
luong). Phan ung tien hanh & nhiét d6 220 0(;, trong thoi gian 6 gio, thu dugc nhua epoxy
este c6 chi so axit CA dat 10 (mg KOH/g). Két qua do FTIR cuia nhua epoxy este dugc trinh
bay ¢ Hinh 6.
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Hinh 6. Phé FTIR cta nhyua epoxy este

Tur két qua Hinh 6 nhan thay, phé FTIR caa mau nhya epoxy hda dau dau nanh xuit
hién cac dinh & vi tri 1742,42 cm™ va 915,79 cm™ cho thdy phan @ng este hoa cua axit béo
va nhua epoxy. Vi tri dinh xuat hién & 829,33 cm® cho thay van con su xuét hién cua nhom
epoxy. Nhom hydroxyl (-OH) & vi tri dinh 3509,47cm™. Céac nhém hydroxyl (-OH) ting
cuong d6 bam dinh cho nhwa epoxy este. Chi sb axit ciia nhya epoxy hoa dau dau nanh dat
10 (mg KOH/g) mau nhwa. Chi sb axit thap, cho thiy phan ung este hda nhua epoxy dau dau
nanh xay ra gan nhu hoan toan.

3.7. Tinh chit co Iy cia mang epoxy héa dau dau nanh
Tinh chét co Iy cia mang nhua epoxy hda dau d¢au nanh dugc trinh bay ¢ Bang 3.

Bang 3. Tinh chit co 1y cua cua mang epoxy va mang epoxy hoa dau dau nanh

Ky hicu mau Do bén va dap Do bam dinh Do bén udn, | Do cling bat | D6 day mang,
(kG.cm) mm chi pum
Mang epoxy DER
671X75 5 4B 3 1H 26,3
Mapg epoxy hda 80 5B 2 2H 35,02
dau dau nanh
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Két qua tir Bang 3 cho thdy mang epoxy hoda dau dau nanh cai thién tot tinh chét co 1y
cua mang epoxy. Mang epoxy DER 671X75 ban chat ¢6 vong thom cing don, kém déo dai
nén d6 bén va dap thap, chi dat 5 kG.cm. D¢ bén va dap cia mang polyme duoc xac dinh ¢
d6 cao (cm) twong Ung voi qua ta khéi luong 1,0 kG va dap ma khong lam rach mang. Do
bén udn cua mang polyme dugc xac dinh bang cach uén cong mang qua truc c6 duong kinh
khac nhau. D6 bén udn ciia mang twong ng véi dudng kinh truc nho nhat (mm) ma khong
lam rach mang. b6 cung but chi cia mang twong ng vei do cang cua dau bat chi khdng 1am
rach mang. Do bam dinh ciia mang tuong tng véi phan mang con giir lai sau thir nghiém.

Céc tinh chit co 1y cia mang epoxy hdéa dau dau nanh cho thay mang epoxy DER
671X75 d3 dwoc cai thién tét tinh déo dai caa mang. Do bén va dap ting 1én 80 kG.cm, do
bam dinh dat 5 B, d6 bén uén 2 mm, d6 cing bat chi 2 H. Mang epoxy héa dau dau nanh
dugc bién tinh véi axit béo cia diu dau nanh nén trong thanh phan cau trac hoa hoc c¢é thém
g6c hydrocacbon cua axit béo, 1am ting d6 déo dai ciia mang epoxy.

4. KET LUAN

Axit béo dau ddu nanh duoc tach ra bing phuwong phap xa phong hoa. Giai doan xa
phong héa axit béo dau dau nanh st dung dung dich NaOH ndng d6 30%, nhiét d6 100 °C,
thoi gian phan tng la 2 gio. Giai doan axit héa st dung dung dich H,SO4 20%, nhiét do
80 °C, thoi gian phan wng 4 gio. Nhwa epoxy héa dau dau nanh dwoc téng hop véi ty 1é
nhya: axit 1a 1:2, nhiét d6 phan tmg 220 °C, thoi gian phan ng 6 gio cho hiéu suat phan ing
cao nhat. Mang polyme epoxy este (mang epoxy héa dau déu nanh) c6 do bén co 1y cao, di
cai thién va nang cao tinh déo dai caa nhya epoxy.
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ABSTRACT

SYNTHESIS OF EPOXIDATION SOYBEAN OIL RESIN AND ANALYZE
MECHANICAL PROPERTIES OF EPOXY ESTER COATING FILM

Huynh Le Huy Cuong*, Nguyen Ngoc Phuong
Ho Chi Minh City University of Food Industry (HUFI)
*Email: cuonghlh@hufi.edu.vn

Epoxy resin DER 671X75 was modified with fatty acids of soybean oil to improve the
toughness of epoxy resin. Fatty acids of soybean oil were separated by saponification with
sodium hydroxide solution and acidification with acid sulfuric. Extracted fatty acids and the
epoxidized soybean oil resin were characterized by Fourier Transform Infrared Spectrometry
(FTIR). The results showed the effects of saponification and acidification conditions on the
properties of fatty acids. Epoxy ester resin is synthesized from epoxy resin DER 671X75 and
fatty acids of soybean oil with a ratio mass of epoxy resin and fatty acids is 1:2 (wt/wt),
reaction temperature of 220 °C, and reaction time with 6 hours for the highest reaction level.
Epoxy ester resin was able to form coatings film, and mechanical properties of epoxy
polymer coatings film were increased.

Keywords: Soybean oil, epoxidation, epoxy ester, fatty acids, epoxy resin DER 671X75.
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