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NGHIEN CUU SU PHU THUOC HIEU SUAT TAO METHYL ESTER
VAO DO NHOT CUA HON HOP SAN PHAM TRONG PHAN UNG
TONG HOP METHYL ESTER TU MOT SO LOAI NGUYEN LIEU DIEN HINH
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Bai bdo gidi thiéu phuong phdp tinh todn nhanh hiéu sudt cia phan iing téng hop methyl ester tir cdc nguyén liéu
khdc nhau ma khéng can sirdung phuong phdp sdc ky khi - khéi phé (GC-MS) va céng thiic tinh todn truyén théng. Cdc
phan iing téng hop methyl ester tir 8 nguyén liéu (ddau dédu nanh, ddu dira, dau hat cdi, dau tdo, mé cd, m& bé va cdn
béo thdi) dugc nhém tdc gid tién hanh véi xiic tdc siéu acid rdn SO */ZrO, theo quy trinh tong hop [1], nhiét d6 phdn
tng 130°C du'6i dp sudt tu'sinh, ty Ié methanol/nguyén liéu la 2/1, ham lugng xuic tdc 5%. Sau khi xdc dinh hiéu sudt
ctia phadn itng, nhém tdc gia da thiét Idp dé thi biéu dién méi quan hé giira hiéu sudt va dé nhét ctia sén phdm cuéi
cung (sau khi da tdch hét san phdm phu). Tir d6, xdc dinh hé sé6 géc va phuong trinh dudng thdang dé tinh todn nhanh
hiéu sudt cta phadn ing théng qua dé nhét cia sén phdm tao thanh, giup kip thoi diéu chinh théng sé vdan hanh, gép
phdn ndng cao hiéu sudt, chdt luong san phdm methyl ester trong thuc nghiém va thu'c té sdn xudt.

Tirkhoa: D6 nhét, methyl ester, hiéu sudt.
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Tinh toan xac dinh hiéu suat la van dé quan

trong trong phan Ung téng hop cac methyl
ester Ung dung cho céc linh vuc nhién liéu va
dung méi sinh hoc [2 - 5]. Trén thuc té, cac thuc
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vdi cong thic tinh toan kha phuc tap [6 - 10]. 10

Cac qud trinh phan Ung trung gian thudng

khéng dugc xac dinh do tinh chat phic tap va

mat nhiéu thdi gian, gay khoé khan khi thay déi

nguyén liéu hodc cac thong sé cong nghé khac do phai
thiét 1ap lai t& dau cac diéu kién t6i uu cho phan tng
[11 - 13]. Do d6, viéc tim ra mot phuang phap mdéi xac
dinh hiéu suat mét cach don gian, nhanh chéng, thudng
xuyén trong qua trinh phan Ung véi dé chinh xac cao la
can thiét.

Khi nghién ctu qua trinh téng hgp methyl ester tu
cac loai nguyén liéu khac nhau, nhom tac gia nhan thay
hiéu sudt tao methyl ester cang cao, d6 nhét ctia san
pham sau khi tinh ché (rlra, chung tach nuéc) cang thap
va néu hiéu suat di cao thi su phu thudc nay gan nhu
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Hinh 1. Gidn d6 XRD ctia ZrO, trudc khi ngdm tdm H,50,

tuyén tinh. Nhém téc gia da tién hanh xac dinh maéi quan
hé hiéu suat - d6 nhaét nay dé tinh toan nhanh hiéu suat
thu methyl ester tai cac thoi diém khac nhau trong qua
trinh phan Ung. Nguyén ly chung clia phuong phép la
m&i quan hé gilia hiéu suat - d6 nhét phu thudc chu yéu
vao ban chat ctia nguyén liéu cia qua trinh methyl hoa
[14] nén c6 thé ing dung nguyén ly trén vao tat ca cac
phan Ung téng hgp methyl ester véi nhiéu hé xuc tac
khac nhau.

Trong nghién ctu nay, xUc tac siéu acid ran SO,/
ZrO, dugc st dung do tinh da nang phu hgp cho moi
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o I bdng cach lay mau theo cac khoang thdoi
- gian nhat dinh. Cac nghién ctu chira sy phu
) e thudc gira hiéu suat va do nhét dugc tién
eos) {  ad hanh trén cac mau lay ra sau nhiéu khoang

thdi gian phan ung dé.

2. Thuc nghiém

h ‘ ﬂ ” l [ Xuc tac siéu acid ran SO,*/ZrQ, [1] dugc
| T > " o
LI P : 4 dac trung vé cau trdc tinh thé va tinh acid

2-Theta - Scale

D theo phuang phap phé nhiéu xa tia X (XRD)
RIS s R R S EEE R R TES ) phuong phap gidi hdp NH, theo chuong
Hinh 2. Gidn d6 XRD ctia xuc tdc SO ?/ZrO, trinh nhiét d6 (TPD-NH,).
Nhiat dé Nhiat dé Nhiat dé Tocdd Cac nguyén liéu dugc st dung trong
T cuc dai bit dau két thic tiang nhiét nghién ctiu nay gém dau dau nanh, dau dua,
(°C) (°Q) (°Q) (°C/phut) dau hat cai, dau vi tdo ho Botryococcus, dau
1 223,1 102,5 549,9 7 an thai, mé bo, m& ca va can béo thai. Cac
2 426,7 102,5 549,9 7 phan (ng t8ng hop methyl ester déu dugc
3 236,7 1025 49,9 / thuc hién trong hé théng binh kin chiu ap
suat c6 khudy tron. Diéu kién phan (ng:
T Nhiét dg'_‘, cwc dai qun? hap thu Néng do peak nhiét d6 130°C, ham lugng xuc tac 5% khoi
(°C) (cm”g/STP) (%) lugng, ty I& methanol/nguyén liéu la 2/1
1 223,1 8,63692 -9,12 theo thé tich.
2 426,7 3,59549 -8,90 ’ ’ -
3 536.7 0,99160 8,89 Hiéu suat phan Ung dat dugc khilay mau
tai cac thdi diém phan tng khac nhau. Qua
TCD Signal (a.u.) vs. Time trinh 1dy mau dugc thuc hién lién tuc sau 5,
L — “:'T"“-““a-‘“”“"‘ e i et - 10, 20, 30, 40, 50... phdt. Cac mau san phim
dugc rlira bang nudc néng 80°C dé loai bd
— 7 N oy rugu du, glycerine tao thanh va huyén phu
/ \\\ | /| - xUc tac, sau dé dugc sdy tach nudc tai nhiét
- 1{ \‘\ d6 120°C trong 2 gio va xac dinh ham lugng
R J ! -mvm\ r . methyl ester bang phuong phap GC-MS.
%"m Jr'f: { ’5"% Khi c6 két qua xac dinh ham lugng methyl
g%nc f ' \ m% ester bdng phuong phap GC-MS, hiéu suit
" / ' z 2 tao methyl ester dugc tinh todn theo cong
- i : ] thiic sau:
1} | \ o H% = Pneteser 100% (1)
s Jl,f 150 3x Pai, mo X Mmethyl ester
1 4 M""%—-.._M\M dau, m&
0200 2 100 Trong do:
o s 0 15 20 5 b1} 3 0 45 S0 S5 &0 65 o TS 80
TR M, i esert KNGT UGN cac methyl ester
Hinh 3. Gidn d6 TPD-NH, ctia chdt mang ZrO, tao thanh dugc tinh toan thong qua ham

va cdc thdng s6 thu duoc tir pho TPD-NH, lugng methyl ester theo GC-MS va khdi lugng

i ) san pham tao thanh;
loai nguyén liéu; phan ung dién ra trong thiét bi kin chiu
ap sudt (autoclave) & nhiét d6 130°C, ham lugng xuc tac
5% khoi lugng, ty 1é methanol/nguyén liéu la 2/1 theo M eyt eser va M_, .. Khéi lugng phan ti trung binh

thé tich dé dam bao céac yéu t6 ddng hoc cho tat ca cac clia tiing thanh phan tuong tng.

m : Khéi lugng nguyén liéu;

dau, mg*

DAV KHi - SO 4/2014 51



HOA - CHE BIEN DAU KHi

TED Signal (a.uj v Time

Nhiét do . 4. <. Nhiétddé Tocdéting : -
T cycdai Nh;;tj,?c';’at két thiic nhiét TN T LTI )
(°Q) (°C) (°C/phut) on]—1 1.' X L
1 202,9 102,5 550,0 7,4 o Y T I ™ [
2 506,9 102,5 550,0 7,4 ; NA i
é St mE
8w HF——— '\‘\ — &
T Nhiét dé cuc Lugng hap thu Noéng dé peak R 7 ) )
dai (°C) (cmg/STP) (%) 0 A £ A £
1 202,9 54,84555 -12,65 i o e e i
2 506,9 11,49877 -9,36 e e bl
Hinh 4. Gian d6 TPD-NH, ctia xtc tdc SO #/ZrO, va cdc théng s6 thu duoc tir phé TPD-NH,
Bdng 1. Téng hop cdc két qud thu duoc tir phé TPD-NH, ctia ZrO, va xiic tdc SO,2/Zr0,
L Nhiét dé giai hap (°C) Lugng NH, giai hdp (cm?/g) S tam acid (g™)
Loai vat
liéu Trungﬂbmh - Trung binh - Manh Trungﬂblnh - Trung binh - Manh Trungyblnh - Trung binh - Manh
yéu manh yéu manh yéu manh
ZrO, 223,1 426,7 536,7 8,63 3,59 0,99 2,32.10%° 9,68.10" 2,66.10"°
S0,%/Zr0, 202,9 - 506,9 54,84 - 11,49 14,75.10%° - 30,92.10"
Bdng 2. Mét s6 chi tiéu ddc trung cho 8 loai nguyén liéu ddu vao
T Cc chi tiéu Phuong Daudau Dau Dauhat Dauvitdioho Dauan M& M& Canbéo
phap nanh dira cai Botryococcus  thai bo ca thai
1 Tytrong tai 15,5°C D1298 0,91 0,93 0,90 0,9127 0,92 0,91 0,91 0,92
2 Diém chay (°C) D97 -5 25 -15 10,2 5 44 29 5
3 Chis6 acid (mg KOH/q) D664 1,36 3,88 1,1 58,2 7,8 6,3 5,4 124
4 Chisé xa phong (mg KOH/qg) D464 202,4 200 190,8 190,2 193 191 198,8 193
5 Chiséiodine (g 1,/100 g) PrEN 14111 124,4 10 140 89 133 40,5 78,5 6,28
6 D6 nhét dong hoc 340°C (cSt) D445 36,5 28,3 35,3 46,9 542 565 54 41,1
7 Ham lugng nuéc (mg/kg) D95 130 100 118 147 370 303 450 670
8 Tap chat co hoc (mg/kg) EN12662 120 50 93 167 430 428 338 452
Bdng 3. Hiéu sudt cta phdn ting téng hop methyl ester tur ddu ddu nanh theo dé nhét
Hiéu suat (%) 67,6 75,6 82,3 87,2 92,2 93,9 97,5
DO nhét (cSt) 7,5 6,1 5,55 5,15 4,75 4,6 43

Bdng 4. Hiéu sudt ctia phan (ng téng hop methyl ester tr ddu dura theo dé nhét

Hiéu suat (%) 78,88 79,02 79,31 7963 8084 81,82 8326 8422 8583 8785 8972 90,81 91,92 93,26 94,75
Ponhét(cSt) 7,17 643 577 542 501 476 446 431 402 368 336 3,19 3 2,75 2,53

Bdng 5. Hiéu sudt ctia phdn img téng hap methyl ester tir ddu hat cdi theo do nhét

Hiéu suat (%) 74,66 75,33 77,23 79,42 81,2 85 86,88 88,6 92,57 96,43
Do nhét (cSt) 7,86 7,14 6,01 5,58 5,26 4,99 4,87 4,76 4,5 4,26

Bdng 6. Hiéu sudt ctia phdn ung téng hop methyl ester tur ddu din thdi theo dé nhét

Hiéu suat (%) 72 75 80,3 85,6 90,8 93,2 95 98,83
D6 nhét (cSt) 7 6,48 5,95 5,48 5,02 4,81 4,65 4,36

Bdng 7. Hiéu sudt cta phdn ung téng hop methyl ester tir ddu vi téo ho Botryococcus theo dé nhét

Hiéu suat (%) 74,92 75 76,3 81,37 83,99 85,83 88,77 91,83 98
Do nhét (cSt) 9,22 8,74 8,41 7,48 7 6,66 6,12 5,56 44

Sau khi xac dinh dugc hiéu suat theo cong thirc (1) va hiéu suat va d6 nhét clia cac sdn phadm tao thanh. Tu dé,
do dé nhét dong hoc clia sdn pham theo tiéu chuan ASTM c6 thé tinh toan nhanh hiéu suat clia cac qua trinh phan
D 445, nhém tac gid lap d6 thi biéu dién méi lién hé giira tng methyl hoa khéc o st dung cac loai nguyén liéu trén.
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Bdng 8. Hiéu sudt ctia phdn ting téng hop methyl ester tor mé bo theo dé nhét

Hiéu suat (%) 64,7 74,2 80,2 84,9 91,0 93,6 99
D6 nhét (cSt) 8,5 6.9 6,27 58 5,24 5,00 4,49

Bdng 9. Hiéu sudt ctia phdn ung téng hop methyl ester tor mé cd theo dé nhét

Hiéu suat (%) 66,3 72,1 80,6 88,0 92,0 93,8 99,12
DO nhét (cSt) 8,12 6,83 6,02 5,35 5,0 4,85 4,35
Bdng 10. Hiéu sudt ciia phdn ting téng hop methyl ester tir cdin béo thdi theo dé nhét
Hiéu suat (%) 78 78,45 80,69 83,27 86,34 90,5 93,2
Do nhét (cSt) 9,48 8,78 8,08 7,65 7,14 6,44 6
b . e tths 3. Két qua va thao luan
zz [ ——Moca 3.1. Xdc dinh mét sé ddc trung cta xtic
¥ g5 —#—Daunanh tdc SO,*/ZrO,
% i —o— Diuvitdo 46 nhié )
%’75 e 3.1.1. Phoé nhiéu xa tia X
£ 70 —=&—Canbéo LN A 2 ~
2 thai Sau qua trinh ngam tam chat mang
>§ 65 —e— Diéu dira N P , n P <
2 _ va xuc tac véi H,SO, 1M, xdc tac dugc do
@ —o— Dau hat cai
T 2 3 4 5 & 7 2 9 10

Bonhét tai 40°C, oSt
Hinh 5. D6 thi biéu dién méi quan hé gida hiéu sudt - d6 nhét cia san phdm methyl ester

Bdng 11. Bang két qua thu duoc tir thuc nghiém xdc dinh hiéu sudt

Khoang tuyén
tinh Hésé
TT Nguyénliéu Do Hiéu g6c Phuong trinh duéng thing
nhét suat (tga)
(cSt) (%)
1 M&bo <690 >742 -1024 Y,,.,=-1024X + 144,61
2 Mdoca <683 >721 -1095 Y 5.,=-10,95X+ 146,73
3 Dauddunanh <610 >756 12,20 Y, g man=-12,20X + 150,03
4  Dauvitao <841 >763 545 Yy =-545X+122,11
5 Dauanthdi <642 >750 -11,30 Ya ey =-11,30X + 147,55
6 Canbéothdi <808 >80,69 -6,00 Y. eoums=-6,00X+129,20
7 Daudua <501 >806 575 Y g.=-575X+109,12
8 Dauhatcdi <526 >81,2 -1528 Y ey =-1528X + 161,40

—a—M& bo
—o—Mdca
—e—Déunanh

—e—Diau vitao

ttac metyl este, %

—e—Dau an thai

—a—Can béothai

i

éu sud

T~
95
90
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70 —e—Dau dira
—&—Dau hat cai
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BDénhot tai 40°C, oSt

Hinh 6. D6 thi biéu thi m&i quan hé tuyén tinh gida hiéu sudt tao methyl ester va do nhét

bdng phuang phép XRD dé xac dinh pha
tinh thé clia chat mang c6 bi bién déi hay
khoéng. K&t qua thé hién trén Hinh 1 va 2.

Két qua XRD cho thay, xuc tac ché
tao dugc 6 cau trdc gan nhu déng nhat
vGi chat mang ban dau, pha td dién
(tetragonal) khéng bi thay d8i tai cac goc
20 = 30,3% 34,8 35,2°.. chiing té qua
trinh ngam tdm H,SO, khong lam thay
d8i cau tric chat mang. Xuc tac chita cac
tam siéu acid c6 d6 acid rat cao nén hoan
toan c6 kha nang xuc ti€n qua trinh ester
hoa cac acid béo tu do trong nguyén liéu
dau vi tdo. P& ching minh tinh acid cla
xUc tac, tién hanh do TPD-NH, clia ca chat
mang trudc khi ngdm tdm va xdc tac sau
khi da tam H,SO, 1M.

3.1.2. Gidn d6 TPD-NH,

Qua 2 gidn dé TPD-NH, cla chat
mang ZrO, va xuc tac SO,%/Zr0, c6 thé
thdy, sau qua trinh ngam tdm H,SO, va
xU ly nung tai nhiét do 500°C, cac tam
acid tré nén manh hon rat nhiéu so véi
trudc khi nung. Véi chat mang ZrO,, méc
du xuat hién ca 3 loai tam acid (tam acid
trung binh - yéu tai nhiét dé giai hap
223,1°C, tam acid trung binh - manh tai
nhiét d6 gidi hap 426,7°C va tam acid
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Hinh 7. Séic ky d6 ciia methyl ester téng hgp tor mé bod
Bdng 12. Két qua GC-MS cta methyl ester tor mé bo
Thai gian luu A, R . Cong Thanh
T (phut) so6C Tén acid thiic phan (%)
1 11.760 C14:0  Miristic C,:H,:0, 1,195
2 13.056 C15:0 Pentadecanoic  C,sH;,0, 0,823
3 14.151 C16:1  Palmitoleic C,H5,0, 1,339
4 14.487 C16:0  Palmitic C,sHs,0, 24,360
5 15.807 C17:0 Heptadecanoic C,,H,,0, 2,122
6 16.783 C182  Linoleic C,eH5,0, 1,063
7 16.920 C18:1  Oleic(cis) CysHs,0, 27,034
8 17.022 C18:1  Elaidic(trans) CiH3,0, 6,033
9 17.303 C18:0  Stearic C,sH50, 34,520
10 19.931 C20:0  Arachidic CaoHaoO, 0,511
a— ii§ e | nar
Hinh 8. Sdc ky d6 cia methyl ester téng hop tir mé cd
Bdng 13. Két qua GC-MS clia methyl ester t&r mé cd
Tén Cén Thei  Thanh
TT Acid Tén théng dung héa th 3 gianluu phan
hoc (phut) (%)
1 C14:0 Tetradecanoic Myristic  C,,H,,O0, 22,43 4,70
2 (C16:0 Hexadecanoic Palmitic  C,¢H;,0, 25,85 34,20
3  Cl16:1 9-Hexadecenoic C,6H30,0, 25,53 1,18
4 (C18:0 Octadecanoic Stearic = C;3H;,0, 28,19 10,60
5 (181 9-Octadecenoic Oleic CigH3, 0, 27,94 40,05
6 C18:2 9-12 Octadecadienoic Linoleic C,;4H;,0, 27,86 6,65

manh tai nhiét dé giai hap 536,7°C), nhung s6 lugng cac
tdm hoat tinh nay khéng nhiéu, thé hién qua s6 liéu vé
lugng NH, giai hdp quy chuén tai cac tam acid d6. Cu thé,
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cac tam acid trung binh - yéu chiém da s6
vGi lugng NH, giai hap theo quy chuan la
8,63cm?3/g, sau d6 dén cac tdm acid trung
binh - manh la 3,59cm?®/g, cac tam acid
manh c6 lugng rat it thé hién qua lugng
NH, giai hap chi la 0,99cm?/g (Hinh 3). Véi
xuc tac SO,*/Zr0O,, chi ton tai 2 loai tam
acid (tam acid trung binh - yéu va tadm acid
manh) nhung véi s6 lugng cao hon rat
nhiéu. Cu thé, cac tam acid trung binh - yéu
c6 dinh giai hdp la 202,9°C giai phong ra
mot lugng NH, |én t6i 54,84cm?3/g, cac tam
acid manh c6 dinh giai hap phu tai nhiét d6
506,9°C cling c6 mét Iugng NH, gidi hap rat
dang ké 13 11,49cm?/g (Hinh 4).

Nhu vay, néu chi xét riéng cac tam acid
manh, dac trung cho cac siéu acid ran, lugng
NH, gidi phong ra trong qua trinh do pho
TPD clia xuc tac SO,*/ZrO, gép hon 11 lan
so v&i chat mang ZrO,. Ty 1é nay cling chinh
la ty 1é gitra s6 lugng tdm acid manh trén xuc
tac so vai s6 tam acid manh clia chat mang
do hai dai lugng nay ty |é thuan. Tu cac gid
tri thé tich NH, gidi hap quy chuan, nhém
tac gia dinh luong s tam acid co trong chat
mang va xuc tac (Bang 1).

Quéa trinh ngdm tam voi H,SO, 1M
da cai thién rat tét luc acid cta xuc tac.
ZrO, la mot acid radn, trong dé c6 mot
lugng tém acid manh do ZrO, c6 ton tai
pha tu dién (tetragonal). Theo nghién
clu, pha tu dién la pha cho tinh acid
cao nhit va cing la pha tinh thé c6 kha
nang luu gitr géc SO,* tot nhat [15 - 20]
do tinh chat déng hinh cta cau truc td
dién trong céc tinh thé ZrO, va ion SO,*
(S lai héa sp?). Chat mang ZrO, khong
bao g6m hoan toan la cac pha tinh thé tu
dién ma cé nhiing tinh thé dan nghiéng
(monoclinic), tuy nhién kha nang luu gil
pha hoat tinh |én chat mang van rat tot.
Vé&i hé xic tdc nay, nhém tac gid thuc
hién phan (ng tdng hgp methyl ester
tir 8 nguyén liéu va dua vao két qua xac
dinh hiéu suat mau ldy ra tai ting thaoi

diém dé xay dung d6 thi phu thudc gilra hiéu suat va
dd nhét cha cac san pham thu dugc.
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Hinh 9. Sdc ky d6 cia methyl ester tir ddu ddu nanh
Bdng 14. Két qua GC-MS ctia methyl ester tir ddu ddu nanh
. R R Tén hoa Con Thoigian  Thanh
Acid  Ténthéngdung thitc IUu(;Lﬁﬂ phan (%)
C14:0 Tetradecanoic Myristic Ci4H2502 30,57 6,383
C16:0 Hexadecanoic Palmitic Ci6H3202 30,93 17,007
C16:1  9-Hexadecenoic Ci6H3002 31,204 2,904
C18:0 Octadecanoic Stearic CigH3s02 35,148 5,306
C18:1  9-Octadecenoic Oleic CigH3402 31,753 12,285
C18:2 Octadecadienoic Linoleic CigH3202 34,719 38,079
C18:3 Octadecatrienoic Linolenic | CigsH3002 34,125 4,019
C18:1  9-Octadecenoic  Elaidic CigH3402 31,862 6,341
C18:3 Octadecatrienoic Eleostearic CigH300> 33,033 7,675
2118 B
1.8e+07 1845
1.4e+07 12.25
8000000
U U O O S 4 P 7 R
Hinh 10. Sdc ky d6 cia methyl ester tr ddu dua
Bdng 15. Két qua GC-MS cta methyl ester tir dau dira
Thoigian Cau N Cén Thanh
IUU(;Lﬂﬂ triic Ténacid tha? phén (%)
4,81 C6:0 Hexanoic CH,,0, 0,51
8,69 C8:0 Caprilic CgH,40, 6,54
12,25 C10:0 Capric Ci0H500, 7,72
13,72 C11:0 Undecanoic C,,H,,0, 0,08
1560  C12:0 Lauric C,H,0, 30,01
16,82 C13:0 Tridecanoic Ci5H,60, 0,14
18,46 C14:0 Myristic C,,H,sO, 20,37
19,60 C15:0 Pentadecanoic C;sHy0, 0,04
21,18  C16:0 Palmitic C,H,0, 13,76
22,07 C17:0 Heptadecanoic C,,H5,0, 0,03
2290  C181 Oleic CisHs0, 11,45
23,13 C18:0 Stearic Ci5H360, 7,73
Tetradecanoic, 2-hydroxy-1-
24,44 €140 (hydroxymethyl) myethylyeste CroH0s 0,61
24,59 C20:0 Eicosanoic CyoH400, 0,35
Hexadecanoic, 2-hydroxy-1-
26,39 160 (hydroxymethyl) myethyl);ste CroHc0s 0,12
26,54 C22:0 Docosanoic C,H,,0, 0,06

3.2. Ddc trung nguyén liéu ddu mé déng
thuc vét dau vao

Cactinh chat chinh ctia 8 loai nguyén
liéu dau vao thé hién trong Bang 2.

Theo Bang 2, chi s6 acid cla 8 loai
nguyén liéu trén thay déi tu rat thap
(dau dira, ddu nanh, dau hat cai) dén rat
cao (cdn béo thai, 1én dén 124). Do qua
trinh phan Ung st dung xuc tac acid, nén
khong gay ra phan Ung xa phong héa,
vi vdy cd 8 nguyén liéu déu c6 thé tham
gia phan Ung t8ng hgp cac methyl ester.
Cac nguyén liéu déu dugc xtr ly lang, loc
tap chét co hoc, sdy tach nudc nén ham
lugng nudc cling nhu tap chat co hoc
déu thap dudi muc cho phép, khéng anh
huéng téi hoat tinh clia xuc tac.

3.3. Két qua xdc dinh méi quan hé giira
hiéu sudt methyl ester va dé nhét

3.3.1. Phuong phdp xdc dinh hiéu sudt qua
dé nhét

Trong céng thic (1), dé xac dinh
khéi lugng cda san pham alkyl ester
thu dugc (m) can thuc hién quy trinh
tinh ché& sdn pham rat phuc tap nhu
phan tach glycerine, sdy tach con du,
rlfa xa phong va san phdm phu, sau do6
dem san pham sau tinh ché di do GC -
MS dé xac dinh thanh phan alkyl ester.
Tu thanh phan d6, xac dinh dugc khdi
lugng phan tu trung binh (MaIkyI Az
khéi lugng phan ti trung binh cla dau
m& (M_ ). Do d6 st dung phuong phap
nay sé mat nhiéu thdi gian va ton kém,
dong thai qua trinh tinh ché rat phic
tap nén khong thé thudng xuyén kiém
tra hiéu suat cdc mau trung gian nham
diéu chinh qua trinh phan (ng. Trong
qué trinh thuc nghiém, nhém tac gia
da rat ra quy luat hiéu suat methyl ester
thu dugc cang cao thi d6 nhét cang
thdp. Vi vdy phuong phép cé thé xac
dinh nhanh hiéu suat tao methyl ester
vGi d6 chinh xac dang tin cay la phuong
phap xac dinh hiéu suat thong qua doé
nhdt ctia san pham.
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Phén Ung trao ddi ester dé téng hgp methyl ester
nhu sau:

R,COOCH +3CH;0H <= CH ~OH+R,COOCH;

Trong hén hgp céac sdn phadm thu dugc sau phan
ung téng hgp methyl ester chua toan lugng co rugu du,
glycerine tao thanh, nuéc va cac thanh phan nguyén
liéu chua phan Ung va cac san phdm trung gian nhu:
triglyceride, cac acid béo tu do, cac di- va mono-glyceride,
hodc c6 thé c6 xa phong néu st dung cac hé xdc tac kiém.
Trong d6, cac thanh phan cé thé lam sai léch két qua danh
gia méi lién hé gida hiéu suat va dé nhét (nhu rugu du,
nudc va glycerine) da dugc loai bd thong qua qud trinh
réla mau sau phan ng bang nudc néng va sdy kho san
pham; xa phong khéng tao thanh trong phan ting xuc tac
acid, hodc néu sir dung xuc tac kiém thi c6 thé dé dang
loai bd xa phong qua giai doan tinh ché. Sau khi loai bo
cac thanh phan anh huéng dén d6 nhét, nhin vao phan
Ung c6 thé thdy ban dau triglyceride trong dau mé& déng
thuc vat c6 dé nhét rat cao; sau khi cdt mach @€ tao methyl
ester thi dé nhét giam va gidm manh nhat khi chuyén héa
hoan toan.

Vé&i mbi loai nguyén liéu, mai lién hé nay khéng phu
thudc vao loai xuc tac dugc st dung ma chi phu thudc vao
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Hinh 11. Sdc ky d6 cGa methyl ester tur ddu hat cai

Bdng 16. Két qua GC-MS ctia methyl ester tir dau hat cai

Tén géc " R . Hamlugn
T acidgbéo S6C  Cong thuc (%)' 9
1 Pentadecanoic C15:0 C,sH50,0, 4,55
2 Octadecadienoic  C18:2 CH350, 18,50
3 Octadecenoic C18:1 CiH3,0, 70,75
4 Octadecatrienoic  C18:3 C,5H50,0, 1,16
5  Octadecanoic C18:0 C,5H560, 2,36
6  Eicosenoic C20:1 C,H350, 1,77
7  Eicosanoic C20:0 CyoH,00 0,91

N}
o
N
S
N
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thanh phan va ban chat nguyén liéu. Do dé, néu danh gia
dugc su phu thudc cta hiéu suat phan tng vao d6 nhat
san pham thi c6 thé ting dung méi lién hé nay vao tat ca
cac qua trinh tdng hap alkyl ester cho tiing loai nguyén
liu bat ké sirdung xuc tac nao. Dé xay dung dudng chuan
hiéu suat - d6 nhat, nhom tac gia da xac dinh tiing hiéu
suat clia cdc mau san pham 3y ra sau cac giai doan phan
Ung, tinh ché va do GC-MS, tir d, tinh toan hiéu suat tao
alkyl ester theo cong thiic truyén thong. Khi xay dung
xong dudng chudn, viéc xac dinh gia tri hiéu suat sé dugc
tinh todn ngay trén d6 thi ma khéng can st dung phuong
phap GC-MS n(ia.

3.3.2. Két quad khdo sdt trén cdc loai nguyén liéu

Dé don gidn hoa nham tim ra dudng chuan, phan ting
trao d6i ester dugc thuc hién véi methanol. Sau khi thuc
hién cac thi nghiém xac dinh hiéu suat va dé nhét cua
san pham sau phan Uing t8ng hgp methyl ester tur cac loai
nguyén liéu tuong ung, két qua thu dugc thé hién trong
cacBang 3-10.

TU d6, nhom tac gid thiét 1ap d6 thi biu dién méi
quan hé gilra do nhét va hiéu sudt tao methyl ester tir 8
loai nguyén liéu (Hinh 5).

s ——r e

l

.-__._..i._.;..é-..s.!f_.llhagé-. m.a.._'t.i‘w!_,u..‘;.l_a B N

Hinh 12. Sdc ky d6 cia methyl ester tir dau vi tao

Y c

Bdng 17. Két qua GC-MS cta methyl ester tu dau vi tdo

.Thdl Tén hop chat hay ténacid Céng Tha:\h
TT gianluu béo thic phan
(phut) (%k1)

5,200 Palmitoleic, ester

5,383 Hexadecanoic, ester
6,017 3,6-octadecadienoic, ester
Hexadecanoic,
14-methyl-, ester

1 Ci7H3206 4,36
2
3
4
5 7,200 6,9,12-Octadecatrienoic, ester CioH3,0, 15,56
6
7
8
9

Ci7H340, 51,14
Ci9H3402 0,05

6,467 Ci8H360:2 0,29

9,12-Octadecadienoic(Z,2),
ester
7,517 9-Octadecenoic(Z), ester
7,600 16-Octadecenoic, ester
7,900 Octadecanoic, ester CigH3602 1,65
0 9,508 10-Nonadecenoic, ester Ca0H3802 0,19
1 10,958 7,10,13-eicosatrienoic, ester Cz1H360: 0,55

7,425 CioH3402 13,95

Ci9H3602 9,36
Ci9H3602 2,75
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- oA 20 hat cai, cac do thi tuong Ung gan nhu la mot
o dudng thang. Biéu nay cho thdy méi quan hé
— gitra d6 nhdét va hiéu suat gan nhu la tuyén
e tinh. Vai hiéu suat thap hon cac gia tri gisi han
e do6, dé thi sé khong con tuyén tinh nita. Tur d6,
o nhom tac gia cho réng, c6 thé xac dinh hiéu
o suat thong qua doé nhat trong khoang thap
o L MM M JL_ hon dé nhét giGi han phi tuyén vai dé chinh
o e N

T xac dang tin cay.

Hinh 13. Sdc ky do6 cta methyl ester tu cdn béo thai o . )
Trong thuc té sdn xuat methyl ester st

Bdng 18. Két qua GC-MS cta methyl ester tr cdin béo thai dung lam nhién liéu hodc dung méi sinh
6 Ji qi 3 hoc can cac qua trinh chuyén hoéa véi hiéu
L Tén acid béo ssc <Ong  Thoigian ~Ham - qua trinh chtlyeh hoa vol hied
thic  luu (phit) luong (%) suat cao.Trén co sé d6, nhdm tac gia da loai
1 Octanoic C8:0 | CeHicO: 8,46 0,09 bé phan khéng tuyén tinh cta dé thi, chi
2 Decanoic _ C10:0  CioH20:2 11,99 0,14 gitr lai phéan dé thi tuyén tinh dé phuc vu
3 Dodecanoic C12:0  Ci2H2402 15,25 0,88 | A e
4 Tetradecanoic C14:0  CisH2802 18,19 2,07 tinh toan hiéu %‘uat.tonglhc}p methyl ester
5  Pentadecanoic C15:0  CisH300; 19,56 0,13 (Hinh 6). Tu d6 thi tuyén tinh thu dugc,
6  Hexadecanoic C16:0  CieH20. 21,18 35,91 nhém tac gia xac dinh dugc hé s6 goc va
7 Heptadecanoic C17:0  Ci7H3402 22,08 0,49 phuong trinh dudng thdng tinh toan hiéu
8 10,13-Octadecadiennoic C18:2 = CisH3:02 22,95 29,55 sust methyl ester (Bang 11)
9 9-Octadecenoic C18:1  CigH3402 23,05 9,28 y 9 ’
10 Octadecanoic C18:0  CisH360> 23,19 6,19 TU phuong trinh dudng thang da thiét
11 9, 12-Octadecadienoic C18:2  CigH3202 23,59 0,50 lap, sé tinh toan dugc hiéu sust tao methyl
12 11-Eicosenoic C20:1 = CyoH330: 24,62 0,63 ‘ R T, .
13 Eicosanoic C20:0  CooHiO> 24,89 0,97 ester (Y) tuong (ing v6i moi gia tri d6 nhot

do dugc (X). Bang 11 ap dung cho tat ca
e ——— cac phan tng téng hop methyl ester véi 8
loai nguyén liéu da nghién cuu.

3.3.3. Kiém chimng do tin cdy cia phuong phdp

DEkiém chiing tinh chinh xac clia phuong
phap, nhém tac giad da stir dung phuong phap
GC-MS dé xac dinh hiéu suat tao methyl ester
theo cong thuic (1) va so sanh véi phuong phap
‘I “l | xac dinh nhanh hiéu suat dua vao dé nhét. Sac
o b L i ky do va két qua GC-MS clia methyl ester tlir 8
Hinh 14. Sdc ky d6 cta methyl ester tu ddu dn thai loai nguyén liéu dugc thé hién trén Hinh 8 - 14
va Bang 13- 19. K&t qua tinh toan hiéu suat tao
methyl ester theo phuong phap truyén théng

AARRRNREE

Bdng 19. Két qua GC-MS clia methyl ester tir ddu dn thdi
Théi  Thanh

T Acid Tén thong dung Te::coa fﬁﬂg gianluu phéan va phuong phap do nhot

. ' o (phut) (%) Nhém tac gid da téng hop methyl ester
1 C20:0 E.|cosan0|c ‘ Arachldlc C20H100:2 27,5 4,63 tir cac ngudn nguyén lidu trén va Kiém tra
2 C22:1  cis-13-docosenoice Erucic CoHa02 16,75 7,8 54 <3N bh Cthai dié RN
3 C14:0 Tetradecanoic Myristic  CiaH2s02 19,42 6,06 mau san pham tai thoi diém cudi cung. Safj
4 C18:0 Octadecanoic Stearic  CisH3sO2 24,45 60,11 do, so sanh phuong phap xac dinh hiéu suat
5 | (C16:0 Hexadecanoic Palmitic CieH:202 22,05 21,56 theo céng thic truyén théng va phuong

phap xac dinh nhanh hiéu suat theo d6 nhét

Két qua cho thay, trong khoang dé nhét tor duéi 6,9¢St d& chiing minh db tin cay cia phuong phap mdi.

(74,2%) v6i m& bo, 6,83¢St (72,1%) v6i m ca, 6,1¢St (75,6%) s S ,

vGi ddu dau nanh, 8.41cSt (76,3%) vdi dau vi tao, 6,42c5t Bang 20 cho thay sai 56 tinh toan gitfa hai phép do thap
(75%) v6i dau an thai, 8,08cSt (80,69%) vGi cin béo thai,  (dudi 1%). Do do, phuong phap xac dinh nhanh hiéu suat
5,01cSt (80,6%) véi ddu dua va dudi 5,26¢St (81,2%) véidau  thong qua dé nhét ctia san pham la tin cay, c6 thé strdung
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Bdng 20. Két qua so sdnh hiéu sudt cia phdn ting téng hop
methyl ester theo phuong phdp truyén théng va theo dé nhét

Hiéu suat Hiéu sudt theo

Po ’

TR A tinhtheo phuong phap Saiso
Nguyén li¢u ?chs‘:; donhét, truyénthéng (%)

(%) (%)

Mé& bo 5,24 90,95 91,04 0,098
M& cé 5,14 90,45 90,81 0,396
D&au nanh 4,52 95,15 94,54 0,645
Dau vi tdo 5,86 90,17 90,84 0,738
Dau an thai 5,67 83,48 82,80 0,821
Can béothai 6,00 93,20 92,86 0,366
Dau dlra 2,75 93,31 92,68 0,679
Dau hat cai 4,65 90,35 90,65 0,320

nhu la mét phuong phap thay thé phuong phap tinh toén
theo céng thuc truyén thong (1) trong mot s6 phan ting
ester hoa cu thé theo nghién cliu clia nhém tac gia. Pay
la phuong phap c6 y nghia rat I6n trong thuc tién nha kha
nang xac dinh nhanh hiéu suat dé kip thdi diéu chinh théng
s6 van hanh, gép phan nang cao hiéu suat, chat lugng san
pham methyl ester trong thuc nghiém va thuc té san xuat.

4. Két luan

- Déc trung xuc tadc SO,%/Zr0, cho thay day la mét loai
siéu acid ran dién hinh vdi tinh acid tang rat manh sau qué
trinh ngam tam vai H,S0,; két qua tinh toan s6 lugng tam
acid cho biét lugng tam acid manh trong xtc téc gdp hon 11
lan so véi chat mang truéc khi ngdm tam. Pha tinh thé ton tai
trong xuc tac ngoai thanh phan don nghiéng (monoclinic)
con xudt hién pha t dién (tetragonal) va chinh pha t dién
nay gop phan lam tang tinh acid cho xtc tac.

- Xac dinh dugc céc tinh chat chinh dac trung cho
nguyén liéu dau vao theo cac tiéu chudn hién hanh, qua
d6 thay rang ca 8 loai nguyén liéu sir dung déu cé tinh chat
(ham lugng nudc, tap chat ca hoc thap dusi muc cho phép)
rat phu hop cho phan ting trao déi ester tao methyl ester.
Mac du mét s6 nguyén liéu co chi s6 acid cao (nhu dau &n
thai, m& bo, dau vi tdo ho Botryococcus hay can béo thai)
nhung khong anh hudng dén qua trinh phan (ing vi xuc tac
st dung la acid ran, khéng gy ra phan ting xa phong hoa.

- Tién hanh phan Ung téng hop methyl ester tu
nhiéu ngudn nguyén liéu khac nhau nhu dau dau nanh,
dau dura, dau hat cai, dau vi tdo, dau an thai, m& bo, mé
ca va can béo thai & cung céac diéu kién phan Gng nhu
nhau trong thiét bi phan ng kin cao ap: nhiét dé 130°C,
ap suéat tu sinh, ty & thé tich methanol/nguyén liéu 2/1,
ham lugng xtc tac acid ran SO,*/ZrO, 5% khéi lugng. Cac
sdn pham trung gian tao thanh dugc Idy mau theo tiing
thai diém trong qua trinh thuc hién phan ting dé xac dinh
méi tuong quan hiéu suét - d6 nhot.
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- Méi quan hé hiéu sudt - d6 nhét trén do thi la maoi
quan hé phi tuyén. Tuy nhién trong mét khoang hiéu suat
du cao (gidi han nay phu thudc ban chat nguyén liéu), hiéu
sudt sé phu thudc gan nhu tuyén tinh vao dé nhét. Do thuc
té chi lam viéc véi cac khoang hiéu suat cao hon gidi han
tuyén tinh, nghién ctu da tuyén tinh hoa dé thi va dua ra
cac phuong trinh dudng thang tuang ting véi tiing nguyén
liéu. TUr phuong trinh d6 6 thé xac dinh gan chinh xac hiéu
suat phan ung théng qua dé nhét clia san pham tao thanh.

- Kiém ching d6 chinh xac clia phuong phap hiéu
sudt - dé nhét so véi phuong phap truyén théng cho két
quad sai s6 rat nho. Do d6 co thé st dung phuong phap
dé thi nay dé xac dinh hiéu suat trong qua trinh téng hgp
methyl ester. Pay la phuong phéap cé thé xac dinh nhanh
hiéu suat va dac biét vai chi phi rat thap, dem lai hiéu qua
cao cho qua trinh san xuat biodiesel.
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Summary

This paper presents a new method to quickly calculate the performance of methyl ester synthesis process without
using GC-MS and the traditional equation. Many feedstocks were converted to methyl esters including soybean oil,
coconut oil, rapeseed oil, microalgae oil, beef tallow, catfish oil and deodoriser distillate from vegetable oil refinery.
The reactions were established on the same solid super acid catalyst system SO,*/ZrO, [1]. All the reagents were kept
in an autoclave supported stirring system under the same conditions such as temperature of 130°C under autog-
enous pressure, methanol/feedstock volume ratio of 2/1, and catalyst dosage of 5%. The performance tests were
established continuously by withdrawing product samples after many reaction times, for examples after 5, 10, 20,
30, and 40, etc. minutes. Using the results derived from GC-MS to calculate the reaction yield, we reached a range of
performance values. Then, the methyl ester yield - viscosity relations were described on diagram to estimate their lin-
ear limitations. Applying these relations on any methanolysis process with the same feedstock, we could quickly and
precisely determine the reaction yield without using GC-MS and the traditional calculations.
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