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Tom tét

Nhién liéu sinh hoc trong nhitng nam gan day duoc chi y nhu mét loai nhién liéu ding dé thay thé mét phdan
nhién liéu truyén théng. Tuy nhién, mét s6 han ché vé nguyén liéu va cé6ng nghé sdn xudt da lam tdng gid thanh san
phdm ciing nhu chua dat duoc chdt luvong yéu cdu. Biodiesel tao thanh tir dau thuc vét (ddau thuc phdm, dau phi thuc
phdm, ddu dn thdi), mé déng vét (mé cd tra, ba sa...) la huéng phdt trién tiém ndng & Viét Nam. Bai bdo gidi thiéu
phuong phdp téng hop lién tuc biodiesel béng thiét bi phdn ting static mixer. Céng nghé static mixer cho phép san
xudt biodiesel & quy mé I6n véi cdch vén hanh don gian, nhanh chéng so véi phuong phdp dang mé truyén théng.
Nhém tdc gid ciing phan tich ddc diém ky thudt, so dé thiét ké va cdc yéu té anh huéng (nhiét dé, ham luong xiic tdc,
thaéi gian luu, ty 1é phéi trén methanol/ddu) dén tinh chdt biodiesel téng hop (d6 nhét, hiéu sudt thu héi, ham luong
methyl esters) qua hé théng static mixer.

Tirkhéa: San xudt biodiesel, dau thuc vét, phuong phdp static mixer, yéu t6 anh hudng, hiéu sudt thu héi biodiesel, ham luong
methyl ester.

1. Gidi thiéu tiép theo [11]. Nam 2009, Viét Nam da c6 céc tiéu chuan
ky thuat va chat lugng (TCVN 7717-2009) vé B5 va B100
nhung viéc st dung biodiesel lam nhién liéu hodc pha
i tron véi biodiesel khoang chi tén tai dudi dang khuyén
héa clia dau thuc vat hodc mG dong vat va methanol i chua bit budc (theo Quyét dinh 177/2012/QD-TTg
V6i sy c6 mat clia xtic tac (NaOH, KOH, alkoxides hodac 3 53/2012/QD-TTg) va san xuit biodiesel méi & quy md

Biodiesel la hdn hgp cac ester cla acid béo (fatty acids
methyl esters - FAME), thu dugc qua phan Ung transester

enzyme) (Hinh 1) [1 - 9]. phong thi nghiém [12 - 18].

Biodiesel dugc dung lam nhién liéu cho déng co Biodiesel dang tr& thanh dang ning luong thu hat
diesel béng cach trén l&n véi nhién IléU diesel trUYén su quan tam trong qua’ trinh da dang hda nguén nhién
théng [1]. Nam 2013, san lugng nhién liéu sinh hoc trén  Jiau hodc thay thé mot phan viéc si dung ngudn héa

thé gidi tang 6,1% dat 65,3 triéu tdn dau quy doi, trongdé  thach, déng thai giam lugng khi thai doc hai nhu CO,
san xuat biodiesel dat 6,2% [10]. Tai Viét Nam, lugng diesel hydrocarbon... [19, 20]. Nguén nguyén liéu dong vai trd
c6 nguodn géc khodng st dung ludn dat muc cao: chiém quan trong trong gia thanh san xuat biodiesel (chiém dén
40% trong téng s6 nhién liéu (6,51 nghin tan diesel/16,48 75% chi phi) [21 - 25], do d6 viéc tim va ap dung céng
nghin tan nhién liéu) trong nam 2013; dat khoang 44% nghé san xuat thich hgp véi ngudn nguyén liéu la yéu cau
trong nam 2014 va du bdo dat trén 42% trong nhiing nam hang dau. Tai Viét Nam, nguén dau an thai va mé& dong vat

0 (Mm@ ca tra, ca ba sa) c6 tiém nang

I ﬁ) rét 16n vé sé lugng [13, 15], néu
CH,— O— C—R1 CHy— O— C—R1 quan ly va thu gom té’t’céc nguén
nay, qua trinh sdn xuat biodiesel

‘ 0 o CH,—OH

I | | sé thuc hién dugc & quy moé cong
CH—0—C—R2 +3CH3;0H —> CH;— 0—C—R2 + CH — OH nghiép.
‘ o) o | Ngoai ra, gia san xuat biodiesel
| I CH,— OH

van cao hon diesel ti dau mo, do
CH,_—_ 0—C—RS3 CH;— O—C—RS3

do viéc tim kiém, cai thién céng
DAu nguyen liéu o nghé dé nang cao hiéu qua phan
(triglyceride) Methanol Biodiesel Glycerol Gng va gidm gia thanh san pham

Hinh 1. Phdn iing transester hda téng hop biodiesel van dang l1a nhu ciu cap thiét.
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Trén thé gidi, cac thiét bi phan Ung san xuat
biodiesel c6 thé thudc cac dang sau: thiét bi
thung khudy tron, thiét bi phan Ung static mixer
(static mixer reactor), thiét bi phan Gng vi séng
(microwave reactor), thiét bi vi phan (ng (micro
reactor), thiét bi phan (ing thung quay (rotational
packed-bed reactor), thiét bi phan ting dong xung
(oscillatory flow reactor)...

Hinh 2. Chuyén huéng ctia dong chdy khi qua thiét bi static mixer véi vat chém dang cdnh xodn
Bai bado giGi thiéu cong nghé téng hagp

(M) .
biodiesel lién tuc, hé théng thiét bi phan (ng i
static mixer v&i nguyén liéu dau thuc vat hién co
S\ a N I 5 . Pha lién tuc Y
tai Viét Nam va methanol dudi tac dung ctia xuc : Static ]
. A . L . L . 7 Pha bi
tac NaOH. Cong nghé static mixer c6 uu diém vé : mixer P =P
v v [t phan tan
chi phi sdn xuat nhu ché d6 hoat déng lién tuc,
thiét bi don gian, dé lap dat va bao tri. Bén canh Y N @ Nhil trong
dé, nhém tac gia cling dé cap, phan tich cac yéu e @ 5 v
t6 anh hudng dén hiéu suat thu héi va chat lugng b AAX
biodiesel nhu nhiét do, xdc tac, ty 1& phéi tron va F:Ddng hé do luu ong, P: Bdu db do dp sudt chénh léch, S: Van ldy mdu
chiéu dai ciia mixer. Hinh 3. Hé thdng co'bdn ciia mdy khudy tron tinh (static mier)
, : . . Mat bich
2. Cong nghé san xuat biodiesel bang thiét bi 1cénh dusng kinh
. . . clamixer ngoai, OD
static mixer i l doday éng
2.1. Giéi thiéu vé thiét bi static mixer CCH O NI L)) oo

] B

Chiéudai 1 module gém 12 canh, L 4

Mot s6 nghién cliu vé phuong hudng san
xudt va ung dung biodiesel da dugc tién hanh &
Viét Nam [12 - 18]. Hién nay, cdbng nghé san xuat
biodiesel tai Viét Nam van dang st dung phd bién
thiét bi phan tng dang thung khudy tron, vai uu
diém 1a cdu tao don gian, dé kiém soat trong qua
trinh van hanh. Tuy nhién, thiét bi nay c6 mot s6
han ché nhu: thai gian phan tng kéo dai, cong suét

Hinh 4. Cdu tao ciia 1 module trong thiét bi static mixer vdi cdc canh chém

Bdng 1. Déc diém kj thudt cia thiét bi static mixer tong hap biodiesel

thdp va chat lugng san pham khong dong nhat... Thong s6 ky thuat Don vi Gia tri
! Kich thudc chudn hoéa inch 3/8
Trong khi do, thiét bi static mixer hay con dugc Pudng kinh ngoai 6ng mm 17,3
goi la thiét bi khudy tron tinh da dugc nghién cdu D6 day 6ng mm 2,3
va phat trién trong cac nganh céng nghiép trén Budng kinh trong ong mm 12,7
2 s « N Budng kinh cdnh (Dcsnn) mm 12
thé gidi trong hon 40 nam qua. Pay la mot thiét .

' gidt trohg ) nam qua. &y fa mot & Chiéu dai 1 cénh (Leany) mm 19,05
k? ¢6 hiéu qua ,cao véi hiéu suat tron trung binh, D6 day canh mm 15
rat thich hgp dé stt dung trong céc thiét bi co kich S8 canh trong 1 module canh 12
thudc nho, luu chat chady thanh dong va cach phoi Chiéu dai phan canh trong 1 module mm 2286
tron don gian [26]. Chiéu dai module (tinh c& mat bich) mm 240

Static mixer ¢ nhiéu hinh dang (try, cau,
6ng...) dugc Ung dung trong nhiéu linh vuc khac
nhau nhu thuc phadm, dugc phdm, hda chat, nhua,
loc hoa dau va san xuat gidy... [27, 28]. Tuy nhién,
static mixer dang 8ng dugc Ung dung phd bién
trong cdng nghiép phadi tron nhién liéu va cé thé di
kém doéng thaoi véi cac phan tng hoa hoc [28, 29].

Hinh 5. Thiét b static mixer gém cdc module ndi tiép nhau
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Thiét bi phan ng kiéu static mixer thudng
dugc st dung dé tron 1an cac chat 16ng khéng
hoa tan va cong nghé nay da dugc st dung trong
san xuat biodiesel tai mét s6 quéc gia [30 - 40].
Vé cau tao, thiét bi phan Ung static mixer c6
dang 6ng, bén trong c6 cac tam chan hoac vat
chém véi céc kiéu thiét k& khac nhau nham gia
tang t6i da dac tinh chdy r6i cta cac dong luu
chat nguyén liéu (dong dau thuc vat va dong
methanol da dugc hoa tan véi xuc tac) di qua
thiét bi véi téc d6 cao (Hinh 2) [29, 41].

Khac véi cac thiét bi khudy tron thong
thudng, thiét bi khudy trén tinh static mixer dugc
I3p dat ¢é dinh va khéng di chuyén trong suét
qua trinh phéi tréon. Dong luu chat sé dugc bom
va chay xuyén qua 6ng (Hinh 3). Khi d6, hiéu qua
phéi trén cda thiét bi sé phu thudc vao loai vat
chém dugc st dung, céch bé tri, sdp xép cac tam
chén va s6 lugng tdm chan dugce st dung.

2.2, Thiét ké va ché tao static mixer

Trong phan nghién clu nay, thiét bi static
mixer dugc st dung dé téng hap biodiesel c6
dang éng, ciu tao bd phan chém c6 dang hinh
canh xodn. Cau hinh mixer trén dugc chon do c6
thiét k& dan gian, thong dung, dugc thuong mai
héa rong rai trén thi trudng. Dac diém ky thuat
cta thiét bi static mixer dugc thé hién trong
Hinh 4 va Bang 1.

Thiét bi static mixer dugc dat trén mot gia
d& va mac ndi ti€p nhau qua cac module nho.
Tai dau vao thiét bi c6 cac dong nguyén liéu, hon
hgp methanol - xuc tac va dau, dau ra c6 bo phan
van dé thu héi san pham. O day, véi thiét ké dang
module, hé théng mixer nay cho phép c6 thé I3p
ndi dai hodc thao ra dé dang, do dé thuan lgi cho
viéc nghién ctru anh hudng clia chiéu dai mixer 1én
hiéu suat chuyén hoéa thanh biodiesel, déng thdi
véi viéc bao dudng dinh ky cho mixer (Hinh 5).
2.3. Mé phéng qud trinh phéi trén trong static
mixer

Nham hiéu ré hon vé qua trinh trdn 1an gia
cac dong vat chat, m6t mé hinh 3 chiéu cua static
mixer dugc vé bang phan mém Solid Works [42]
véi kich thudc nhu Bang 1.

Bdng viéc st dung chuong trinh mé phong
ANSYS [43], kha ndng trén lan cta hai dung dich,
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dau va methanol, v&i gia thiét khéng cé phan tng hoa hoc nao xay
ra trong qud trinh tron lan, dugc thé hién qua su phan bé bang
thang bac mau nhu sau:

- Mau db 1a dung dich methanol - ¢c6 ty I thé tich methanol
bang 1;

- Mau xanh tuong Ung véi dung dich dau - c6 ty |& thé tich
methanol bang 0;

- Suthay d6i mau ti dé nhat dén mau xanh nhat la qua trinh
trén lan cta 2 dung dich.

Theo két qua trong Hinh 6, hai dong chét ban dau (methanol
va dau) & dau vao dugc tach thanh 2 phan riéng biét, sé dan dan
dugc tron lan vao nhau sau khi di qua cac canh xoén. Tai dau ra clia
mixer, ty 1& methanol thu dugc dao dong tir 0,4 - 0,45 theo thé tich.

Su phan bd cac phan t vat chat dugc thé hién chi tiét hon qua
mat c&t phdng doc theo chiéu dai ctia mixer (Hinh 7). Cac mat cat

NNSYS

003 1
= - SE——_
0015 0.045

Hinh 6. Suphdn bd cdc phdn tir methanol theo ty € thé tich
trong static mixer dang cdnh xodn thu dugc qua mé phong ANSYS
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Hinh 7. Su phdn bd ctia methanol & cdc mdt cdt theo chiéu dai
tdng ddn ca static mixer (vach trdng trong cdc mdt cdt la cdnh xodn)
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5 1. Bom hoi hu;
/ 7 13 2. Bom ddu;
Déu nguyén 3 3. Bom methanol va xtic tdc;

4. Thiét bi gia nhiét;

5. Bdn chuia dau;

6. Bon chita methanol va xic tdc;
7.9. Van héi luu;

ligu

8,10. Van tao dp;
11. Van vao bén chita san phdm;
12. Van ldy méu;

13, 14.Déng hé do dp.

Hinh 8. H¢ thdng thiét bj static mixer duotc thiét ké tai PYPro

Hinh 9. Sén phdm thu dugc sau phan iing transester héa ¢6 su' phdn tdch pha:
pha ester G trén va pha glycerol ¢ dudi

pA
500
Methylesters
T
400
Diglycerides
300 ‘
Glycerol A
200 ' Tricaprin Triglycerides
Butanetriol (ndichuan?2) f !
(ndichuan1) )
100 / Monoglycerides l
f—l—W
‘ | N A ‘
5 10 15 20 25 min

Hinh 10. So sdnh cdc chdt thu dugc trong mét méu biodiesel thu dugc qua hé thing
static mixer (mau xanh) va mdu ddu nquyén liéu (mau da)(GC-FID, EN14105)

dugc dat tai vi tri tr Omm, 10mm, 15mm, 200mm, 400mm
cla mixer va dugc trinh bay theo cac mau phan bé tuong
Ung. K&t qua mo phong thu dugc chira hiéu qua phdi trén
dat gia tri t6i da tu vi tri 400mm cdia mixer déi v6i hén hop
methanol - dau.

2.4. So dé hé théng thiét bi téng hop biodiesel bing
static mixer

Tu két qua khao sat thuc té tai Nhat Ban vé qua trinh
san xuat biodiesel bang thiét bi phan (ng static mixer
[44], Trung tdm Nghién c(ru va Phat trién Ché bién Dau khi
(PVPro) da xay dung sc d6 hé théng téng hop biodiesel
lién tuc cdng sudt 700kg/gid, gdom cac bd phan chinh sau
(Hinh 8):

- 2 bé chia nguyén liéu: dau va hén hgp methanol/
xtc tédc NaOH, trong d6, bé dau dugc trang bi hé théng gia
nhiét phu trg;

- Hé théng bom cao ap;
- Thiét bi phan Ung static mixer;

- Thung chra sdn pham va céc thiét bi van, do nhiét
d9o, 4p suat va diéu chinh luu lugng dong nguyén liéu.

V& nguyén liéu sir dung, dau an thuc vat tinh ché
(hén hop dau co va dau dau nanh) thu mua tir Cong ty
TNHH Dau thuc vat Cai Lan (Tp. H6 Chi Minh) c6 tri s6 acid
0,62 mgKOH/g dau (0,31% d6 acid) va d6 nhat 39,47¢St;
methanol cong nghiép (nguén géc tir Malaysia, d6 tinh
khiét 99%); xuc tac NaOH cong nghiép (nguén géc tu
Trung Qudc, do tinh khiét 99%). Diéu kién van hanh: nhiét
dé phan ting 40 - 60°C, chiéu dai static mixer 2 - 3m, ham
luong xuc tdc NaOH 0,5 - 1,0% khéi lugng dau, ty 1& mol
phai trén methanol/dau = 6/1.

Nguyén ly van hanh clia hé théng dugc thuc hién theo
cac budc sau: i) xic tac NaOH dugc pha véi methanol theo
ham lugng dinh san; ii) 2 dong nguyén liéu methanol va
dau dugc diéu khién & ty 1& mol xac dinh; iii) dau dugc gia
nhiét qua hé théng bam tuan hoan trong bé; iv) 2 dong
nguyén liéu cing dua vao hé théng static mixer noi xay ra
phan ting transester hoa nhG 2 bom cao ap (ap suat 2 bom
duy tri & 25 bar); v) thu h6i hén hgp san pham tai dau ra
cla static mixer.

San pham sau phén tng la mot hén hop véi cac chat
chinh la methyl esters, glycerol va mot phan nhé gém dau,
methanol chua phan Ung, nudc, NaOH va xa phong. Khi
do sé cb hién tugng tach thanh 2 pha: ester va glycerol.
& day, lugng methanol chua phan ting va xuc tac NaOH
phan tan & trong ca 2 pha (Hinh 9):
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- Glycerol co ty trong nang hon (d = 1,261) nén lang
xuéng dudi va tach ra & day binh chiét;

- Pha ester chiia da phan la methyl esters (biodiesel),
sau khi tach glycerol sé dugc rifa qua acid yéu H,PO, dé
trung hoa phan NaOH du, sau d6 rta bang nudc cat dén
pH = 7 d€ loai bd cac tap chat, sdy & nhiét do 105°C d€ loai
nudc va thu dugc sdn phadm cudi cuing, biodiesel.

Két qua phan tichmaudau nguyén liéu vamau biodiesel
téng hgp qua hé théng static mixer bang phuong phéap EN
14105 (Hinh 10) cho thay: dau nguyén liéu chiém da phan
la cac di- va tri-glycerides, trong khi do6, methyl esters la
thanh phan chinh tao thanh trong biodiesel (butanetriol va
tricaprin la 2 chat ndi chuan trong EN 14105).

2.5. Yéu t6 anh huéng dén hiéu sudt tao thanh biodiesel
qua hé théng thiét bi phdn ting static mixer

Cac dac diém vé tinh chat clia biodiesel thu dugc qua
hé théng nhu hiéu suat tao thanh methyl esters, ham
lugng methyl esters, d& nhét... phu thudc vao nhiéu yéu
t6 chinh: Ty lé phoi trdn methanol/dau, nhiét dé ciia phan
ung, ham lugng xuc tac cho phan Ung, thai gian luu.

Trong gidi han cua bai bdo, nhém tac gid phan tich 4
yéu t6 anh hudng dén hiéu suat tao thanh methyl esters
gém: nhiét d6 ctia phan (ing, ham lugng xuc tac, thai gian

Iuu va ty 1& phéi trén alcol/dau. Ba yéu t6 dau tién sé dugc
nghién ctu trong phan quy hoach thuc nghiém, yéu t6
ty & phdi tron alcol/dau dugc xem xét riéng. Phan thuc
nghiém, loai alcol dugc dung la methanol va dau nguyén
liéu la dau thuc vat da tinh ché, chua qua st dung.

Dua vao cac nghién ctiu trén ly thuyét vé téng hap
biodiesel tir dau thuc vat [9, 45], mot s6 van hanh thi
nghiém ban dau trén hé théng static mixer da dugc thuc
hién dé khao sat vung diéu kién tao thanh sdn pham
biodiesel. Vung khao sat cac yéu td anh hudng dugc thé
hién trong Bang 2.

Bang 3 tom tat diéu kién thuc nghiém duoc tién hanh
trén hé thong static mixer. Trong d6, 12 thi nghiém dau
tién dugc thuc hién tai ty 1& phéi tron methanol/dau = 6/1
véi 4 thinghiém tai tam (thi nghiém 9, 10, 11 va 12), cac thi
nghiém con lai, tir 13 - 16, nhdam nghién ctu anh hudng
cla ty 1& phai tron khac, 8/1 va 10/1.

San pham biodiesel thu dugc trong cac thi nghiém
trén sé dugc so sanh vé gia tri dd nhét, trong dé, nhiing
mau san phadm cé d6 nhét thap sé dugc chon loc & phan
tich ham lugng methyl esters do ham lugng methyl esters
cao sé lam gidam dé nhdét clia biodiesel. K&t qua phan tich
dd nhét gitp danh gia anh hudng cla céc yéu té anh
hudng lén tinh chat biodiesel.

Bding 2. Gid tri ctia cdc yéu td dnh hudng tai cdc gidi han thuc nghiém

Muc giéi han Thoi gian luy, X,

Muc trén (+1)
Muic co s (0)

Tuong ung v&i 3m static mixer
Tuong ung vai 2,5m static mixer

Nhiét d6 phan ting

Ham lugng NaOH
(%khéi lugng dau),

Ty lé phéi trén
methanol/dau,
(°Q), X,

X, X,
60 1,0 6/1
50 0,75 8/1
40 0,5 10/1

Bdng 3. Bang md hda cdc diéu kién thuc nghiém tong hap biodiesel bdng hé thong static mixer

Murc dudi (-1) Tuong Ung véi 2m static mixer
T Nhiét dé phan ting Ham qu’ng xuc tac
(°C) (%khéi lugng)

1 +1 +1

2 -1 +1

3 +1 +1

4 -1 +1

5 +1 -1

6 -1 -1

7 +1 -1

8 -1 -1

9 0 0

10 0 0

11 0 0

12 0 0

13 -1 -1

14 +1 -1

15 -1 -1

16 +1 -1
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Ty Ié phéi trén

Chiéu dai static mixer (m) methanol/dau

+1 +1
+1 +1
-1 +1
-1 +1
+1 +1
+1 +1
-1 +1
-1 +1
0 +1
0 +1
0 +1
0 +1
+1 0
+1 0

+1 -1
+1 -1
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3. Két qua va thao luan

San pham chinh, biodiesel, dugc danh gia qua hiéu
suat thu héi R(%) va tinh theo cong thic sau:
m(biodiesel )
—X

R(%) =
(%) m(oil)

100
Trong do:

- m (biodiesel): Khéi luong biodiesel thu dugc sau
khi x{r ly sdn pham (g);

- m (oil): Khéi lugng dau nguyén liéu tham gia phan
ung (9);
- R (%): Hiéu suat thu hoi biodiesel.

Cac tinh chat clia biodiesel nhu d6 nhét dong hoc &
40°C (ASTM D445) va ham lugng methyl esters (EN 14103)
dugc thuc hién tai PVPro va tai Trung tam Ky thuat Tiéu
chudn Do ludng Chat lugng 3 (QUATEST 3). Bang 4 tap
hop céc két qué do cla cac mau san pham thu dugc.

Két qua tu thuc nghiém trong Bang 4 cho phép xay
dung phuaong trinh héi quy chdra cac yéu té anh hudng
dén dé nhét. Phuong trinh héi quy bac nhat dugc viét
dudi dang sau:

Bonhét=b,+b X +b X, +b X, +b XX, +b XX

Trong do:

b, b, b, b, b
phuong trinh;

1 0,5 by, va b . Cac hé s6 cla
- X, X, va X,: Ky hiéu tuong ting véi nhiét do, chiéu

dai mixer, ham lugng xuc tac.

Bang 5 trinh bay cac gia tri can dudi, tam va can trén
cUa cac yéu té anh hudng sé dugc xét dén trong phan quy
hoach thuc nghiém.

Qua viéc xay dung ma tran va bang phuong phap quy
hoach truc giao cap 1 déi véi 12 thi nghiém dau cta Bang
4 [46], phuong trinh hoi quy cda dé nhét biodiesel dugc
viét duéi dang sau:

DO nhét =4,7704 - 0,1529.X, - 0,2476.X, + 0,1584.X X,

Trong do:

X, va X,:Ma héa clia cac yéu t6 chiéu dai mixer va ham
lugng xdc tdc NaOH, (-1 < X, X, < 1).

X2=(_. -25/05(L__: Chiéu dai cia mixer trong
thinghiém, 2m < Lo < 3m)

mixer

X3 =(%NaOH - 0,75)/0,25

(%NaOH: Ham lugng xuc tac NaOH s dung, 0,5% <

+b, XX, +b XXX, %NaOH < 1%).
Bang 4. Dic diém tinh chdt cia san phdm biodiesel thu dugc qua hé thong static mixer
Nhiét d6 Ham lugng Chiéu dai Ty I’é mol Hiéu su\é’t . Do nhat Ham qung’
T phan L';'ng i" Q) Xl.'lf tac (% static mixer phai tron ) thu hoi & 40°C (cSt) ester (% khoi
khoi luong) (m) methanol/dau biodiesel (%) (ASTM D 445) luong)

1 60 1 3 6/1 93,72 4,471 95,4
2 40 1 3 6/1 90,50 4,612 -

3 60 1 2 6/1 89,61 4,492 97,1

4 40 1 2 6/1 88,51 4,569 -

5 60 0,5 3 6/1 91,61 4,730 -

6 40 0,5 3 6/1 91,63 4,710 90,9
7 60 0,5 2 6/1 94,35 5,395 -

8 40 0,5 2 6/1 91,61 5,290 -

9 50 0,75 2,5 6/1 92,70 4,665 -
10 50 0,75 2,5 6/1 92,51 4,668 -
11 50 0,75 2,5 6/1 92,03 4,771 -
12 50 0,75 2,5 6/1 93,07 4,773 -
13 40 0,5 3 8/1 92,10 4,790 -
14 60 0,5 3 8/1 91,80 4,840 -
15 40 0,5 3 10/1 94,90 4,860 91,9
16 60 0,5 3 10/1 94,83 4,960 -

Bding 5. Gid tri cla cdc yéu té dnh hudng tai cdc gidi han thuc nghiém

Miic gii han Nhiét d6 phan ting (°C), X, Thai gian luu, X, (o/o"'kah“;i'l‘{:ﬂ‘n%'\;z;' X,

Muc trén (+1) 60 Tuong ung vgi 3m static mixer 1,0

Mic ca sa (0) 50 Tuong ung v4i 2,5m static mixer 0,75

Muc dudi (1) 40 Tuong Ung véi 2m static mixer 0,5
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3.1. Anh huéng cua nhiét @6

Cac két qua thuc nghiém trong cung diéu kién chi
thay d&i vé nhiét do cho thdy anh hudng cta nhiét do
trong khoang 40 - 60°C qua hé théng static mixer dén tinh
chat ctia biodiesel khéng Ién. Diéu nay cling dugc thay rd
khi phuaong trinh hoi quy vé dé nhét khong chia bién sé
cla nhiét do.

3.2. Anh huéng cta chiéu dai mixer (thai gian luu)

Mai lién hé gilia chiéu dai mixer va thdi gian luu dugc
danh gia qua biéu thuc sau:
L

T=—
v

Trong do:

L: Chiéu dai mixer (m);

v:Van téc dong trong mixer (m.s™).

Van téc dong trong thiét bi dugc tinh bai:

4.0

V=
p..D?

Trong do6:

Q: Luu lugng dong clhia hé théng thiét bi, Q = 0,194
kg.s' (tuong duong 700kg.qgiG™);

p: Khéi lugng riéng ctia dau, p = 892kg.m;
D: Budang kinh trong cua static mixer, D=12,7 x 10°m.

Thiét bi phén ting static mixer dugc nghién ciu & cac
d6 dai 2; 2,5 va 3m, tuong Ung vdi thai gian luu lan luct
bang 1,2; 1,5 va 1,8 giay. Cac phan tng téng hop biodiesel
c6 thai gian dudi 2 gidy va hiéu suat cla sdn pham tao
thanh tang khi thai gian luu tang (trong phuong trinh hoi
quy, bién s6 X, tang thi d6 nhét gidm).

3.3. Anh huéng cta xiic tdc

Xuc tac NaOH dang déng nhat (hoa tan hoan toan
trong methanol) trong nghién cttu nay cho phép dat hiéu
suat tao thanh biodiesel cao (dat trén 88%), thdi gian
phan Ging nhanh, hiéu qua kinh té€ vé chi phi do gia thanh
NaOH thap.

Qua phuong trinh héi quy ctia d6 nhét, viéc tang ham
lugng xuc tac (bién s6 X,) sé giup d6 nhét gidm, do do
chat lugng biodiesel cai thién. Hién tugng nay ly giai bai
tang lugng xuc tac sé giup phan ung transester hda xay
ra t6t hon. Tuy nhién, st dung xuc tac dang kiém c6 han
ché sau: qua trinh phan tach hén hop san pham doi hoi
nhiéu giai doan, st dung nhiéu nudc rda; khi lugng xudc
tdc qua cao tao thanh sdn phdm phu nhu xa phong va
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nudc do phan Ung gilfta xuc tac va acid béo ty do cé trong
dau nguyén liéu, gay kho khan khi tach biodiesel [47, 48].

Mat khéc, su tuong tac gilra hai yéu t6 - xdc tac va
chiéu dai mixer (X,X,) - cling gay anh huéng nhat dinh
dén d6 nhat khi déng thaoi tang hodc giam gia tri cla
chung. Trong trudng hgp d6, véi do nhét biodiesel tang,
hién tugng nay dugc gidi thich nhu sau:

- Khi 2 yéu t6 cling gidm, phan Ung transester hoa
xay ra chua hoan toan, lugng dau chua phan (ing sé hoa
lan cling v&i biodiesel va d6 nhét hdn hop nay tang do dé
nhét clia dau cao (36 nhét dau nguyén liéu bang 39,75¢St);

- Khi 2 yéu t6 déu tang, phan Ung transesters hda
xay ra hoan toan, tuy nhién cling sé xay ra cac phan tng
phu khac nhu phan Ung xa phong hda, phan tng thay
phan... Suxuat hién clia xa phong qua cac phan ng phu
tao ra hién tuong déng dic san phdm thu duogc va lam
tang d6 nhét.

3.4. Anh hudéng cia ty Ié phéi trén methanol/ddu

Phan ung transester hoa la phan ting thuan nghich,
st dung lugng methanol & néng dé cao sé thuc day phan
Ung tao thanh nhiéu biodiesel hon. Tuy nhién, néu lugng
methanol qué cao c6 thé gay ra cac hién tugng khac nhu
phan ting tring ngung, két qua sé lam giam hiéu qua cua
methanol va gay khé khan cho viéc tach biodiesel. Hon
nira, nhiéu methanol hon sé lam chi phi san xuat cao hon.
Trong qua trinh t8ng hap biodiesel, ty 1& phéi tron mol
methanol/dau = 6/1 dugc st dung rong rai [49, 50].

K&t qua thuc nghiém cho thay véi ty [& methanol/dau
tang tu 6/1 dén 10/1 vai cung diéu kién van hanh (ham
luong xuc tac 0,5% khoi lugng, chiéu dai mixer 3m, nhiét
do6 40°C va 60°C), hiéu suat tao thanh biodiesel déu dat
muc cao, trén 91%, va tang dan theo ty & phéi tron. Tuy
nhién, d6 nhét clia biodiesel cling tang nhe theo ty 1€ trén

K&t qua thu dugc tir thuc nghiém cho phép rat ra cac
két luan sau:

- Ty lé phoi trén methanol/dau tang tir 6/1 dén 10/1,
chat lugng biodiesel gidam do d6 nhét tang tir 4,71 1én
4,86¢St & 40°C va tir 4,73 1én 4,96¢St & nhiét do 60°C;

- Tuy nhién, hiéu suat thu héi biodiesel tang khi ty
I& phai trén methanol/dau tang, dat dén gan 95% vé hiéu
suat khi hé théng van hanh tai ty 1& phéi trén 10/1.

Dai vai cac két qua trén c6 thé gidi thich nhu sau:

- Khi ty 1& phéi tron methanol/dau tang, luong
methanol can cho phan Ung transester héa dé téng hop
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biodiesel & trang thai du, phan Ung sé thuan lgi theo
chiéu tao ra san pham biodiesel. Tuy nhién, & cing diéu
kién ham lugng xuc tac tai 0,5% khéi lugng dau, do luu
lugng dau gilr nguyén trong cac thi nghiém thi lugng xuc
tac 1a khong déi va néng do thé tich ctia xdc tac sé gidm
khi lugng methanol tang. Diéu nay lam cho d6 hoat tinh

100 ~ - 50
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4,79
95 | 4,71

g 3
@ Y
2 o

3
B - 4,6 =
2 9
2 %01 2
S o
= 44 5
= i}
‘(g 5
2 <
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2 85 o
T 42 o

80 T T 4,0
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Ty l& mol phéi tron methanol/d&u
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- 44
- 42
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/1 8/1 10/1
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(b)
Hinh 11. Anh huéng ciia ty ¢ phdi trén methanol/ddu lén hiéu sudt thu hdi va d6 nhét
clia san phdm biodiesel téng hop qua hé théng static mixer tai ham ligng xiic tdc 0,596kI,
chiéu dai mixer 3m, ¢40°C (a) va 60°C (b)

clia xuc tac l1én phan Ung transester héa giam khi ty Ié
phdi tron tang, dan dén phan Ung xay ra khong hoan toan
va d6 nhét tang;

- Hién tugng trén cling lam giam t6c d6 cac phan
Ung phu c6 sy tham gia cla xuc tac nhu phan Ung xa
phong héa gilia xtc tac va dau nguyén liéu... Khi xa
phong it dugc tao thanh thi khd nang thu héi san pham
biodiesel sé dugc cai thién va hiéu suat tang 1én.

Két qua thu dugc tir quy hoach thuc nghiém cho thay
d6i véi ham muc tiéu la dé nhét biodiesel, diéu kién van
hanh t6i uu dé dat dd nhat thap nhat gém: chiéu dai mixer
3m, ham lugng xuc tac 1% khéi lugng, ty lé phéi tron
methanol/dau = 6/1 va nhiét d6 60°C. Ngoai ra, viéc chon
ham muc tiéu la gia tri cila d6 nhét thay vi hiéu suat thu
hoi sdn pham, vi déi vai biodiesel, tiéu chi vé chat lugng
(@6 nhét, ham lugng methyl ester...) cé vai trd quyét dinh
trong viéc dugc st dung loai san pham nay pha tron véi
diesel khoang.

3.5. Mét sé tinh chdt héa ly ciia mdu biodiesel - So sdnh
véi tiéu chudn Viét Nam TCVN 7717:2009 vé B100

Bang 6 trinh bay mét s6 tinh chat clia mau biodiesel
c6 ham lugng methyl esters dat gia tri cao nhat téng hgp
dugc qua hé thong. Tai diéu kién chiéu dai mixer 2m, ham
lugng xuc tac 1% khéi lugng, ty 1& phoi tron methanol/dau
= 6/1 va nhiét dé 60°C, san pham biodiesel téng hap dap
ung dugc cac chi tiéu quan trong trong TCVN 7717:2009
vé B100 nhu ham lugng ester, d6 nhét déng hoc, tri s6
acid, ham lugng luu huynh va dé bén oxy hoa.

TU phuong trinh hoi quy vé do nhét két hop vai tiéu
chuén d3t ra vé ham lugng ester, diéu kién van hanh téi
uu cho hé théng static mixer dugc xac dinh nhu sau: chiéu
dai mixer 2m, ham lugng xuc tac 1% khoi luong, ty 1& phoi
tron methanol/dau = 6/1, nhiét d6 60°C.

Do d6, qua qua trinh xac dinh dugc diéu kién van
hanh d6i vai loai dau nguyén liéu sir dung, viéc nang cap
hé thong static mixer vé cdng suat va cac thiét bi phu trg
nhu phan tach glycerol, biodiesel m& ra kha nang san xuat
biodiesel & quy mé I6n.

Bdng 6. Mt s'tinh chdt hda Iy cia mdu biodiesel so sdnh vdi tiéu chudn Viét Nam TCYN 7717:2009 vé B100

Tinh chat Phuong phap xac dinh
Ham lugng ester (% khéi lugng) EN 14103
Do nhét dong hoc tai 40°C (cSt) ASTM D445
Diém suong (°C) ASTM D2500
Tri s6 acid (mg KOH/g) ASTM D664
Ham lugng luu huynh (% khéi lugng) ASTM D4294
DO bén oxy hoa ¢ 110°C (gid) EN 14112

TCVN 7717:2009 Biodiesel tdng hop
> 96,5 97,1
1,9-6,0 4,492
- 13
<0,50 0,422
< 0,05 0,0267
>6 15
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4. Két luan

Hé théng phan Ung static mixer cho phép téng hop
biodiesel & ché dé lién tuc, thsi gian phan Ung nhanh
(dudi 2 gidy) tai khodng nhiét dé thap 40 - 60°C. Hiéu suat
tao thanh sadn pham biodiesel dat muc cao, dao dong tu
88 - 94% trong cac diéu kién nghién ctu. Tai diéu kién t6i
uu cla hé théng véi chiéu dai mixer 2m, ham lugng xudc
tac NaOH 1% khéi lugng, ty [& phéi trén methanol/dau =
6/1 va nhiét d6 60°C, hiéu suat thu hoi biodiesel dat 89,6%
va ham lugng methyl esters trong biodiesel dat 97,1%
kh&i lugng, dap Ung tiéu chudn st dung dé pha tron vai
diesel khoang. Mét s6 hudng nghién ciu cé thé mé rong
trong tuong lai nhu th nghiém cac loai dau nguyén liéu
c6 d6 acid tu do khac nhau (dau an qua st dung, mé&
ca...), thay thé xic tdc NaOH bang xuc tac khac nhu KOH,
kéo dai thai gian phan Ung bang cach tang chiéu dai ctia
static mixer...

Qua nghién clu trén, phuong phdp static mixer da
chiing t6 la mét budc di mai va tiém nang vé cong nghé
trong viéc téng hgp biodiesel & quy mé I6n, chi phi thap,
tao tién dé cho viéc san xuat biodiesel lam nhién liéu thay
thé trong thai gian téi.
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Continuous production of biodiesel by static mixer system

Nguyen Van Phuc, Nguyen Dinh Viet
Nguyen Huu Luong, Nguyen Anh Duc
Vietnam Petroleum Institute

Summary

Biofuels have drawn attention in recent years as an alternative to traditional fuels. However, a number of limita-
tions in raw materials and production technologies have led to high product cost and unsatisfactory product quality.
Biodiesel made from vegetable oil (edible and non-edible oil) and animal fats (fat of basa catfish) can be a potential
development in Vietnam. The paper presents a method of synthesising biodiesel by a continuous static mixer reactor.
Static mixer technology allows biodiesel production on a large scale with a simple and fast operation compared to
batch reactor. The specifications, design diagrams and the factors (temperature, catalyst concentration, residence
time, mixing ratio of oil / methanol) influencing synthesised biodiesel properties (viscosity, recovery efficiency and
content of methyl esters) via the static mixer are surveyed and analysed in detail.

Key words: Biodiesel, vegetable oil, static mixer method, influencing factors, biodiesel production efficiency, methyl ester content.
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