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toi qua trinh epoxy hoa
Impact of the Acid Value of Vietnam Rubber Seed Oil on an Epoxidation
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Tom tat

Déu hat cao su ngoai thanh phén chinh Ia triglyxerit thi ham luong axit béo khdng no réat cao, gay khé khan
cho qua trinh béo quan cung nhuw cho céc qua trinh bién déi héa hoc. Este héa la mot trong nhiéu phuong
phép lam giam chi s6 axit cia dau. Bang viéc chuyén céc axit béo tr do trong déu thanh dang metyl este va
van nam lai trong déu nén khoéng lam anh huwéng t6i thanh phén khéng no trong dau. Véi thoi gian este héa
khéc nhau dau thu duoc cé chi sé axit ndm trong khodng 47,6 mgKOH/qg t6i 1,12 mgKOH/g. Anh huéng cta
chi sé axit ctia ddu nguyén liéu dén qué trinh epoxy héa duoc nghién ciru théng qua hiéu suét chuyén héa
ndi doi, hiéu suét epoxy héa va ham luong nhém epoxy ctia ddu epoxy héa. Khi chi sé axit cuia déu nguyén
liéu I6n, hiéu qua qué trinh epoxy hda tang cting véi sw gidm chi sé axit, nhung khi chi sé axit dd nhé (duéi
4,98 mgKOH/qg) thi hiéu qua epoxy héa hdu nhw khdng téng néu chi sé axit tiép tuc gidam.

Tur khoa: DAu hat cao su, Este hoa, Degumming, Chi sb axit, Axit béo tw do, Epoxy héa.
Abstract

Besides triglycerides, Vietnam rubber seed oil contains a high amount of free fatty acids which make it
dififcult to preserve and take part in a chemical modification. An esterification is one of many methods to
reduce the acid value of the oils by converting the free fatty acids to methyl esters. Furthermore, this process
do not change a composition of unsaturated componds in oils. It was found that the esterified oils have the
acid value in the range of 47.6 to 1.12 mgKOH/g with different reaction time. Effect of the acid value of the
oils on the epoxidation process is studied through a double bond conversion, an epoxidaiton yield and the
oxirane content of an epoxidized oil. When the acid value of the oil reactant was above 4.98 mgKOH/g, the
epoxidation yield increased with decreasing the acid value of the oil. However, when the acid value of the oil
reactant was lower than 4.98 mgKOH/g, the epoxidation yield has almost no change if the acid value of the
oil further declines.

Keywords: Rubber seed oil, Esterification, Degumming, Acid value, Free fatty acid, Epoxidation.

1. Mé dau

Dau hat cao su c6 chira glucozit cyanogenic nén
khong dung dugc trong cong nghiép thuc pham
nhung vdi ham luong axit béo khong no 1én tdi 80-
90% thi diu hat cao su lai rat hiru ich trong bién dbi
héa hoc. Tuy nhién, dau hat cao su ngoai thanh phén
chinh gdm céc triglyxerit thi ham lugng axit béo tu
do rat cao [1-3] gy kho khan cho qua trinh bao quan
va dac biét anh huong tiéu cuc cho cac qué trinh bién
ddi hoa hoc dau hat cao su.

Este hoa 1a mot trong cac phuong phap lam
giam chi s6 axit cua dau bang phan mg giita cac axit
béo tu do ¢ trong dau véi rugu (CH;0H) trong moi
trudng axit tao ra metyl este theo so d6 phan tng (1)
[2, 3]. Céac metyl este nay khong bi tach loai ma nam
lai trong dau do d6 cac lién két d6i co mat trong cic
axit béo khong bi thay ddi trong qué trinh este hoa.
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Epoxy hoa 1a mot trong nhiéu qua trinh bién doi
hoa hoc nhiam bién tinh ddu. V&i muc dich chuyén
ndi d6i cua cac axit béo khong no trong dau thanh
nhém epoxy, ¢6 thé sir dung mot trong nhiéu loai xtic
tac nhu xuc tac axit, xac tac kim loai, xuc tac nhua
trao dbi ion, xuc tac enzyme [4]. Trong do, xic tac
trén co so din xuit cua wonfram duge cho la hi¢u
quéa cao vdi thoi gian phan tng rut ngin va han ché
cac phan tng phu. Xuc tac nay hoat dong dua trén sy
tao phirc véi chat oxy hoa hydro peroxit trong moi
truong axit. Tuy thudc vao d6 pH cua méi truong co
thé hinh thanh cic phitc PW-4 ([PO4{WO(02)2}4]%),
PW-3 ([PO4{WO(02)2}2{WO(0,) (H20)}]*) va PW-
2 ([HPO4{WO(02)2},]*) v6i do hoat dong giam dan
tt PW-4>PW-3 >PW-2 [5].
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Déu hat cao su sau khi este hoa véi cac chi sd
axit khac nhau s& anh hudng tdi qué trinh hinh thanh
phirc xtic tac tir @6 anh huéng t6i kha nang chuyén
héa ndi d6i, kha nang hinh thanh nhém epoxy ciing
nhu kha nang mé vong nhéom epoxy mdi hinh thanh.
Nghién ciru anh hudéng ciia chi sé axit cia dau
nguyén li¢u téi qua trinh epoxy hoa la ndi dung
nghién curu cia cong trinh nay.

2. Thue nghi€ém
2.1. Nguyén li¢u

Hat cay cao su dugc thu luom & khu vuc Long
Khéanh tinh Dong Nai, sau ba thiang dé kho dugc ép
tai cong ty EC 364/1 Cong Hoa Tén Binh c6 chi sO
axit 47,6 mgKOH/g, chi s6 i6t 147 cgly/g. Thude thir
Wijs ciia Mecrk (Piurc), ng chuan Na,S,0; 0,1N ctia
Viét Nam, CH30H, C,HsOH, H,SO4, H3PO4, NaOH
ciia Trung Qudc. Mudi Na;WOy ciia Merck (Duc).
H3;PO4 85% (Viét Nam). Thube thar Wijs cia Merck
(Puc). Axit bromic 33% cua Sigma-Aldrich (M¥).
Hydro peroxit 30% cua Xilong (Trung Qudc). Mubi
QCI (Q" 1a cation mubi amoni cua hop chat hitu co)
cua Tokyo Chemical industry Co., LTD (Nhat) va
mét s6 hoa chat khac.

2.2. Phwong phdp nghién ciru
2.2.1. Phuong phdp degumming

Chuén bj dau va nudc véi ti 1& thé tich 3/1
trong binh phan tng. Axit H;PO4 véi ti 1¢ thé tich
15/1 duge bd sung vao binh phan tng tai 50°C. Nang
nhiét d6 téi 60°C va tiép tuc khudy tron trong thoi
gian 15 phat. Dau sau khi degumming phan lam 3
16p: 16p trén cung la dau, tiép dén 1a nudc va cudi
cung 1a 16p lang can. Loai bo phan nudce va ling cin
phia duéi. Phan dau ¢ trén dugc rira lai bang nudc va
sdy kho thu dugce dau degumming (DHCS eg).

2.2.2. Phuong phap este hoa

Dau hat cao su dd degumming va metanol
theo ti 16 mol 1/7 duoc bd sung vao binh phan {ng.
Hdn hop phan tmg dugc nang téi nhiét do 50°C. BS

sung axit HySO4 0,6% khdi lugng dau va nang hdn
hop phan ung t6i 60°C. Hdn hgp sau phan ng dugc
dé phan 16p, tach ling can ¢ phia dudi. Hon hop
dugc rira lai bang nude cét, tach lay 16p dau phia
trén cho vao binh say kho dén khdi luong khong d6i
thu duoc dau hat cao su este hoa (DHCSgeg-este)-

2.2.3. Tong hop dau epoxy héa

DAu hat cao su, chét oxy hoa, xtc tac voi ti 1€
BD/H,0,/Na,WO4/QCI/H;PO, =1/2/0,13/0,0042/0,039
(BD - sb lién két doi - duoc tinh tir chi s6 16t cia dau)
duge cho vao thiét bj phan tng. Hé phan tng dugc
nang téi 60°C. Thoi gian phan Uing dugc tinh sau khi
nho giot HyO,. San phim phan tmg duoc chiét tach,
rira va sdy kho.
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2.2.4. Cac phuong phap phdn tich

Chi sb axit dugc xac dinh theo tiéu chuin
ASTM D974-02: mau dugc hoa tan trong dung moi
va dugc chudn do béng dung dich KOH 0,1N. Chi )
i6t duge xac dinh theo tiéu chuin D5768-02: mau
duogc hoa tan trong dung méi vdi sy ¢6 mat cua dung
dich wijs va duoc chuin d6 bing dung dich Na,S,05
0,IN. Ham lugng nhém epoxy dugc xac dinh theo
tiéu chuin ASTM D1652: miu dugc hoa tan trong
dung moi va duoc chuan truc tiép bang dung dich
HBr 0,1N.

3. Két qua va thao luin

3.1. Anh huwéng ciia thoi gian este héa dén chi so
axit ciia dau

Bing viéc sir dung nudc va axit HsPO4 qua trinh
degumming da lam ting d¢ phan cuc cua cac thanh
phan héo nuéc nhu phospholipid, protein,
cacbonhydrat va tap chit keo hoa tan trong dau nén
lam giam d6 hoa tan cua ching trong dau va két tua
lai dé d& dang tach ra. Cac phospholipid ciing nhu cac
tap chat keo c6 tinh axit bi két tiia va tich ra nén qua
trinh degumming ciing ¢6 tic dung lam giam chi sd
axit cua dau. Déng thoi, mot lugng rat nho axit béo tu
do ciing bi kéo theo két tua nén ciing gbp phan lam
giam chi sb axit cua dau nhung trén thuc nghiém chi
s axit cing chi giam dugc tir 47,6 mgKOH/g xudng
47,2 mgKOH/g (bang 1).

Dau sau khi degumming c6 chi s6 axit hdu nhu
khong thay d6i. Bé giam chi s6 axit cua dau tién hanh
este héa dau trong nhitng khoang thoi gian khac nhau.
Két qua thyc nghiém ¢ bang 1 cho thdy chi sau 15
phiit este hoa chi s6 axit cia dau da giam hon mot
nira xudng 21,59 mgKOH/g. Piéu nay chimg to phan
mg este hoa dién ra rat nhanh. Tiép tuc kéo dai thoi
gian este héa t6i 30 phit chi sé axit cua dau xudng
15,63 mgKOH/g va 7,85 mgKOH/g néu thdi gian
este hoa 1a 1 gid. Tuy nhién, toc dd phan tng este hoa
cham lai khi thoi gian este hda kéo dai hon 1 gid, do
vy sau 4 gid este héa chi sb axit cia du 1a 4,98
mgKOH/g va 1,12 mgKOH/g sau 8 gio este hoa.

Bang 1. Chi s6 axit ciia dau theo thoi gian este hoa

Diu Th(‘n"gialg ‘este Chi sb axit, Chi sb iot,
hoa, gio mgKOH/g cgly/g
DHCS 0 47,6 147
DHCSqeg 0 472 147,48
0,25 21,59 147,49
0,5 15,63 147,50
DHCSdeg-este 1 7,85 147,50
4 4,98 147,50
8 1,12 147,50
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Diu sau khi degumming d3 loai bo dugc
phospholipid, protein, cacbonhydrat va tap chét keo
hoa tan nén da lam tang nhe chi sb i6t ca dau tir 147
cgly/g 1én 147,48 cgly/g. Este hoa dau sau khi da
degumming vé6i phan tng chuyén cic axit béo tu do
thanh dang metyl este ma khong lam thay déi cac lién
két do6i c6 mat trong cac axit béo do d6 hau nhu
khong 1am thay d6i chi s6 i6t ctia dau.

3.2. Anh hwong ciia chi‘sé’ axit ciia dau dén ham
lwong nhom epoxy ciia dau epoxy hoa

Do chi s6 axit cua dau hat cao su degumming
gan nhu bang véi chi s axit ciia dau hat cao su nén
dé nghién ctru anh huéng cua chi s6 axit ciia dau toi
qué trinh epoxy hoéa da tién hanh epoxy héa dau hat
cao su va dau hat cao su sau khi d4 este héa & nhiing
khoang thoi gian khac nhau. San pham sau khi loc,
rira va sdy kho tién hanh chuan d6 ham lugng nhém
epoxy theo tiéu chuin ASTM. Két qua phan tich trinh
bay trén hinh 1.
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Hinh 1. Anh huéng cua chi s6 axit cua dau dén ham
lugng nhdém epoxy cua dau epoxy hoa

Cdc s6: 47,60; 21,59; 15,63; 7,85, 4,98 va 1,12 la chi s6
axit cua dau hat cao su sw dung lam nguyén liéu epoxy hoa

Tu hinh 1 nhén théy, khong phu thude vao chi
sO axit ban du cua dau, ham lugng nhom epoxy van
tang nhanh ngay trong nira gio dau phan tng. Diéu
nay ching to phan ung epoxy hoa din ra rat manh
ngay trong nira gid dau phan tng, toc d6 phan tng s&
cham hon khi kéo dai thoi gian phan Gng.

Puong biéu dién ham lwong nhém epoxy cua
dau epoxy héa v6i dau nguyén lidu cé chi sé axit 47,6
mgKOH/g nim phia dudi cung, tiép dén la duong
tmg voi dau nguyén lidu co chi sé axit 21,59
mgKOH/g va 15,63 mgKOH/g chung t6 ham luong
nhém epoxy cua diu epoxy héa ting cung vdi su
giam chi s6 axit cua dau nguyén liéu. C6 nghia la chi
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sO axit cia dau nguyén liéu anh huong déng ké t&i
qua trinh epoxy hoa.

Chi s6 axit ctia dau nguyén liéu giam tiép xudng
7,85 mgKOH/g va 4,98 mgKOH/g ham luong nhom
epoxy cua dau epoxy hoa tiép tuc tang, tuy nhién khi
chi s6 axit ciia diu nguyén lidu t1ep tuc giam xubng
1,12 mgKOH/g thi duong biéu dién ham lugng nhom
epoxy cua dau epoxy héa lai gin nhu tring véi duong
biéu dién ham lwong nhom epoxy vé6i ddu nguyén liu
¢6 chi sb axit 4,98 mgKOH/g. Diéu d6 chimg t6 khi
dau nguyén liéu c6 chi sb axit di nho (nho hon 4,98
mgKOH/g) thi chi s6 axit ciia diu nguyén liéu hau
nhu khong anh huong toi qua trinh epoxy hoda.

Ciing tir hinh 1 nhén thiy, v6i moi chi s axit
ctia dau nguyén liéu, ham lugng nhém epoxy ludn co
gi4 tri 1on nhét lic 1 gio sau d6 ham luong nhém
epoxy s€ suy giam. Sy suy gidm ham lugng nhom
epoxy duogc cho 1a do hién twong mé vong nhom
epoxy méi hinh thanh va khi d6 téc d6 mo vong
epoxy 16n hon téc do hinh thanh vong epoxy [6-8],
két qua ham lugng nhém epoxy giam néu kéo dai thoi
gian phan Ung.

Céc duong biéu dién ham luong nhém epoxy
cia diu epoxy hoéa sau 1 gio phan ung voi dau
nguyén liéu c6 chi s axit 1n (tir 15,63 mgKOH/g t&i
47,6 mgKOH/g) c6 do ddc 1én hon nhidu so véi do
déc cua duong biéu didn ham lugng nhém epoxy véi
dau nguyén lidu ¢6 chi s axit nho (tir 7,85 mgKOH/g
xudng 1,12 mgKOH/g). Piéu nay chirng to chi s6 axit
ctia dau nguyén lidu cang 16n cang thuc day qua trinh
md vong epoxy hda.

3.3. Anh hwong cua chi so axit ciia dau den hiéu
sudt epoxy hoa va hi¢u sudt chuyén hoa noi doi

San pham epoxy hoa tiép tuc dugce chuan do dé
xéac dinh chi s6 i6t (CIty), két hop véi chi sb i6t cua
dau nguyén liéu (Clx) d& dang tinh dugc hiéu suét
chuyén hoéa néi déi (I) theo cong thirc (1). Ciing tir
chi s6 i6t ban dau cua dau ‘nguyén li¢u tinh dugc ham
lugng oxy-oxyran ly thuyet (Ovrr) theo cong thuce (2),
trong d6 Ar va Ao lan luot 1a khdi lwong nguyén tu
cua 16t va oxi. Tu ham luwong nhém epoxy (Er~) &
muc 3.2 sit dung cong thiuc (3) dé xac dinh ham
luong oxy-oxyran thuc nghiém (O1n) sau do su dung
cong thuc (4) dé tinh hiéu sudt epoxy héa [6,7]. Két
qua tinh todn trinh bay trén hinh 2.

Clnp-Clry
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Hinh 2. Anh huong cia chi sé axit cua ddu dén hiéu
suat chuyén hoa noi d6i va hiéu suat epoxy hoa

I-1va I-5 hiéu sud:t chuyén héa néi déi liic 1 gio'va 5 gio
E-1va E-5 hiéu suat epoxy hoa luc 1 gio va 5 gio

Tir hinh 2 nhén thiy, higu suat chuyén hoéa ndi
do6i déu tang rit manh ngay trong gio dau phan ung,
ching to toc do lien két doi bi be gy rat 16n. Tuy
nhién, néu tiép tuc kéo dai thoi gian epoxy hoa thi
hiéu suat chuyén héa ndi déi tang 1én khong nhiéu va
dudng biéu dién hiéu sut chuyén hoa nbi doi luc 5
gio (I - 5) ndm phia trén nhung gan véi duong biéu
dién hiéu suit chuyén héa ndi doi luc 1 gio (I - 1).

Cd dudng biéu dién I -1 va I - 5 déu c6 xu
hudng giam cing véi sy giam chi sd axit cua dau
nguyén liéu. Tuy nhién, sy giam nay khong nhiéu
nhu: hiéu sudt chuyén héa ndi déi luc 1 gio giam tir
94,26% xudng 89,38% va lic 5 gio giam tir 97,33%
xudng 92,28% khi chi sé axit cua ddu nguyén liéu
giam tur 47,6 mgKOH/g xudng 1,12 mgKOH/g. Piéu
nay chung to chi so axit clia dau nguyén li¢u khong
anh huong nhiéu dén hiéu sudt chuyén héa nbi doi
trong qua trinh epoxy hoa.

Puodng E-1 biéu dién hiéu suét epoxy héa luc 1
gio vdi gid tri tang manh tir 65,38% t6i 87,23% khi
chi sb axit cua dau nguyén liéu giam tir 47,6
mgKOH/g xuong 1,12 mgKOH/g. Diéu nay chimg to
chi s6 axit ciia diu nguyén liéu anh huong rat nhiéu
t6i hiéu suat epoxy hoa.

DPudng E-5 biéu dién hiéu suét epoxy hoa luc 5
gio nam phia dudi duong E-1 ching to hiéu suét
epoxy hoa luc 5 gio thap hon so véi luc 1 gio. Ma
dudng I-5 tuy gan nhung Van ¢ phia trén duong I-1
chimg to phan tmg epoxy van dién ra nhung toc do
nho hon toc d6 phan tmg md vong epoxy. V&i chi sd
axit cua dau nguyén liéu 16n (15,63 mgKOH/g t6i
47,6 mgKOH/g) khoang cach gitta duong E-1 va E-5
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16n hon so véi khi chi sé axit cua dau nguyén liéu
nho (1,12 mgKOH/g téi 7,85 mgKOH/g), chiing to
chi s6 axit cia dau nguyén liéu cang cao cang thic
day phan tng md vong epoxy.

3.4. Anh hwéng ciia chi sé axit ciia dau dén dp chon
loc xuc tic

Do chon loc cua xuc tac duge danh gia thong
qua ti sd gitta hiéu sudt epoxy héa va hiéu suét
chuyén hoa ndi doi [6-8]. Xuc tac ly tuong co do
chon loc dat 1. Tur hi¢u sudt chuyen héa ndi doéi va
hiéu suét epoxy héa & muc 3.3 d& dang tinh dugc do
chon loc xtc tac khi diu nguyén li¢u cd chi s6 axit
khéc nhau. Két qua tinh toan trinh bay trén hinh 3.
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Hinh 3. Anh huéng cua chi sé axit cua dau dén do
chon loc xuc tac
E/I-1 va E/I-5 d¢ chon loc xuc tdac luc 1 gio va 5 gio

Tt hinh 3 nhan théy, dd chon loc xuc tac tai 1
gio hay 5 gio phan ung déu tang cing VGi sy giam chi
s6 axit ciia dau nguyén lidu. Khi chi sé axit cia dau
nguyén lidu du I6n va giam tir 47,6 mgKOH/g xudng
7,85 mgKOH/g d6 chon loc xuc tac lac 1 gid tang
manh tir 0,69 t6i 0,94. D6 chon loc xic tac tiép tuc
tang cham ti 0,98 khi chi s6 axit cua dau nguyén liéu
da nho (tir 4,98 mgKOH/g xudng 1,12 mgKOH/g).

Muc 3.3 cho thy hiéu suit chuyén héa ndi doi
tang chdm tir 1 gio téi 5 gio phan Gng nhung hiéu
suét epoxy hoa khong nhiing khong ting ma con giam
khi kéo dai thoi gian phan ung téi 5 gio vi vay do
chon loc x1c tac ciing s€ giam so vdi lic 1 gio phan
ung (hinh 3).

Khi dau nguyén lidu c6 chi sé axit cang 16n (tir
47,6 mgKOH/g xudng 15,63 mgKOH/g) cang thuc
dé4y phan g m& vong epoxy va do chon loc xuc tac
lic 5 gio cang nho. Ngugc lai, véi dau nguyén liu co
chi s6 axit da nho (tir 7,85 mgKOH/g xudng 1,12
mgKOH/g) phan tng m& vong epoxy dién ra it hon
do vay d6 chon loc xuc tac tuy nhé hon luc 1 gio
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phan ng nhung lén hon kha nhiéu so voi khi dau
nguyén li€u co chi so axit 16n hon 7,85 mgKOH/g.

Ciing tir hinh 3 nhan thay, khi chi s6 axit cta
dau nguyén liéu du nhé (nho hon 7,85 mgKOH/g) thi
dd chon loc xuc tac chi tang nhe cung vdi sy giam chi
s0 axit.

4. Két luan

Bing viéc thuc hién qua trinh este héa & nhiing
khoang thoi gian khac nhau thu dwoc céc san pham
dAu hat cao su ¢ chi sd axit khac nhau. St dung céac
san phém nay lam nguyén liéu dé tién hanh epoxy
héa. Céc két qua thyc nghiém cho théy, cung vdi viéc
giam chi s§ axit ciia dau nguyén liéu tir 47,6
mgKOH/g xudng 1,12 mgKOH/g, ham lugng nhém
epoxy ctia dau epoxy héa tang tir 13,39% tdi 17,86%
(Iac 1 gio phan tng).

Trong khi chi s axit cua dau nguyén liéu khong
anh hudng nhiéu tdéi hi€u suat chuyén héa noi doi thi
nd lai anh hudng rat nhi€u téi phan tng md vong
epoxy khi thoi gian epoxy hda kéo dai va ket qua la
d6 chon loc xUc tac giam cung vdi sy tang chi sO axit
cua dau nguyén licu.

Nhu vy, chat luong diu nguyén liéu sir dung dé
epoxy hoa s& anh hudng dang ké téi hiéu qua cua qua
trinh epoxy hda ciling nhu chat lugng cua san pham.
Loi cam on
Cong trinh nay dugc hd trg boi PTN Trong diém

Polyme & Compozit: Tmbng Pai hoc Bach khoa Ha
Ndi, sinh vién Nguyén Thi Yén K55.
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