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TOM TAT: Trong nghién ciru nday phdn iing metanol phdn mé cd tra sir dung xic tac di thé

KOH/y-Al,0; dd duwoc thwe hién voi sw hé tro cia thiét bi siéu am tan s6 thap (20 kHz). Muc tiéu cia

nghién cieu la khdo sdt cdc yéu t6 anh huwéng dén hiéu sudt diéu ché biodiesel nhir 1y 1é metanol:mé cd,

ham luong xiic tac, thoi gian va nhiét d¢ phan ung, bién do dao dong va nang luong ciia song siéu am.

Ngodi ra nghién ciu ciing khdo sat anh hiwéng cia séng siéu am doi véi thanh phan acid béo ciia

biodiesel va tinh chdt cia xiic tac di thé KOH/y-AlLO;.

Tir khéa: Biodiesel, Phdn trg trao doi este, Siéu dm, Xiic tdc di thé, KOH/y-Al,0;

1.GIOI THIEU

Phén (g trao ddi este didu ché biodiesel
xuc tac di thé dién ra trong méi truong ¢ ba
pha khong tan vao nhau la metanol, ddu m& va
xuc tac do d6 vén tbc phan umg thip, thoi gian
phén ting kéo dai. Dé ting kha ning tiép xuc
giita cdc pha cin phai ting cuong mic do
khudy tron cia phan tng. Thoi gian gan day,
song siéu am tan s6 thip (28-40 kHz) da dwoc
sit dung nhiéu trong nghién ctru didu ché
biodiesel vi n6 c¢6 khd nang tao ra nhil twong tir
cac chit 16ng it tan vao nhau [1,2]. Tuy nhién
cac nghién ctu nay chi tap trung khdo sat anh
huéng cia xtc tac dong thé va cac théng sb
phan tng trao ddi este[3,4,5]. Xuc tac di thé va
céc thong sé cua hé thdng phan Gmg nhu nhiét
dd phan tng, bién d6 va nang lugng ctia song
siéu 4m van chua duoc d& cap. Nghién ctru nay
khéo sat cac yéu to anh huong dén hiéu suat

diéu ché biodiesel tr m& ca tra xtuc tac di thé

KOH/y-AL,O5 st dung song si€u am tAn s6 thép
(20 kHz).
2. NGUYEN LIEU VA THIET BI

M@ cé tra do Xi nghiép dong lanh thily san
- Cong ty xuét nhap khiu Nong san thuc phdm
An Giang (Afiex) cung cap. Cac hoa chit khac
gdm c6 Al(OH);, KOH 86 % (Trung Qudc),
MeOH 90 % (cong nghiép). Cac chit chuan va
ndi chuén sir dung dé phan tich metyleste (ME)
cta Sigma (M¥) va Fluka (Pan Mach). Thiét bi
siéu am Ultrasonic Processor VC 750 hiéu
Sonics, tan sb 20 kHz va 750 W duoc lép dat
nhu hinh 1 véi cong suat cai dat 100 %. Thanh
siéu 4m bang hop kim titan c6 chidu dai 136
mm va dudng kinh 13 mm. Ché do pulse duogc
cai dat c¢b dinh 1a 5 giay/5 gidy (on/off). Nang
luong cua song siéu dm va nhiét do cta phan
tng dugc ghi nhan trén man hinh cua thiét bi
va nhiét ké khi thay doi bién do séng va thoi

gian phan tng. Biodiesel dugc lam khé bang 10
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vi song gia dinh SANYO Fan-Assisted 1200
W.
3.PHUONG PHAP NGHIEN CUU

3.1.Piéu ché xiic tic KOH/y-ALO;

Chit mang y-AL,O; thu dugc sau khi nung
Al(OH); 6 650 °C trong 6 gio. Xic tac KOH/y-
ALO; dugc diéu ché tir KOH va y-AlLO; bing
phuong phép tam wét ¢ nhiét do thuong vai ty
1¢ KOH/y-Al,0; 1a 7 mmol/g, thoi gian tAm 3
gid, sau do sdy & 120 °C trong 24 gid. Trudc
khi st dung, KOH/y-Al,O; dugc sang qua ray
(90 pum) tiéu chudn ASTM El1 (Retsch) va
nung & 550 °C trong 2,5 gio. Xuc tac KOH/y-
Al,O; dugce danh gia béng cac thong sb sau: do
baz (phuong phép chi thi Hammette-acid
benzoic), mirc d6 phan bd ciia KOH trén chét
mang y-Al,Os (phuong phap XRD trén thiét bi
D8 Advance - Bruker, sit dung éng phat tia X
béng Cu véi budce song K, = 1,54056 A’ dién

Hinh 1.H¢ théng phéan img siéu 4m

3.3.Phan tich ham lwong FAME cé
trong biodiesel bz"mg phuong phap GC

Ham luong cac metyl este (FAME) duoc
phan tich bang phuong phap GC trén thiét bi
HP 6890N, co6t mao quan HP INNOWAX (30
m x 0,53 mm x 1 um), khi mang heli, ty 1¢ chia

ap 40 Kv, cuong d¢ dong dién 40 mA, nhiét do
25 °C gbc quét 20 =2 ° - 75 °, bude quét 0,03
°), cau triic bé mit cia xuc tic KOH/y-Al,O;
(chup bang hién vi dién tir quét trén thiét bi
7410F - JMS - JEOL véi d§ phong dai 500 -
100.000 1an), lién két phén tir (phuong phap IR
v6i thiét bi Bruker EQUINOX 55). Sau phan
ung trao ddi este, xuc tac dwoc loc, rira véi
metanol va hoat hoa bang cach nung & 700 °C
trong 3 gio sau d6 duoc kiém tra cac tinh chét
dac trung.

3.2.Diéu ché biodiesel

Tién hanh phén tng trao ddi este m& ca tra
véi metanol, xuc tac KOH/y-AlL,O5; theo quy
trinh & hinh 2 [6,7]. Thoi gian tach pha ctia hdn
hop sau phan tng 1a 2 gid dbi véi phuong phap
khudy tron siéu am va 4 gid v6i phwong phap

khudy tron truyén théng.

oo

Hinh 2. Quy trinh diu ché biodiesel

dong 50:1, nhiét do budng tiém 250 °C, nhiét
d6 dau do 250 °C, nhiét do 160 210 °C, ché do
nhiét ciia cot bit dau ¢ 120 °C giir 2 phut, sau
do6 ting dén 230 °C (7 °C/phut), giit 15 phit.
Hiéu suét diéu ché biodiesel (H) duoc tinh theo

cong thirc sau:
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- C: ham lugng cac metyl este.

- Mpjogieser: khi Iuong biodiesel.

- m: khéi lugng md ca tra.

- M va Mpamg: khbi lwong phan tr
trung binh cua mo ca tra va cia FAME.

4. KET QUA VA BAN LUAN

4.1.Anh huwéng cia ty 1€ mol
metanol:m&

Phan ung dugc thyc hién véi xlc tac
KOH/y-AlL,O; 1a 5 %, thoi gian phan tGng 15
phut, bién d¢ song siéu am 80 %. Ty 1¢ mol
metanol:m& duge khao sat tr 10:1 dén 14:1.
Két qua cho thdy khi ting ty 1¢ mol
metanol:m& c4 thi d6 chuyén hoa ting. Diéu
nay l1a do khi ham lwong MeOH trong moi
truong phdn Ung tang thi lam tdng khd ning
tiép xtic pha giita MeOH, xtc tac va m& ca. Do
chuyén héa cao nhat twong tmg vé6i hiéu suat
biodiesel 1a 91,66 % khi ty 1¢ metanol:md 1a
12:1. Néu tiép tuc ting ty 18 nay thi MeOH s&
tao huyén phu v6i glyxerin sinh ra giy kho

khin cho qua trinh tich pha, rira san phim va

lam giam hidu suét biodiesel. Nhu vay ty 18
mol metanol:m t&t nhat 1a 12:1.

4.2.Anh huéng cia ham lweng xic tac

Phan Gng dugc thyc hién vai ty 16 mol
metanol:m& 1a 12:1, thoi gian phan ung 15
phut, bién do song siéu am 80 %. Ham luong
xuc tic KOH/y-AL,O; dugce khao sat tir 5 % dén
8 %. Két qua cho thiy khi ting xuc tac KOH/y-
ALO; tlr 5 - 6 %, hiéu sudt biodiesel ting tir
91,66 - 91,8 %. Khi ham lugng xuc tac 16n hon
7%, mat do xdc tac trong binh phdn Ung ting
lam giam mirc d6 khudy tron do d6 giam kha
nang tiép xtc pha giira MeOH, m& c4 va xuc
tac dan dén d¢ chuyén hoa giam.Tom lai, hiéu
sut biodiesel cao nhat (91,8 %) khi st dung
ham lugng xuc tac KOH/y-Al,O;5 6 %.

4.3.Anh hwéng ciia bién d song siéu Am
va thoi gian phdn ing

Bién d6 va nang luong cua song si€u am,
thoi gian va nhiét d6 phan ing cd anh hudng
16n dén hiéu suit diéu ché biodiesel. Két qua
khao sat & diéu kién ty 1€ metanol:md la 12:1
va ham lugng xuc tac KOH/y-AL,O; 6 % dugc
trinh bay ¢ bang 1 da cho thay 15 diéu nay.

Bang 1.Céc yéu té anh huong dén hidu suét biodiesel dwoc diéu ché bang phuong phéap khudy tron siéu

A

am
Bién d6 song (%) phé”gh;i ggl(all;ll1 " Hi¢u su?g/o l;lodlesel Néng hzcjr)ng song phé\lllhl}re;tgdg) o

70 5 87,0 15679 45

80 5 89,1 20612 47

90 5 91,2 25273 48

100 5 91,3 29966 50

70 10 90,4 37632 47

80 10 90,5 49122 48

90 10 90,1 62615 50

100 10 89,6 71445 54
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70 15 90,8 49818 50
80 15 91,8 79342 49
90 15 89,4 89332 51
100 15 87,0 95265 56
70 20 92,3 79634 51
80 20 90,4 102000 54
90 20 86,6 139601 55
100 20 81,7 141981 60

Khi thay doi bién do song va thoi gian
phan tng thi nhiét d¢ phan Gng, ndng lugng va
hiéu sut biodiesel thay d6i. Tuy nhién anh
huéng cia sy thay ddi nay chi rd nét nhit dbi
v6i nang luong cua song va hiéu suit biodiesel.

Anh huong ciia bién do song siéu am va
thoi gian phan tng dbi véi ning lwong cia
song v& bing phin mém  Statgraphics
Centurion XV.II dugc trinh bay ¢ hinh 3. Két
qué trén cho thiy nang lugng cia song tang khi
thoi gian phan ung dai va bién d§ soéng 1on.
Cung mdt bién do song, thoi gian phan ung
cang dai thi ¢ tang cua nang lugng song cang
16n.
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Hinh 3. Anh huéng ctia bién d6 song va thoi gian

phan mg dén ning luong song

Anh huéng ciia bién do séng siéu am va
thoi gian phan ung déi voi hidu sudt didu ché
biodiesel duoc trinh bay & hinh 4. Két qua nay
cho thay hiéu suit biodiesel phu thudc ddng
thoi vao bién do song va thoi gian phan tng. O
bién d§ 70 %, thoi gian phdn ung cang dai thi
hiéu suét biodiesel cang cao. Tang bién do song
16n hon 80 %, thoi gian phan Gng dai lai lam
giam nhanh hiéu sudt phan ung. Péc biét 1a voi
bién d¢ song 100 %, thoi gian phan ung 20
phut, hidu suat biodiesel dat dwoc thap nhét 1a
81,7 %. bibu nay co thé do & bién do song cao,
thoi gian phan ng dai sy v& nd bong bong xay
manh li¢t tao ra nang luong 16n (141981 J) lam
xay cac phan tmg phu nhu cracking va sau do
la oxy hoéa cic FAME thanh andehit, xeton
hodc cac hop chit hitu co mach ngén khac.
Ngoai ra bién do song cao, nang lugng song
16n va tac dung khudy tron manh s& xay ra hién
tugng xa phong héa do KOH bi bong ra lam
giam hiéu suét ctia phan tmg. Nhu vay vé6i thoi
gian phadn Ung ngén (5 phat), hiéu suat
biodiesel cao khi bién d¢ song cao. Hi¢u sut
biodiesel dat cao nhét (92,3 %) & diéu kién bién
dd song 70 % va thoi gian phan tng 20 phut
twong tng voi nhiét d6 do duge 1a 51 °C va

nang luong song 1a 79 634 J.
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Hinh 4. Anh huéng ctia bién d¢ song va thoi gian

phan tmg dén hiéu sudt biodiesel

4.4.Anh huéng cia nang lwgng song
siéu 4m

Anh huéng cta ning lugng song siéu am
ddi v6i hiéu suét biodiesel dugc trinh bay &
hinh 5. D& dang nhan thiy khi ting nang luong
song, luc dau higu sudt biodiesel tang 1én dén
cuc dai va sau do giam dan. Khi ning luong
song cang 16n thi hidu sudt giam cang manh.
Diéu nay c6 thé do xay ra hién tugng cracking,
phan huay hodc oxy hoa cac FAME. Hiéu suét
biodiesel 1é6n hon 90 % dat dugc trong dai nang
lwong cia song tir 25 000 J dén 81 000 J.
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Nang lrgng cia song sién am (Jp

Hinh 5. Anh hudéng cta ning lugng song siéu 4m dén hiéu sudt biodiesel

4.5.S0 sanh véi xic tac KOH dong thé
va phwong phap khudy trén truyén thong

Két qua so sanh xtic tic KOH ddng thé va
xtc tac KOH/y-ALO; di thé d6i véi ca hai

phuong phap khudy tron truyén thng va khudy

tron siéu am duoc trinh bay ¢ bang 2.

Bang 2. So sanh phuong phap diéu ché biodiesel bing xuc tic KOH va KOH/y-Al,Os

, Xuc tac KOH Xuc tac KOH/y-ALO;
Thong so - - - -
Khuay co Khuay siéu am Khuay co Khuay siéu am

Ty 1€ mol metanol:m& 6:1 12:1 8:1 12:1
X tac (%) 0,8 0,8 6 6
Thoi gian phan ung (phit) 45 20 90 20
Nhiét d§ phan ung (°C) 50 47 60 51
Bién d¢ song (%) 70 70
Nang luong song (J) 73 248 79 634
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i Xitc tac KOH Xtce tac KOH/y-Al,O;
Thong so - - - -
Khuay co Khuay siéu am Khuay co Khuay siéu am
Hiéu suit biodiesel (%) 92,7 92,7 92,6 92,3

Céac két qua nhan duoc cho thiy khudy
trén siéu am co6 tac dung thuc ddy phan ung
trao d6i este nhanh hon do d6 rit ngén dugc
dang ké thoi gian phan tmg. Dic biét 1a véi xic
tic KOH/y-AlL,O5 di thé, thoi gian phan ung
giam 77 %, thoi gian tach pha cling giam 50 %.
Qua4 trinh tinh ché san phdm nhanh va d& dang.
Ngoai ra khong c6 xa phong tao ra khi thuc
hién phan (g trao ddi este & cac bién d song
thap tir 70 — 80 %.

4.6.Anh hwéng cia song siéu Am dén
tinh chit ciia xiic tac

Dé danh gia anh hudng cua séng siéu am

doi véi xuc tac, sau phan Ung (diéu kién ty 1¢

a.Chat mang y-Al,0;

b. KOH/’Y-A1203

mol metanol:m¢ 12:1, ham Iuwong KOH/y-
ALO; 6%, bién do song 70 % va thoi gian 20
phut) KOH/y-AL,O; dugc khao sat lai cac tinh
chit dic trung. Anh SEM (Hinh 6) cho thiy bé
mit tinh thé y-ALO; (8a) dugc thay ddi 16 rét
sau khi dwoc tim KOH. KOH phu don 16p va
dugc thiéu két trén bé mit tinh thé y-ALO;
(8b). Sau khi tham gia phan tmg trao doi este
dudi tac dung cua song siéu am bé mit ctia xuc
tac KOH/y-Al,O; bi thay d6i nhidu va gin
gibng nhu hinh anh coa chit mang y-Al,O;
(8c).

c. KOH/y-AlL,O5 sau phan ing

Hinh 6. Anh SEM cua v-Al,03, KOH/y-AL,O; va KOH/y-Al,O;5 sau phan ting

Phé IR cua v-ALO;s va xac tac KOH/y-
Al,O; sau phan tng dugc trinh bay ¢ hinh 7.
D& dang nhén thy hai phd db nay c6 nhiing pic

dac trung tuong tu nhau. Pic rong va 16n &

bude séng 3457,51 cm™ - 3440,93 cm™ dugc
cho 1a ing v6i dao dong cua lién két y-ALO;.
Hai pic ¢ budc song 580,04 cm’! va 778,62 cm
"1a dao dong cuia lién két Al-O [9].
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KOH/y-ALL,O;3 sau phan tng dugc trinh bay & xuc tdic KOH/y-Al,O5 trude va sau phan Gng 1a
hinh 8. Khéng tim thiy KOH trong thanh phan 3,37 (mmol/g) va 0,303 (mmol/g). D) baz gidm
cua xuc tac KOH/y-ALOs sau phan tng. Diéu dang ké 1a do KOH d3 bi bong ra dudi tac dung
nay la do KOH da bi bong ra dudi tac dung khudy tron manh cta séng siéu 4m.
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Hinh 8. Phé XRD cua v-Al,03, KOH/y-AL,O; va KOH/y-Al,O5 sau phan tmg

4.7.Anh huéng cia song siéu Am dén siéu am (duogc diéu ché & cac didu kién c6 hiéu
tinh chét ciia biodiesel sudt cao nhit). Phd GC cua biodiesel didu ché

Cac tinh chit hoa 1y quan trong cua tr md c4 tra xic taic KOH/y-ALO; bing
biodiesel diéu ché tir m& c4 tra xiic tac di thé phuong phap khudy tron siéu am dwoc trinh
KOH/y-ALO; dué6i diéu kién khudy tron cia bay & hinh 9.

song siéu am khong khac biét so voi biodiesel
dugc didu ché tir xtic tic KOH dong thé bang
ca hai phuong phép khudy tron truyén théng va
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Hinh 9: Phd GC cua biodiesel diéu ché bing phuong phap khudy tron siéu am

Két qua nay ciing twong duong vé&i phd
GC cua nguyén liéu m& ca va biodiesel dugc
didu ché tir md ca tra xac tic KOH bang
phuong phap khuéy tron co hoc truyén théng
trong cac nghién clru ctia ching t6i trudc day
[6,7]. Nhu vay song siéu am chi co tac dung
lam ting van tdc phan tng chuyén héa ma
khong 1am thay déi thanh phin cac axit béo cua
biodiesel.
5. KET LUAN

Séng siéu am tan sé thip 1a phuong tién
hiéu qua dé didu ché biodiesel do tiét kiém thoi
gian tach pha, thoi gian phan tmg, dé dang cho
qua trinh tach rira va tinh ché san phim. Anh
huong dén hidu suat biodiesel gdm c6 hai thanh
phin: cac yéu té ciia phan tng trao ddi este (ty
1¢ mol metanol:md, ham lugng xuc tac, thoi

gian va nhiét do phan tmg) va cac yéu t cua hé

thong phan tng (bién do va ning luong cua
song siéu am). Véi xtic tac di thé KOH/y-Al-
,0s, hiéu suét biodiesel dwoc diéu ché bang
phuong phap khuéy trén siéu 4m tin sb thép
(20 kHz) dat cao nhét 1a 92,3 % ¢ diéu kién: ty
1¢ mol metanol:md 1a 12:1, thoi gian phan ung
20 phit va ham luong xtc tdic 6 %. So voi
phuong phap khudy tron truyén théng, thoi
gian phan ung gidm 77 %, thoi gian tach pha
giam 50 %. Song si€u am khong lam anh
huéng dén thanh phan axit béo ciia biodiesel
nhung lam gidm hoat tinh cua xuc tac. Tuy
nhién viéc tai tao lai xtc tic KOH/y-Al,O4
bang cach bé sung KOH sau mdi lan phéan img

c6 thé thyuc hién duoc d& dang.
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BIODIESEL FROM FAT OF TRA CATFISH VIA KOH/y-Al,O; CATALYST
USING ULTRASONIC MIXING

Le Thi Thanh Huong o, Huynh Phuong Ngan“), , Phan Minh Tan®, Tran Thi Viet Hoa®
(1)Trudng Dai hoc Cong nghiép Tp.Hd Chi Minh; (2) S& Khoa hoc va Cong nghé Tp. HCM
(3)University of Technology, VNU-HCM

ABSTRACT: In the present study, the methanolysis of tra fat using KOH/y-Al,O; as

heterogenous catalyst was performed with the help of low frequency ultrasonic processor (20 kHz). The

main object of this study was to investigate the influences of parameters like methanol to fat molar ratio,

catalyst concentration, time and temperature of reaction, wave amplitudes, and energy input on the

yield of biodiesel. Moreover, this research also examined the influences of ultrasonic wave on the fatty

acid composition and the properties of KOH/y-Al,Oj; catalyst.
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