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Abstract

An epoxidation of vegetable oil is an oxidation reaction of double bond in the presence of catalysts, wherein
hydrogen peroxide is commonly used as the oxidant. Depending on catalyst, the reaction is carried out via different
methods. The conventional epoxidation of vegetable oils catalyzed by liquid inorganic acids have several drawbacks,
including: the reaction time is long; it is very difficult to control side reactions; the yield of reaction is relatively low.
On the contrary, the reaction using metal-based catalysts can overcome such disadvantages. Those catalysts which
based on various metals such as Mo, Ti, Co, Ni, Pt, Fe, and W... are used for the epoxidation of alkenes and fatty esters
by many scientists in the world. Some preliminary results on the epoxidation of soybean oil over tungsten-based
catalyst have been reported in this paper. The successful epoxidation of the soybean oil was confirmed by the FTIR
analysis. The effects of the H,O, oxidant as well as tungstate concentration on the epoxidation process were
investigated by determining the epoxy content of the obtained products. The yield and double bond conversion of the
reaction are also studied in order to evaluate the efficiency of the catalyst. After 1 hour of reaction, 90.31+90.39 % of
double bonds was disappeared, 91.14+91.56 % of which were converted to epoxy groups, therefore the yield of the
reaction was between 82.31+82.76 %. Those results indicated that using the metal-based catalyst was considerably

minimized side reactions.

Keywords. Metal catalyst, vegetable oil epoxidation, soybean oil, tungsten.

1. MO PAU

Trude day, & Viét Nam epoxy héa dau thao moc
da duoc trinh bay trong cong trinh [1]. Gan day,
nghién ctru ché tao nhua sinh hoc bio-epoxy lam
chat két dinh cho d4 nhan tao ciing dugc cong bd
trong cong trinh [2].

Piém chung ciia cac cong trinh nay la dau thao
mdc epoxy hoa dugce téng hop bang phuong phap
truyen thong dua vao phan tng giita ndi doi trong
dau thuc vat véi peroxyaxit duoc sinh ra bang phan
ung in situ cua hydro peroxit voi axit cacboxylic.
Mic du di thu dugc nhitng thanh coéng nhét dinh
song phuong phap nay ciing ¢4 han ché. Trong do,
viéc khong ché cic phan tng phu, phin (mg md
vong epoxy la hét strc kho khan, thoi gian phan ng
kéo dai va két qua tat yeu 1a hiéu suat phan mg thap.

Hién nay, trén thé gio1 co nhiéu phuong phap
epoxy hda moi thay thé cho phwong phap truyen
thdng hiéu qua thip nhu phuong phap nhuya trao ddi
ion, phuong phap xuc tac kim loai, phuong phap
enzym... [3]. Trong do, phuong phap xuc tac kim
loai dua trén co ché tao phirc gitra kim loai voi chat
oxy hoa dugc xem la phuong phap hiéu qua cho viée
giam thiéu cac phan (mg phy, rat ngin thoi gian

phan tng, ting hiéu suat epoxy hoa.

Epoxy héa dau thyc vét vé ban chét 1a phan ng
oxy hoa lién két doi bang tac nhan oxi hda. Xic tac
cho phan ung oxy hoéa nay thudng trén co sé clia cac
kim loai nhu Mo, Ti, Co, Ni, Pt, Fe, Mg, W... [4].
Trong d6, xtc tac trén co sé kim loai W dau tién
dugc Payne (1959) st dung cho phan tng epoxy hoa
cac a,p-axit khong no bang hydro peroxit trong
nudc, sau d6 dugc Venturello (1983 va 1988) su
dung cho phan tmg epoxy héa olefin bang hydro
peroxit [5]. Trong nhiing nim gan dy, xuc tac trén
co s6 kim loai W tiép tuc dugc Jean-Marc Clacen
(2009) str dung dé epoxy hoa céc este béo ciing bang
hydro peroxit [6].

Glong V61 qua trinh epoxy hoa bang phuong
phap truyen thdng, epoxy hoa bang xiic tic kim loai
ma cu thé 1a xtic tac trén co s kim loai W cling gom
hai giai doan [5-10].

Giai doan mdt 1a sy hinh thanh hop chit phuc.
Hop chét trén co sé kim loai W nhu Na,WO, bi oxi
hoéa nhanh boi hydro peroxit tao thanh hop chat
bisperoxowonfram (1). Trong modi truong co tinh
axit, cac anion két hop véi trung tdm hoat tinh W
lam tang ai lyc dién tir cia hop chit peroxo (2). San
pham 13 hop chat phirc dang peroxo s& duoc ding

515



TCHH, 53(4), 2015

lam xuc tac dé bé giy lién két doi trong hop chat
khéng no [5-10].
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Giai doan hai 1a sy hinh thanh vong epoxy nho
phan g bé gy ndi d6i bang hop chat peroxo ai luc
dién tir. Phan tng nay dién ra trong pha hitu co, xuc
tac ¢ dang ban peroxo dugc hoan tra lai va tiép tuc
di vao pha nu6c. Trong pha nudc vdi sy c6 mdt cua
hydro peroxit hop chat ban peroxo chuyen thanh hop
chét peroxo va lai di vao pha hiru dé co tiép tuc chu
trinh xdc tac (3) [5-10].

Trong cong trinh nay tac gid da st dung h¢ xtc
tac trén co s& mudi natri ciia kim loai W va hydro
peroxit dé oxi hoa nbi ddi trong dau dau nanh
(DDN) thanh nhém epoxy. Bai bao gi6i thiéu mot sd
két qua nghién ctu ban diu vé qua trinh epoxy
hoa nay.

2. THUC NGHIEM

2.1. Nguyén li¢u

Nguyén Thi Thiy va cong sw

Dau dau nanh Viét Nam c6 chi s6 i6t 131 cgl/g.
Mudi Na;WO, ciia Merck (Puc). HsPO, 85 % Viét
Nam). Thudc thir Wijs ciia Merck (Pirc). Axit
bromic 33 % cua Sigma-Aldrich (My). Hydro
peroxit 30 % cua Xilong (Trung Qudc) va mdt sd
hoa chat khac.

2.2. Phwong phap nghién ciru

Phan tich phé héng ngoai dugc thuc hién trén
méy Tensor 27 (Bruker). Chi sb iot duoc xac dinh
theo tiéu chuan D5768-02: miu dugc hoa tan trong
dung mdi vai su c6 mat cua dung dich wijs va dugc
chuén d6 bﬁng dung dich Na,;5,03 0,1 N. Ham lugng
nhém epoxy duoc xac dinh theo tiéu chudn ASTM
D1652: mau dugc hoa tan trong dung moi va dugc
chuan tryc tiép bang dung dich HBr 0,1 N.

2.3. Tong hop diu diu nanh epoxy hoa

Dau dau nanh, chét oxi héa va xic tac duge cho
vao thiét bi phan tng. Hé phan mg dugc ning t4i
nhiét d6 phan tng. San pham phan tng dugc chiét
tach, rira va say kho.

3. KET QUA VA THAO LUAN

3.1. Panh gia két qua ciia phan dng epoxy héa
dau dju nanh

Téng hop dau dau nanh epoxy hoa trong binh cu
tai nhiét d6 60 °C véi ty 1& mol
BD/H,0,/H;PO,/Na,W0O, = 1/2/3/0,0035 (ndi doi-
BD). Méu sau khi tong hop dugc rira sach va sdy
kho dé thu dugc san phim dau ddu nanh epoxy hoa
DDN-E.

Két qua cua phan tng epoxy hoa dau dau nanh
gin lién v6i sy hinh thanh nhém epoxy trén mach
dai phan tu cua dau. bé kh'fmg dinh sy Xuét hién cua
nhom epoxy di tién hanh phan tich ph6 IR ciia mau
DDN-E so véi miu dbi chimg DDN. Két qua phan
tich trinh bay trén hinh 1.

Tur biéu do phan tich FTIR nhan thiy pic hap thy
tai s6 song 3010 cm™ (dic trung cho lién két doi
C=C trén phd hap thu cua du dau nanh) di khong
con xuat hién trén pho hip thy cia dau dau nanh
epoxy héa DDN-E diéu nay chimg to lién két doi
trong dau d4u nanh da bién mat. Pong thoi, lai thdy
xuét hién pic hap thu ¢ s6 séng 850 cm™ dic trung
cho vong epoxy ¢ phd hap thu cua dau dau nanh
epoxy héa DDN-E, ma pic nay hoan toan khéng cé
mit & phd hip thu cia diu ddu nanh ban ddu DDN.
Diéu nay ching t6 rang lién két doi trong dau dau
nanh dd bién d6i thanh vong epoxy trong diu dau
nanh epoxy héa DDN-E.
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Hinh 1: Biéu do phan tich FTIR

3.2. Nghién ciru cac yéu to anh hwong dén phin
ng epoxy héa dau dau nanh

3.2.1. Anh huéng ciia ham heong hydro peroxit

Tién hanh céc phan tng epoxy héa diu dau nanh
& 60 °C véi ti 1€ mol ndi ddi va chat oxi héa H,O,
thay déi tr 1/1,5 dén 1/3 cOn mudi wonfram va
chat dong xuc tac duoc giit ¢b dinh (BD/Na;WO, =
1/0,0035, Na,WO,/H;PO, = 1/3). Mau dugc lay ra
theo thoi gian, sau khi tach, rira va séy kho thu duoc
san pham dau d4u nanh epoxy hoa DDN-E.

Tién hanh phan tich ham luong nhom epoxy va
chi s6 idt ciia cac mau DDN-E dé tir d6 tinh toan
hiéu suat ciia phan Gmg. Két qua phén tich trinh bay

trén hinh 2.
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Hinh 2: Anh huong ctia ham lugng H,0, dén
ham lugng nhom epoxy cua DDN-E

Tt hinh 2 nhén théy véi moi ham luwong H,0,
ham lugng nhém epoxy ciia DDN-E ting rat manh
ngay trong gio dau phan tmg nhung sau do lai tang
rat it néu tiép tuc kéo dai thoi gian phan ung. Diéu
nay c6 nghia phan (mg epoxy héa dau dau nanh dién
ra manh li¢t ngay trong gid ddu phan tmg va néu tiép
tuc keo dai thoi gian thi phan Umg epoxy hoa van
din ra nhung véi toc do rat cham.

Xuc tac trén co so kim logi trong...

Ciing tir hinh 2 nhén thiy, khi ham luong H,0,
tang tir 1/1,5 dén 1/2 ham luong nhom epoxy ting
rat manh tir 6,42 % dén 11,19 % (tai thoi diém mot
gi0) nhung ham lugng nhorn epoxy lai giam khi ham
luong H,0, tlep tuc ting. Diéu nay chimg to ti 1&
nguyén liéu ddu BD/H,0, = 1/2 cho kha ning epoxy
hoa tot hon.

Két qua phan tich chi sé 6t cho biét luong ndi
d6i con lai trong dau dau nanh ciing nhu lugng ndi
d6i da bi mat di nhung khong cho biét liéu toan bo
nbi d6i bi mit di d6 co chuyén thanh nhém epoxy
hay khong. D¢ hiéu rd van dé nay tién hanh so sanh
hiéu sudt chuyén hoa ndi doi (I) va hiéu suat chuyén
hoa epoxy (E) thong qua chi 50 16t va ham luong
nhém epoxy thyc t& so véi chi sb i6t ban dau cia
dau va ham luong epoxy 1y thuyét. Két qua phan
tich trinh bay trén bang 1.

Ciing gidng nhu ham luong nhom epoxy hiéu
Suat chuyén hoa cua ca epoxy va i0t voi cac ham
luong H,0, déu ting manh ngay trong gio dau phan
g sau d6 tang cham tir mot dén nam gid. Vi ham
luong BD/H,0, = 1/2 thi hiéu suit chuyén héa cua
ca epoxy va iot déu dat gia tri 16n nhat. Piéu nay
mot lan nita khing dinh ti 18 nguyén liéu dau
BD/H,0, = 1/2 cho kha ning epoxy hoa tét nhat.

Bdng 1: So sanh hiéu suit chuyén hoa khi

ham lugng H,0, thay doi
BD/H,0, |Thoi gian, gio| E, % L% | I-E, %
1 31,37 | 31,35 | -0,02
1/1,5 3 32,15 | 32,37 | 0,22
5 33,66 | 33,93 | 0,27
1 54,62 | 57,55 | 2,93
1/2,0 3 56,32 | 61,25 | 4,93
5 56,82 | 63,56 | 6,74
1 49,42 | 51,42 | 2,00
1/2,5 3 50,29 | 52,42 | 2,13
5 50,93 | 53,69 | 2,76
1 42,56 | 45,83 | 3,27
1/3,0 3 47,15 | 51,66 | 4,51
5 47,96 | 52,66 | 4,70
Tiwr bang 1 nhan théy, voi ti 1€ BD/ H,0, = 1/1, 5

hau nhu khong c6 sy chénh léch giira hiéu suit
chuyen hoa epoxy va iot. Piéu nay co nghia toan bo
s6 nbi doi duge chuyén thanh nhém epoxy. Véi ti 18
BD/H,0, 16n hon di cé su chénh 1éch gitta hai hiéu
suat chuyén hoa nhung ciing khong vuot qua 3,27 %
sau mot gid phan tng, chimg t6 hau nhu toan bd sd
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ndi d6i duoc chuyén thanh nhom epoxy. Diéu nay
chimg to xtc tac trén co s& mudi wonfram c6 tinh
chon loc rat cao.

Ciing tir bang 1 nhan thiy, khi kéo dai thoi gian
tir mot dén ba gio chénh 1éch hiéu suat chuyen héa
giita i6t va epoxy ting dan tire la hiéu suat chuyén
hoa i6t ting manh hon hiéu suit chuyén hoa epoxy.
Diéu nay c6 nghia cing véi viée kéo dai thoi gian
epoxy hoa thi phan tmg phu dién ra nhiéu hon.

3.2.2. Anh huong cua ham luong Na,;WO,

Tién hanh céc phan tng epoxy héa dau dau nanh
& 60 °C v6i ti 16 mol BD/Na,WO, thay doi tir
1/0,0035 dén 1/0,0085, cb dinh ti 1¢ BD/H,0, = 1/2
va Na,WO,/ H;PO,= 1/3. Mau dugc léy ra theo thoi
gian, sau khi tach, rira va sdy kho thu duoc san pham
dau dau nanh epoxy hoa DDN-E. Két qua phan tich
ham lugng epoxy cua san pham DDN-E trinh bay
trén hinh 3.
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Hinh 3: Anh huéng ciia ham luong Na,WO, dén
ham lugng nhém epoxy

Tu hinh 3 nhan th?iy, v6i ham lugng Na,WO, nho
(1/0,0035) ham luong nhom epoxy thdp va ting rat
it sau mot gid phan tng. V4i ham lugng Na,WO, =
1/0,0045 ham lugng nhém epoxy tang manh t6i ba
gio phan mg sau d6 muc d6 ting giam dan néu tiép
tuc kéo dai thoi gian phan tng. Vi ham luong
Na,WO, tr 1/0,0055+1/0,0065 ham lugng nhém
epoxy ting manh trong gio' du tién ctia phan tmg va
do tang giam dan néu kéo dai phan tng t&i ba gio va
hau nhu khéng ting néu phan tmg tiép tuc dugc kéo
dai dén nam gio. Khi ham lugng Na,WO, 16n
(1/0,0075+1/0,0085), ham lugng nhom epoxy tang
rat manh ngay trong gio dau phan @ng va ting khong
dang ké néu tiép tuc kéo dai thoi gian phan tng. Sau
mot gio phan Gng, ham lugng nhom epoxy véi ti 1¢
BD/Na,WO, = 1/0,0075 va 1/0,0085 dat gin nhu
bang nhau (16,86 % va 16,95 %), ham luong oxyran
tuong Ung dat 6,27 % va 6,31 %.

Nguyén Thi Thiy va cong sw

Muc 3.2.1 cho thiy phan tmg epoxy hoa véi ti 18
BD/Na,WO, = 1/0,0035 va BD/H,0, = 2 c6 thé coi
nhu khong dién ra phan tmg phu. Dé biét anh hudng
ctia ti 18 BD/Na;WO, dén cac phan ung phu tién
hanh phan tich chi s6 i6t ctia cac miu DDN-E va
tinh toan hiéu suat chuyén hoa i6t so v6i hidu suat
chuyén hoa epoxy dé tir d6 danh gia mic d6 chénh
léch gitta chung. Két qua phan tich trinh bay trén
bang 2.

Bdng 2: So sanh hiéu sut chuyénvhéa khi
ham lugng Na,WO, thay doi

BD/Na,WO,|Thdi gian, i | E, % | 1, % (;)E'

1 54,67 | 57,55 | 2,88
1/0,0035

5 56,82 | 63,56 | 6,74

1 56,60 | 59,40 | 2,80
1/0,0045

5 82,31 | 88,41 | 6,10

1 75,27 | 79,02 | 3,75
1/0,0055

5 83,71 | 90,34 | 6,63

1 78,13 | 82,60 | 4,47
1/0,0065

5 83,55 | 92,32 | 8,77

1 82,31 | 90,31 | 8,00
1/0,0075

5 83,93 | 96,18 | 12,25

1 82,76 | 90,39 | 7,63
1/0,0085

5 84,23 | 96,16 | 11,93

Tir bang 2 nhan thdy, vai ti 18 BD/Na,WO, thip
tir 1/0,0035 téi 1/0,0055 chénh l1éch hiéu suat chuyén
hoéa gilta 16t va epoxy nhd va chi dao dong trong
khoang 2,8+3,75 % sau mot gid phan ung va
6,1+6,74 % sau nam gio phan Gng. Diéu nay cho
thiy v6i ham lugng mudi Na,WO, thip cac phan
tmg phu dién ra rat it. Tang ham lugng mudi
Na,WO, chénh léch hi¢u suat chuyén héa giita i6t va
epoxy ciing ting va ting nhiéu hon nira & ti 16 BD/
Na,WQO, = 1/0,0075 va 1/0,0085.

Nhu vy cing véi sy ting ham lugng mubdi
Na,WO, hiéu suit epoxy héa ting va ting manh & ti
1¢ BD/Na,WO, = 1/0,0075 va 1/0,0085 nhung cung
v6i n6 cac phan ing phu ciing dién ra nhiéu hon, tuy
nhién hi¢u suat phan (mg van kha cao. Chi sau mot
gio phan ung da ¢6 90,31+90,39 % nbi doi da bi bé
gdy trong do6 co t6i 91,14-91,56 % di dugc chuyén
thanh nhom epoxy va hiéu sudt chuyén hoa epoxy
hay chinh 1a hiéu suit phan tng epoxy héa dat dén
82,31+82,76 %.
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4. KET LUAN

Céc két qua nghién ctru budc dau vé phan tng
epoxy hoa dau dau nanh st dung xtc tac trén co sé
mudi Na,WO, cho théy nhitng uu diém cua hé xtc
tac nhu thoi gian phan tmg rat ngin (khoang mot
gid), giam thiéu cac phan tng phu (duéi 10 %) va 5.
hiéu suét epoxy hoa cao (khoang 82 %).
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