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Abstract

Factors such as temperature, stirring speed and time of reaction have very different influences to the epoxidation of
sunflower oil. The simultaneous influence of them was studied through titration method oxirane and iodine value. H-
NMR spectroscopic analysis results with the appearance of the proton peak in 2.9-3.2 ppm shows the formation of
epoxy group. The reaction was carried out at 50 °C or 70 °C and 1000 or 3000 rpm, and mole ratio DB/H,0, 1/1.5. The
highest of yield and conversion of the epoxidation are 86.5 % and 92.7 %, respectively. The epoxidized oil possesses
6.76% of oxirane content. Kinetic analysis of the data shows that rate of epoxidation increases with temperature and the

value of rate constant (k) is of the order of 10 L.mol™

s™. The kinetic data obtained from this study were compared with

from epoxidation of rubber seed oil, cottonseed oil, mahua oil, palm olein methyl ester with peroxy acid.
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1. MO PAU

Dau huéng duong 1 loai dau dwoc chiét xuat tir
hoa huéng duong ma b phan cho dau chu yéu 1a hat
hudng duong. Dau hudng duong duoc chiét xuat va
sir dung lan dau tién vao nam 1835 tai Nga. Dau nay
12 mot trong nhitng dau thuc vat quan trong nhét trén
thé gidi. Voi ham lugng vitamin E cao va déc biét la
ham lugng axit béo khong no téi 80-90 % nén rat tot
cho sirc khoe. Dau huéng dwong duge biét dén nhidu
voi nhimg tng dung trong cong nghiép thyc pham
[1]. Tuy thudc vao loai va ham lugng cac axit béo
khong no c6 trong dau, dau hudéng duong duogc chia
lam bdn loai chinh: “high stearic/high oleic”, “high
oleic”, “high linoleic” va “Nusun hodc Mid-oleic”.
Tuy thudc vao yéu cau cia nhitng tng dung cu thé
ma loai dau nao wu tién dugc sir dung [2].

Ngoai tmg dung trong thuc phim, ngudi ta con
thdy nhiéu tng dung phi thuc pham ciia dau huéng
duong nhu trong my pham, trong céng nghiép hoa
chat. Ciing nhd ham luong axit béo khong no cao,
dau hudng duong c6 thé bién doi thanh cac polyme,
dung méi, chat hoat dong bé mit... thdng qua cac
qua trinh vat ly, héa hoc va sinh hoéa [3]. Epoxy héa
12 mot trong nhitng hudng dé chuyén dau huéng
duong thanh epoxy.

Epoxy héa dau huéng duong bang hydro peroxit
1a phan tng giita hai pha nudc va dau. Vi vay, voi
mot hé xuc tac nhat dinh, ngoai nhiét do thi sy tiép
xuc pha 1a yéu t6 quan trong anh hudng téi qué trinh
epoxy hoéa. Nghién ciru anh hudng cua nhiét d6 va
téc d6 khudy tron toi qua trinh epoxy héa dau hudng
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duong cling nhu cac phén tich déng hoc cta phan
ung 1a ndi dung nghién ctru cua cong trinh nay.

2. THUC NGHIEM
2.1. Nguyén liéu va héa chat

Dau huéng duong, Simply Sunflower oil (Viét
Nam) c6 chi sé iot 134,5 cgl/g. Mubi Na,WO,,
Merck (Puc). HsPO, 85 % (Viét Nam). Thude thir
Wijs, Merck (Puc). Axit bromic 33 %, Sigma-
Aldrich (My). Hydro peroxit 30 %, Merck (Pirc) va
mot s6 hoa chat khac.

2.2. Phwong phap nghién ciru

Phén tich cong huong tir hat nhan H-NMR dugc
thuc hién trén may Bruker Avance 500 (M3). Chi sb
it dugc xac dinh theo tiéu chuan D5768-02: miu
duogc hoa tan trong dung mdi véi su c6 mét ciia dung
dich wijs va dugc chuin do bang dung dich Na,S,0;
0,1 N. Ham Iugng nhom epoxy dugc xac dinh theo
tiéu chudn ASTM D1652: mau dugc hoa tan trong
dung méi va dugc chuén truc tiép bang dung dich
HBr 0,1 N.

2.3. Téng hgp diu hwéng dwong epoxy hoa

Tong hop dau hudéng duong epoxy hda (SE-O)
trong binh ciu v&i ty 1& nguyén liéu
DB/H,0,/Na,WO,/H,PO, = 1/1,5/0,13/0,039 (ndi
d6i-DB). Qua trinh tong hop duoc thyuc hién & 50 °C
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hodc 70 °C va téc do khudy tron 1000 hoic 3000
vong/phut. Phan tmg dugce kéo dai trong 5 gio. Mau
dugc lay ra theo tung khoang thoi gian nhat dinh,
rira sach va sdy kho dé thu dugc cac san phdm SO-E
v6i cac ki hiéu nhu bang 1.

Bdng I: Ki hiéu va diéu kién tong hop

Diéu kién tong hop
Ki hi¢u Nhiét do, Téc d6 khudy tron,
°C vong/phut
1000/50 50 1000
1000/70 70 1000
3000/50 50 3000
3000/70 70 3000

3. KET QUA VA THAO LUAN

3.1. Danh gia két qua ciia phan @ng epoxy héa
dau huéng duwong

Két qua cua phan tng epoxy héa dau hudng
duong gan lién véi sy hinh thanh nhém epoxy trén
mach dai phan to cua dau. Dé khéng dinh sy xudt
hién ciia nhoém epoxy dd tién hanh phan tich phd
cong hudng tir hat nhan cuia mau dau huéng duong
epoxy hoa (SO-E) (cua phdn ung 1000/70) so véi
mau d6i chimg dau hudng duong (SO). Két qua
phan tich trinh bay trén hinh 1.

Hinh 1: Phd H-NMR mau SO-E va miu SO

Tir hinh 1 nhén thay, ca 2 pho H-NMR cua mau
SO-E va SO déu chua céc pic proton cua -CHj tai
0,8-1,0 ppm, cta a-CH,-(C=0)-O- tai 2,2-2,4 ppm,
cia B-CH,-(C=0)-O- tai 1,6 ppm va cua glycerol
metylen -CH,-CH-CH,- tai 4,0-4,4 ppm Vi Ccac
proton cia nhitng nhom nay khong bi thay dbi trong
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qua trinh epoxy hoa [4].

Trén phd H-NMR ctia SO-E xuét hién pic proton
cta nhom epoxy ¢ 2,9-3,3 ppm ma pic nay khdng co
mit trong pho H-NMR ciia SO. Pic proton ciia lién
két d6i (-C=C-) 5,3-5,4 ppm ton tai sic nét trén phd
H-NMR ciia SO nhung con lai khong déng ké trén
ph6 H-NMR ciia SO-E. Diéu nay chimg to lién két
do6i trong SO di bién d6i thanh vong epoxy trong
SO-E.

3.2. Anh huéng ciia nhiét d9 va tdc d9 khudy tron
toi ham lwgng nhom oxiran va chi so i6t ciia
dau hwéng dwong epoxy héa

Tién’ hanh chuin d6 ham lugng nhom oxiran (O)
va chi s6 i0t (Cl) cua cac mau SO-E theo tiéu chuan
ASTM. Két qua phén tich trinh bay trén hinh 2.
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Hinh 2: Anh huéng cua nhiét do
va toc do khuay tron téi ham lugng oxiran
va chi so 16t cua SO-E

Tir hinh 2 nhén thdy, chi s§ i6t giam rat nhanh
ngay trong nira gio dau phan tng va tiép tuc giam
cung vdi viéc kéo dai thoi gian phan ting. Phan ung
thuc hién & 70 °C, chi s6 16t hiu nhu khong giam sau
mot gio phan ng va tdc do khudy trén hau nhu
khong c6 anh huéng ti chi s6 i6t ciia san pham
SO-E khi thuc hién qua trinh epoxy hoa & nhiét do
nay. Khi ha nhiét d6 phan tmg xubng 50 °C, chi s6
i6t ciia san pham SO-E ting 13 rét va da co su khac
biét voi toe do khudy tron & 1000 vong/phut va 3000
vong/phut. Sau mét gio phan Gng chi s6 i6t cia san
pham SO-E van c6 xu hudng tiép tuc giam theo thoi
gian.

Chi s6 6t cho biét s6 lwong nbi ddi c6 mit trong
mAau vat liéu. Chi sé i6t cua san phdm SO-E cang
nho, sb luong nbi d6i cang it c6 nghia 1a kha ning
chuyén hoa nbi doi cang lon. Vi véy, phan tng thuc
hién & nhiét 46 70 °C cho kha ning chuyén hoa ndi
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d6i 16n hon. Nguoc lai, toc d6 khudy tron nho (1000
vong/phut) lai cho kha nang chuyén hoa ndi doi cao
hon khi phan trng thuc hién ¢ 50 °C.

Ciing tir hinh 2 nhan thiy, chi s6 i6t ciia san
pham giam manh trong ntra gio dau phan Gng, thi
nguoc lai ham luong nhém oxiran lai ting manh.
Chi s6 oxiran c¢6 xu huéng tiép tuc ting néu kéo dai
thoi gian phan (g véi nhiét do 50 °C. Cling tai nhiét
d6 nay, sy khudy tron manh (3000 vong/phut) 1am
cho chi s6 i6t ciia san pham SO-E 16n hon thi ciing
lam cho ham lugng oxiran cta san pham SO-E nho
hon.

Nguoc lai, khi phan tng thuc hién & 70 °C, chi
s6 oxiran c6 xu hudng giam sau mot gio phan tmg.
Su suy giam ham lugng nhom oxiran trong khi chi
s6 10t ctia san pham SO-E hau nhu khong thay d6i
dugc cho la do sy mé vong cua nhom epoxy [5]. San
phim SO-E cua phan ung thyc hién & 1000
vong/phut tai 70 °C trong thoi gian 1 gid c6 ham
luong oxiran cao nhat 1a 6,76 % va chi s6 i6t 14 9,72
cgl./g.

Ttr chi s6 i6t ban du cua dau huéng dwong dé
dang tinh duwoc ham luong oxiran 1y thuyét O,y =
7,81 %. So sanh ham lugng oxiran thyc nghiém cua
san pham va ham luong oxiran 1y thuyét cho hiéu
suat epoxy héa E = 86,56 %. Tir chi s6 iot thuc
nghiém ciia san pham va chi s6 i6t ban dau cia dau
huéng duong cho hiéu sudt chuyén hoa nbi doi I =
92,77 %. Do chon loc xuc tac (E/l) dugc xac dinh
bang ti s6 giita hiéu sudt epoxy hoa va hiéu suit
chuyén hoa ndi déi. Po chon loc xuc tac 1én nhat E/I
= 1. Trong trudng hop nay, xdc tac c6 dd chon loc
dat E/I = 0,93. biéu nay chung t6 hé xuc tac co tac
dung tbt trong viéc dinh huéng su chuyén hoa nbi
do6i thanh nhom epoxy.

3.3. Phén tich dong hoc ciia phén {ng epoxy hoa
dau hwéng dwong

Qua trinh epoxy hoa dau thuc vat noéi chung va
dau huéng dudng noi ri€ng vdi xuc tac trén co so
muoi wonfram dién ra theo so do sau [6-8]:

HO /O_l
Na,WO,4 + 2 H,Op ———> Oc)7\vlv/<()
OH

O + 2Na' +H0 (1)

P(O)(OH),O
H+
0\7W<,o S et @
©) O -H
OH H-O-H
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Trong d6, (1) va (2) la giai doan tao phiic
peroxo, giai doan nay dién ra rat nhanh, phan @ng
tao phirc dugc coi nhu dién ra tuc thi nén giai doan
nay hau nhu khong anh huong dén tée do qua trinh
epoxy hoa. (3) la giai doan hinh thanh vong epoxy
nho phan tng bé gy ndi d6i bang hop chat phic
peroxo ai luec dién tir. Xdc tac phuc ¢ dang ban
peroxo dugc hoan tra lai va tiép tuc chuyén thanh
hop chat phic peroxo véi sy c6 mat cia hydro
peroxit (4) va qué trinh bé giy ndi déi tiép tuc dién
ra. Toc do ciia qua trinh epoxy héa chi yéu phu
thuoc vao giai doan nay [6-8]. Vi vay, toc do cua
qua trinh epoxy hoa vé mit Iy thuyét dugc xac dinh
theo cong thurc sau [9]:

d[EJ/dt = k.([H20:]o-2[Na,WO,]o-[E]).[NazWO4]4(1)
Suy ra:

In([H202]0-2[Na;WO4]-[E]) =
-k.[Na;WOQ,]o.t + In([H20:], -2[Na,W0O,],) (2)

Trong d6 [H,0,]0,[Na;WO,], 14n lugt 1 ndng d6 mol
ban dau cua H,0, va Na,WOy,; [E] 1a néng d6 mol
ctia nhom epoxy hinh thanh; k 13 hing sé toc do; t 1a
thoi gian phan ung.

T cong thirc (2) nhan thiy In([H,O]e-
2[Na,WO,]o-[E]) 1a ham bac nhét theo thoi gian t
voi hé so blen thién -k[Na,WOQ,],. Pd thi ham s6
biéu dién mdi quan hé giira In([H20,]0-2[Na;WO,]o-
[E]) va thoi gian t s€ la dudng thang tuyen tinh.

Két qua thyc nghiém biéu dién mbi quan hé giita
In([H202]0-2[Na;WQ,]o-[E]) va thoi gian t dugc
trinh bay trén hinh 3.

Tir hinh 3 nhén thdy duong biéu dién mdi quan
h¢ gitta In([H,0,]0-2[Na,WO,],-[E]) va thoi gian
khong hoan toan 1a duong thang, mdi quan hé nay
chi tuyén tinh trong khoang thoi gian dau cia phan
ung. Puong cong ¢ giai doan sau la do c6 sy dong
gop cua phan mg m¢ vong nhom epoxy [5, 9-11].
Biang viéc xac dinh duong tiép tuyen cho phép xac
dinh hé s6 bién thién - -K[Na,WQ4], dé tir d6 xac dinh
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duogc hing sb téc d6 k. Két qua xac dinh hing s toc
do cua qua trinh epoxy hoéa trinh bay trén bang 2.

3000/70
3000/50
1000/70
1000/50

(o S |

Thai gian, gio

Hinh 3: Méi quan h¢ giita
In([HzOZ]O'Z[Na2WO4]O'[E]) va thoi gian

Bdng 2: Hang s toc do ctia phan tng epoxy

STT Phan (g epoxy hoa k, L.mol*s?
1 3000/70 2,66x107
2 3000/50 1,35x107
3 1000/70 3,32x10%
4 1000/50 1,34x10%
5 Dau hat cao su [5] 1,46x107
6 |Dau co olein metyl este héa [9]| 0,86x107
7 Dau hat bong [10] 0,23x10°
8 Déu mahua [11] 0,68x107

Ttr bang 2 nhén thiy, hing sb téc d6 chu yéu phu
thudc vao nhiét d6 phan tng. Phan Gng thuc hién &
nhiét do cao (70 °C) c6 hing sb toc do 16n hon
khoang 2-2,5 14n so véi khi thuc hién ¢ nhiét 3 thép
(50 °C).

V6i phan tmg epoxy hoa thuc hién ¢ 50 °C, toc
do khudy tron hau nhu khong anh huong t6i hang s6
tdc do cua phan tng, nhung khi thuc hién & 70 °C
tang toc do khudy tron 1am giam hang sb toc do ciia
phan tng. Phan g epoxy hoéa thyuc hién ¢ diéu kién
1000 vong/phut va 70 °C ¢ hang sb toc do 1on nhat
dat 3,32x10” L.mol s

Ciing tlr bang 2 nhén thay cc phan tng tir 1 téi
4 1a cac phan tng epoxy héa dau hudng duong véi
hé xtc tac trén co sO mubi Na,WO, ¢6 h?mg sb tbe
d6 nam trong khoang 10° L.mol™s?, cao hon
khoang 1000 1an so véi hang s6 toc do clia cac phan
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ng epoxy hoa dau thyc vat (tir 5 téi 8) bang phuong
phap truyén théng xuc tac axit vo co véi su c6 mat
clia peroxy axit. Diéu nay cho thiy wu diém ndi bat
ctia hé xtc tac trén co s& mudi Na,WO, 12 rat ngin
thoi gian phan ung (1 gid) ma hiéu qua epoxy hda
van cao (86,56 %).

4. KET LUAN

Su xuét hién cua pic proton tai 2,9-3,3 ppm va sy
suy giam manh cua pic proton tai 5,3-5,4 ppm cho
thay di c6 su chuyén hoa ndi doi trong dau hudéng
duong thanh nhém epoxy. Ham lugng oxiran va chi
s6 16t cua san phim epoxy hoa cho thiy & nhiét do
cao (70 °C) dau huéng duong c6 kha ning epoxy
hoa tot hon dic biét trong khoang thoi gian dau phan
ng (1 gio), tuy nhién cling s¢ kém theo hién tugng
mé vong epoxy néu tiép tuc kéo dai thoi gian phan
ung. Nghién ctru dong hoc cia cac phan tng epoxy
hoa ciing cho thiy toc d6 qué trinh epoxy héa ting
cung vai sy tang nhiét do.

Loi cam on. Cong trinh ndy duoc hé trg boi PTN
Trong diem Vit liéu Polyme va Compozit, Truong
Dai hoc Bach khoa Ha Noi.
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