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1. GIOI THIEU

Pé dam bao van dé an ninh lwong thuc va giam gi4 thanh san xuét, gid ré va sin c6 1a mot
trong nhitng tiéu chi lya chon nguyén liéu dau m& cho san xuat biodiesel [1, 2]. V&i tinh hinh
Viét Nam hién nay, md c4 tra cia céc tinh ddng bang séng Ctru Long dwoc danh gid 1a mot trong
nhitng nguyén lidu tiém ning cho san xuét biodiesel [3, 4]. Xiic tdc kiém dong thé nhu KOH,
NaOH hién nay dang dwoc sir dung chu yéu cho san xuat biodiesel cong nghiép. Tuy nhién ton
tai cia phuong phdp nay 1a giai doan tich rira san phim khé khan, luong nuéc thai ra moéi
trudng 16n va xic tic khong duoc thu hdi. Hudng nghién ciru san xudt biodiesel bang xiic téc di
thé chu yéu 1a xiic tdc baz ran dang dugc dic biét quan tim nham giai quyét cdc van dé trén. Do
d6 muc tiéu cua dé tai 1a nghién clru diéu ché hé xdc tdc baz ran K*/y-Al,O5 ¢6 hoat tinh cao, ¢6
kha ning tai str dung nhiéu 1an cho phan tmg metanol phan m& c4 tra diéu ché biodesel.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u

MG ci tra do Xi nghiép d6ng lanh thuy san - Cong ty Xuat nhap khau Nong san thyc pham
An Glang (Aflex) cung cap [5], AI(OH);, KOH 86% (Trung Quéc), MeOH 90% (cong nghiép).
Céc chét chuan va ndi chuin st dung dé phan tich metyleste (ME) cua Sigma (M¥) va Fluka
(Pan Mach) [6].

2.2. Phwong phap nghién ciru
2.2.1. Piéu ché xiic tic K*/y-Al,O;

Chét mang y-Al,O; thu dwoc sau khi nung A1(OH); & 650°C trong 6 gio, riy dé chon hat ¢6
kich thudc < 90 um. Cac hop chat ciia kali (KOH va K,COs) dugc mang 1én chat nén y-Al,Os
bﬁng phuong phép tAm w6t trong 3 gid [7, 8]. Sau khi séy 120°C trong 12 gid, xdc tdc dugc hoat
héa bang phuong phap nhiét. Cc yéu t6 dwoc khao sat gdm c¢6 ham lugng K* (mmol) tdm trén
1 g chét mang y-ALO; (mmol/g), nhiét d va thoi gian nung. Hoat tinh xiic tic K*/y-Al,O5 dugc
danh gid qua thong qua hiéu suat biodiesel ciia phan tmg metanol phan thuc hién ¢ diéu kién cb
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dinh: ti 1€ mol 8/1 cia MeOH/m& ¢4, 5% xuc tdc, nhiét do phan ung 60°C, thoi gian phén (mg 90
phit.

2.2.2. Piéu ché biodiesel sir dung xiic tdc K*/y-Al, O3

Xdc tc (tinh trén khéi lwong hdn hop phan tng) duwoc diéu ché & diéu kién tbt nhit theo
phin 2.2.1, MeOH va m& c4 tham gia phan tmg diéu ché biodiesel theo quy trinh & hinh 1. Céc
yéu td duoc khao st 1a ti 16 mol cia MeOH/m& c4, ham lugng xuc tac, nhiét do va thoi gian
phén tng.

‘ Xuc tac ‘

Hoat hoa xuc tac

Hinh 1. Quy trinh diéu ché biodiesel xtc tic K*/y-Al,O;

2.2.3. Phén tich xic tdc K*/y-Al,O;3 va biodiesel

y-AlL O3, xic tic K*/y-ALO; va dugc phan tich bang phuong phép chup anh SEM va phé
XRD. Do manh baz cua xidc tdc K*/y-Al,0;3 dugc xdc dinh bang phuong phap chi thi Hammette-
acid benzoic [7, 8]. Cdc metyleste, glycerin téng, glycerin ty do trong biodiesel san pham dugc
phan tich theo tiéu chudn ASTM D 6584 trén thiét bi HP 6890 dau ddo MSD 5973 [6, 9]. Hiéu
suét biodiesel (H %) duoc tinh nhu sau:

H (%) — mbiodiesel xC X 100%
371'11 XM
FAME

C: ham lugng cic metyl este xac dinh béng GC; Myjogieser: khOi luong biodiesel; m: Kkhdi luong
md cé tra; M va Mgamg: khoi lugng phan tur trung binh cia md cé tra va cuia FAME.

3. KET QUA VA BAN LUAN
3.1. Nghién ctru diéu kién diéu ché xic tic K*/y-ALO;
Xét vé khia canh ddng thé, xidc tic K,COs lgi thé hon xiic tic KOH vi khong tao ra xa

phong trong qua trinh phan tng trao d6i este. Nguoc lai, K,CO; la baz yeu hon nén phai st dung
nhiéu hon. Trong nghién ctru nay, K,CO; va KOH déu duoc tim trén nén y-Al,O; véi cliing mot
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diéu kién va phuong phép dé dé dang so sdnh, d4nh gi4, lwa chon hé xtc téc baz rin c6 hoat tinh
cao cho phan rng metanol phan m& ca tra.

3.1.1. Anh huéng ciia ham leong tam K*

Xdc téc duoc nung ¢ dinh 2 gid ¢ 550°C. Ham luong K* tdm thay di tir 5 + 9 (mmol/g).
Anh huéng ham luong tim KOH va K,CO; dén hoat tinh xic tic K*/y-Al,O5 dugc trinh bay
trong hinh 2a. Khi ting luong KOH va K,COs 1én chit mang, hoat tinh xtdc tic ting 1am ting
hiéu suét phan tng. Tuy nhién hiéu suét lai giam sau khi dat gid tri 16n nhét 90,74% dbi voi
KOH/y -ALO; va 88,41% dbi véi K,COs/y-ALLO; & cung diéu kién tam 7 mmol/g. biéu nay cé
thé gidi thich nhu sau: Chat mang v-Al,O; 1a mgt axit ran c6 tdm Brgnted va Lewis. Khi KOH va
K,CO; dugc dua 1én chat mang véi ham lugng ting dan, cdc tdm axit ndy di bi trung hoa timg
phé‘m va tré thanh xdc tdc baz ran. Khi hoat tinh xic tdc dat gia tri cyc dai tirc 1a lic d6 KOH va
K,CO; di lap day cdc 16 x6p ciia y-Al,05. Néu tiép tuc ting ham lugng, KOH va K,CO;bi du va
nam lai trén bé mat chit mang lam che phu cac tdm hoat dong ctia xtc tac do d6 hoat tinh xic
tac giam.

O diéu kién khuay manh trong thoi gian dai, nhiét d6 phan Uing cao, KOH va K,CO; ¢6 thé
bi bong ra lam giam kha nang t1ep xtic cua tic chét do d6 1am giam hiéu suat phan tng. KOH
con tao phan trng xa phong, gay kho khan cho qué trinh tinh ché san pham. Trong khodng khao
sat trén, xdc tic KOH/y-Al,05 va K,COs/y-Al,O5 déu c6 dd manh baz 9,8 < pH < 12 va hi¢u sut
biodiesel dat dwgc gan twong duong nhau. Mic dii cing mot ti 1é tim 7 mmol/g nhung ham
luong st dung cia KOH (0,39 g/g) thdp hon nhiéu so voi K,CO; (0,97 g/g) vi khoi lugng phéin
tir cia KOH thap hon so véi K,CO;.
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Hinh 2. Két qua khao sét cdc yéu t6 anh huong dén qua trinh diéu ché xic tac K*/y-Al,05
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3.1.2. Anh hudng ciia nhiét do nung xiic tdc K*/y-ALO;

Xiic tic dugc didu ché ¢ dinh v6i ham lwong tim 7mmol/g, thoi gian nung xdc tic 2 gio.
Nhiét d6 nung thay déi tir 500 + 650°C. Két qua thuc nghiém & hinh 2b cho thiy nhiét do nung
¢6 anh huong quan trong dén hoat tinh xiic téc. Khi ting nhiét 6 nung tir 500°C dén 550°C, hiéu
suét biodiesel tang va dat cuc dai 6 550°C dbi V0'1 ca KOH/y -Al,O3 (90,74%) va K2C03/y -AlLO3
(88,41%). Tlep tuc nang nhié¢t d¢ nung, hiéu suat dbi voi ca hai loai xiic tdc déu c6 xu hudng
giam. C6 thé giai thich didu nay nhu sau: ¢ nhiét d6 nung thap, KOH va K,CO; chua bi phan
huy va thiéu két hoan toan trén bé mat ciia v-Al,O; do d6 s0 Iugng cédc tam baz hoat dong khong
nhiéu, hiéu suét biodiesel thép. o] nhiét d6 nung cao y-Al,O; cé thé chuyén thanh 7-Al,0O;5 c6 bé
mat riéng nhé hon lam gidm hoat tinh xdc tic. KOH/y-Al,0O4 thé hién hoat tinh xdc tdc cao hon
so véi K,COs/y-AlLO; c6 thé do nhiét d6 néng chay cua KOH (420°C) thép hon cua K,CO;
(891°C) nén ¢ nhiét d6 nung 550°C KOH bi néng chay va bi thiéu két hoan toan tao thanh don
16p trén bé mit chit mang. Véi K,CO; ¢ nhiét do nung cao hon 550°C, chit nay c6 thé tham
nhap vao bén trong 16p dudi bé mat chat mang 1am giam hoat tinh xic téc.

3.1.3. Anh huéng ciia thoi gian nung xiic tdc K*/y-AlLO;

Xic tic duoc diu ché cb dinh v6i ham luong tam 7 mmol/g va nhi¢t do nung 550°C. Thoi
glan nung thay dbitir 1,5+ 3,5 gio. Két qua & hinh 2¢ cho thay 2,0 gio la thoi gian nung t6t nhat
ddi voi xdc tac KOH/y-ALO; (90,74%) va 2 + 2,5 gio ddi xic tic K,COs/y-AlLO;
(88,41% + 88,58%). So sanh voi thoi gian nung 2,0 gio (88,41%) cua K,COs/y-ALOs thi hiéu
suat tang khong dang ké do d6 chung toi lya chon 2 gio 1a thoi gian nung thich hop nhét véi ca
hai loai xtic tdc. Khi thoi gian nung qud ngén khong du dé KOH va K,CO; phan huy va thiéu két
trén bé mat chat mang, KOH va K,CO; dé bi bong ra nén hoat tinh xic tic khong cao. Sau khi
hiéu suét biodiesel dat cuc dai, tiép tuc tang thoi gian nung, hiéu sudt biodiesel hau nhu khong
thay d6i. Nhu vay xic tic KOH/y-AlO; va K,COs/y-AlLO;5 ¢6 didu kién t6t nhat dé didu ché xic
tac nhu nhau véi ham lugng tim 7 mmol/g & nhiét d6 nung 550°C trong thoi gian nung 2 gio.

3.1.4. So sdnh hoat tinh cua xiic tdc K+/y-A1203

Tinh di thé cua xdc tdc KOH/y-AlL,O5 va KyCOs/y-AlLO5 dugce dénh gia thong qua do bén
cua xuc tdc dudi tic dung khqu tron trong moi truong nudc. Két qua cho tha”iy Iwgng bong ra
cua KOH (0,208 mmol/g) thép hon so v6i K,CO; (0,227 mmol/g). KOH it bi bong hon do &
550°C KOH néng chay hoan toan hon, thiéu két tao thanh don 16p va bam dinh t5t trén bé mat
chit mang. Xuc tic KOH/y-AlLLO; va K,COs/y-AlLO; bén trong nudc nhu vay sé€ bén trong modi
truong phan tmg vi metanol it phin cuc hon nude. Thuc hién phan tmg diéu ché biodisel véi
ham luwong xidc tic 0,022 g KOH va 0,049 g K,CO; (twong dwong véi khéi lwong KOH va
K,CO; bi bong ra & trén) vé6i ciing diéu kién 6/1 ti 18 mol cia MeOH/m@, thoi gian phan ung 50
phiit, nhiét do phan g 50°C. Két qua cho thay hiéu sut biodiesel dat 0,92% (KOH) va 0,89%
(K,CO;). Piéu nay ching to phan xic tic ddng thé do KOH va K,COs bi bong ra khoi bé mit
chit mang y-AL,O; déng vai trd khong déng ké vao hiéu suit biodiesel ciia phan tng,

bé so sanh hoat tinh xtdc tic cua y-Al,O;, KOH/y-Al,O;5 va K,CO;/y-Al,O; ching t6i thuc
hién phan ng metanol phin m& c4 tra sir dung ca ba loai xiic tic trén & cing diéu kién sau: 8/1
ti 16 mol cia MeOH/m&, 5% xtic tic, nhiét do phan mg 60°C, thoi gian phan tng 90 phiit. Két
qua hiéu suét biodiesel dat 90,74% véi xic tac KOH/y-Al,O5 va 88,41% vai xtc taic K,CO5/y-
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Diéu ché biodiesel ttr m& c4 tra v&i xtc téc baz ran KOH/-AlLO;

ALO;. y-AlL,O; ¢6 tinh axit va khong c6 tic dung xic tdc cho phan (mg metanol phan. Két qua
nay phii hop vdi bdo cdo gin ddy ciia Boz va cong su khi khao sat phan (mg metanol phin dau
canola sir dung xuc tdc KF/y-Al,O5 [10]. Hieu sudt biodiesel cua xdc tdc KOH/y A1203 va
K,COs/y-Al 04 gan nhu tuong duong nhung khéi luong KOH (1,41 g) su dung dé diéu ché xic
tac (7 mmol/g) thap hon nhiéu so vdi K,COs (2,46 g) vi khéi lugng phén tir cia KOH nho hon
cua K,CO;.

3.2. Tinh chit xic tic KOH/y-ALO;

Sy thay ddi ciu triic bé mat va hinh ddng tinh thé cuia chat ‘mang y-ALO; trong dugc phan
tich qua anh SEM trinh bay ¢ hinh 3. y-ALO; ¢6 cu triic tinh thé hinh que, kha déu, dién tich bé
mat riéng 100,384 m*/g. Cic khoang tréng gilra céc tinh thé y-Al,O5 tao diéu kién dé tinh thé
KOH bam dinh khi bi thiéu két, lam thay ddi céu tric bé mat va dién tich bé mat riéng cua y-
Al,Os. Xic tac KOH/y-ALO5 c¢6 d6 manh baz 9,8 < pH < 12 va dién tich bé mat riéng 14,296

b. Bé& mit KOH/y-ALO; va tinh thé KOH/y-ALO;

Hinh 3. Anh SEM cua v-Al,O3 va xuc tdic KOH/y-Al, O3

Két qua phan tich XRD cho thdy xic tic KOH/y-Al,O; ¢6 nhitng pic dic trung cia y-Al,Os
vai 20 = 37°, 46°, 67°. Nhu vay dit dwoc tim KOH va nung & nhiét d cao 550°C, céu triic ciia y-
ALO; van khong bi bién ddi. Piéu nay chung t6 y-Al,O3 bén voi nhiét do cao do d6 duy tri duogc
bé mit riéng 16n. Trén nhidu xa XRD xuét hién cdc pic méi dic trung cho hop chit kali
polyaluminat K;,Aly; Oz & 20 = 33°, 44°, 66°, KcALOg 6 20 = 32°, 38°, 40°, 43° va KO; &
20 = 33°, 43°, 62°. Sy xuét hién cdc pha nay 12 nguyén nhén tao ra cic tdm baz hoat dong lam
cho xiic téc ¢ hoat tinh cao dbi véi phan (mg metanol phian m& c4 tra.

KOH.y-ALO,

v-ALO,

Lin{Cps)

Hinh 4. Nhiéu xa XRD ctia xtc tdic KOH/y-Al,O5
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3.3. Piéu ché biodiesel tir m& c4 tra xiic tic KOH/y-ALO;
3.3.1. Anh huong ti lé mol MeOH/mo cd

Phan rng metanol phan m& ca tra xic taic KOH/y-Al,O; duoc thyc hién & diéu kién cb dinh
5% xuc tdc, nhiét d6 phan trng 60°C, thoi gian phan trng 90 phiit. Ti 1€ mol MeOH/m& céd duoc
thay ddi tir 5/1 + 10/1. Két qua dugc trinh by ¢ hinh 5a. Phan tmg dién ra trong hé di thé ba pha
mo/MeOH/xtc tac. CH;0" sinh ra do su hép phu cua metanol trén bé mit xdc tic rdn do d6 khi
tang ti 1€ MeOH/m& thi ham lugng ion CH;0" tdng lam tang hi¢u suat cta biodiesel. Ngoai ra ti
16 MeOH/m@ ting con lam ting kha nang tiép xic pha tao diéu kién thuan loi cho phan tng xay
ra. Phan ung dat hiéu suét biodiesel cao nhit 90,7% khi sir dung ti 1€ 8/1cua MeOH/m& c4. Khi
ti 1& nay > 8/1, hiéu suat giam vi lwong MeOH qu4 nhiéu s& tao nhii tvong trong hé phan ng giy
khé khan cho qud trinh tach pha va rira san phém.

3.3.2. Anh huéng ciia ham luong xiic tdc

Phan {mg trao ddi este dugc thuc hién ¢ diéu kién 6 dinh ti 1& mol 8/1 ciia MeOH/m{ c4,
nhiét do phan tng 60°C, thoi gian phan tng 90 phit. Ham lugng xic tic KOH/y-AlLO; duge
thay d6i tir 5 + 8%. Anh hudng quan trong cta xiic tic KOH/y-ALO; dén hiéu suat biodiesel
duoc thé hién 16 ¢ hinh 5b. Khi tdng ham luong xtc tic tir 5 + 6%, hi¢u sut tang tor 90,74 +
92,63%. Khi ham luong xiic tdc > 7%, hiéu suat lai giam do lwong xic tdc rdn qud nhiéu lam
giam qud trinh truyén khéi ciia hdn hop phan trng. Ngoai ra mot phén KOH bi hoa tan c¢6 thé
tham gia phan ing xa phong hoéa.

3.3.3. Anh hudng ciia thoi gian phdn g
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Hinh 5. Céc yéu t6 anh huong dén phan tmg metanol phan md c tra xtc tic KOH/y-Al,O5
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Phan (mg trao ddi este dugc thuc hién & diéu kién 6 dinh ti 1& mol 8/1 ciia MeOH/m& c4,
6% xtic tic, nhiét do phan tmg 60°C. Thoi gian phan tng dwoc thay doi tir 60 + 150 phit. Két
qua & hinh 5c cho thdy do chuyén héa ting khi ting thoi gian phan tng va dat dén gia tri cao
nhét (92,63%) ¢ 90 phiit. Khi thdi gian phan ting kéo dai hon hiéu suat gin nhu khong thay doi
vi ldc nay phan tng da dat trang thai cin bang.

3.3.3. Anh huong cua nhiét dg phdn img

Phan tmng trao ddi este dugc thuc hién ¢ didu kién ¢b dinh ti 16 mol 8/1 cia MeOH/m& c4,
6% xic tac, thoi gian phan tmg 90 phit. Nhiét d6 phan tmg duoc thay doi tir 55 + >65°C. Két
qua & hinh 5d cho thdy nhiét do phan ng tdt nhit & 60°C véi hiéu suét biodiesel cao nhat dat
92,63%. Tang nhiét do 1én 65°C, hiéu suat hau nhu khong thay dbi vi phan tng trao ddi este da
dat dén trang thai can bang. Lic niy qua trinh tich pha va tinh ché san phdm nhanh va d& dang.
Néu tang nhiét d6 phan tng >65°C, hiéu suat c¢6 xu huéng giam tuy khong nhiéu.

Tém lai diéu kién t6t nhét dé thuc hién phéan ng metanol phan m& ca tra voi hi¢u suét
biodiesel 92,63% la: 8/1 ti 1€ mol cia MeOH/md&, 6% xtic tic KOH/y-Al,O;, thoi gian phan Gng
90 phiit, nhiét dd phan tng 60°C.

3.4. Xac dinh tinh chét héa li ciia biodiesel

San phim biodiesel diéu ché tir m& c4 tra voi xic tic KOH/y-AlLOs 12 chat 16ng nhe, mau
vang sang nhat, cdc chi tiéu héa 1i déu ddp Gmg tot theo tiéu chudn ASTM D 6751 dic biét 1a
khong phat hién duoc cic ion kim loai K*, AI’* trong biodiesel. Két qua phéan tich GC cua
biodiesel cho thiy khong c6 su khac nhau vé thanh phén acid béo tu do ciia m& c4 nguyén liéu
va biodiesel. Str dung xuc tic baz rin KOH/y-ALO5 lam cho quad trinh tich rua biodiesel don
gian, nhanh chong, tiét kiém nudc rira, han ché nudc thai gy 6 nhiém moi trudng va cé thé tai
st dung nhiéu Ian.

4. KET LUAN

Nghién ctru nay da dat dugc céc két qua sau:

Diéu kién diéu ché xdc téc baz rin KOH/y-AlL, O3 c6 hoat tinh cao ddi voi phan 'ng metanol
phan m& cd tra: ham lugng 7 mmol/g cia KOH/y-Al,Os, nhiét d§ va thoi gian nung xic tac
550°C trong 2 gio.

Phan rng metanol phan diéu ché biodiesel tir md c4 tra xdc tdc KOH/y-ALO; dat hiéu suat
cao nhat 92,63% ¢& dicu kién: ti 1¢ mol 8/1 cuia MeOH/m& c4, 6% xuc tac, thoi gian phan rng 90
phit va nhiét do phan ing 60°C.

Biodiesel diéu ché véi xic tdc baz ran KOH/y-Al,0; ¢6 céc tinh chat héa li ddp tmg dugc
ti€u chuan ASTM D 6751 v6i quy trinh don gian, hi€u suét cao, than thién v6i moi trudng va cé
tinh kinh t€ do xuc tac c6 thé duoc ti s dung.
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SUMMARY

BIODIESEL PRODUCTION FROM FAT OF TRA CATFISH
BY KOH/y-ALL,O; AS A SOLID-BASE CATALYST

The objective of the project is to research the production of biodiesel from fat of Tra

Catfish and methanol using K*/y-Al,O; as a solid-base catalyst. The results show that KOH/y-
AlL,O; prepared by loading KOH of 7 mmol on AI(OH); of 1 g, after being calcined at 550°C for
2 h, which can give the best catalytic activity for this reaction. The maximum conversion of
92.63% has been achieved after 90 minutes, at 60°C when the molar ratio of MeOH to tra fat is
8/1 and 6% KOH/y-Al,O; catalyst. The produced biodiesel met the required ASTM D6751
standard.
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