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ABSTRACT

In this paper, alkanolamide nonionic surfactants were achieved by
amidation of the methyl esters with ethanolamine at 140 °C, in 2 h in
which  methyl esters were synthesized by alkali catalyzed
transesterification of the waste cooking oil, using methanol to oil molar
ratio of €:1. Additionally, to enhance surface-active property of the
surfactants, C=C couple bonds in long chain alkyl of methyl esters were
epoxidized by HCOOH/H,O, before amidation. The obtained
surfactants were characterized by Fourier transform infrared (FT-IR) and
nuclear magnetic resonance (NMR). Furthermore, properties of the
surfactants including surface tension, foamability and emulsifying power
were also investigated. The results of this study showed that the waste
cooking oil can be a potential source of cheap and suitable raw material
for synthesis of surfactants.

Gigi thiéu chung

Ngay nay, chat hoat dong bé mat (CHPBM) gilt mét vi
tri quan trong trong nhiéu h vuc khéc nhau cla dai
séng dan dung va cong nghiép vdi vai tro nhu chét tao
nhi, chat tao bot, chat phan tan, chat diét khudn [1].
Tuy nhién, viéc st dung cac CHPBM téng hap tUr dau
mo co kha nang phan hiy chédm da gay ra nhiing
quan ngai lién quan dén madi trudng. Song song do 1a
tinh trang can kiét dan cla cac ngudn nguyén liéu hoa
thach [2]. Trudc tinh hinh do, cac CHPBM than thién
véi moi trudng, dé phan huy sinh hoc dang ngay cang
trd nén quan trong bdi cac Idi ich ma ching mang lai
[3].

CHBBM khéng ion la hgp chét rét quan trong trong
nganh hoa chét tdy rifa nhd tinh tuong thich sinh hoc
va kha niang dé phan huy sinh hoc cua ching. Cac
CHPBM nay c6 thé dugc téng hop tU cac ngudn
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nguyén liéu tu nhién va dugc sir dung trong nhiéu Uing
dung cling nhu la linh vuc céng nghiép [4, 5]. Riéng
déi vdi cac CHPBM alkanolamide, ching thuong dugc
téng hop thong qua phan Ung amide hoa gitta acid
béo hodc dan xudt methyl ester véi cac amine béc 1
hay bac 2, dién hinh 13 ethanolamine hay
diethanolamine tuong Ung. Nhiéu nhém nghién clu
da s dung dau thuc vat, md déng vat nhu la ngudn
nguyén liéu dé téng hop cac CHDBM cé kha ning
phan hdy sinh hoc va it déc hai cho méi trudng nay
[6].

Dau an da qua sU dung la chét thai sinh ra hang ngay
tU nhiéu nguén khac nhau nhu nganh céng nghiép
thuc pham, cac nha hang va hod gia dinh. Udc tinh chi
tai Thanh phd HO Chi Minh da c6 hon chuc tan dau an
thadi thdi ra mdi ngay, cac nha hang trung binh madi
ngay thai ra 20 — 30 kg dau an. Trong céc thap ky qua,
cac nha khoa hoc d& nghién ciu st dung dau &n thai
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nhu 1a ngudn nguyén liéu dé tng hap nhién liéu sinh
hoc gdp phén gidm lugng khi théi cta céc dong co
diesel [7, 8]. Ngoai ra, ddu an thai con dugc st dung
lam nguyén liéu dé téng hgp chét hoat déng bé miat
[9, 10]. Pay dugc xem la ngudn nguyén liéu khong
nhiing co trl ludng tucng ddi 16n, lai ré tién, dem lai
hiéu qua kinh té cao, ma con gdp phan bao vé mobi
trudng va suc khde con nguai.

Trong nghién clu nay, chat hoat dong bé mat khong
ion alkanolamide dugc téng hop tir hén hop methyl
ester va ethanolamine. Trong dé, hén hop san pham
methyl ester thu dugc khi thuc hién phan Ung alcohol
phan dau an phé thai bang methanol véi su hién dién
clia xUc tac KOH.

Thyc nghiém va phuong phap nghién cdu
2.1. Nguyén liéu

Dau thai dugc thu mua tU chg Phudc Binh, Quén 9,
TPHCM. Céc hda chét cd xudt xr tU Trung Qudc va
dugc su dung truc ti€p khong qua bét ky qué trinh xur
ly nao. Hydrogen peroxide (H,O, 30%), Sodium
chloride (NaCl), Potassium hydroxide (KOH), Methanol
tinh  khiét (CH3OH), Formic acid (HCOOH, 88%),
Sodium hydrogen carbonate (NaHCO3), Ethanol amine
(CoH/NO), Ethyl acetate (CH3COOC,Hs).

2.2. T6ng hgp methyl ester ti diu an thai

R
CH,—0—C—OR;

? CH30H/KOH NH,CH,CH,0H
CH—O0-C—OR, ————> CH; ——— > RCONHCH,CH,0H
| 0 50°C, 50 min 140°C  2h

1l
CH,—O0—C—OR; HCOOH 60°C

H20, 2h
QH
Methyl formyloxy ester \~C—CH~COOCH;
|
H OCHO NH,CH,CH,OH
—> R'CONHCH,CH,0H
OH 140°C 1h
Methyl dihydroxy ester mé_CHNCOOCHa
| |
H OH

Hinh 1: Quy trinh t6ng hgp alkanolamide t&t dau an
thai
Pau tién hén hop methyl ester dugc téng hgp bang
phan Ung transester hoa triglyceride c6 trong dau an
thai v&i methanol, xic tac KOH. Quy trinh dugc thuc
hién nhu sau: can chinh xac 0,43 g KOH va 10,60 g
methanol 90° cho vao binh cdu phan Ung 2 c§ day
bang 250 ml, 13p hé théng 6ng sinh han va khudy
manh trong thdi gian 20 phut. Tiép theo cho vao binh

phan Ung 43,00 g dau an thai. Hon hop dugc khudy
manh va gitt 6n dinh & nhiét d& 50 °C trong thdi gian
50 phut. Sau khi phan Ung két thic, d6 hén hop phan
Ung vao binh tach. Gan 14y pha methanol vao chai luu
mau. Pha dau gém chu yéu la hdn hop methyl ester
dugc rita bang nudc cét, khudy nhe va dun néng & 70
+ 80 °C trong khoadng 10 phit. L&p lai qué trinh rira 5
+ 6 lan cho dén khi nudc ria trong va cd pH=7 thi dat
yéu cau. Hon hop methyl ester dugc lam khan bang
cach béc hai nudc co sy hd trg cua vi séng cho dén
khi I6p methyl ester trong sudt va déong nhét.

2.3. T8ng hgp alkanolamide-A

Trong mét quy trinh chuén (hinh 1): cho vao binh cau
28,80 g hdn hop methyl ester da diéu ché & trén va
10,27 g ethanolamine vdi ty 16 mol 1a 1:5. Khudy hén
hop vdi t6c dd 600 vong/phut & 140 °C trong thdi gian
2 gid. Két thic phan Ung, hoén hop dugc én dinh trong
thai gian 15 phdt dé€ hinh thanh dang wax. Két tinh
dang wax nay trong dung moéi ethyl acetate (EtOAC) sé
thu dugc tinh thé mau trdng alkanolamide-A [1].

2.4. Dihydroxyl héa methyl ester

Khd néng hoat déng bé mat cla cac chat hoat déng
bé mat phu thudéc rdt nhigu vao chi s6 HLB
(Hydrophilic-Lipophilic Balance). Do dé, dé tang dé
phan cuc cla phan ti alkanolamide, céc vi tri néi déi
C=C trong g&c alkyl clua cac methyl ester dugc
dihydroxyl héa bang hén hop HCOOH/H,0, trudc khi
thuc hién phan Ung amide hda. Phan Ung dihydroxyl
hda dudc thuc hién nhu sau (hinh 1): hdn hop methyl
ester, H,O, 30% va HCOOH 88% vdi cac ty 1é mol khéc
nhau dugc khudy manh & téc do 600 vong/phdt, nhiét
dd dugc gitt 6n dinh tai 60 °C trong thdi gian 2 gid.
H&n hgp sau phan Uing dudc rét vao phéu tach dé gan
bo pha nudc chia acid formic du, sau do rita pha dau
vdi dung dich NaHCO3 bdo hoa, chiét véi EtOAc, rda
nhiéu 1&n vdéi nudc cét cho dén khi pha dau cd pH=7.
Co6 quay dudi dung méi s& thu dugc hdn hop san
phdm methyl formyloxy ester va methyl dihydroxy
ester [1].

2.5.T6ng hgp Alkanolamide-B

Trong mét quy trinh chudn (hinh 1): can va cho vao
binh cau 8,00 g hén hop san phdm dihydroxyl hoa
methyl ester va 3,50 g ethanolamine (ty 1& mol 1:5). Lap
sinh han hoan Iuu, khudy manh & téc do 600
vong/phut va gitt nhiét dé 6n dinh & 140 °C trong thoi
gian 1 gid. Hn hap sau phan Ung dugc én dinh trong
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15 phut dé tao wax, két tinh trong dung méi EtOAC thu
dugc chét rén alkanolamide-B mau tréng anh vang [1].
C4u tric hda hoc cla san phdm alkanolamide téng
hop tU déu an thai dugc kiém tra bang phuong phap
phan tich héng ngoai bién d8i Fourier (FT-IR), s&f dung
thiét bi Bruker Tensor 27 va phudng phép céng hudng
tU hat nhan (NMR) st dung thiét bj Bruker AV 500.

2.6.Khao sattinh hoat dong bé& mat clia cac san pham
alkanolamide

2.6.1. Khdo sdt kha ndng hoa tan trong dung méi

D6 hoa tan cla cac san phdm alkanolamide trong cac
loai dung mdi c6 dd phan cuc khéc nhau dugc khdo
sat nhu sau: rét 10,0 ml cac dung méi c6 do phan cuc
giam dan: nudc, ethyl acetate, ethanol, chloroform, n-
hexane, benzene, ether dau hoa... vao cac 6ng nghiém
c6 danh s6. Sau dé hoa tan 0,5 g chat hoat dong bé
mat alkanolamide vao méi dung méi & cac 6ng
nghiém trén, lac vira phéi trong vong 3 phut. Ghi nhan
khd ndng hoa tan cla chét hoat dong bé mét trong
tung dung mai [11].

2.6.2. Khdo sdt kha ndng tao nhi

Khd ndng tao nhi cla dung dich chat hoat déng bé
mat dugc xac dinh bang cac hé sau: dau nanh/nudc,
cyclohexane/nudc, chét 1dng paraffin/nudc & nhiét do
phong. B&u tién hoa tan lan luct khodng 0,05 g céc
chat hoat déng bé mat alkanolamide vdi 15,0 ml déu
nanh, 15,0 ml cyclohexane, 15,0 ml chét Idng paraffin
trong 3 6ng nghiém da dudc danh dau tir 1 dén 3. Sau
dé rét 4,0 ml nudc cat da kh ion vao tung éng
nghiém trén, lac manh trong vong 30 gidy. Sau dé dé
yén cac 6ng nghiém. Ghi nhan thdi gian hdn hop
trong cac 6ng nghiém phan pha. Thi nghiém dudc 13p
lai 5 1&n va thdi gian trung binh chinh la khd nang nh
hda [12].

2.6.3. Khdo sdt cdcyéu té anh huédng dén dé bén nha
tuong

Tién hanh tao nhii tudng cla cac alkanolamide A, B vdi
nudc, paraffin va n-butanol theo cac ty 1é khac nhau.
Trudc tién khudy manh tao hén hgp déng nhét, sau
khodng 20 ngay, so sanh do bén cla cac nhi tuong
nay.

2.6.4. Khdo sdt sic cdng bé mdt cua cdc dung dich chdt
hoat déng bé mdt alkanolamide
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Slc cang bé mat cla cac dung dich CHPBM cé nong
dé khéc nhau (0.03 — 0.0003 + 0.00002 M) dugc xac
dinh bang phuong phéap thé tich giot [13]. Thiét bi
Lauda TVT 2E dugc dung dé do stic cang cla thé tich
giot 16ng (khoadng sai s6 + 0,01 mN/m) & 20 °C trong
bé diéu nhiét. Do it nhét ba lan dé Idy két qua trung
binh. Gia tri can bang sic cang bé mat duoc lap lai
trong khoang 0,1 mN/m [12].

2.6.5. Khdo sdt khd ndng tao bot cua cdc dung dich
chdt hoagt ddéng bé mdt alkanolamide

Thiét bj MBM-RI Ross-Miles (d6 chinh x4c + 0,17 ml)
dugc st dung dé do kha nang tao bot cla cac dung
dich CHPBM theo phuadng phap Ross-Miles. Dau tién,
chudn bi cac méu dung dich 1éng chat hoat dong bé
mat véi ham lugng 0,25 + 0,01% khéi lugng. Sau do,
bom 500 ml cla dung dich vira mdi chudn bj vao mot
6ng dong 1000 ml tir d6 cao 450 mm. Thé tich bot cla
dung dich dugc do tai thai diém 5 phut sau khi bom,
phép do nay dugc lap lai ba I&n va ldy gié tri trung
binh dé tinh todn kha nang tao bot va dd bén bot cla
chét hoat déng bé mat. Gié tri thé tich bot c6 thé I3p
lai sai s6 trong khoang 0,6 ml [12].

K&t quavathao luan

3.1. K&t qua phéan tich thanh phan héa hoc clia dau an
thai

K&t qua phan tich GC — MS thé hién thanh phan acid
béo cla dau an thai thu gom dugc & chg Phudc Binh,
Quan 9, TPHCM, chi yéu la cis-9-octadecenoic acid
(54,0%) va acid hexandecadienoic (40,0%). Ngoai ra,
ham lugng nudc va acid béo ty do trong dau an
khéng déng ké.

3.2. K&t qud t8ng hgp alkanolamide

Quy trinh chudn dé téng hop cac alkanolamide ti dau
an thai dugc trinh bay nhu trong hinh 1. Két qua ti& mét
phan Ung chuédn dién hinh cho thdy, déi vdi giai doan
téng hap methyl ester, xic tac dong thé KOH co hoat
tinh cao vd&i phan Uing methanol phan dau an thai. Béi
v giai doan dihydroxyl hoa, khi ty & mol methyl
ester:H,O,:HCOOH la 1:1,5:3, thdi gian phan Ung la 2
gid, nhiét do phan Ung 1a 60 °C va t6c do khudy 600
vong/phut thi san phdm thu dugc 13 hdn hap hydroxyl
— formyloxy ester va dihydroxyl ester véi hiéu sudt hon
90%. Anh hudng cta nhiét d6 va thai gian phan Ung
dén hiéu suét da dugc khao sét.
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3.3. Két qua khao sat anh hudng cla nhiét d6 dén hiéu
sudt phan tng téng hgp alkanolamide

K&t qud khdo sat cho thay khi tdng nhiét do tir 120 °C
dén 140 °C, hiéu sudt cua phan Ung téng hop
alkanolamide-A va alkanolamide-B déu tang dang ké.
Tuy nhién khi tdng nhiét dé phan Ung dén 150 °C, hiéu
sudt cla cac phan Ung téng hop alkanolamide déu
gidam (hinh 2, hinh 3). K&t qud khdo sat nay tuong tu
nhu mét s6 cong trinh nghién cdu da cong bd trude
day [1, 14]. Do do nhiét dé thich hgp nhéat dugc chon
dé t6ng hop alkanolamide-A va alkanolamide-B la 140
°C.

§ 80 85709 %
é N 72.45 Z Z 72.59
Nhiét d¢ (oC)

Hinh 2- Anh hudng cla nhiét do phan Ung dén hiéu
suét téng hop alkanolamide-A

100
90 -
S
§ 80 |
3
= 20
65.78
AN N NN
120 130 140 150
Nhiét d6 (oC)

Hinh 3: Anh hudng cla nhiét d6 phan Uing dén hiéu
sut téng hgp alkanolamide-B

3.4.Kétquakhdosatanh hudng cla thai gian dén
hiéu sudt phan tng t8ng hgp alkanolamide

Két qud khao sét anh hudng cla thdi gian phan Ung
dugc trinh bay & hinh 4 va hinh 5, két qua cho théy khi
tang thai gian phan Ung, hiéu suét clia phan Ung téng
hop alkanolamide-A va alkanolamide-B tang. Tuy

nhién, khi tiép tuc tang thdi gian phan Ung tu 2,0 gis
lén 4,0 gid déi véi phan Ung téng hap alkanolamide-A
va tir 1,0 gig 1én 2,0 gis d6i véi phan Ung t6ng hop
alkanolamide-B thi hiéu suét cla cac phan Ung déu
giam.

100
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Hinh 4: Anh hudng clia thdi gian phan Ung dén hiéu
sudt téng hgp alkanolamide-A
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Hinh 5: Anh hudng cuia thdi gian phan tng dén hiéu
suét téng hgp alkanolamide-B

3.5. Két qua phéan tich c4u tric alkanolamide

60
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Hinh 6: PhS FT-IR cla alkanolamide-A, B
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Két qué phéan tich FT-IR cla hai CHPBM alkanolamide-
A va alkanolamide-B (hinh 6 alkanolamide-A(a),
alkanolamide-A(b)) déu cho thédy su hién dién dao
déng hoda tri N-H clia amide tai cac peak 3092.98 va
3097.41 cm’1, dao dong héa tri C=0 cla amide tai cac
peak 1641.82 va 1640.60 cmq, dao dong hda tri C—H
cla gbc alkyl thé hién & céac peak tir 2850-2920 cm’
dao dong kéo dai cia —CH,— thé hién & cac peak
2919.17 va 2856.31 cm’1, dao déng C-N xuédt hién &
vung 1060.60 va 1065.20 cmq, nhém OH dao déng &
peak 3349.82 va 3294.83 cm’ [15].

Bén canh d6, danh phép cla san phédm alkanolamide
cling dugc ching minh bang két qué phén tich céng
hudng tUr hat nhan (NMR). Ph8 H - NMR (500 MHz,
MeOD) co sy hién dién cla cac proton: & (ppm) 5,34
(t, J=20Hz, 1H, -CH=CH-), 4,84 (s, TH, -C-0OH ) 3.64-
3.58 (m, 9H, —CH,—OH), 3,31-3,27 (m, 5H, —CH,—NH-),
2,82 (t, J=5,5Hz, 2H, -C-NH-) 2.20(t, J=7,5Hz, 3H, -
CH,—C=0), 1.60 (s, 2H, —CH,—CH,-C=0), 1.29-1.33 (m,
35H, —=CH,-), 0.91-0,88 (m, 5H, —CHj3).

PhS °C — NMR (500Hz, MeOD) cling thé hién cac mi
céng hudng: & (ppm) 176.6 (-C=0), 164.10 (-CH,—OH),
130.84 (-CH=), 129.06 (-CH=), 50.33, 48.49, 37.10,
33.95, 30.59, 27.10, 23.65, 22.57, 14.41 (—CH;).

3.6.Khao s&ttinh hoat dong b& mat clia cac s&n pham
alkanolamide

3.6.1. Két qud khdo sdt khd ndng hoa tan trong cdc
dung moéi

Két qua khdo sat cho thdy alkanolamide-A va
alkanolamide-B hoa tan tét trong dung méi ethanol va
ft tan trong cac dung mdi phan cuc manh nhu nudc
hoac khéng phan cuc nhu benzene. Két qué khao sat
nay pht hgp vai cac cong trinh da céng bé trudc day
[16].

3.6.2. Két qud khdo sdt khd ndng tgo nhi tuong

Khd nadng tao nhi tuong cla cac alkanolamide vdi cac
hé dau nanh/nudc, cyclohexane/nudc, paraffin/nudc
cling dugc khao sat. K&t qua cho thdy & cung nhiét do
phong, cung ty 1é mol thi khd ndng tao nhU cla
alkanolamide-B  t6t hon kha ndng tao nhi cla
alkanolamide-A. Hé nhi tuong bén nhit la hé
paraffin/nuéc: nhd tucong bén khodng 25 phdt khi s
dung alkanolamide-A lam chat nh héa va 40 phut khi
s¢ dung alkanolamide-B lam chdt nhi hda. Nhu vy,
khd ndng nhi hoa cla cac alkanolamide t6ng haop
dugc trong nghién cliu nay la tuong déi cao so Vdi
mot s6 san phédm tuong duong da dudc cong bé. Cu
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thé, trong nghién ctu cla Zhang va cac céng su, thoi
gian tach pha déi vdi hé paraffin/nudc khi st dung
CHBBM ma ho téng hdp dudc tir dau &n thai chi vao
khoang 5 phut [10]. Hon n(ia, bang cach c¢6 dinh céc
thdng s6 bao gdm: nhiét dé 30 °C, thdi gian 20 pht,
téc do khudy trén 600 vong/phut; 1an lugt thay déi ty
lé phan trdm khdi lugng cla chat hoat dong bé mat
alkanolamide, paraffin va nudc sé thu dugc cong thuc
nhl tuong bén [17]. Cong thiic nhi tuong bén tuong
Ung vdi céc alkanolamide téng hop trong nghién cliu
nay dudc trinh bay trong bang 1.

Bdng 1: Cong thiic nhl tuong bén cula céac
alkanolamide téng hop tir ddu an thai

Chét hoat | Cong thic tao hé nhi | Gia  tr
déng bé mat | bén (% khéi lugng) MG, g/l
Alkanolamide 2%  CHPBM + 32%
A nuéc + 38% paraffin + | 0,0035
5% n-butanol

Alkanolamide | 10% CHDPBM  +25%

0,0040
-B nuéc + 65% paraffin

NhU tuong tao thanh c6 mau vang nhat, thudc loai
nhl tuong nudc/dau (w/o) va cb dd bén hon 15 ngay.
Két qua khao sét cho thay su tang thanh phan ua nudc
(nhém —OH) va gidm thanh phén ky nudc (nhdm —
CH=CH-) r& rang da gdp phan cai thién kha ndng hoa
tan trong nudc clia CHBBM alkanolamide-B, tUf dé nhi
tuong tao thanh min mang va bén vitng hon rat nhiéu
so vdi hé nhi tuong cla alkanolamide-A.

3.6.3. Két qud khdo sdt s cdng bé mdt va khd ndng
tao bot cta chdt hoat déng bé mdt

Bdng 2: Khd nang tao bot va stic cang bé mat cla
alkanolamide

Ké&t

Stt Tén chi tiéu )
qua

Phuong phép thu

SUc cang bé mat
1 (Du Nouy ring),
mN/m

ASTM D1331-95 | 29,9

, ;hLe tieh <Ot Bob | ey s817: 1994 | 60

Két qua khao sét kha néng tao bot va sutic cang bé mat
clia sén pham alkanolamide dugc trinh bay trong bang
2. Thé tich cot bot nay I6n hon thé tich cot bot cla
dung dich chét hoat dong bé mat alkanolamide téng
hagp tur 9,10-dihydroxystearic acid chi c6 40 ml [18].
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K&t luén

Chét hoat dong bé mét alkanolamide loai A va loai B
dugc t6ng hgp thanh cong tir ngudn nguyén liéu dau
an thai co gia thanh ré vdi hiéu sudt kha cao, 1&én dén
gan 90%, bang cac phan Ung hoa hoc nhu transester,
epoxy va amide hoa. Bong thdi, hiéu sudt téng hop
CHDBM dat gia tri cao nhét tai nhiét dé 140 °C, trong
thdi gian 2 gig. Céc alkanolamide nay déu c6 kha néng
tao hé nhi tuong nudc/dau (w/o) bén. Ngoai ra céu
tric cla cac san phdm alkanolamide cling da dugc
ki€ém ching bang FT-IR va NMR. Céc két qua dat duac
cho théy kha nang Ung dung cao cta alkanolamide
vao thuc té vdi cac Ung dung nhu lam chét nhi hoa,
chat tang dé mém, chét tang kha nang tao bot... trong
nhiéu linh vuc cédng nghé khéc nhau.
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