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TOM TAT

Trong nghzen ciru nay, dau an phé thai véi chi sé acid cao dwoc dung lam nguyen liéu dau
vdo cho phan g téng hop biodiesel. Phdn ving nay dwoc thic ddy dong thoi boi xiic tdc NaOH
va séng viba. Két qud cho thay, nho si tac dong cua song viba, phan ing dat mirc hiéu sudt toz
wu la 98,1% vdi cdc théng sé cia diéu kién phan iing bao gom: ty 1é methanol:ddu 12:1; nong
d¢ khoi heong NaOH 0,8%,; nhiét d¢  phan ng 65°C; thoi gian phan ung 02 phut va cong suat
séng viba 600W. Pdy la mét hiéu sudt phan tmg cao dat dwrgc trong mot khodng thoi gian ngan
(02 phut), dong thoi dam bao vieot mirc hiéu sudt Chuan yéu cdu 96,5% theo tiéu chudn quoc
gia ciia Pai Loan (CNS-15072). Ngodi ra, hang sé téc dé phan vmg ting tir 0,635[1/phiit] dén
2,369[1/phiit] twong ing véi mike tang nhiét dé phdn vmg tir 55°C dén 65°C. Nang heong kich
hoat can thiét cho phan vmg tinh dwoc la 123,14kJ/mol.

Tir khéa: Dau an phé thai; Biodiesel; Séng viba; Xiic tac kiém hoa tan;

ABSTRACT

In this paper, cooked oil waste with high acid value was used for transesterification reac-
tion to produce biodiesel. The reaction was enhanced simultaneously by NaOH catalyst and
microwave power. Results shown that under the effect of the microwave, the conversion rate
reached to an optimal value of 98.1% when reaction conditions were: methanol:oil ratio 12:1;
weight concentration of NaOH catalyst 0.8%;, reaction system temperature 65°C; reaction pe-
riod 02 minutes and microwave power 600W. This was a significantly high conversion yield
although it was obtained within only 02 minutes. Also, the yield was high enough to satisfy
the required conversion rate of 96.5% (National Taiwan standard, CNS-15072). Besides, the
reaction rate constant increased from 0.635[min’'] to 2.369[min”'] when reaction temperature
increased from 55°C to 65°C, respectively. The calculated activation energy for the transesteri-
fication reaction was 123.14kJ/mol.

Key words: Cooked oil waste; Biodiesel; Microwave; Alkaline catalyst.

1. GIOI THIEU CHUNG

Biodiesel 1a mot dang ester cua axit béo
¢6 thé duoc tao ra boi qua trinh chuyén hoa va
tong hop tir dau thuc vat va dau an phé thai.
Mot trong nhiing cach thtrc diéu ché san pham
nay la chuyén héa dau thuc vat va cac thuc
pham twong dwong c6 chtra thanh phan tri-
glycerides (TGs) va céac axit béo tu do (FFAs)
thanh biodiesel [1]. Mic du cac qua trinh tong
hop biodiesel str dung chat xuc tac kiém tinh

hoa tan c6 lgi diém 1a téc d6 phan tng nhanh
va hiéu suat chuyén hoa cao, nhung ciing c6
mot s6 nhuoce diém chu yéu sau: (i) cac quy
trinh phan ung bi han ché ¢ kha nang xu 1y
nguyén li¢u mot cach lién tuc; (ii) chét xuc
tac hoa tan khong thé tai st dung duogc va can
mot qua trinh trung hoa sau phan ung trudc
khi thai ra moi truong; (ii1) viéc loai bd cac
chat xuc tac nay thudng gip kho khin vé mit
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ky thuat; (iv) qua trinh xur 1y san pham sau
phan tng sinh ra mdt lugng 16n nude thai cho
viéc tach loc san pham va rira troi chat xac tac
va (v) qua trinh phan tmg ciing phy thudc rat
nhiéu vao néng do FFAs va d tinh khiét cua
cac chat tham gia phan tmg. Do vdy, cac qua
trinh ndy doi hoi cac nguyén liéu c6 chat luong
cao (vidu dau thuc vat da duoc tinh loc...) dé
tranh nhitng san pham cta phan mg phu xuét
hién (vi du san pham xa phong hoéa...) hodc
tranh vi¢c phai thyc hi¢n thém mot s6 phan
mg phu dé tinh giam luong FFAs trong hdn
hop phan tng chinh [1-3]. Tuy nhién, tong chi
phi ctia qua trinh tong hop biodiesel nhu vay
1a khé cao, chi yéu la khoan phi cho nguyén
liéu dau vao 1a dau thyc vat tinh luyén. bé
tranh diéu nay, giai phap duoc dwa ra 1a tan
dung ngudn dau an phé thai mién phi, von 1a
chat thai khong nhiing kho bién doi ma con
do1 héi cac co sé hodc nguoi sir dung phai tim
cach thai loai phu hop theo tiéu chuin bao vé
moi truong, dé san xuét biodiesel. RS rang,
viéc tan dung ngu(‘Sn phé thai nay s€ tiét kiém
cac khoan chi phi xtr ly cho nguoi tiéu dung
va ciing gép phan dam bao ngin chin dugc
tac dong cua chit thai nay dén méi truong,
nguén nudc, van van... [4,5].

Chat xuc tac kiém tinh hoa tan gitp dem
lai toc d6 phan trng va hiéu suit cao cho phan
g tong hop biodiesel trong khoang tir 30 &én
60 phut. Tuy nhién, chi khi dau thuc vt tinh
luyén véi chi sd axit dudi mic 2 KOHmg/g
dong vai tro 1a chat phan Gng chinh thi méi
cho ra két qua nay. Trong thuc té, dau an phé
thai va cac chat béo co gia tri thap déu thude
nhom nguyén li¢u thé c6 chua ham luong
FFAs cao. Cac nguyén liéu nay dé dang gay ra
su xa phong hoa vai chit xuc tac kiém tinh va
san pham xa phong d6 gy kho khin 16n trong
viéc phén tach biodiesel khoi thanh phan glyc-
erin trong hdn hop phan tmg. Su c¢b nay c6
thé tranh duoc bang cach st dung thém chat
xUc tac co tinh axit dé lam gia ting qué trinh
chuyén hoéa axit béo thanh cac methyl ester va
do d6 nang cao hiéu suat hinh thanh biodiesel.
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Tuy vay, theo [6,7], khi phai st dung thém
budc phan tmg véi chat xuc tac co tinh axit thi
tong thoi gian ctia qua trinh diéu ché biodiesel
bi ting 1én dang ké, vi riéng budc phan Gng
phu nay da tiéu ton khoang 9 gio ngay ca khi
dugc hd trg bang cach khudy déu methanol
trong dung dich hon hop. Ngoai ra, né ciing
doi hoi ty 16 methanol:dau rat cao (khoang
40:1) va ndng do khdi lugng cua chit xuc tac
axit 1én t6i 5% dé co thé dat dugc hiéu suét
phan tng khoang 97% & nhiét do phan Uung
95°C.

Buc xa vi song la mot phuong phép
hi¢u qua trong viéc hoat hda céc phan tir va
ion phan cuc. Vi vay, dudi tdc dung cua song
viba, cac phan tu dau thuc vat, methanol va
NaOH, vbn 1a cac phan tir chira cac ion phan
cuc, s& hip thy ning lugng va chuyén dong
manh. Chuyén dong niy sinh nhiét do ma sat
cua cac phan tir. Do do, theo [8-11], song viba
s& hd tro tich cuc vao qua trinh phan ung hoa
hoc hinh thanh biodiesel va gitp nang cao
hiéu suét cua phan ung.

Cac nghién ctou trudc day da chi ra
rang, cac nhan to sau ddy s& anh hudng tryc
tiép dén hiéu sudt chung cta phan tng diéu
ché biodiesel tir dau an phé thai: ty 1& mole
methanol:dau [10-18]; lugng chat xuc tac va
nhiét do ctia hon hop phan tmg [12-16,18,19]
va thoi gian tién hanh phan ung [12,13,19].
Do do, viéc khao sat sy tac dong cua cac yéu
t6 néu trén 1én hiéu sudt phan tng ciing duoc
tién hanh trong nghién ctru nay. Két qua phan
tich cling nhan manh viéc st dung mot lwong
vira du chat xuc tac kiém tinh cho phan ng
gitip giam thiéu kha ning xay ra qua trinh xa
phong hoa. Mot mo hinh dong hoc phan tng
cling dugc xay dung irng véi cac muc nhi¢t do
va thoi gian tién hanh phan tng khac nhau.

2.  PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u va thiét bi thi nghi¢m

Nghién ctru nay s dung dau an phé
thai co ty 16 FFAs khoang 4,81% khdi luong.
Ruou va chat xuc tac kiém tinh duoc sir dung
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tuong g la methanol (mua tir cong ty Shi-
makyu Co. Ltd. cia Nhat Ban) va NaOH (mua
tr cong ty Mallinckrodt Co. Ltd. cua Hoa Ky)
véi do tinh khiét cua methanol 1a 99,8% va
cia NaOH 1a 98%. Cac hop chit ding lam
mau chuén do Methyl laurate va Acetate dugc
mua tur cong ty Fluka Co. Ltd. cua Hoa Ky.

H¢ phan tng duoc dat trong thiét bi tao
song viba Milestone ETHOS 900. Thiét bi
nay bao gdm mot hé thdng tao séng viba lién
tuc véi tan s6 2,54GHz, cong suét dau ra nam
trong khoang tir 0 dén 900W va bo phan thiét
dat/diéu chinh céc gi4 tri nhiét do va thoi gian
phan tmg. Mau vat pham thi nghiém sau qua
trinh phan tng dugc phan tich boi may phan
tich ph6 Perkin Elmer GC Clarus 600 trang bi
san cac bo dng nghiém dé chtra vat pham can
phan tich (SPBTM-WAX, 30mx0,75mx1pm)
va mot dau do ion.
2.2. Quy trinh thuc nghiém

Triglyceride ban dau dugc chuyén hoa
thanh cac ester bang phan tmg v4i methanol
trong moi truong xuc tac NaOH va dugc hoat
héa béi hiéu ing soéng viba. Binh chtra hdn hop
phan tng 3 chau hinh cau véi dung tich 250ml
dugc b sung thém mot bo 6ng din ngung tu
dugc 1am lanh bang nudc da chay xung quanh
thanh 6ng. Khoang 100g mau dau in phé thai
duoc nap vao binh cau va tron déu v6i metha-
nol va chit xtc tac theo ty 18 vira phai. Thiét
bi khudy tron co6 toc do quay 350 vong/phut va
toan bd hé hon hop phan tng ciing dugc hoat
hoa boi song viba voi cong suat 600W. Hé hon
hop phan trng duogc duy tri qua trinh phan tng
0 5 muc thoi gian (1; 1,5; 2; 2,5; va 3 phut), ¢
6 muc ty 1¢ mol methanol:dau (3:1, 6:1, 9:1,
12:1, 15:1 va 18:1), & 5 muc ty 1& khoi luong
chat xtc tac (0,2; 0,4; 0,6; 0,8 va 1,0% khoi
luong dau trong hdn hop) va & 3 mirc nhiét do
55°C, 60°C va 65°C.
2.3. Phuwong phap phéan tich

Chi sb axit [KOHmg/g] va chi sb xa
phéng [KOHmg/g] ctia mau dau an phé thai
déu duogc xac dinh bang phuong phap chuan
do theo tiéu chuan cuia Hiép hoi Hoa dau Hoa

Ky. Ttr d6 suy ra khbi luong phan tir cia mau
dau phé thai.

Sau khi tién hanh phan tmg véi sy hd
tro ctia x0c tac kiém tinh hoa tan va song viba,
hdn hop san pham dugc tach loc dé thu duoc
san pham tho. Mot lugng thich hop chat phu
gia Methyl laurate duoc dua vao hon hop
san pham tho dé lam mirc chuan cho vige d6i
chiéu céc gia tri chi s6 do dugc ciia mau. Sau
d6, hdn hop miu nay duoc bom vao hé thong
phan tich voi cac diéu kién twong tng nhu
sau: moi chét khi lam viéc 1a N,; nhi€t do hon
hop khi bom vao may do la 28()°C ty I¢ thanh
phan chia tach 1:20; nhiét d6 dau do 1a 300°C.
Nhiét d6 ndi phan tng dugc ting ting mic:
bat dau tir 210°C trong 02 phut dau, sau d6
tang dan 4°C/phit cho dén khi dat dén 240°C
va cudi cung duy tri & mirc nhiét do nay trong
8 phat. Hiéu suat phan tung h dugc xac dinh
theo cong thurc (1) dudi day:

A M
n= ;AME x MML )
ML B

Trong do, A 1a tong dién tlch phan phd
tao bdi san pham tho; A, 1a tong dién tich
phan pho cua thanh phan chuan M, la khoi
lu'ong téng ctia hdn hop san pham tho vaM
1a khéi lugng tong ctia thanh phan chuén.

3. KET QUA VA THAO LUAN
3.1. Thong s k§ thuit ciia miu diu iin phé
thai

Két qua chuan do chi s axit va chi sd xa
phong hoa ctia mau dau an phé thai theo tiéu
chuan cua Hiép hoi Héa dau Hoa Ky tuong
ung la 4,81KOHmg/g va 220,61 KOHmg/g.
Trén co s& d6, két qua tinh toan phan tir khoi
ctia mau dau an phé thai 14 763,02g/mol.

3.2. Két qua thuc nghiém ciia cac phén
rng diéu ché biodiesel

Hinh 1 biéu dién quan hé cua hiéu
suit h so voi sy bién dong cua ty 18 mol
methanol:ddu va ham luong chit xuc tac
NaOH, véi cac diéu kién phan tng bao gom:
ty 16 mol methanol:diu bién thién theo cac
muc tr 3:1, 6:1,... dén 18:1; ty 1¢ khdi lugng
NaOH tir 0,8 dén 1,0%; nhiét 46 phan ung 1a
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65°C; cong suat song viba 13 600W; thoi gian
phan tng 1a 02 phat. Két qua thu duoc cho
théy hiéu suét tdi da phu thudc chét ché vao ty
1€ lugong methanol:dau va ty I¢ luong xtc tac
NaOH trong hon hop phan tng.

O cac muc ty 16 mol methanol:dau thap
hon hodc bang 12:1, néi chung khi ham luong
NaOH ting dan (tir 0 d&én 1,0%) thi ban dau
hiéu suit ting 1én, chung to vai trd xuc tac
cua xut da phat huy tac dung kich thich qua
trinh phan ung nay. Tuy nhién, diém dic biét
1a hiéu suat dat cao nhat khi ty 1¢ khdi luong
chat xtc tac 1a 0,8% chtr khong phai 1a 1,0%.
Piéu nay cho thay & diéu kién phan tng nhu
véy, khong nhét thiét phan ung s& xdy ra tot
hon néu luong chat xtc tac NaOH cao qua
muc 0,8%. Do hi¢u tng xa phong hoéa, ¢ ty
1¢ methanol:dau khoang 3:1 chang han va ty
1¢ khi lwong xtic tac 14 1,0% thi hiéu suat chi
dat dugc murc 71,2%. Thu nghiém da cho théy,
khi giam nhe ndng do chat xuc tic NaOH tir
1,0% xubng con 0,8% thi hiéu suit lai dat dén
90,1%. D6 1a do viéc giam mat do xut da dan
dén su can tro va khién phan ung xa phong
hoa bi suy giam dang ké va do d6 ¢o loi cho
qua trinh tong hop biodiesel. Cac thir nghiém
tuong tu cling dugc tién hanh voi cac hdn hop
phan tng ¢ ty 1& methanol:dau 1a 6:1, 9:1 va
12:1 va cho ra két qua theo ciung quy luat.
Nhung diém dang ch y 13 gia tri hiéu suét h
ung voi ham lugng NaOH 0,8% va 1,0% co
xu huéng tién dén gan nhau va cing gan dat
gia tri cyc dai khi ty 16 methanol:dau ting dén
12:1. Hinh 2 thé hién mic d6 anh hudng cua
ham lugong xtic tac NaOH Ién h ¢ riéng truong
hop phan tng véi ty 1¢ mol methanol:dau 12:1
khi cac diéu kién khéac vé cong suit song viba,
nhiét do phan Gng, thoi gian phan ung déu
duoc gitt nguyén so voi diéu kién phan tng &
cac muc ty 1& mol methanol:dau khac. Két qua
chi ra rang khi ham luong NaOH tang tir 0,2%
lén 0,4%, do co hoi tiép xuc gitra chat xtc
tac voi cac chat phan tng ting lén dang ke,
hiéu suat phan ng ciing theo d6 ting manh tir
26,3% 1én 90,2%. Tiép tuc ting lugng NaOH

thi hiéu suat bién d6i ting nhung cham hon
va dat 98,1% khi luong NaOH la 0,8% nhung
lai giam vé 95,5% khi lugng NaOH ting dén
1,0%. Nguyén nhan 1a do lugng methanol ¢ ty
18 12:1 du nhiéu dé hoa tan déu lugng xut xuc
tac va do d6 gan nhu khong con (v6i trudng
hop 0,8%) hodc giam thiéu dang ké (véi
truong hop 1,0%) phan tmg xa phong hoa.

O cac mirc ty 16 mol methanol:dau cao
trén 12:1 thi quy luat trén c6 sy thay d6i. Khi
ty 1¢ mol nay 1a 15:1 va 18:1 thi ham luong
1,0% xut xtc tac lai cho hiéu suat cao hon
muc 0,8%, va tang cao hon so vdi gia tri h
dat duogc ¢ ty 1€ mol methanol:dau 12:1 néu
trén. Hién tugng nay dién ra 1a do khi luong
methanol trong dung dich vuot trén ty 1€ 12:1
s& lam lodng qua mirc mat do chét xtc tac va
do d6 lam suy giam hiéu qua ho trg phan ing
cua NaOH. Vi vay ham lugng 0,8% NaOH tro
nén khong con phu hop nita ma phai tang lén
thanh 1,0% NaOH dé duy tri hiéu suat phan
mg & muc cao. Tuy nhién, néu ting luong
NaOH 1én thém nira thi biéu hién ctia phan
g lai dién ra twong tu trudng hop ty 1é mol
methanol dau duéi mirc 12:1 nhu d3 trinh bay
& trén. Ngoai ra, do yéu td kinh té cua qua
trinh diéu ché biodiesel, néu tiang ty 1& mol
methanol:dau 1én cao hon 18:1 1a khong hop
ly vi s€ lang phi mot luong 16n rugu va quy
trinh xt 1y san pham sau phan tng ciing tn
kém hon. Vi viy, cac phan tmg diéu ché thuc
té co ty 1& methanol:dau chi nam trong ving
gia tri dd de cap va khao sat ¢ trén.

Nhu vay, mat do chit xtc tic NaOH
giao dong trong khoang tir 0,8% dén 1,0% la
du dé duy tri hiéu suat thanh pham ¢ mirc trén
95% trong giai ty 1é mol methanol:dau tir 3:1
dén 18:1. Ngoai ra, do gbc d6 kinh té cua quy
trinh diéu ché nén mdc du hi¢u suat c6 thé dat
cao nhét 1a khoang 99,2% ¢ ty 1¢ 18:1, khoang
98,5% ¢ ty 1¢ 15:1 va khoang 98,1% o ty 1€
12:1 (véi cac diéu kién phan ung khac néu
trén va luu y thoi gian phan ung la 2 phut),
su tang hiéu suat phan tmg thém khoang 1,1%
khong du bu lai nhiing chi phi phat sinh cho
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viéc str dung qua nhiéu ruou va cac dong tac
tach loc thanh pham sau phan (mg vé mat kinh
té. Vi vay, ty 1¢ mol methanol:dau 12:1 1a gia
tri t6t nhat cho nghién ctru nay. Piéu nay din
dén, nhu da 1ap luan & trén, gia tri ham lugng
chat xtic tic NaOH nén ding 13 0,8%.

100

u(.8%

1,0%

90
80
70 -+ I
60 ;

3:1 6:1 9:1 12:1 15:1 18:1

Ty lé mol methanol:dau

Hiéu suat ) (%)

(=1

Hinh 1. Anh huong cuaty 1é mol methanol:dau
va ham lwong xuc tac NaOH lén hiéu sudt
phan iimg diéu ché biodiesel.

(Piéu kién phan img: 1y 1é mol methanol:dau
tir 3:1 dén 18:1; ham leong xiic tdc NaOH la
0,8% va 1,0%; céng sudt séng viba 600W:
nhiét do phan vwng 65°C; thoi gian phan ung

2 phiit)
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Hinh 2. Anh hieéng ciia ham lieong chat xiic
tac NaOH 1én hiéu sudt phan ing khi ty 1¢
mol methanol:dau ¢ mirc 12:1.

(Piéu kién phan immg: 1y 1é mol methanol:dau
12:1; ham lwong xiic tdc NaOH bién thién tir
0,2% dén 1,0%, cong sudt séng viba 600W:
nhiét do phan vwng 65°C; thoi gian phan ung

2 phut)

Su tac dong cua thoi gian phan tng va
nhiét do dién ra phan tng ciing duoc khao st
trong nghién ctru nay nham muc dich chi ra
gia tri toi uu cho cac théng s6 d6. Két qua cua

khao sat duoc thé hién trén Hinh 3. Cac thi
nghiém dugc tién hanh v6i 3 mirc nhiét do
phan trng 1a 55°, 60° va 65°C trong cac khoang
thoi gian kéo dai tir 1 dén 3 phat. Hon hop
phan tng chira ty 18 mol methanol:dau 12:1;
luong NaOH xtc tac 0,8% va cong suat song
viba 600W. Nghién ctru da phat hién ra rang
0 2 muc nhiét do 55°C va 60°C, khi thoi gian
phan tng cang kéo dai thi hiéu suat phan tng
cang ting nhung ting cham dan. Tuy nhién
riéng ¢ truong hop nhiét do phan ung 65°C thi
hiéu suat dat 98,1% sau 2 phut, dat cyc dai la
99,5% sau thoi gian 2,5 phut va giam xudng
khi thoi gian phan tng tiép tuc ting. Mirc
99,5% ciing 1a hiéu suat cao nhat trong tat ca
cac truong hop thi nghi€ém. Tuy nhién, vi muc
dich nghién ctru nay la tim ra mdt phuong
phap diéu ché co thé giam chi phi va rut ngin
thoi gian phan (mg nhét c6 thé trong khi van
dam bao thoa mén mue tiéu chuan vé hiéu suét
diéu ché 96,5% cua Pai Loan (Taiwan CNS
15072), thoi gian phan tng 2 phut 1a hoan
toan phu hop v6i hiéu suat rat cao (98,1%)
dAu rang hiéu suit nay thip hon hiéu suét tdi
da khoang 1,4%. Nguyén nhan cta su bién
thién cta hiéu sut theo nhiét do va thoi gian
phan ung nhu trén 1a do gia tri nhi¢t do 65°C
chinh 1a diém bay hoi ctia methanol. Chinh su
t6i han vé trang thai nay da tao nén mdt hi¢u
{rng hon loan trong 1ong hon hop phin tng va
do d6 thuc day su hoa tron va tiép xuc giita
cac hop chét phan ng, tao diéu kién thuan
loi thém cho phan tng dién ra. Khong nhiing
thé, su gop mit cua séng viba cang lam cho
qua trinh tron 1an nay xay “cong hudng” mot
cach manh mé& hon nhiéu so v&i cing cong
sudt song viba nhung hé phan tmg & nhiét o
thap hon. Pay ciing 1a 1y giai cho hiéu qua cta
viéc dua song viba vao hd trg hé phan tmg.
Khi thoi gian phan g cua hé ¢ 65°C duogc
kéo dai tir 2,5 phut thanh 3 phut thi hiéu suat
lai giam xudng 1a do trong khoang thoi gian
kéo dai thém 0,5 phat d6, mot luong dang ké
methanol bi bc hoi khoi hdn hop phan tng,
khién ty 1& methanol trong hdn hop bi giam
va tao nén mot trang thai can béng modi cua
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hé phan g. Ngoai ra, khi nhi¢t do phan ing
cao hon 65°C, dé thdy rang methanol sé& bay
hoi khoi hon hop nhanh hon va do d6 hiéu
suat phan Gmg khong thé dat gia tri cao. Day
r6 rang khong phai 1a diéu kién phan tng thuc
té vé& ca khia canh cong nghé va kinh té. Tom
lai, nhiét d6 phan tmg pht hop nhat 13 65°C
va néu cac diéu kién phan Gng khac gom ty
1é mol methanol:dau 1a 12:1; ham luong xtic
tac NaOH 1a 0,8% va cong suat song viba 1a
600W thi 2 phut 13 thoi gian phan (mg ngan
nhat dé phan tng dat hiéu suat vuot tiéu chuan
da dé ra.

100
m55d6C

606 C
95

6546 C
9 |
85
80
75

1.0 L5 2,0 2,5 3.0

Thini gian phan tmg (phit)

Hiéu suit 1 (%)

Hinh 3. Tac dong cua thoi gian va nhiét do
phan g 1én hiéu sudt ciia phan vmg diéu ché
biodiesel.

(Piéu kién phan img: ty 1é mol methanol:dau
12:1; ham luwong xuc tac NaOH 0,8%; cong
sudt séng viba 600W: nhiét dé phdn irng 55°,
60°, 65°C; thoi gian phan vng tir 1 dén 3 phiit)

Trong nghién ctru ndy, phan tng diéu
ché chinh c¢6 dang nhu sau:
k
TG +3CH;OH — 3RCOOCH, +GL (2)

voi: TG 1a Triglyceride

GL 1a Glycerol
Hang sb phan ung k dugc tinh theo phuong
trinh (3) nhu sau:

_dITa)
dt

Trong thuc té, phan tmg dién ra phic tap

hon va hé hén hop phan tng thuong chira 4

nhom thanh phan chinh 1a methanol, methyl

ester (ME), glycerol (GL) va cac thanh phan

chua phan tmg (uUME) (bao gdm cac hop chat

— K[TG] 3)
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trung gian va cac chat chua phan tmg nhu Tri-
glyceride chua phan ung, Diglyceride, Glyc-
eride va cac FFA). Vi viy, phan tng c6 thé
dugc viét hiéu chinh lai nhu ¢ phuong trinh
(4) dudi day:

k

uME +3CH,OH — 3ME+GL (4)

Phuong trinh (3) do d6 c6 thé duoc viét lai
thanh:

_ d[uME] = k[uME] (5)

Tich phén 2 vé phuong trinh (5) ta thu
duoc:

In[uME, 0] — In[uME, t] = kt 6)

Trong do, [uME,0] 1a néng do dau an
phé thai ban dau va [uME.,t] 1a ndng d6 dau in
phé thai ¢ thoi diém t. Phuong trinh (6) duoc
dung dé xac dinh su bién thién cua néng do
dau an phé thai trong hdn hop phan tng tinh
theo thoi gian. Hinh 4 phan anh két qua thuc
nghiém va gia tri ndi suy ctia dudng thang cia
phuong trinh (6) ¢ cac diéu kién phan Gng
khac nhau. Qua do6 cé thé xac dinh duoc gia
tri hang sb phan ng k twong tmg cta hé nhu
trong Bang 1.

Dit liéu tir Bang 1 cho thay khi nhiét o
phan ng ting thi hang s6 toc do phan tng k
cling tang. Gia trj cua k dat thap nhat (0,635
[1/phut]) & nhiét d6 phan Gng 55°C va cao nhat
(2,396 [1/phat]) ¢ nhiét d6 phan Gng 65°C.
Nguyén nhan chi yéu cua su bién thién nay
la do dong nang trung binh cua cac phan ti
tang khi nhiét do phan tng ting, dan dén viéc
cac phan tir chuyén dong manh hon, c6 nhiéu
co hoi va cham va do d6 thuc day phan tmg
t6t hon. Theo phuong trinh Arrhenius, hang s6
tbc do phan ing c6 mdi quan hé voi nhiét do
phéan trng nhu sau:
k=A.exp(-E /RT) (7)

Lay logarith ti nhién 2 vé phuong trinh (7) ta
co:
Ink=InA-E /RT (8)
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Phuong trinh (8) c¢6 thé dugc dung
dé woc lwong muc ning luong can thiét dé
kich hoat phan g tong hop biodiesel dién
ra. NOi suy cac gia tri trong Bang 1 ta rit ra
dugc mdi quan hé giita Ink va 1/T c6 dang
dudng thang nhu trén Hinh 5. Hé s6 goc cla
dudng thiang nay chinh la -E /R va nhéan gia
tri 1a -14811,47K. Tir d6 c6 thé rat ra gia tri
ning lugng hoat héa phan tng tong hop bio-
diesel (véi diéu kién phan tmg gém: ty 18 mol
methanol:dau 12:1; ham luong NaOH xuc tac
0,8%; thot gian phan ung 2 phut) 1a 123,14kJ/
mol.

Bing 1. Hang s6 toc dé phan img tai cdc
nhiét do phan vng khdc nhau

Nhiét d6 phan tng | Hang s toc do phan
(°C) ung k (1/phut)
55 0.635
60 1.438
65 2.396

(Diéu kién phan ieng: ty 16 mol methanol:dau
12:1; ham luwong xuc tac NaOH 0,8%, cong
sudt song viba 600W: nhiét dj phan vmg 55,
60°, 65°C; thoi gian phan ieng tir 1 dén 3 phiit)

6.0

A 65°C
A 60°C
s0F w55

55

45r
40
35k

In(uMIE,0)-In(uMIE, L)

30F

08 10 12 14 16 18 20 22 24 26
Thoi gian phan ing (phit)

Hinh 4. Sy bién thién ciia nong dé ddu an phé
thai trong hon hop phan ung theo thoi gian ¢
cac nhiét do phan ung khac nhau.

(Piéu kién phdn img: ty 1é mol methanol:dau
12:1; ham lwong xuc tac NaOH 0,8%, cong
sudt séng viba 600W: nhiét do phan img 55°,
60°, 65°C; thoi gian phan iing tir 1 dén 3 phiit)

0.00296 000298 0.00300 0.00302 0.00304 000306
1T(K)

Hinh 5. Hang sé téc dé phan img bdc nhat
theo Arrhenius ciia dau dan phé thdi trong
phan img diéu ché biodiesel.

(Diéu kién phdn img: ty 1é mol methanol:ddy
12:1; ham lwong xuc tac NaOH 0,8%, cong suat
song viba 600W; thoi gian phan vung tir 2 phut)

5. KET LUAN VA PE NGHI

Trong giai phap nay, dau an phé thai véi
chi s6 axit & muc cao duoc dung lam nguyén
liéu diéu ché truc tiép dé tao ra biodiesel.
Qua trinh diéu ché dugc hd tro boi chat xac
tac kiém tinh hoa tan NaOH va tac dong cua
song viba. Nghién ctru da rut ra dugc mot bo
diéu kién phan tmg t6i vu nhu sau: ty 1& mol
methanol:dau 12:1; ham luong chat xuc tac
NaOH trong hdn hgp phan tng 0,8%; nhiét do
phéan tmg 65°C; thoi gian phan tng 2 phuat va
cong suat song viba 600W. Véi bo diéu kién
nay, hé thong phan tmg da dat dugc hiéu suat
& murc 98,1%, thoa mén va vuot muc hiéu suét
yéu cau theo tiéu chuan cta Pai Loan (Tai-
wan CNS 15072) trong khoang thoi gian chi
2 phut. Ngoai ra, muc nang luong hoat hoa
phan ung ¢ muc 123,14kJ/mol. Giai phap nay
cling gop phan mang lai hiéu qua kinh té vi ¢6
thé tan dung lai nguén nguyén liéu mién phi
1a dau an phé thai, dong thoi giup giam thicu
dugc mot lugng dang ké chat phé thai kho xir
1y nay vao mdi trudng. Pidu nay gian tiép dem
lai thém sy tiét kiém cho x3 hoi va gop phél’l
lam trong sach moi trudng sinh hoat.
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