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ABSTRACT

Fatty acid amide (FAA) was synthesized from coconut oil-derived
methyl esters (FAME) via aminolysis with monoethanolamine (MEA)
using calcium oxide (CaO) as a heterogeneous catalyst. The process
was optimized through a central composite design (CCD), evaluating
the effects of reaction temperature (100 + 130°C), MEA/FAME molar
ratio (1 + 3), and catalyst loading (1 = 3 wt%). Response surface

methodology (RSM) and ANOVA analysis showed that all three factors
significantly influenced the yield, with optimal conditions found at 118 +
122°C, MEA/FAME = 2.1 = 2.3, and catalyst loading of 2.1 + 2.3%. The
regression model demonstrated high predictive power (R* = 0.9738),
supporting its use in future scale-up.

Gidi thiéu chung

Fatty Acid Amide (FAA) 1a dan xuét quan trong cua axit
béo, dugc téng hgp tU dau dira théng qua phan Ung
aminolysis vai ethanolamine (MEA)[1]. D&u dua chia
haon 50% axit lauric (C12:0) va axit myristic (C14:0), tao
FAA c6 tinh chat 6n dinh nhiét, kha nang béi tran tét,
va Ung dung réng rai trong my pham, dugc pham, va
cong nghiép [1, 2,3,4,7]. FAA dudc téng hop tir dau dua
c6 nhiéu uu diém la: Nguodn gdéc téi tao; than thién moi
truong; Kha nang tao bot va én dinh nhi tuong vuot
tréi, phu hgp cho dau goi, stta tdm; Tinh khang khuén
tlr axit lauric gitp Ung dung trong dugc pham.

FAA 6 thé dugc téng hop tir 2 giai doan, (1) déu dua
chuyén hoa methyl ester (FAME) theo quy trinh thong
qua phan Uing transesterification dau dura véi methanol,
st dung xuc tac bazo (NaOH/KOH) @€ tranh thly phan
tao xa phong [5] va (2) Aminolysis FAME vita téng hop
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vdi Mono Ethanol Amine (MEA) tilé mol 1:1,5 =+ 3 &
100-130°C, xUc tac di thé dé tach chiét ZrCls [3]. Hiéu
suét qué trinh dat khodng 85% vdi san pham chinh 1a
cocamide MEA. Tuy nhién, giai doan (2) cla qué trinh
nay cé nhugc diém st dung xuc tac ZrCls dat tién, dan
dén giam hiéu qua kinh t€ clia san pham.

Do dé, trong nhitng ndm gén day, viéc nghién clu su
dung xuc tac rén nhu CaO cho giai doan (2) cla qué
trinh t6ng hop FAA tir ddu dita da thu hat sy quan tam
d&c biét nha cac uu diém vuat tréi vé hiéu sudt cao, gia
thanh thap, quy trinh don gian, dé ap dung & quy mo
cong nghiép [6]. Tuy nhién, dén nay van chua cé nhiéu
nghién clfu xac dinh cac diéu kién téi uu cho qué trinh
phan Ung trén loai xUc tac nay. Vi vay, nghién cltu nay
tap trung vao téi uu hda céac thong sé qué trinh téng
hop FAA tUr déu dira bao gom ty 1& MEA/FAME, nhiét
do va ty 1é xtic tac CaO nham dat hiéu quéa cao nhét ca
vé hiéu sudt va kinh té clia qué trinh.
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Thuc nghiém va phuang phap nghién cdu

Héa chdt: Dau dua (nguyén chét, thuong mai, Viét
Nam); Mono Ethanol Amine ((MEA), C,H/NO, 99%, CAS
141-43-5, Trung Quéc); CaO (Calcium Oxide, Xilong, Cas
1305-78-8, Trung Qudc); KOH (Potassium Hydroxide
85%, Xilong, Cas 1310-58-3, Trung quéc); CHsOH
(Methanol 99%, hang cong nghiép, Indonesia).

Tong hgp FAME: Déu duia dugc chuyén hda thanh FAME
qua phan Ung este hda chéo vdi Methanol cd mat xtc
tac KOH. Qué trinh phan Ung dugc thuc hién trong binh
ba ¢ cé khudy, nhiét do phan Ung la 70°C, ty 1& mol
Methanol/dau la 3/1, ty 1& khéi lugng xUc tac trong téng
khéi lugng hdn hap phan ting 1a 2%. Hon hap sau phan
Ung dugc chiét trong binh chiét. Phan trén cta dung
dich chiét dugc rlra bang nudc ndéng nhiéu lan. San
pham Methyl ester dugc sdy tai 90°C trong 8h va phan
tich bang GC-MS (hang Thermo, model GC-trade Ultra
ver: 5.0, MS DSQ 1I), c6t mao quan DB-35MS (30 m x
0,25m x 0,25 um) dé xac dinh cac methyl ester trong
FAME d& téng hap, dao déng lién két nhém chiic dugc
xac dinh quang phd hong ngoai (FT - IR), Nicolet iS20,
clia hang Thermo, M.

T6ng hgp FAA: FAME va MEA vdi cac ty 1é mole khéc
nhau da dugc dua vao binh cau ba c6 ¢ khudy str dung
xUc tac CaO. Thai gian phan Ung la 120 phut, nhiét dé
tlr 100 dén 130°C, ap sudt khi quyén. Ty Ié xdc tac ti 1 +
3% trong t8ng khéi lugng hdn hap phan Ung. Hon hap
san phdm phan Ung dugc loc dé tach xdc tac, két tinh,
loc sdy tai 90°C trong 6h thu dugc san ph&dm amide mau
vang nhat. Khéi lugng amide thu dugc dung dé tinh hiéu
suét clia phan Ung [8,9].

Nghién ciru t6i Gu hod diéu kién téng hop FAA: DE xacc
dinh diéu kién phan (ing t6i uu cho giai doan téng hop
FAA, cac dir liéu thuc nghiém dugc dua vao tinh toan
mo hinh t6i uu hda phi tuyén CCD (Central Composite
Design), st dung phan mém Stat-Ease 360, danh gia gia
lap cac &nh hudng cua diéu kién phan (ng dén hiéu suét
thu hoi FAA. Céc thong s6 dugc dua vao t6i uu hoé 1a
ty 1&6 MEA/FAME; nhiét do va ty |é xUc tac, trén cd s&
phuang trinh toan hoc sau [3,11,12]:

Y = B+ BoXT+ BiX2+ BoX3+ B3XIX2+ BaX1X3+

BsX2X3+ B6X12+ B7X22+ BgXBZ

Trong do: Xy la ty 16 MEA/FAME (mole/mole) véi cac gia
tri: 0,818; 1,5; 2,0; 3,0; 3,682.
Xo la nhiét dé phan Ung (°C) vdi cac gié tri: 99,318; 100;
115; 130; 130,682.
X3 la ty 1é xUc tac (%kl) vdi cac gia tri: 0,318; 1; 2; 3; 3,682.
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Cac thong s6 thiét ké cho thuc nghiém vai 4 diém cudi
tlr 17 dén 20 1a cac diém danh gia dé lap lai dugc dua
ra trong bang 1.

Bang 1. Cac thdng sé thiét ké cho thuc nghiém

STT MEA/FAME (Xy, ~ Nhiétddé  Xuac tac (Xs),
mole/mole (X2), °C %%k

1 0 0 -1,682

2 1 -1 1

3 0 1,682 0

4 - 1 -

5 0 0 0

6 1,682 0 0

7 -1,682 0 0

8 0 0 1,682

9 1 1 -
10 -1 -1 1

i 0 -1,682 0
12 1 -1 -
13 - 1 1
14 0 0 0
15 -1 -1 -
16 1 1 1
17 0 0 0
18 0 0 0
19 0 0 0
20 0 0 0

Két qua va thao luan
Két quad tong hop FAME tir dau dora

Hiéu qua téng hop FAME tir déu difa sau 3 lan téng hop
trong cling diéu kién dugc xac dinh trén o s& su xuat
hién ctia cac nhém chic dac trung cho FAME bang FT-
IR. D€ khdng dinh san phdm téng hop dugc dung la
metyl este, mau FAME dugc phan tich GC-MS, céc két
qua trinh bay trén hinh 1.

Hinh Ta cho thay, d&i véi ca 3 mau FAME cho 3 [an t6ng
hop déu thay céc peak dac trung cho metyl este xuét
hién tai 1748 cm™ (dac trung cho lién két C=0) va tai
1160 cm™ (dac trung cho lién két C-O trong nhém -
COO- cla phan t este) [15]. Diéu nay chiing t6 FAME
da dugc t6ng hgp thanh cong tir dau dira va 6n dinh
trong 3 lan téng hap khac nhau.
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@ i i Bang 2. K&t qua thuc nghiém téng hop FAA & cac ty 1é
c—C—¢ o—ct—=¢ o—c—-¢ FAME 3
S o IR ny N s SO MEA/FAME, nhiét do, ty 1& xUc tac khac nhau
| [
] . | " MEA/FAME Nhiét d6 XUc tac Hidu
. Ry STT (X1, 0 Cc % s %
: .\ i I Wy VAR mole/mole 2 %kl '
. 1 .( A 1 2 115 0,4 2,2
S B S SR P iy
~ \ ﬂ S \f\";\ | 2 3 100 3 28,7
i 3 2 132 2 88,6
4000 3300 3000 2800 2000 1500 1000 500 4 1,5 130 1 14,6
Wavenumbers (cm-T)
. 1933 5 2 15 2 82,2
90 3 (b) 6 3,5 15 2 88,6
80
270 3 7 0,8 15 2 27,8
2 60 3
£ Zgﬁ 8 2 15 3,7 68,3
é 38 13 105 24.80 9 3 130 1 50,82
o L o s 10 15 100 3 471
0 5 10 Is 20 2 3 3 1 2 99 ) 54,1
Time (min)
Thai gian, pht Hop chét Ham lugng , % 12 > 100 ! 46
739 Methyl octanoate (C9:.0) 6,80 13 15 130 3 84,1
10,50 Methyl 2-decenoate (CT11:1) 6,49
13,39 Methyl decanoate (C11:0) 5,04 14 2 15 2 87,6
19,33 Methyl dodecanoate (C13:0) 60,14 15 1,5 100 1 8,3
24,80 Methyl tetradecanoate (C15:0) 14,34
29,77 Methyl palmitate (C17:0) 471 16 3 130 3 89,3
33,85 Methyl 10-octadecenoate (C19:1) 2,48 17 > 15 > 814
Hinh 1. Ph6 FT-IR (a) vé,GC—MS (b) cCla mau FAME dai 18 2 115 2 84,3
dién tng hdp duac. 19 > 15 2 84,7
20 2 15 2 85,8

K&t qua GC-MS (hinh 1b) va déi chiéu véi thu vién phd
chudn MS xac nhén su hién dién cla cac methyl ester
trong mau FAME. Tai cac thdi gian luu khac nhau cho
cac hop chét va tinh theo dién tich ting peak tinh ra
ham lugng so vai chuén [an lugt 1a: 7,37 phut 1a Methyl
octanoate, chiém 6,8%; 10,50 phut & Methyl 2-
decenoate, chiém 6,49%; 13,39 phut la Methyl
decanoate, chiém 5,04%, 19,33 phdt, chiém 60,14%;
24,80 phut la Methyl tetradecanoate, chiém 14,34%;
29,77 phut la Methyl palmitate, chiém 4,71% va 33,85 la
Methyl 10-octadecenoate, chiém 2,48%. Cac hgp chét
déu san pham clia phan Uing ester hda acid lauric (thanh
phan cht yéu trong d&u dua). Ngoai ra, cac acid béo
dac trung khéc cla dau dia bao gdm acid caprylic,
capric, myristic va palmitoleic cling da chuyén hoa hoan
toan thanh céc ester tuong Ung. Két qua nay khang dinh
téng hop FAME thanh cong.

Két qua téi uu hod giai doan téng hgp FAA

T&i uu hoa diéu kién téng hop FAA tir FAME bang phén
tich ANOVA si dung phédn mém Stat-Ease 360 ver
23.1.8. K&t qua dugc trinh bay tai bang 2.

V@i cac théng s6 trong bang 1 dua vao mé hinh hoa
bang phan tich ANOVA, st dung phan mém Stat-Ease
360 ver 23.1.8 thu dugc két qua nhu théng ké trong
bang 3.

Bang 3. Cac gia tri tham s& clia phuong trinh hoi quy.

Tham s8 Gi4 tr (Ei—?/;lrsz)
Hang s6 (Y) 89,51 < 0,0007
Ty & MEA/FAME (X1) 11,39 0,0007
Nhiét do (X») 14,35 0,0007
Ty lé xUc tac (X3) 17,01 < 0,0001
Xi*Xo (%) 2,5 0,3206
Xi*Xs 117 0,0012
Xo*Xs 10,81 0,0017
X12 -8,63 0,0003
X2° -14,77 0,0071
X3® -19,02 < 0,0001
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T két qua tai bang 3 cé thé thdy rang, phan I6n cac gia
tri p-value déu nho hon 0,01, chiing té céc yéu té khao
sat (gom ty 1& MEA/FAME, nhiét d6 phan Ung va ty lé
xUc tac) c6 anh hudng manh dén hiéu suét phan Ung.
Riéng tuong tac gitta ty 16 MEA/FAME (X5) va nhiét dé
(X2) 6 p-value = 0,3206 (*), cho thdy mic do anh hudng
khéng dang ké va cé thé loai khoi phuaong trinh hoi quy.
Tuaong tac gifa Xq va Xz (gia tri: 2,5) dugc danh gié la
yéu. Trong khi do, ty 16 MEA/FAME (X3) va ty 1é xUc tac
(X3) thé hién tuong tac manh nhung ngudc chiéu (gia
tri: -11,17), cho thdy khong nén két hgp hai yéu t6 nay &
mUc cao. Ngugc lai, X> va X3 (gia tri: 10,81) co tucng tac
manh clng chiéu, gai y nén két hgp hai yéu té nay dé
nang cao hiéu suat [12].

Phan tich ANOVA cho thdy m6 hinh hdi quy bac hai dat
dé tin cdy cao vd&i R? = 0,974, nghta la mé hinh gidi thich
dugc 97,4% bién thién trong dit liéu. D6 1éch chuén (Std.
Dev.) = 6,93 va Adeq Precision = 17,74 (>4) chiing minh
md hinh c6 dd chinh xac va do nhay cao. Gia tri
Predicted R* = 0,6976 xac nhan kha nang du doan t6t
trén dt liéu mdi. Tuy nhién, su chénh Iéch gitta Adjusted
R? = 0,948 va Predicted R® cho thay c6 thé ton tai hiéu
Ung khéi (block effect) do thi nghiém dugc thuc hién
theo nhiéu dot khac nhau [12].

K&t qua quy hoach thuc nghiém cho théy diéu kién téi
uu dé dat hiéu sudt cao nhét la: ty 1& mol MEA/FAME ti
2,1+ 2,3, nhiét d6 phan tng 118 + 122°C, va ty lé xUc tac
2,1 + 2,3%. J diéu kién nay hiéu sut FAA cao nhét 3
89,3% (Hinh 2).

100 -

&
Rl
3
=
<
T
40 -
T T T T T
-1.000 -0.500 0.000 0.500 1.000
Dao déng cac bién khao st

Hinh 2. Két quéd quy hoach thuc nghiém quy trinh
téng hap FAA

Cac dr liéu quy hoach thuc nghiém dugc biéu dién
bang biéu do 3D va dudng dong muc trong Hinh 3.
Dé kiém chiing mé hinh d& dugc xady dung, can thuc
hién so sanh gitta gia tri hiéu suét thuc té vdi gia tri
chuyén déi thu dugc tir phuong trinh hoi quy. Cac két
qué so sanh dugc trinh bay trong Hinh 4.
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Hinh 3. Anh hudng cta Nhiét do véi MEA/FAME (a); Ty
lé xUic tac vai MEA/FAME (b) va Ty 1é xUc tac vdi nhiét
dd (c) dén hiéu sudt FAA.
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Hinh 4. B6 tuang thich cla phuong trinh hoi quy v
céc gia tri thyc nghiém (R°=0,974).

K&t quéa cho théy su khac biét gitta A liéu thuc té€ va dir
liéu du doén tU phuang trinh hoi quy 1a chdp nhan dugc
(Adjusted R?=0,974). Tir d6 co thé két ludn rang phuong
trinh hoi quy thu dugc phi hop dé mo td anh hudng
clia cac yéu t6 khao sat dén su thay déi cta hiéu sudt
phan Ung.

K&t luén

Nghién clu da xay dung thanh cong mé hinh t6i uu hoa
qué trinh téng hgp FAA tr dau difa st dung xtc tac CaO
thong qua thiét ké thuc nghiém CCD. Céc yéu t6 nhu
nhiét do, ty 1é mol MEA/FAME va ham lugng xUc tac déu
anh hudng manh dén hiéu suét phan Ung, diéu kién toi
uu dé xudt la nhiét dé 120°C, ty 1&é mol MEA/FAME = 2.2
va ty 1& xtc tac = 2,2%. O diéu kién t&i uu nay hiéu suat
FAA dat dugc la 89,3% .

M& hinh héi quy thu dugc ¢ do tin cdy cao vdi R? =
0,974, khd nang du doén tét, phu hgp dé Uing dung
trong nghién clitu md& réng quy mé va mé phdng téi uu
hda qué trinh.
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