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Sadn xudt biodiesel tir cdin béo thai va dau hat cao su dang du'oc coi la mét trong nhiing huéng di tiém ncding dé phdt
trién nhién liéu sinh hoc & Viét Nam. Tuy nhién, cdn béo thdi thu duoc tir ddy chuyén tinh luyén ddu dn c6 80 - 90% acid
béo [12 - 16], ddu hat cao su vira cé chi sé acid cao, vira chira enzyme lipase c6 khd néng thiy phén cdc triglyceride,
nén cang dé ldu chi sé acid cang tdng manh, cé6 thé Ién téi 40 - 50% [15]. Phuong phdp téng hop biodiesel tir hai loai
nguyén liéu nay chi yéu dua véo qud trinh 2 giai doan, tén nhiéu nuéc, ndng lugng va théi gian phdn ung; thiét bi
phirc tap... khién chi phi van hanh tdng cao [3]. Bai viét gidi thiéu qud trinh ché tao xic tdc di thé luéng chic ndng
calcium silicate (CS) va mesoporous calcium silicate (MCS). Ddy la loai xiic tdc di thé tién tién thé hé méi dua trén co'sé
silicalite, chira cd 2 logi tém hoat tinh acid va bazo, xuic tién cho phdn iing ester héa va trao déi ester. Xiic tdc nay duoc
ché'tao thanh céng véi quy trinh don gidn va da duoc sir dung hiéu qua dé téng hop biodiesel tir cdc loai nguyén liéu
€6 chi sé acid cao, ddc biét la céin béo thdi va ddu hat cao su.

1. Thuc nghiém 1.2. Chuyén héa dau hat cao su va cdn béo thai thanh

1.1. Ché tao xtic tdc di thé CS va MCS béing phdn ng  Piodieseltrong phan iing 1 giai doan

déng ngung tu Dé& thuc hién phan tng trao déi ester, thong thudng

Xuc tac CS dugc ché tao theo phuong phap déng
ngung tu trong méi trudng kiém vai chit tao moi trudng
la NaOH, céc tién chat st dung la TEOS va CaO véi ty lé
Ca0/si0, thich hgp. Nhiét d6 phan (ng gilr tai 90°C trong
24 gid. Xuc tac thu dugc dem di loc, riia dén khi pH =7 va
say G nhiét do 120°C trong 12 gid, sau d6 nung & nhiét d6
650°C trong 4 gio.

Xuc tac MCS dugc ché tao tuong tu nhu xdc tac CS, chi
khac la st dung thém chét tao cau tric mao quan trung
binh CTAB cho qua trinh hinh thanh mao dang meso. Cac
diéu kién téng hgp tuong tu nhu CS, tuy nhién nhiét do
nung la 550°C trong 4 gi& dé tach chat tao ciu trac.

Xuc tac sau khi phan ting 1an 1 dugc tai st dung bang
cach gan loc hét dung dich san pham, sau dé cho tiép hén

hop phan Ung (dau mé& va ethanol) vao dé thuc hién tiép I o labamp
[ t3

cac phan (ng lan sau. Tai sinh CS va MCS bang phuong
phép rtia véi dung méi la con cdng nghiép, sdy khé &
nhiét d6 120°C trong 2 gid réi nung tié€p & nhiét d6 550°C S
trong 3 gio. Hinh 1. So dé thiét bi cao dp téng hop biodiesel
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phai tién hanh & nhiét d6 thap hon so vai nhiét d6 séi cua
rugu. Nhom tac gia da si dung tac nhan rugu la ethanol,
mot loai rugu than thién méi trudng nén nhiét doé phan
tng khong vugt qua 78°C. BGi vGi phan ting trong pha
I6ng, yéu t6 khuéch tan dong vai trd quan trong, nén
nhom tac gid da ché tao thiét bi chiu dugc ap luc dén
5at va thuc hién qua trinh trao déi ester trong thiét bi do.
Phén (ing t8ng hop biodiesel dugc thuc hién trong thiét
bi phan (ing cao ap cé khudy tron. Nhiét d6 phan tng
dugc thay d6i tir 90 - 130°C, thdi gian ti 1 - 4 gid, ty |é thé
tich methanol/nguyén liéu thay déi tir 0,5/1 dén 3/1, téc¢
do khudy 100 - 500 vong/phut. San phdm tao thanh sau
khi lang tach xdc tac dugc gan loc qua phéu chiét, riia san
phdm bang nudc ndng 80°C. Biodiesel sau dé dugc tach
nudc & nhiét d6 120°C, do GC-MS dé xac dinh cac cau tu
thanh phan va tinh toan hiéu suat phan tng.

1.3. Xdc dinh mét sé chi tiéu quan trong chinh cia
nguyén liéu va san phdm

- Ty trong dugc xac dinh bang ty trong ké (phu ké)
theo ASTM D1298.

- Chi s6 acid dugc xac dinh theo tiéu chuidn TCVN
6325-1997, ASTM D664. Hda tan mau th trong mét dung
mo6i hén hagp, sau d6 chudn doé acid béo véi dung dich
KOH trong ethanol. Chi sé acid xac dinh theo cong thuc:

56,1xV xC
X=———"7—

m
Trong do6:

V: Thé tich dung dich KOH 0,1N d& duing dé chuan do;

C:Néng dé chinh xac ctia dung dich chuén KOH da st
dung (mol/l).

- Chi s6 iodine dugc xac dinh theo tiéu chuan ISO
3961 (TCVN 6122) va theo cong thuc sau:

(7, =7 )x Cx12,69
m

I; =
Trong d6:

C: Néng d@6 chinh xac cta dung dich natrithiosulfate
chuén da st dung (mol/ml);

V,: Thé tich dung dich natri thiosulfate chuan da su
dung cho mau trang (ml);

V,: Thé tich dung dich natri thiosulfate chudn da su
dung cho mau thu (ml);

m: Khéi lugng mau thir (g).

- Chi s6 xa phong dugc xac dinh theo tiéu chuin

ASTM D2896. Bun s6i mau thi v6i dung dich KOH trong
ethanol va cho héi luu bang bo sinh han, sau d6 chuan dé
bang dung dich chuan HCl.

Lay 2g dau vi tdo cho vao binh n6n 250ml. Dung pipet
lay 25ml dung dich KOH 0,1N trong ethanol cho vao binh
nén chia mau thit. Cho tié€p mét it chat trg séi. NGi bd sinh
han véi dung cu dun noéng va dun séi tir ti, khudy nhe
trong 1 - 2 gid. Sau khi dun néng dé hén hop vé nhiét do
phong, cho thém vao binh ndén 3 - 5 giot phenolphthalein
va chudn d6 véi dung dich HCI 0,1N dén khi mau héng cda
chat chi thi bién mat.

Tién hanh chuan dé véi dung méi trdng (khi khéong
cho dau vi tdo vao) véi cac budc nhu trén.

Chi s6 xa phong dugc xac dinh theo cong thic:

(7, -1 )x Cx56.1
S = m
- D6 nhét ddng hoc dugc xac dinh & nhiét dé 40°C
theo phuong phép thir ASTM D445 hodac TCVN 3171-1995.

D6 nhét xéc dinh theo cong thuc: ve =k x t

Trong d6: k: Hang s6 nhét ké mao quan dugce xac dinh
riéng cho ting nhot ké;

t: Thoi gian chdy clia mét cong clia dau (tinh bang
giay) trong nhat ké tirvach 1 dén vach 2 clia bau do.

- Nhiét d6 chdp chay dugc xac dinh theo tiéu chuan
ASTM D93.

- Ham lugng nudc va chat bay hoi trong dau dugc
xac dinh bang cach say dén khéi lugng khong déi .

_ (m]-f’ng) x 100%
N= m

Trong do:

m: Lugng mau thi (g);

m: Khéi lugng céc va mau trudc khi sdy (g);
m,: Khéi lugng céc va mau sau sdy (g).

- Ham lugng ethyl ester dugc xac dinh théng qua
phd GC-MS tai Phong thit nghiém séc ky - VILAS 335,
Trung tdm Gido duc va Phat trién Séc ky, Dai hoc Bach
khoa Ha Néi, bang may sac ky khi GC 6890 MS5898 cot
mao quan HT-5MS, chiéu dai 30 x 0,25um x 0,25um, nhiét
d6 detector la 290°C, t6¢c d6 dong 1,5ml/phut, khi mang la
Heli (He), chat pha loang la n-hexane.

Cac két qua téng hap xuc tac, thuc hién phan Ung trao
ddi ester va xac dinh cac chi tiéu chat lugng clia nguyén
liéu va san pham dugc dua ra & phan thao luan va két qua.
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2. Két qua va thao luan

2.1. Ddc trung cua xtic tdc

2.1.1. Gién dé nhiéu xa tia X géc hep (SAXRD) cua CS va MCS
Gian d6 SAXRD trén Hinh 2 va 3 chi ré su khac biét

vé cau tric clia 2 loai xuc tac. Trong khi xuc tac CS khong

600

Lin (Cps)
g

¢6 tin hiéu cuc dai nhiéu xa & mat phan xa (100) - peak
dac trung nhat cho cdu tric mao quan trung binh, xdc tac
MCS lai xuat hién 2 cuc dai nhiéu xa tai cac goéc 26 = 2,2°
va 3,8° dac trung cho hai mat phan xa (100) va (110). Diéu
nay ching t6 cau trdc mao quan trung binh chi xuat hién
tai vat liéu MCS. Chat tao cau truc mao quan trung binh
CTAB ddéng vai trd quan trong nhat
trong su dinh huéng cau truc do. Véi
cudng d6 nhiéu xa cao va cac peak
tadch bach ching t6 mao quan trung
binh tao thanh c6 cau truc trat tu.

Cau tric mao quan trung binh
lam cho xdc tac MCS ¢6 nhiéu uu diém
vugt troi: tang kha nang khuéch tan
cla nguyén liéu dén cac tdm hoat tinh
t6t hon; su phan tan déng déu clia cac

o T T T T T T T T T T T T T
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Nl Ngan B ma WSS 2an raw - 1000 - Enas 0w 2-Th

BllFile: Ngan BK mau MS3-24h.raw - Type: Locked Coupled - Start: 1.000 ° - End: 10.000 ° - Step: 0.008 * - Step time: 0.8's - Temp.: 25 °C (Room) - Time Started: 10 s - 2-Theta: 1.000 * - Theta: 0.500 ° - Chi

Hinh 2. Gidn d@6 SAXRD cua xtc tdc CS

G (FoOM) - 11Me Started: 106 - 2-neta: 1.0 * - INeta: 0.5 - v

tdm hoat tinh; han ché t6i da ngd doc
xUc tac sau cac lan téi s dung. Do do,
MCS cé hoat tinh, d6 chon loc va sé lan
tai si dung rat cao. Xuc tac CS khéng
¢6 cau tric mao quan trung binh nén

T T T

hoat tinh xuc tac chd yéu phu thudc
vao bé mat ngoai va dé manh cla cac
tam hoat tinh acid, bazo. Do khong
¢b cau trdic mao quan vai dién tich bé
mat I6n nén cac tam hoat tinh phan bé
khong déng déu trén bé mat, khién
kha ndng tdi s&r dung cda xuc tac CS
khong cao bang MCS.

2.1.2. Gian dé nhiéu xa tia X géc réng

2-Theta - Scale

[JFile: Ngan BK mau MS1-TTL raw - Type: Locked Coupled - Start: 0.500 ° - End: 10.004 * - Step: 0.008 ° - Step time: 0.8 s - Temp.: 25 °C (Room) - Time Started: 10's - 2-Theta: 0.500 ° - Theta: 0.250 ° - Chi

Hinh 3. Gian doSAXRD cua xuc tdc MCS

5
g
g
B

Lin {Counts)
A

(WAXRD) cua CS va MCS

Ca 2 gian d6 WAXRD cho thay, xtc
tadc CS va MCS déu |a cac vat liéu vo
dinh hinh, khéng xuat hién cac pha
tinh thé riéng ré ctia CaO hay CaSiO,.
Muc dich clia ca hai xtc tac la thay thé
mot phan Si trong mang ludi lién két
Si0, bang Ca dé tao ra hé phtic hop
chua cac lién két Ca-O-Si. Do vay, Ca
da thay thé thanh céng Si trong vat
liéu ban dau. Su thay thé thanh cong
nay lam cho vat liéu tir chd co tinh
acid xap xi v6i SiO,, tang lén cao hon
nhiéu nh& hiéu tng gan ké cua Si va

L3 T ¥ T T T

2-Theta - Scale
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Hinh 4. Gian d6 WAXRD ctia xuc tdc CS
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H Ca thong qua cau néi oxy [9], xuc tac
hiéu quéd cho qua trinh chuyén hoéa
cac loai dau cé chi s6 acid 16n.
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BllJFile: Ngan BK mau MCS-3 goc lon.raw - Type: Locked Coupled - Start: 5.000 ° - End: 45.000 ° - Step: 0.020 ° - Step time: 0.8 5 - Temp.: 25 °C (Room) - Time Started: 19 s - 2-Theta: 5.000 ° - Theta: 2.500 °

Hinh 5. Gian dé WAXRD cua xuc tdc MCS

TR,
400nm

(b)
Hinh 6. Anh SEM cta xtic tdc CS (a) va MCS (b)

Badng 1. Két qua thir nghiém hoat tinh va khad néng tdi sir dung cua xuc tdc CS va MCS
Hiéu suat thu biodiesel qua cac lan phan iing, %
Lan1 Lan2 Lan3 Lan4 Lan5 Lan6 Lan7  Lan8  Lan9

(&) 93,4 90,4 88,2 86,5 84,1 81,8 77,5 714 60,0
MCS 94,5 94,5 94,5 94,3 94,0 93,6 93,6 93,4 93,5

Xuc tac
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Hinh 7. Hiéu sudt thu biodiesel qua 9 ldn phan tng cda xuc tdc CS va MCS

Mot s6 nghién ciu chira cau tric vé dinh hinh sé cho
hoat tinh xtc tac cao nhat [1, 2]. Su tao thanh cac tinh thé
CaSiO, hodc Ca_SiO, lam mat tinh chat ludng tinh cla vat
liéu, do dé muc tiéu clia nghién ciu la dua xuc tac CS va

MCS vé dang vé dinh hinh. Theo
phé XRD géc réng, qua trinh
téng hop xuc tac da thanh cong.
Tuy nhién cling c6 mét peak sac
nhon thé hién mot phan nhd cé
cau truc tinh thé. Day c6 thé la
peak clia CaO khi Ca chua dugc
lien két vao trong mang Ca-O-Si.
Nhung cau tric nay khéng anh
hudng gi dén hiéu qua téng hop
biodiesel.

Hinh 6 1a anh hién vi dién ti
quét (SEM) cuia xuc téc CS va MCS.
V& mat hinh thai hoc, hai loai xuc
tac kha gibng nhau vai cac hat
xuc tdc dang sau duc [1, 2]. Tuy
nhién MCS cé kich thudc hat
nhdé hon (khodng 30nm) so vdéi
CS (khodng 100nm). P& tao cau
trdc mao quan trung binh, cac
hat duoc sdp xép dé hinh thanh
dang trat tu xa nén co kich thudc
nhé hon. Xuc tac CS tuy khong
cé cadu tric mao quan dac thu,
nhung kich thudc hat dat khoang
100nm, gop phan tang dién tich
bé mat ngoai, ddy nhanh téc d6
khuéch tan cta nguyén liéu dén
cac tam hoat tinh. Xdc tdc MCS
c6 kich thudc hat rat nho, cau
trdc mao quan trung binh thong
thodng lam tang manh bé mat
ngoai va bé mat trong, tdng hoat
tinh xudc tac va s6 lan téi st dung
Ién rat nhiéu [2]. Nhém tac gia da
th nghiém hoat tinh ctia xuc tac
CS va MCS trong cuing diéu kién
phan Ung, tur d6 lya chon xuc tac
thich hgp nhat dé da dang nguén
nguyén liéu, nhat la cac nguyén
liéu c6 chi s6 acid cao nhu cin
béo thai va dau hat cao su.

2.2, Thir nghiém hoat tinh va lua
chon xtic tdc

Qua trinh phan Ung trong cac thiét bi phan (ng ap
suat khi quyén thudng bi gidi han bai nhiét do séi cta
methanol (khodng 65°C). Nhiét dé phan ung khong thé
vugt qua nhiét do do vi sé lam methanol bay hai rat nhanh,
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Bdng 2. Mét s6 tinh chdt cta cdn béo thdi va ddu hat cao su

T Cac chi tiéu Phuong phap tha
1 Ty trong tai 15,5°C D 1.298
2 Diém chay (°C) D87
3 D6 nhét déng hoc (cSt) D 445
4 Chi s6 acid (mg KOH/qg) D 664
5 Chi s6 xa phong (mg KOH/g) D 464
6 Chi sé iodine (g 1,/100g) prEN 14111
7 Ham lugng nuéc (mg/kg) D95
8 Mau (cdm quan) -
9 Mui (cdm quan) -
100
X
2 9
k4
3 90
2
= 85
2 80 3
@' 80.2 =—®— (an béo thai =—®— Dau hatcaosu
T 75
90 100 110 120 130 140 150

Nhiét d6 phan Ung, °C

Hinh 8. Anh huéng ctia nhiét d6 phdn tng dén hiéu sudt tao biodiesel

_ 100
S g 94.3 94.3
¢ 90.1 93.9 93.8
£ 90 A0 6 '
]
S 85
S 80 794
@ 75 —o— C3n béo thai —e— Dauhatcaosu
T 70
1 2 3 4 5

Thai gian phén Ung, gic

Hinh 9. Anh huéng cta thoi gian phdn (ing dén hiéu sudt tao biodiesel

100
95
90
85 80
80
75

Hiéu suat biodiesel, %

70

=& (Can béo thai

94.5 94.5

—— Dau hat cao su

6 7 8 9 10 11

Ham lugng xuc tac, %

Hinh 10. Anh huéng cta ham luong xtic tdc dén hiéu sudt tao biodiesel

B 40
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C3n béo thai Dau hat cao su

0,92 0,90

5 -15
41,1 48,7

160 64
193 198

60 132
3.145 2.300
Vang sdm Nau

Ho6i Pac trung

gidm manh hiéu sudt phan ung. Pac diém cua
xuc tac CS va MCS la cho hoat tinh khéng cao
tai nhiét doé thap nén can thai gian phan tng
kha dai cho qua trinh chuyén hoéa hoan toan
nguyén liéu thanh biodiesel (tU 24 - 30 gig). Do
d6, nhom tac gia da st dung thiét bi phan tng
€ao ap, nang nhiét d6 phan ung lén 120°C. Véi
phuong phap nay, phan Ung xay ra chi sau 3
gid, lam tang hiéu suat thu biodiesel ma khéng
tiéu ton nhiéu nang lugng.

Ca hai xuc tac CS va MCS dugc thir nghiém
trong phan (ng chuyén hoa dau hat cao su
thanh biodiesel véi cung diéu kién phan tng
nhu sau: nhiét d6 120°C, thoi gian 3 gig, ty 1é
thé tich methanol/dau 1a 2/1, t6¢c dé khudy 500
vong/phut, ham lugng xuc tac 8% khéi lugng
dau. Sau méi 1an phan (ng, san phdm dugc
gan loc gilr lai xdc tac trong binh chia va dua
ti€p nguyén liéu dé thuc hién phan tng tiép
theo. Cac thi nghiém dugc thuc hién trong 9
lan phan Gng, trong d6 8 lan téi sir dung. Két
qua thé hién trong Bang 1 va Hinh 7.

Theo Bang 1, hiéu suat thu biodiesel trong
phan ¢ng lan 1 gan bang nhau. Tuy nhién, hiéu
suat thu biodiesel ctia phan ng s dung xuc
tac CS gidam nhanh chéng khi dugc tai st dung
trong céc lan phan Ung tiép theo. Trong khi d6,
hiéu suat thu biodiesel ctia phan (ing s dung
xUc tac bdi MCS gan nhu khong thay déi. Vi
ca 2 loai xuc tac, su that thoat tdm hoat tinh
vao pha phan tng hau nhu khéng xay ra do
cac trung tdm nay xuat hién tai chinh céc vi
tri mat xich lién két trong xuc tac. Hién tugng
mat hoat tinh chi xay ra khi ngd déc xudc tac va
that thoat bot xuc tac vao pha phan tng. Nhu
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phan tich & trén, MCS c6 dién tich bé mat

100
< riéng rat1én (1.082m?/g) nén kha nang phan
g tan cac pha hoat tinh, tinh rda tréi cac cau
3 tir gay che pha bé mat xuc tac (nhu dau hay
o) . A N 2
5 glycerine... dugc tao ra sau mot lan phan
2 tng) Ién hon nhiéu so véi CS khéng c6 hé
S 68.4 —e— Cinbéothdi  —e— DAu hat caosu théng mao quan dac thu. Vi thé, xuc tac CS
6 dé bi ngd doc che ph hon va lam giam kha
0> ! ] L3 2 A = } nang tai st dung ctia xdc tac (mac du 8 lan
Ty Ié thé tich methanol/nguyén ligu tai st dung da la con s6 rat ly tudng cho cac
Hinh 11. Anh huéng cia ty lé thé tich methanol/nguyén liéu loai xtic tac di thé khac).
dén hiéu sudt tao biodiesel Xdc tic MCS dén
Abundance lan phan ung thd 9 van
(a) TS METYLESTER TOANA4512.D git nguyén hoat tinh.
2.1e|-0:/, 2138305 Theo khdo sat clia nhor’rl
nghién clu, MCS c6 thé
1.9e+07 i R
1.8e+07 tai st dung dén 20 lan
1.7e+07 ma van dat hiéu suat
- i trén 80%, tang hiéu qua
1.5e+07 i
1.4e+07 kinh té clia xUc tac lén
1.3e+07 rat nhiéu so vdi cac xuc
1.2e+07 , , A ,
1 tero tac khac nghién ctu cho
1e+07 qud trinh nay tu trudc
9000000 dén nay. Do dé, nhom
8000000 1819 | » N
660000 tac gid chon MCS lam
6000000 xuc tac cho qud trinh
5000000 1525 téng hop biodiesel tu
4000000 .
3000000 can béo thai va dau hat
2000000 Ccao Su.
1000000 8.4a6 12.063.83
©s.60 1?).00 A 15_‘0:) 2.3. Két qua t5ng hop
Time—> . . ~ “ P 2.
biodiesel tir can béo thai
va ddu hat cao su
65
a0 (b) 2.3.1. Ddc trung nguyén
liéu cdn béo thai va dau
50 hat cao su
45 2 2 _
2 z Theo Bang 2, can béo
40 b N
éu 3 thdi va dau hat cao su
H " % 2 déu c6 ham lugng acid
E i e béo tu do va nudc rat 1én.
S Tinh chat nay khong phi
20 =] A o g . o
' R k2 l 2 hgp dé sdn xuat biodiesel
e £ | 2 § ) e Lia
m 32 & g | { $ § ? é s dung xuc tac kiém
g 8 . LR " g hay xuc tac acid. Xuc tac
L a8 & ¢ Tf 2 5—-@[ ggg qggg E ; o gg 2 329 | ~y hiic MCS da kh3
o 25 LSS NZE NNS\ Zke e SR gg  § &8 F luongchic a xhac
5 10 15 2 25 % 35 40 4 50 phuc dugc nhugc diém
Time - Minutes Ey P 2 s . , s
cUa tat ca cac loai xtc tac
Hinh 12. Sdc ky do cta biodiesel tur cdin béo thai (a) va ddu hat cao su (b) trudc d6 dé chuyén hoa
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thanh cong nguyén liéu nay thanh biodiesel chi trong
mot giai doan phan ung.

2.3.2. Khdo sdt mét sé yéu té anh hudng dén qud trinh
phan ting

* Anh hudng ctia nhiét d6 phan tng:

Tl két qua trinh bay trong Hinh 8, nhém tac gid rdtra
nhan xét sau: khi nhiét d6 tang Ién, hiéu suat tao biodiesel
clia phan Ung cling tang theo va dat cuc dai tai nhiét do
120°C véi cd 2 nguyén liéu. Khi nhiét d6 tang qua gia tri
nay, hiéu suat gan nhu khéng thay déi. Hién tugng nay
do cac phan ung trong thiét bi théng thudng, khi nhiét
d6 tang lén, t6c d6 phan Ung sé tang theo cap sé ma,
lam tang dé chuyén hoa ca phan ting nhanh chéng. Tuy
nhién, tdc nhan methanol sé bay hai manh néu nhiét do
phan Uing vuot qua diém so6i (khodng 65°C), lam that thoat
tadc nhan phan ting va nhanh chong giam téc d6 cling nhu
hiéu suat phan Ung.

V6i thiét bi phan Ging cao ap, methanol khong bi that
thoat, do dé hiéu suat gan nhu 6n dinh khi hé théng dat
t&i trang thai can bang. Vi vay, nhiét dé t6i uu cho
ca hai loai nguyén liéu déu la 120°C.

* Anh hudng clia thoi gian phan tng:

TT
Hinh 9 cho thay khi thai gian téng, hiéu suat 1

cla phan (ng clng tang theo, dén mét gia tri 2
cuc dai r6i khong tang nia. Hién tugng nay do 3
phan Ung trao ddi ester va ester hda ludn thuan 4
nghich, trong d6 chiéu thuan chiém uu thé hon 5
50 VGi chiéu nghich trong cac diéu kién khao sat; 6
téc dd phan ing thuan (tao cac methyl ester) khi 7
bat dau phan ung rat I16n hon t6c dé phan (ng 8
nghich, dac trung bang d6 déc I6n cia quang 9
thai gian nay; cang vé sau, téc d6 clia hai chiéu 10
phan Uing cang gan nhau nén dé déc ctia dé thi M
cling gidm theo. Tai thai diém tiém can vdi trang 12
thai can bang sé cho d6 chuyén héa cao nhat, 13

trén d6 thi la 3 gid véi ca hai nguyén liéu; dén
thai diém dé du c6 tang thai gian cing khéng
lam tdng hiéu suat biodiesel. Vay thai gian phan B
Ung t8i uu dé dat hiéu suat phan Uing cao nhat
13 3 gio.

* Anh hudng clia ham lugng xuc tac:

Ham lugng xuc tac cé anh hudng I6n dén do
chuyén hoa phan ling: néu qua it xuc tac, luong

tdm hoat tinh chua dU nén t6c d6 phan (ng
cham, dé chuyén héa thap. Ngugc lai, néu qué

N ot AN =
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nhiéu xuc tac, qua trinh khudy trén sé kho khan do tao ra
hé huyén phu déc, gidam hiéu suat cta phan tng. Hinh 10
chi ré ca hai phéan Uing cta 2 nguyén liéu déu tén tai mot
gia tri dd chuyén hoéa cuc dai tai 8% khdi lugng xuc tac
theo khéi lugng dau.

* Anh hudng cla ty 1& thé tich methanol/nguyén
liu:

Ca hai loai nguyén liéu déu dat hiéu suat cuc dai khi
ty 1& thé tich methanol/dau l1a 2/1. Tai ty & nay, trang
thai can bang clda phan Ung xuat hién nén du cé tang
methanol cling khong lam tang hiéu lugng biodiesel tao
thanh, ma lam tdng nang luong thu héi sdn phadm sau
phan tng. Tu ty 1 thé tich nay c6 thé tinh ngugc lai ty 1&
mol methanol/dau vao khoang 40 - 50/1, rat cao néu so
sanh vai cac phan ung st dung xuc tac théng thuong.
Nguyén nhan la xudc tac ton tai ca hai hé théng tam acid
va bazo nén d6 manh cla hai loai tdm nay khéng thé
bang dé manh clia cac xuc tac acid - bazo riéng ré truyén
théng. Biém vuct trdi clia xdc tac thé hién & kha nang tai
st dung rat nhiéu lan, hon nita methanol khong bi that

Bdng 3. Ham lugng cdc géc acid béo c6 trong biodiesel tir céin béo thai

Tén géc acid béo S6C  Céngthiic Ham lugng, %
Octanoic C8:0 CgH,60, 0,09
Decanoic C10:0  C,H,0, 0,14
Dodecanoic c12.0 C;,H,,0, 0,88
Tetradecanoic C140  C;,Hy0, 2,07
Pentadecanoic C15:0  C;sH50, 0,13
Hexadecanoic C16:0  C;6H3,0, 45,91
Heptadecanoic Cc17.0  C;;H;,0, 0,49
10, 13-octadecadiennoic = C18:2  C;4H,;,0, 29,55
9-octadecenoic C18:1 CisH340, 9,28
Octadecanoic C180  CigH30, 6,19
9, 12-octadecadienoic C18:2  C4H;50, 0,50
11-eicosenoic C20:1 CyH350, 0,63
Eicosanoic C20:0  C,H,0, 0,97

Bdng 4. Ham lugng cdc géc acid béo cé trong biodiesel tur dau hat cao su

Tén géc acid béo S6C Céng thiic Ham lugng, %
Hexadecanoic C16:0 C6H350, 5,61
Octadecanoic C18:0 C,6H560, 4,22
Octadecenoic C18:1 C,6H5,0, 50,81
Octadecadiennoic C18:2 CgH350, 32,05
Hexadecatrienoic 4,40
Hexadecanoic 1,75
Heptadecanoic 1,16
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Bdng 5. M6t s6 chi tiéu cta biodiesel thu duoc khi so sdnh vdi diesel khodng

T Tinh chat Phuong phép thir Bjodi?sel tu' Iziodiesel tu Ti.éu f:hué’n cho
canbéothai dauhatcaosu biodiesel B100
1 Ty trong tai 15,5°C D 1298 0,87 0,85
2 Nhiét dé chdp chay (°C) D92 167,0 163,0 130 (min)
3 D& nhdt dong hoc (40°C, mm?/s) D 445 5,4 53 1,9-6,0
4 Ham lugng ester (% khéi lugng) PrEN 14103d 96,8 98,5 96,5
5 | Nhiét do chay (°C) - 10,3 -22,2
6  Nhiét dé van duc (°C) D 2500 14,0 12,3
7  Khoang chung cat (°C)
Nhiét do séi dau (°C) 307,1 3033
10% 325,7 3221 360 (max)
50% D86 331,0 327,6
90% 343,0 340,5
Nhiét d6 séi cudi (°C) 344,4 341,8
8  Chiché cetane theo phuong phap tinh J313 52,8 56,1 47 (min)
9  Chiséacid (mg KOH/qg) D 664 0,53 0,12 0,80 (max)
10  Chiséiodine (g 1,/100g) PrEN 14111 10,6 1304 120 (max)
11 Nhiét tri (kJ/kg) D 240 39,5 40,5
12 Ham lugng nudc (mg/kg) D95 320,0 146,0 500 (max)

thoat va hoan toan c6 thé thu hoi dé iing dung cho cac
giai doan phan (ng tiép theo.

Nhu vay, qua qua trinh khdo sat, nhém tac gia da
thu dugc mot s6 théng s6 t8i uu cho phan Ung téng
hgp biodiesel tir 2 loai nguyén liéu can béo thai va dau
hat cao su. Cac théng sé nay giéng nhau cho ca hai loai
nguyén liéu: nhiét d6 120°C, thai gian 3 gig, ty 1é thé tich
methanol/nguyén liéu la 2/1 va ham lugng xuc tac 8%.
Hiéu suat biodiesel trung binh dat 93,8% cho can béo thai
va 94,5% cho dau hat cao su. Tuong quan hiéu suat nay c6
thé gidi thich dua trén chi s6 acid clia cin béo thai lén hon
nhiéu so véi dau hat cao su, lam gidm nhe hoat tinh xtc
tac, kéo theo giam nhe hiéu suat thu biodiesel.

* Panh gia mot s6 chi tiéu cla san pham biodiesel
theo tiéu chudn ASTM D6751:

San pham biodiesel tir dau hat cao su va can béo thai
dugc xac dinh thanh phan héa hoc theo phuong phap
GC-MS, két qua thé hién trong Hinh 12.

Két hop vai két qua MS, dua ra dugc thanh phan cac
g6c acid béo c6 trong san pham (Bang 3).

Cé thé thay, thanh phan héa hoc clia cac cau tdr trong
biodiesel kha tuong dong véi nhing loai biodiesel di tir
cac nguyén liéu khac. Nhém tac gia cling da xac dinh mot
s6 chi tiéu ky thuat chinh cta biodiesel thu dugc (Bang 5).

Két qua mot s chi tiéu cta biodiesel thu dugc tir can
béo thai va dau hat cao su trong Bang 5 déu dap Uing cac

chi tiéu ctia biodiesel chudn B100. Trén cd s nghién clu
nay, nhém tac gia sé tiép tuc cong bo két qua xac dinh
do acid (théng qua phuong phap TPD-NH,) va dé bazo
(théng qua phuong phap TPD-CO,) dé chiing minh tinh
ludng tinh cta xuc tac CS, MCS va cac ing dung hiéu qua
khéc clia hé xic tac tién tién nay & cac phan Ung trong
linh vuc loc hoa dau.

3. Két luan

1. Ché tao thanh cong 2 xuc tac di thé ludng chuc
nang silicate chia calcium (CS va MCS) qua phan Ung
déng ngung tu, trong dé CS khéng cé cau truc mao
quan dac thu va MCS c6 hé thng mao quan trung binh
théng thodang, dién tich bé mat riéng cao vdi tudng
thanh mao quan la v6 dinh hinh ¢6 hinh dang sau duc.
Phan (ing déng ngung tu cla hai xuc tac cé diéu kién
giéng nhau: nhiét d6 90°C, thoi gian 24 gid. Nhiét do
nung cho xuc tac CS la 650°C va xuc tdc MCS la 550°C.
Ca hai dang xuc tac déu tén tai dudi dang céc lién két
phtic hop Ca-0-Si, chifa ca tam acid va bazo nén c6 kha
nang chuyén hoéa hoan toan nhiing loai nguyén liéu c6
chi s6 acid cao thanh biodiesel chi trong phan tiing mot
giai doan.

2. Xac dinh dugc moét sé chi tiéu ky thuat cla can
béo thai va dau hat cao su, két qua cho thay hai nguyén
liéu nay c6 chi sé acid va ham lugng nudc rat cao, khong
phu hgp cho cac phdn ting st dung xuc tac acid hay bazo
truyén théng.

DAV KHi - SO 8/2013 43




HOA - CHE BIEN DAU KHi

3. Lua chon xuc tac di thé luéng chic nang MCS cho
phan ing téng hop biodiesel tir dau hat cao su va cin béo
thai do MCS ¢6 s6 lan tai st dung vugt troi. Chuyén hoa
thanh céng ca hai loai nguyén liéu nay thanh biodiesel
trong phan Ung pha léong mét giai doan & cac diéu kién
phan tng giéng nhau: 120°C, 3 gi¢ phan Ung, ham lugng
xUc tac 8% khdi lugng, ty & thé tich methanol/nguyén liéu
la 2/1. Hiéu suat thu biodiesel khi stt dung can béo thai
va dau hat cao su lan luot 1a 93,8% va 94,5%. K&t qua nay
cho thay hiéu qua rat cao khi st dung xuc tac di thé luéng
chuc thé hé mai MCS d6i véi nguyén liéu ¢ ham lugng
acid béo tu do cao.

4. Mac du st dung hai loai nguyén liéu khac nhau,
nhung cac chi tiéu ky thuat cta biodiesel thu dugc tu
can béo thai va dau hat cao su déu dap ung tiéu chuan
biodiesel theo ASTM cho B100.
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Summary

In this study, feedstocks with high free fatty acid content such as rubber seed oil and waste vegetable fat were con-
verted into biodiesel through esterification and trans-esterification using bi-functional heterogeneous catalysts of
the calcium containing silicate type. The catalysts were prepared by co-condensation method with precursors such
as tetraethylorthosilicate TEOS and calcium oxide in an alkaline environment. There were two types of the as-synthe-
sised catalysts: calcium silicate (CS) and mesoporous calcium silicate (MCS). The preparation of MCS was similar to
that of CS but using a template (CTAB-cetyltrimethylammonium bromide) for mesoporous structure formation. The
co-condensations were carried out at 900C for 24 hours; then calcination took place at 6500C with CS and 5500C with
MCS to get the highest activity. Rubber seed oil (acid number of 64) and vegetable oil deodoriser distillate (acid num-
ber of 160) were converted into biodiesel in a high pressure reactor with optimum conditions: 1200C, 3 hours, volume
ratio of methanol/feedstock of 2/1, and agitating speed of 400 rpm. The reaction yield was above 92%, and several
fuel characteristics were determined.
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