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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 cut via different
methods. The conventicnal 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 Jysts can o such di: ges. 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. Afier 1 hour of reaction, 90.31+90.35 % of
double bonds was disappeared, 91.14-91.56 % of which were converted to epexy 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.
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1. M3 PAU phan irng, ting hiéu suét cpoxy hda.

Epoxy héa dau thye vit vé ban chit la phdn ing

Trude diy, & Viét Nam epoxy héa dau thao mdc
dd duge trinh bay trong cong trinh [1]. Gin diy,
nghién ciru ché tao nbua sinh hoc bno-epoxy lam
chét két dinh cho d4 nhén tao cling duge cdng bé
trong cong trinh [2]

Diém chung ciia cde cong trinh nay 1a dau thio
mdc epoxy héa duge tdng hop bing phucng phap
Iruycn thong dya vdo phin fng gifra ndi d6i trong
ddu thye vat véi peroxyaxit duge sinh ra bing phan
{eng in site cia hydro peroxit voi axit cachoxylic.
Mic di d3 thu dwge nhimg thanh cong nhét dinh
song phuong phap ndy ciing <6 han ché. Trong do,
vigc khong ché cic phéan ng phy, phén ing mdr
vong epoxy la hét strc kho khan, théi gian phin itng
kéo dai va két qua tat yeu 12 higu sudt phin ing thip.

Hién nay, trén thé gidi c& nhiéu phuong phip
epoxy hoa méi thay thé cho phuong phip tmyen
thong higu qua thap phu phong phap nhya tras doi
ion, phuong phap xic téc kim loai, phuong phip
enzym... [3]. Trong d6, phuong phip xuc tac kim
loai dua trén co ché tao phuc gilta kim loai véi chét
oxy hoa duqc xem la phwong phap hiéu qua cho vige
giam thidu cac phan ¢ng phy, rit ngan théi gian
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oxy héa lién két dbi bing tic ahdn oxi hda. Xic tac
cho phan {tng oxy hoa nay thudng trén co s¢ clia cac
kim loai nbu Mo, Ti, Co, Ni, Pt, Fe, Mg, W... [4].
Trong d6, xtic tc trén co sd kim loai W déu tién
duge Payne (1959) s dung cho phan ing epoxy hdéa
cac o,B-axit khéng no bing hydro peroxit trong
nurée, sau do duge Venturello (1983 vi{ 1988) sic
dung cho phin (ng epoxy héa‘ olefin bang hydro
peroxit [5]. Trong nhitng ném gan diy, xic tac trén
co s¢ kim loai W tiép tuc duge Jean-Marc Clacen
(2009) sir dung dé epoxy hoa cic este béo ciing bing
hydre peroxn [6].

Gmng véi qua trinh epoxy héa bing phuong
phap truyen thang, epoxy hoa bing xuc tac kim loai
ma cu thé 14 xic tac trén co s& kim loai W ciing gom
hai giai dogn [5-10].

Giai doan mft |2 su hinh thanh hop chit phirc.
Hop cht wén co s& kim loai W nhu Na, WO, bi m’u
héa nhanh boi hydro peroxit tao thanh hcp chit
bisperoxowonfram (1). Trong méi trudng cb tinh
axit, cac anion két hgp véi trung | tAm hoat tinh W
lam tang 4i lye dlen tir ciia hop chit peroxo (2). San
phdm 1a hop chét phitc dang peroxo s& dugc ding
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Giai dogn hai la sy hinh thanh vong epoxy nhiy
phan ing bé gay nbi dbi biing hop chit peroxo i luc
dién tir. Phan iing nay dién ra trong pha hiru co, xic
tac & dang ban peroxo dugc hoan tra lai va tiép tuc
di véo pha nu¢e. Trong pha nwde véi su o6 mat cla
hydro peroxit hqp chiit ban peroxo chuyen thanh hop
chiét peroxo va lai di vao pha hiru dé co tlep tuc chu
trinh x(dc tac (3) [5-10].

Trong <dng trich ndy tac gia dd sir dung hé xuc
tac trén co s& mudi natri cia kim loai W va hydro
peroxit dé oxi hoa ndi doi trong du diu nioh
(DDN}) thanh nhém epoxy. Bai béo gnm thigu mét sb
két qua nghién ciru ban diu vé qua trinh epoxy
héa nay.

2. THUC NGHIEM

2.1. Nguyén ligu

Nguyén Thi Thily va cong s

Dau d3u nanh Vigt Nam cé chi sb ist 131 cgli/g.

Mudi Na, WO, cia Merck (Dirc). H;sPO4 85 % Viét

Nam). Thubc thir Wijs ciia Merck (Burc). Axit

bromic 33 % ciia Sigma-Aldrich (MY) Hydro

peroxit 30 % ciia Xilong (Trung Quéc) va mét sb
hoa chit khic.

2.2. Phwong phip nghién ciru

Phén tich phé hong ngoai dugc thuc hign trén
mdy Tensor 27 (Bruker). Chl s6 iot dugc xac djnh
theo tiéu chudn D5768-02: miu dugc hoa tan trong
dung mdi véi sy co mit cua dung dich wijs va duge
chuén 4§ bing dung dich Na,8,0; 0,1 N. Ham luong
nhom epoxy duge xac dinh theo tidu chuin ASTM
D1652: mau duge hoa tan trong dung mdi va duge
chuén tryc tiép bing dung dich HBr 0,1 N,

2.3. Téng hop diiu du nanh epoxy héa

Dau diu nanh, chit oxi héa va xic tic dwge cho
vao thiét bj phan img. H§ phin img dugc ndng t6i
nhigt d9 phan (mg. San phim phan img duoc chiet
tach, rira va sy kho.

3. KET QUA VA THAO LUAN

3.1. Ddnh gid két qua cia phin img epoxy héa
dAu d3u nanh

Téng hop diu ddu nanh epoxy héa trong binh ciu
tai nhi¢t d0 60 °C wvoi ty 1§ mol
BD/H:OJH;POJN&;WO4 = 1/2/3/0,0035 (obi dul-
BD). Mau sau khi tong hqp duge nra sach va say
khé dé thu duge san phdm diu dau nanh epoxy hoa
DDN-E.

Két qui cia phan dng epoxy héa diu diu nanh
gén lién voi sy hinh thanh nhom epoxy trén mach
dai phén tir cia dau Dé khiing dinh su xuft hign clia
nhém epoxy da tién hanh phan tich phd IR ciia miu
DDN-E so v6i miu dbi ching DDN. Két qui phin
tich trinh by trén binh 1.

Tu bidu db phin tlch FTIR nhan thiy pic hap thy
tai 56 song 3010 cm™ (ddc taung cho lién két dbi
C=C trén phé hip thy cia ddu diu n4nh) da khong
con xudt hién trén pho hip thy cia diu diu ninh
epoxy héa DDN-E diéu nay chung to lién két dbi
trong diu diu nanh da hlen mat. Dong men lai théy
xuét hi¢n pic hip thy & s6 song 850 cm’ dic trmg
cho vong epoxy & pho hap thy cia diu diu nanh
epoxy héa DDN-E, ma pic niy hoan toan khong b
mit ¢ phé hap thy cha déu d3u nanh ban diu DDN.
Piéu nay chimg 16 ring fién két d6i trong diu div
nanh da bién doi thanh vong epoxy trong déu dau
nanh epoxy héa DDN-E.
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Hinh I: Bidu db phan tich FTIR

3.2. Nghién ciru cie yéu t6 anh huréng dén phin
irng epoxy hoa diu dau nanh

3.2.1. Anh huong ciia ham heong hydro peroxit

Tién hanh cac phan lmg epoxy héa diu dau nanh
& 60 °C v6i ti 18 mo! ndi doi va chét oxi hoa HyOs
thay déi tir 1/1,5 dén 173 oon mudi wonfram va
chit ddng xoc tac duge gil ¢b dinh (BD/Na;WOQ, —
1/0,0035, Na;WO,/H;PO4 = 1/3). Miu duge lay ra
theo thm glan sau khi téch, rira va sdy khé thu dugc
san pham dAu dau nanh epoxy héa DDN-E.

Tlen hanh phan tich ham luong nhom cpoxy va
chi s6 =ot cla cic miu DDN-E dé tir d6 tinh toan
higu suft clia phan tng. K&t qua phan tich trinh bay

Xile tdc trén co so kim logi trong...

Ciing tir hinh 2 nhén thay, khi hdm lugng H;O,
ting tir 1/1,5 dén 1/2 ham lugng nhém epoxy ting
rit manh tir 6,42 % dén 11,19 % (tai thoi diém mot
gi0) nhung ham lueng nhom epoxy fai giam khi ham
lugng HyO, tmp tyc ting. Dieu nidy chung to i &
nguyén liéu déu BD/H,0, = 1/2 cho kha ning cpoxy
héa tét hon.

Két qua phan tich chi s6 it cho biét lugng nm
déi con lai trong dau diu nanh ciing nhir lrong ndi
don da bi mat di nhung khong cho biét liéu toan b
ndi déi bj mit di 6 co chu; én thanh nhém epoxy
hay khnng Pé hidu 5 vdn de nay fién hanh so sanh
higu sudt chuyen hoéa ndi doi (I} va hiéu sudt chuyen
héa epoxy (E) thdng qua chi sd i6t va ham hrong
nhém epoxy thyc t& so v6i chi sb idt ban diu cia
diu va ham lugng epoxy ly thuyét. Két qua phan
tich trinh bay trén bang 1.

Ciing giéng nhy him lugng nhém epoxy higu
suit chuyen hda cla ci epoxy va i6t vdi cac ham
lugng H,O: déu tang manh ngay trong gitr ddu phan
img sau d6 tang cham tir mét dén nam gi¢. V&i him
lwgng BD/H,0; = 1/2 thi higu sut chuyen hoa clia
ca epoxy va idt déu dat gig tri I6m nhét. Diéu nay
mdt lin nita khing dinh ti 1§ nguyén ligu din
BD/H,G, = 1/2 cho kha ning epoxy hoa tét nhit.

Bang - So sanh higu sudt chuyén héa khi
ham lugng H;O, thay d6i

o hinh 2. BD/H,0; |Thri gian, giv| E,% | L% [1E %
[ - 1 31,37 | 31,35 | 0,02
12

2 ins 3 32,15 | 32,37 | 022

fol 5 33,66 | 3393 | 027

£ 1 54,62 | 57,55 | 2,93

$ 2 |

56 12,0 3 56,32 | 6125 | 4,93

—— 111 5
L // ——120 5 56,82 | 63,56 | 6,74
5 ———25 1 49,42 | 51,42 | 2,00
—p— 113 O
0 12,5 3 5029 | 5242 | 2,13
L 5 50,93 | 53,69 2,76
Thér gian, giér
1 42,56 | 4583 | 327
}-ﬁnhZ:Anhhudmgcﬂahéml\zungllezdén 13,0 3 47,15 | 51,66 | 4,51
‘ g N 3
hém lugng nhém epoxy cia D 5 47,96 | 52,66 | 4,70

Tir hinh 2 nhén thay véi moi ham lugng H;O,
him lugng nhém epoxy cia DDN- E tang it manh
ngay trong i diu phan ung nhung sau do ki tang
£t it néu tiép tuc kéo dai thoi gian phan ng. Didu
ndy c6 nghia phén img epoxy héa dau dju nanh dién
ra manh lit ngay trong gior du phan iing va néu nep
tyc kéo dai thot glan thi phan ung epoxy hda vin
dién ra nhung véi tde d rat chém.

Tir bang | nhin thay, vdi ti 1€ BD/ Hy0, = I/1, 5
hdu nhu khéng co sy chénh léch giita hidu suét
chUyen héa epoxy va idt. Diéu nay cé nghia toan bd
s6 ndi d6i dwge chuyén thanh nhém epoxy. Voi ti 1&
BD/H;Q 16m hom d& c6 sy chénh léch giita hai hi¢u
suét chuyén hoa qhung cling k.hon§ vugt qua 3,27 %
sau mt gidr phén dng, ching (6 hau nhu toan b sb
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ndi déi dugc chuyén thanh nhom epoxy. Didu niy
chiing to xuc tic trén co 5& mudi wonfram c6 tinh
chon loc rit cao.

Ciing tir bang 1 nhan thdy, khi kéo dai thoi gian
tir mot dén ba gidr chénh léch higu sudt chuyen hoa
giifa ist va epoxy tang din tuc [ hiéu suit chuyén
haa it ting manh hon higu sudt chuyén héa €poxy.
Pidu ndy c6 nghia cling v6i viée kéo dai thoi gian
epoxy héa thi phan Gng phu dién ra nhiéu hon.

3.2.2. Anh uecmg ciia ham heong Na; WO,

Nguyén Thj Thity va cing s
Muc 3.2.1 chodmyphmmgepoxyhnlvo‘lhk
BD/Na; WO, = 1/0,0035 vi BD/H,0, = 2 ¢ thé coi
nhus khéng dién ra phan g phy. D biét anh hwing
clia ti 1€ BDINa;WO. dén cic phan \mg phu tién
banh phan tich chi b iot cua cic mau DDN-E va
tinh todn higu sudt chuyén hoa i6t so véi higu suly
chuyén héa epoxy 48 tir 46 danh gia mirc 6 chénh
Jgch giita ching. Két qua phén tich trinh biy trén
béng 2.

Bing 2: So sénh higu suft chuyén hoa khi
ham lugng Na; WO, thay doi

Tién hanh cic phan tmg epoxy hoa diu du nanh
& 60 °C voi ti 18 mol BD/Na,WO, thay déi tir L . o LK,
BD/Na; WO, |Thoi gian, gio | E, % %
1/0,0035 dén 10,0085, o6 dinh 1 1§ BD/FL0, = 112 2WO(Thori gian, gi5 | E.% | L% |4,
va Na; WO,/ H;POs= 1/3. Mau duge lay ra theo théi
gian, sau khi tach, rira va sy kho thu dugc san phim 1/0.0035 ! 54,67 | 51,55 | 288
diu dfu nanh epoxy hoa DDN-E. Két qua phan tich ’ 5 56,82 | 63,56 | 6,74
ham lugng epoxy cua sin phim DDN-E trinh bay
trén hinh 3, 10,0045 1 56,60 | 59,40 | 2,80
- ’ H 82,31 | 83,41 | 6,10
1 75,27 | 79,02 | 3,75
% 10,0055 2 g
£t 5 83,71 90,34 | 6,63
5
E 1 78,13 | 82,60 | 4,47
H D003 —e— 100045 10,0065 5 s?ss 92,32 3:77
E —t— 10 0055 ——a— 1/0.0065 i
LY i 1 319031 8,00
E 4 1/0,0075 % =
] 5 83,93 | 96,18 | 12,25
10 -
° 1 2 3 ) 5 [ 1 82,76 | 90,39 | 7,
AR 1/0,0085 3 acd
Thet gian, g 5 84,23 | 96,16 | 11,98

Hinh 3: Anh huong cila him lugng Na,WO, dén
ham lugng nhém epoxy

Tir hinh 3 nhén thiy, v6i ham lugng Na; WO, nho
(1/0,0035) ham qung nhom epoxy thap va ting rit
it sau m{t gi<r phin vng. Véi ham lugng Na,WO, =
1/0,0045 ham legng nhém epoxy limg manh wl ba
gi&r phan ing sau 46 mic d§ tang giam din néu tlep
tuc kéo dai thoi gian phan {mg. Vdi him lugng
Na,WO, tir 1/0,0055+1/0,0065 ham lugng nhém
£poxy ﬁng manh (mng gidr diu tién cia phan dng va
d¢ ting gidm din néu kec dai phan imng tGi ba gidr va
hau nhu khong tang néu phin img tiép tuc duge kéo
dai dén nam gid. Khi ham Iegng Na; WO, lén
(1/0 0075+1/0,0085), ham lugng nhdém epoxy ting
it manh ngay trong gi&r diu phan o img va ting khing
dang ké néu nep tuc kéo dai thoi gian phan ing. Sau
mt gity phin {ng, ham lugng nhém epoxy vai ti 1§
BD/Na,WO; = 1/0,0075 va 1/0,0085 dat gin nhu
bang nhau (16,86 % vi 16,95 %), ham lrgng oxyran
tuong Ung dat 6,27 % va 6,31 %.

Tir bang 2 nhan thiy, v6i ti 1 BD/Na,WO, thip
tir 1/0,0035 t6i 1/0,0055 chénh Jéch higu sudt chuyéo
héa giita i6t va epoxy aho va chi dao déng trong
kheang 2,8+3,75 % sau mét gio phan img va
6,1:6,74 % sau nam gi phin img. Diéu oy cho
|.hay vOi ham lutmg mudi Na,WO, thip cic plﬂn
img phy dién ra it it Tang ham lugng mudi
Na,WO, chénh léch higu suit chuyén héa giira idt vd
epoxy ciing ting va ting nhiéu hon nita & ti 1§ BD/
Na; WO, = 1/0,0075 va 1/0,0085.

Nhu viy cing v6i sy ting ham lugng mudi
N2, WO, hiu suit epoxy héa ting va ting manh & ti
18 BD/Na,WO, = 1/0,0075 va 1/0,0085 nhllng cling
Vi né cic phan img ph\l cung dién ra nhiéu hon, ey
nhién higu sudt phan g vin kha cao. Chi sau mit
gior phin img di c6 90,31+90,39 % néi dbi da bj bé
giy trong d 6 101 91,14:91,56 % da duge chuyéa
thanh nhém epoxy va higu suft chuyén héa £poOXy
hay chinh !4 higu suét phan tmg epoxy héa dat déa
82.31+82,76 %.
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4. KETLUAN

Céc két qua nghién cir budc diu vé phin tng

epoxy hoa dau diu ninh sit dung xic tic trén co s&
mudi Na; WO, cho thiy nhitng wu dlem ciia h§ xic
thc nhu thoi gian phan ing rit ngin (khodng mét
gid), gidm thieu cic phan ing phy (dwdi 10 %) va
higu suit epoxy héa cao (khoang 82 %).

L&i cam on. Cdng trinh nay dwgc hS trp boi PIN
Trong diém Polyme v& Compozil, Truong Dai hoc
Bdch khoa Ha Ngi.
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