Lé Thanh Thanh Nghién ciru cdc yéu té anh huéng dén qud trinh tong hop biodiesel...

NGHIEN CUU CAC YEU TO ANH HUONG DPEN QUA TRINH
TONG HOQP BIODIESEL TU DAU AN PHE THAI TREN HE XUC
TAC DI THE CaO
Lé Thanh Thanh
Truwong Pai hoc Thi Dau Mot

TOM TAT

Véi muc tiéu giam thiéu 6 nhiém méi truong do sir dung nhién liéu c6 nguon goc hod
thach nhw dau mé, than da, tim kiém nguén nang heong méi, nang lwong tdi tao dé dam
bado cho sw phdt trién bén viing, tir hon 10 ndm tré lai ddy, san xudt va iing dung nhién liéu
sinh hoc trong dé ¢6 Biodiesel (BDF) tr¢ thanh muc tiéu nghién ciru cho nhiéu Quéc gia
trén thé gidi. Dau an phé thai la mot trong nhitng nguon nguyén liéu day tiém ndang cho sdan
xudt biodiesel sinh hoc. Trong nghién ciru Ny, qud trinh tong hop BDF tir dau dn phé thdi
duwoc thuc hién qua hai giai doan: giai doan tien xir ly va transester hoa bc%ng xiic tac dj thé
Canxi oxit dé chuyén dau dan phé thai thanh nhitng mono-ester. Phan g dwoc thuc hién
duedi s thay doi cdc théng sé nhw: ty 16 mol methanol: dau (5:1 + 11:1), ham heong xiic tic
(3 + 8%), thoi gian phan vmg dd dwoc khdo sat tir (60 + 180 phlt). Chdt hrong ciia
biodiesel dwoc danh gia thong qua viéc xdc dinh nhitng tinh chat quan trong nhu: ty trong,
dé nhét dong hoc tai 40°C, nhiét dé chdp chdy coc hd, can carbon, dn mon ld dong.

Tir khéa: diesel sinh hoc, ddu dn phé thdi, ester hoa

1. PAT VAN DE

Trong giai doan hién nay va tuong lai, thé giéi dang phai d6i mat véi van dé thiéu hut
nang luong va sy 6 nhiém méi trudng tir viée sir dung nang luong c6 ngudn gdc hoa thach
nhu ddu mé va than da... Tim kiém ngudn ning lwong moi, nang tai tao trd thanh mot trong
nhitng myc tiéu nghién ciru quan trong. Dau dn phé thai 1a ngudn nguyén liéu diy tiém
nang cho san xuét biodiesel do c6 trit luong tuong ddi 16n, lai ré tién, bén canh do, viéc st
dung dau an phé thai dé san xuit biodiesel con gop phan bao vé méi truong va sirc khoe
ngudi dan. Hién nay, lugng dau an thai tir cac ho dan, nha hang ngay cang ting do mtc tiéu
thy dau an cia con nguoi tang. Riéng thanh phé H6 Chi Minh, theo s6 lidu thong ké so bo,
ngudn dau dn phé thai thu duge khoang 67 tdn mdi ngay, mdi nha hang trung binh mdi
ngdy thai ra 20-30kg dau an [8]. Nén viéc nghién ctru tin dung ngudn dau in thai dé tong
hop nhién lidu biodiesel co tinh cap thiét cao .

Phan ting transester hoa 1a phan tmg gitra triglyxerit (thanh phan chinh trong dau thuc vat
hay m& dong vat) va alcol. San phim biodiesel thu duoc 1a hdn hop mono—alkyl este. Sy hién
dién cua xtc tac (axit, kiém...) s& thiic day qua trinh phan tmg. Dé dat hé sé chuyén d6i cao
phai dung lugng du alcol do phan tng transester hoa la qua trinh thuan nghich [1],[2].
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D3 c6 nhiéu cong trinh nghién ctru vé phuong phép tong hop biodiesel tir ddu m& dong,
thyc vat theo phuong phap transester hod, trong d6 c6 dau an phé thai [7], [5], va phuong
phap str dung phd bién 13 xuc tac dong thé trén co s6 KOH va NaOH [4]. Nhuoc diém cua
viée sir dung xtic tac dong thé 13 kha ning tai sinh va thu hdi xuc tac rat khé khan, do vy gia
thanh san xuét cao, kha nang trién khai vao thuc tién thép. Bén canh do, viéc st dung xuc tac
ddng thé giy 6 nhim moi trudng, anh huong dén chit lwong cia san pham biodiesel. Trong
nhimg ndm gan day, nghién ctru sir dung xtc tac ran nham cai thién cong nghé ciing nhu gidi
quyét van dé méi trudng va dic biét sir dung xtic tic ré tién nhdm giam gia thanh san phdm
biodiesel dang tr¢ thanh muc tiéu dugc cac nha nghién ctru quan tam thuc hién.

Mot sé nghién ctru tiéu biéu, nhu nghién ciru sir dung xuc tic Na;SiOa/MgO, cho thiy
rang, hiéu suat thu hdi biodiesel con thip, bén canh d6, mot diém quan trong 1a gia thanh xtc
tac cao [3]. Nghién ctru gin day cho thay, xuc tac di thé trén co s& CaO 1a mot loai xtc tac
déy tiém nang cho viéc téng hop biodiesel do hi¢u suit thu hoi biodiesel cao, dic biét gid
thanh thap do qué trinh chuan bi xtc tic don gian. Nghién ctru vé co ché cho phan tng
transeter hoa dau thuc vat dé téng hop biodiesel cho théy rfmg, giai doan dau, mot luong nho
CaO phan tmg v6i nudc trong khong khi hodc tac chat tao thanh Ca(OH),. Sau d6 CaO va
Ca(OH), phan trng véi methanol tao thanh Ca(CH30), c6 hoat tinh cao hon va xuc tac cho
phan tmg trao doi este tao thanh glyxerin va metyl este [6]. Giai doan nay phan ung xay ra
cham hiéu suét thap. Khi glyxerin sinh ra s& phan tmg véi CaO hodc Ca(CH30); tao thanh
Ca(C3H;0O3),. Giai doan tiép theo, Ca(C3H;03), phan tmg vdi methanol tao ra CH3O déy
nhanh phan g tao thanh metyl este va diglyxerin va dugc tai tao sau phan ing. Qua trinh
nay duoc 1ap lai cho dén khi metyl este va glyxerin dugc tao thanh.

Trong nghién ctru ndy, chdng t6i thir nghiém tong hop biodiesel v4i ngudn nguyén lidu
1a dau an phé thai. Xtc tac dugc sir dung trong nghién ctru 1a CaO. Muyc tiéu nghién ctru 1a
tap trung vao khao sat cac diéu kién t6i wu cho viéc hinh thanh co sé cho qué trinh xﬁy
dung cong nghé tong hop biodiesel tir dau an phé thai c6 kha ning ung dung va thyc tién
cao. Piém méi cua nghién ciru 13 sir dung xuc tac di thé trén co s Canxi oxit cho hiéu suat
thu hoi biodiesel cao hon so véi xtc tac rin Na,SiOz/MgO di nghién ctru trude, dong thoi
xuc tac chi can nung 1én 1a sir dung dugce khong can qua cac qué trinh tong hop phtc tap;
thoi gian phan mg théap, ty 1é mol methanol:dau, ham luong xtc tac ciing sir dung it hon.
Ngoai ra, khi str dung xuc tac ran CaO thay thé cho céc xuc tac khéc, ta con c6 mot sd wu
diém nhu: gia thanh ré do tai st dung va tai sinh dugc xuc tac, tach loc san phém dé hon,
han ché phan tig xa phong hoa.

R1COO(fH2 CH,_ OH R,COOCH;

Xddc tac
—_— .,

éH—OH + R2COOCHs;

RZCOO?H + 3 CH3zOH

R3COOCH:> CH>— OH R3COOCHS
Giai doan 1:

Ca0 +H,0— Ca(OH), (1)
Ca(OH); + 2 CH30H — Ca(CH30); + H,0 2
CaO + 2 CH30H — Ca(CH30),; + H,O 3)
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Co ché phan ung transester voi xuc tdac ran CaO.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu

Dau an thai dugc lay tr nha hang C6 Nén, Bai Trudc, thanh phd Viing Tau. Céc hoa chat
dugc str dung : CaO cong nghiép, CH3OH, NaOH, NaCl, H3PO,, C;Hs0OC,Hs nude cat.

2.2. Phwong phap nghién ciru

2.2.1. X Iy so bg dau an thai

D?lu thai sau khi xac (ﬁnh chi tiéu k¥ thuat duqcﬂ: ti’én hanh léng, loc gefm va dem di, tmgg
hoa bang NaOH 4%, khuay nhe khoang 30 phut, dé lang cdn. Sau dd, tién hanh loc lay dau
va rira lai bang nudc néng khoang 70°C 16i dem di sdy & 120°C trong 1 gid, cho mubi hut
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am vao. Muc dich cua qua trinh nay 13 ha chi sb axit (ham luong axit béo tu do) trong dau
xubng dudi 2 mgKOH/g dau.

2.2.2. Transester hoa voi xuc tac canxi oxit

Khdi lwong dau thai sau khi duoc xir Iy & mbi thi nghiém dwoc dung khong d6i 100 ml dau
da xir ly, xtc tic dwoc nung 1000°C trong 4-5 gid, lwong methanol 1y theo ty 1& mol
(methanol: dau) tir 3:1 dén 10:1, ham luong xuc tac thay d6i 3-8% (tinh theo khdi luong dau).

Qua trinh tién hanh nhu sau: ldy luong methanol can dung cung véi xtc tac cho vao
binh cau ba cb, ddy kin rdi tién hanh khuay gia nhiét khoang 15 phut dé hoat héa xiic tac.
Lay khéi luong dau cho vao binh phan ¢mg, ning nhiét d6 toi nhiét 6 khao sat 60°C va
theo ddi qué trinh phan tng. Sau khi phan Gmg xong, hdn hgp phan tng dugc dé on dinh
trong phéu chiét va tach 16p. San pham biodiesel duge tinh ché bang cach hut chan khong
nham loai bo xuc tac, rira metyl este dé tach glyxerin, methanol, rira san phiam bang nudc
néng 70°C, cho hexan vao, dem san pham di siy & 120°C trong 1 gid, cho chéat hut am vao
dé loai bo hoi nudc hoan toan.

2.2.3. Phdn tich tinh chat héa Iy va thanh phan ciia metyl este

San pham biodiesel duoc dem di phan
tich thanh phén tai Cong ty C6 phan dich vu
Khoa hoc va Cong nghé Sac ky Hai Pang,
79 Truong Pinh, quéan 1, thanh phé H6 Chi
Minh bang sic ky GC.

Hinh 1. Dau an thai truée va sau khi xir 1y

Bén canh d6, mot sd chi tiéu hoa 1y khac ciia san phdm nhu: ty trong, do nhét dong
hoc tai 40°C, diém chdp chdy coc hd, ham luong cin carbon, dn mon tam dong duoc phan
tich tai phong thi nghiém hoéa dau Truong Dai hoc Ba Ria — Viing Tau.

3. KET QUA VA BAN LUAN
3.1. Nhirng tinh chat héa ly cia dau an phe thai )
Bdng 1. Tinh chat hoa ly cia dau an phé thdi

Chi tiéu chét lwong D&u &n thai
Chi sé axit, mg KOH/g 2,33

Do nhét dong hoc & 40°C, ¢St 33,70

Ham lwong nwéc, % tt 0,18

Két qua bang 1 cho thay viéc sir dung tryc tiép dau an phé thai lam nguyén liéu tong
hop biodiesel s& gap kho khan do chi s6 axit 16n hon 2% va c6 1an nuée. Dau n thai c6 13n
nudc va chi sb axit cao trong qua trinh phan ung s€ gay ra phan ung thuy phan, xa phong
hoa tao ra xa phong, giy ket khdi phan tng, lam giam kha ning tiép xtic gitra ruou va
triglyxerit nén giam hiéu suat phan tmg.
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3.2. Xir Iy so'bd dau théi nguyén li¢u ‘
Bdng 2. Tinh chat hoa ly ciua dau dan thai sau xu ly

Chi tiéu chat lwong DAu &n thai
Chi sb axit, mg KOH/g 0,34

DO nhot dong hoc & 40°C, ¢St 33,60

Ham lwong nwéc, % tt 0

Dau thai nguyén liéu ban dau c6 mau vang sam sau khi qua xir Iy bang NaOH 4% ham
lwong axit béo giam va mau dau trd nén sang hon, dong thoi sau khi siy ¢ 120°C trong 1
gid ham lwong nudc khong con. Nhu viy nguyén liéu da du diéu kién dé dem di phan tmg.

3.3. Cac yéu t6 anh hwéng dén phan tng transester hoa xic tic canxi oxit

3.3.1. Anh hwéng cua ty 1é mol metanol:dau

Ty 1¢ mol methanol:dau 12 mét trong nhitng yéu t6 quan trong nhat anh huong dén hiéu
sudt thu hoéi biodiesel. Trong nghién ciru nay, nhom nghién ctru da thay dbi ty 1& mol
methanol:dau tir 5:1 dén 11:1 va cb dinh cac thong s6: ham lugng xic tac CaO 6% (% kl
nguyén liéu), nhiét do phan tmg 60°C, thoi gian phan ing 100 phut dé khao sat hiéu suat
thu hoi biodiesel. Két qua dugc biéu dién bang d6 thi hinh 2.
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Qua db thi hinh 2 ta thiy khi ty 16 mol methanol:dau 1a 8:1 thi cho hiéu suét thu
biodiesel cao nhat. Piéu nay c6 thé giai thich do phan tng este hoa 1a phan ung thuan
nghich nén khi ta ting lugng methanol thi phan tng s& dich chuyén theo chiéu lam giam
lugng methanol, tirc 1a phan Ung xay ra theo chiéu thuan, lugng este tao thanh cang
nhiéu, hiéu suét cang ting. Tuy nhién, néu ty 1émol cao hon 8:1 thi hiéu suét c6 khuynh
huéng giam, diéu nay do methanol c6 nhom OH phan cyc déng vai trd nhu mot chat
nhili hoa, lam tdng kha ndng hoa tan cua glycerin trong dung dich phan tng. Khi
glycerin con lai trong dung dich phan g s& 1am cho can bang chuyén dich theo chiéu
nguoc lai voi huéng tao mono ester, hiéu suat s& giam. Nguyén nhan khac nita 1a do
methanol hoa tan dugc ca glycerin va alkyl ester, nén mo{t luong alkyl ester sé& theo
methanol vao trong pha glycerin va do d6 1am giam hiéu suat. Két qua nghién ctru nay
pht hop véi két qua tir nghién ctru cia TS. Lé Thi Lan Huong trong “Nghién ciru tong
hop biodiesel bang phan tng ancol phan tir m& ca da tron & Pong Bang Song Ciru Long
trén xdc tac axit va bazo™.
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3.3.2. Anh hwéng ciia ham lwong xiic tac

Sau khi xac dinh ty 1€ mol methanol:dau t6i wu 12 8:1 ta tién hanh khao st anh huodng
ctia ham lugng xuc tac tir 3% dén 8% (% kil nguyén liéu) va cd dinh cac yéu té con lai nhu
sau: nhiét do 60°C, thoi gian 100 phut. Két qua thu dugc & hinh 3.

84
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Hinh 3. Anh huong cia ham lwong
xuc tac den hiéu suat biodiesel
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Nhin vao db thi hinh 3 ta thdy, luong xtc tac 6% (% kI nguyén liéu) hiéu suit thu hoi
biodiesel cao nhit. Lugng xtic tic CaO nho hon 6% khong du cho phan ung hoan tét.
Nguoc lai, khi ting ham lugng xuc tac qua cao lam luong glyxerin tao ra qua nhiéu va
glyxerin nay bam 1én bé mat xic tac, che phu tdm hoat tinh lam mét hoat tinh xuc tac, ngoai
ra con gdy kho khin cho qué trinh khudy tron, tinh ché san pham.Vi vay ta can phai chon
ham lugng xuc tac tdi uu nhét 1a 6% (% kl nguyén licu)

3.3.3. Anh hwong cua thoi gian phdn g
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Sau khi khao sat cac thong s6 t6i uu voi ty 16 mol methanol:dau 1a 8:1, ham luong xuc
tac 12 6% (% kl nguyén liéu), ta tiép tuc khao sat thoi gian phan mg thay ddi tir 60 dén 180
phut véi nhiét dd phan ung 1a 60°C. Khi thay ddi thoi gian phan tng ta thu duoc két qua
nhu ¢ hinh 4.

Theo db thi hinh 4 higu suat dat cao nhat ¢ thoi gian 120 phut, & phan mg xay ra
manh mé thi cAn phai c6 thoi gian khudy tron, dé cac phan tir triglyxerit va methanol tiép
xuc véi nhau. Do qua trinh este hoa triglyxerit xay ra qua cac giai doan tao thanh diglixerit
va monoglyxetit cudi cung 1a glyxerin nén can phai c6 thoi gian di dai thi hiéu suit thu
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dugc méi cao. Tiép tuc kéo dai thoi gian s& khong 1am tiang hiéu suat phan tmg do luong
methanol bay hoi 1én nhiéu (nhiét d6 sbi ciia methanol 1 64,7°C), dong thoi tao ra san
pham phu nhiéu hon va giy tén nhiéu niang lugng cho qua trinh phan tng, hiéu sut phan
ung c6 khuynh huéng giam.

3.4. C4c tinh chit hoéa 1y ciia biodiesel thanh phim

Két qua khao sat cho thay san pham thu duoc c6 thanh phan va mét sb tinh chat hoa Iy
dat theo tiéu chuin cua biodiesel thuong phdm theo tiéu chudn ASTM D6751 nhu trong
bang 3, 4. ’ ?

Bdng 3. So sanh chi tiéu chat luong cua biodiesel san pham
voi biodiesel tiéu chuan

Chi tiéu chat lwong Biodiesel thanh pham Biodiesel chudn ASTM D6751
Ty trong 0,86 0,82 +0,9
Do nhét 40°C, ¢St 4,66 19+6
Nhiét 6 chép chay cée hé, °C 178 181 max
Can carbon, % Kl 0,02 0,05 max
An mon tAdm dbng No.la No.3 max

3.5. Thanh phan ciia sin pham biodiesel 7
Bdng 4. Thanh phan cua san pham biodiesel

Thanh phan Ham lwong, %
Octanoic axit, metyl este C8:0 0,015
Decanoic axit, metyl este C10:0 0,011
Dodecanoic axit, metyl este C12:0 0,200
Tetradecanoic axit, metyl este C14:0 0,910
Hexandecanoic axit, metyl este C16:0 38,510
Cis-Hexandecanoic axit, metyl este C16:1 0,260
Octadecanoic axit, metyl este C18:0 3,900
Cis-9-Octadecenoic axit, metyl este C18:1 44,000
Cis-9,12-Octadecadienoic axit,metyl este C18:2 11,500
Octadecatrienoic axit, metyl este C18:3 0,190
Eicosanoic axit, metyl este C20:0 0,330
Cis-11-Eicosenoate axit, metyl este C20:1 0,130
Docosahexanenoic, metyl este C22:6 0,010

4. KET LUAN

Nghién ciru tong hop biodiesel tir dau dn phé thai v6i viéc s dung xiic tic rin Cao da
dugc thyc hién. Khi tién hanh phan tng transester hoa thu hoi biodiesel tir dau n thai theo
nghién ctru ctia chung t6i dwoc tién hanh vai ty 1é mol methanol:dau 1a 8:1, ham lugng xtic
tac 1a 6% (khdi luong dau nguyén liéu), thoi gian phan Gng 120 phat thi hiéu suat thu hoi
biodiesel cuc dai co thé dat duge 1a 84%. Nhom nghién ctru cling da khao sat mot s6 dic
tinh hoa 1y cua san phém biodiesel thu dugc dat yéu céu theo tiéu chudn ASTM D6751. Két
qua nghién ctru c6 thé 1a co s& khoa hoc cho vige tiép tuc nghién ciru xay dung cong nghé
tong hop biodiesel bang viéc sir dung xuc tac ran trén co sé CaO dé tmg dung vao thuc tién
tai Viét Nam.
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SYNTHESIS OF BIODIESEL FROM WASTE COOKING OIL IN THE PRESENCE
OF CALCIUM OXIDE CATALYST

Le Thanh Thanh
ABSTRACT

With the objective of minimizing environmental pollution by using fuel derived fossil
oil, coal; seeking new sources of energy; renewable energy to ensure sustainable
development, more than 10 recent years, production and biofuel application including
biodiesel (BDF) became the target for many national researches in the world. Waste
cooking oil is one of the promising materials for biodiesel production. In this study, BDF is
prepared from waste cooking oil through two stages to convert waste cooking oil into the
mono—ester: pretreatment and transesterification. The transesterification catalyzed by
calcium oxide as heterogeneous catalyst. The reaction was carried out under a change of
parameters such as molar ratio methanol:oil (5:1 + 11:1), catalytic amount (3 to 8 %),
reaction time were examined from (60 + 180 mins). The quality of biodiesel is evaluated
through the identification of important properties such as density, kinematic viscosity at
40°C, flashpoint temperature, carbon residue and copper plate corrosion.
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