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TOM TAT: 

Qua trinh san xuat biodiesel tir dku an phe thai (WCO) da va dang dugc nghien cijru trong thai 
gian gan day. Trong nghien cmi nay, phan img ester hoa gi&a axit beo tir do (FFA) trong WCO 
va methanol (MeOH) de l6ng hgp biodiesel, dirge thirc hien trong thi^t bi phan ung dang thiing 
khuiy trgn, lam viec gian doan. Phuang phap be mat dap ling (RSM) dugc su dung de thiet ke 
thi nghiem, phan tich, danh gia, va t6i uu hoa ket qua thuc nghiem. Cac thong so dugc khao sat 
bao g6m: ty le moi MeOH/FFA (30 - 50 mol/mol), ham lugng xiic tac H,SOyFFA (5-15 %kl), 
nhiet do phan ung (45 - 65°C). 

Anh huong cua cac thong so khao sat dugc danh gia va kiem chiing dya vao phuong phap be 
mat dap umg (RSM). Mo hinh hoi quy ciia qua trinh ester hoa WCO da dugc thiet lap vai he so 
tuang quan giua thuc nghiem va dir doan rat cao (98,63%). 

Tir khoa: Biodiesel, dau an phe thai, ester hoa, xiic tac axit, RSM. 

1. Dat van de 

Su phat trien kinh te the giai doi hoi yeu cau cao 
ve nhien Heu. Tuy nhien, khi su dung nhien lieu hoa 
thach da tao ra lugng Ion khi thai va cac chat dgc 
hai [1]. Biodiesel - mgt su thay the dau diesel - la 
hon hgp cac mono ester thu dugc thong qua phan 
ung chuyen vi ester cua cac nguyen lieu khac nhau 
(dau thuc vat, dau thai, ma dgng vat), ven sir co mat 
ciia ancol va xuc tac (phan img 1) [1, 2]. Tuy nhien, 
dau an thai lai co ham lugng nuac \a axit beo tir 
do FFA (Free Fatty Acids) cao. Su co mat ciia nuac 
gay nen phan ung thiiy phan tao thanh FFA (phan 
ung 2). Ham lugng FFA cao da gay nen tra ngai 1cm 
trong phan irng chuyen vi ester xiic tac baza. \i FFA 
dl dang phan ung vai chkt xiic tac di hinh thanh 
\a phong thong qua phan img \a phong hoa (phan 
img 3). Dieu nay gay ra tieu hao chat \LIC tac, lam 
giam nang suat tao thanh biodiesel va gay phiic tap 
cho qua trinh san xuat. Do vay, \ iec chuyen hoa 
FF.A trong dau thai (W CO) la vk quan trgng trong 

cong nghe san xuat biodiesel. Hien nay, phan img 
ester hoa xiic tac axit la mgt phuong phap tien xu 
ly hieu qua vi no true tiep chuyen FFA thanh alkyl 
este (biodiesel), thuan lgi cho qua trinh tong hgp 
biodiesel (phan ung 4) [3, 4]. 
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Muc tieu cua nghien ciiu la: (1) nghien cuu anh 
huang ciia cac yiu td bao g6m: ty le mol MeOH/ 
FFA, ham lugng xiic tac H^SO/FFA, va nhiet do 
phan ii'ng den qua trinh ester hoa WCO; (2) ap dung 
phuang phap RSM de phan tich, danh gia va toi uu 
qua trinh ester hoa WCO. 

2. NguySn lieu, quy trinh thyc nghiSm va 
phu-ong phdp danh gia ket qua thirc nghiem 
(Bang 1,2,3) 

2.1. Nguyen lieu 
Nguyen lieu dugc chgn de danh gia qua trinh 

thirc nghiem la dau an thai ciia cac nha hang, tiem 
do nuang, thirc an nhanh tren dja ban thanh pho 
Quy Nhan, tinh Binh Dinh. Cac loai hoa chat khac 
(metanol 98 %kl, ethanol cong nghiep, va axit 
sunfunc 98%kl) dugc cung cap tir Cong ty Trang 
thiet bi hoa chat tinh Binh Dinh. 

2.2. Quy trinh thu-c nghiem 
Dau tien, WCO sau khi dugc thu gom ve se trai 

qua qua trinh lang, tach de tach bo nhiing tap chat 
ca hpc trong dau. Sau do, WCO dugc gia nhiet a 
110°C, trong thai gian khoang 2 gia, de tach hoan 
toan nuoc ra khoi hon hgp. Tiep den, thuc hien phan 
irng ester hoa FFA trong WCO bang MeOH vai xiic 
tac H,SO^ dSm dac (98%kl). Qua trinh nay dugc 
thuc hien trong binh ba co 0,5 lit gan voi nhiet ke de 
do nhiet do ciia hon hgp phan img ben trong binh. 
Su dung may khuay tii' - gia nhiet, dieu chinh t6c do 
khuay 600 vong/phiit de trgn deu hon hgp phan irng. 
Qua trinh duac tien hanh a ap suat khi quyen. Mgt 
ong sinh han dugc ket noi theo chieu dgc den binh 
phan ling de ngung tu hai MeOH. Nguyen lieu dau 
(lOOg WCO) dugc gia nhiet cho den khi nhiet do dat 
den gia tri yeu cau. Khi nhiet do trong thiet bi phan 
ling dat gia tri mong mu6n, h6n hgp cua MeOH va 
xuc tac H^SO^ se dugc them vao. Thai gian bat dau 
dugc tinh tir liic ma h6n hgp MeOH va chat xiic tac 
dugc dua vao thiet bi phan irng. Duy tri nhiet do nay 
trong qua trinh phan ung, den thoi gian dinh ky (lan 

lugt la 5, 10_, 20, 40, 60, 80, 100, va 120 phiit), ti6n 
hanh hiit mau va xac djnh ham lugng FFA; tir do 
tinh do chuyen hoa ciia FFA theo thai gian. Nong 
do FFA dugc xac dinh bang each chuan do miu h6n 
hgp phan irng vcri dung dich NaOH 0,1M, sii dung 
phenolphthalein lam chat chi thj. 

Do chuyen hoa ciia FFA dugc tinh theo phuang 
trinh sau: 

„ %FFAb„„ 3^^ - %FFAfeg, tMc 

2.3. Phu-ffng phdp thiet ke vd ddnh gid ket qua 
thu-c nghiem 

Phuong phap be mat dap ling (RSM) la mgt trong 
nhijng phuang phap thong ke hien dai de thilt lap 
cac dieu kien tien hanh va danh gia ket qua thuc 
nghiem. Trong phuang phap RSM co hai mo hinh 
thiet ke thuc nghiem dugc ap dung rgng rai la thiet 
ke to hgp trung tam (CCD) va thiet ke hop Behnken 
(BBD) [5,6], Trong nghien ciru nay, mo hinh BBD 
da dugc su dung de tim cac dieu kien toi uu cho qua 
trinh ester hoa. 

BBD la mot thiet ke to hcrp 3 muc do dugc ma 
hoaa (-1; 0; -^1). Cac nhan to quan trgng nhat de 
nghien ciiu trong phan irng ester hoa bao gom: ty le 
mol (X|), ham lugng xiic tac (X,), nhiet do phan img 
(X,) dugc chgn lam bien dgc lap va do chuyen hoa 
cLia FFA la ham phu thuoc (Y). Giai han thuc nghiem 
va mirc do ma hoa ciia cac yeu to dgc lap dugc the 
hien trong Bang I. Danh sach 16 thi nghiem gom 12 
thi nghiem thira s6 va 4 thi nghiem tai diem trung 
tam dugc thiet lap. Phuong trinh hoi quy bac 2 dugc 
the hien nhu trong phuang trinh 5: 

'i^'^'+ii "•«+!"' (S) 

Trong do; Y la ham muc tieu (do chuyen hoa FFA 
trong phan ling ester hoa WCO);!?,, la hang so, cac p̂  

Bang 1. Gidi hgn va cac miirc do da di/ac ma hoa cua cac yeu to khao sat thiTc nghiem 

Cac yeu to khao sat thirc nghiem Giai han va cac mijc do da dygc ma hoa 

Yeu to Ky hieu 
Ti le mol MeOH/FFA 
Ham iL^gng xuc tac H^SO^FFA 
Nhiet do phan i>ng 
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Bang 2, Ket qua thUc nghiem vd dii doan tir phudng phdp RSM 
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34,28 
33,98 
42,13 
60,66 
53,29 
60,22 
32,49 
32,20 

lech 

-1,43 
1,08 
-0,36 
1.43 
0,72 
-0,72 
0,71 
-0,71 

STT 
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40 
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40 
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40 
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15 
10 
10 
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65 
56 
65 
55 
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Do ci iuyei. loa f ' "A 

Thu'c 
nghiem 

52,36 
52,62 
45,28 
36,64 
41,79 
43,82 
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{%) 
DIP 1 Sai 
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53^44^-1,08 
52,97 i -0,35 
44,92 0,36 
36,29 0,35 

42,75 1 -0,96 
42,75 1,07 
42,75 ' -0,73 
42,75 1 0,61 

ta cac he so tuyen tinh, p̂^ la cac he so bgi, P̂^ la cac 

he s6 tuang tac. 

3. Ket qua va thao luan 

3.1. Md hinh hoi quy vd phdn tich thong ke cua 

qud trinh ester hoa WCO 

Qua trinh ester hoa WCO phu thuoc chat che vao 

3 yeu to dau vao, bao gom: ti le mol MeOH/FFA, 

phan tram khoi lugng xiic tac H^SO/FFA va nhiet do 

phan ung. (Bang 1) 

Dua vao phuang phap RSM, moi quan he toan 

hoc giira cac yeu to dau vao va ham muc tieu dau 

ra (do chuyen hoa FFA trong WCO) da dugc hinh 

thanh. Co 16 thi nghiem da dugc thiet lap; ket qua 

thuc nghiem (khi phan ling kit thiic tai thai diem 

120 phut) va du doan tir RSM dugc the hien trong 

Bang 2. 

Dua tren cac yeu to dau vao da dugc ma hoa va 

loai bo cac yeu to khong co y nghTa th6ng ke (voi gia 

Bang 3. Bang ANOVA cho mo hinh hoi quy theo phUdng phap RSM 
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7,279 

0,05206 

0,00945 
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859,10 95,46 ' 48,10 
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0,07120 1 

-0,00528 1 

-0,114 1 1 

11,91 1 1,986 

8,936 1 2,979 1 3,0073 

1 2,971 1 

871,00 1 0,990 

P-value 

6,60841*10-= 

0,01698 

0,000910 

0,09305 

0,000128 

0,000315 

0,749 

0,000412 

0,00232 

0,482 
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Khong co y nghTa thong ke 

Co y nghTa thdng ke 

Co y nghTa thong ke 

Khong co y nghTa th6ng k§ 

Co y nghTa th6ng ke 

Co y nghTa th6ng ke 

Khong co y nghTa th6ng ke 

0,000194 ' Co y nghia thang ke 

0,195 ! Khong CO y nghTa thong ke 

R':H.9S63. R-Milieu chmh 11.966. R-di dir Jodn 0.S30 
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tri P-value > 0,05), mo hinh hoi quy cho qua trinh 
ester WCO dugc thg hi6n trong phuang trinh (6): 

K = -98,66 - 4,247Jfi + T.lTiX^ + Q.QSIOblXl - 0,04956;f3^ + 
0,0712Xi;f2 - O.ll+XjA'j (6) 

Ket qua phan tich phucmg sai (bang ANOVA) 
dugc the hien trong Bang 3. Su phu hgp cua mo hinh 
h6i quy du doan so vai cac ket qua thuc nghiem dugc 
kiSm tra qua cac gia tri: F-value, P-value, R^va R̂  da 
hieu chinh, R^dedu doan [3,4,6]. Gia tri F-value cua 
mo hinh hoi quy cao (48,10) va gia tri P-value rSt 
thap (6,60841 * 10"^, chung to rang mo hinh du doan 
CO y nghTa thong ke vai do tin cay 95%. Ben canh 
do, su phu hgp cua mo hinh con dugc danh gia dua 
tren h? so tucmg quan R̂  tai do tin cay 95%. Trong 
mo hinh hoi quy nay, he s6 tuang quan (0,9863) chi 
ra ring: 98,63%o su thay doi ve do chuyen hoa FFA 
trong WCO chiu anh huong bai cac yeu to dgc lap 
nhu ti le mol MeOH/FFA (XI), ham lugng xuc tac 
H,SOyFFA (Xj), va nhiet do phan ung (X3). Ngugc 
lai, chi CO l,37%o su thay d6i vi do chuyan hoa FFA 
trong WCO la do sai so nglu nhien. Hon nua, gia 
tri P-value ciia su thi^u phu hgp (LOF) la 0,195 > 
0,05; chung to riing LOF khong co y nghta th6ng ke; 
diiu nay cang gop phan khang dinh sir phii hgp ciia 
mo hinh hoi quy da du doan. Su tucmg quan ve do 
chuySn hoa FFA tit thuc nghiem va dugc du doan tir 
mo hinh hdi quy dugc the hien trong Hinh 1. He so 
tuang quan rkt cao (0,9863) th^ hien su phii hgp giua 
Hinh 1: Moi tddng quan giUa do chuyen hoa 
FFA tClfhdc nghiem va dt/dc dddoan tif mo 

hinh hoi quy 

cac ket qua tir thuc nghiem va tir viec du doan nha 
vao mo hinh hoi quy a tren. 

Cung trong Bang 3, moi yeu to trong mo hinh 
hoi quy ciing dugc kiem tra de danh gia muc do anh 
huang ciia tirng yeu to rieng le cung nhu sir tuong 
tac ciia chiing tai qua trinh ester hoa WCO. Gia tri 
P-value nho hem 0,05 chirng to yeu to do co y nghTa 
thong ke, tac dgng den phuang trinh hoi quy (6). Tir 
Bang 3 va phuang trinh (6) cho thay rang cac yeu to: 
X,, X3, X,^ X^\ X,X, va X,X3 thi co y nghTa thdng 
ke; trai lai cac yeu to: X ,̂ X,-, X̂ X̂  thi khong co y 
nghTa va khong co mat trong phuang trinh (6). 

Hinh 2: Anh hitdng cua thdi gian phdn itng 
den do chuyen hoa 

i 
• 45oC 

-65oC 

0 20 40 60 80 100 120 

ThW gian phan i>ng, phut 

3.2. Anh hur&ng cua cdc yiu to khac nhau den 
phdn mtg 

Ben canh viec ap dung phuang phap RSM danh 
gia su anh huang ciia cac dieu kien phan img va thiet 
lap phuang trinh h6i quy mo ta qua trinh ester hoa 
FFA trong WCO. ti6n hanh nghien cim anh huong 
cua cac yiu l6 phan ung din do chuyen hoa FFA 
trong qua trinh ester hoa WCO trong nhirng khoang 
thoi gian nhu nhau (2 gio). 

3.2.1. Anh hir&ng ciia nhiet do phdn irng 
Cac ket qua thi nghiem da chuyfin hoa FFA o cac 

gia tri nhiet do phan img khac nhau voi ti le moi 
MeOH/FFA va ham lugng H.SOyPFA la khong doi 
{\ku lugt la 50 mol/mol va 10 %kl). dugc the hien 
trong Hinh 2 Kit qua cho thay do chuyen hoa cua 
FFA tang theo nhiet do. 0 nhiet do phan img thap 
(45°C), phan irng dat tai trang thai can bang sau 80 
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phiit. Tai nhiet do caa han (65°C). thai gian ciin thidt 
de phan ung dat den trang thai can bang giam dang 
ke, chi la 60 phiit. Dieu nay chiing to. nhiet dp phan 
img cang cao, thdi gian can thiet de dat dgn trang 
thai can bang cang ngan. 6 trang thai can bang, do 
chuygn hoa FFA tai 45"C va 65"C ]kn lugt la 41,77% 
va 52,09%). Dieu nay cd the giai thich nhu sau: tdc 
do phan irng ester hda FFA trong WCO phu thudc 
vao nhiet do. Khi nhiet dp tang, kha nang khuech tan 
vao nhau ciia cac chat tang lam cho phan ling dien 
ra nhanh hon. 

Ket qua nay cung kha phii hgp vdi nghien cim 
ciia M. Mekala va cac cgng sir [7]. Do chuyen hda 
ciia CH,COOH trang phan irng ester hda dat gia 
tn cao hon (khoang 69%)) c6 the dugc giai thich la 
nghien ciru nay dugc thuc hien chi c6 mot phan irng 
giira CH3COOH va CH^OH. Trai lai, phan ling ester 
FFA trong WCO trai qua nhieu phan ling ester hoa 
rieng le do sir phirc tap ciia thanh phan FFA trang 
WCO. Dieu nay dan den dp chuyen hda FFA trong 
WCO khong cao (41,77% va 52,09%). 

3.2.2. Anh huang ciia hdm lirang.xiic tdc 
Cac ket qua thi nghiem de chuyen hoa FFA d cac 

gia trj ham lirgng xiic tac khac nhau vdi ti le mol 
MeOH/FFA va nhiet do phan ling la khdng doi (lan 
lugt la 50 mal/mol \a 45°C), dugc the hien trong 
Hinh 3. Anh hudng ciia ham lugng xiic tac din do 

Hinh 3: Anh ht/dng cija hdm lUdng xiic tdc 
den do chuyen hoa 

-15%kl 

5%kl 

chuygn hda ciia FFA tucmg ty nhu .inli huong cua 
nhiet do. Khi tang ndng do chdt xiic '<' leii fhi dg 
chuyen hda FFAcang tang. Tuy nhu"; • ^'^ ^^"S "̂ Y 
khdng Idn so vdi mirc tang ciia nhiei Jp (do chuyen 
hda tang 33,20% din 35,06%). Dî u nay chirng to 
rang, yiu to ham lugng xiic tac anh hucmg khdng Idn 
dgn dp chuygn hda FFA trong WCO. cd th^ do phan 
ling ester hda nhanh chdng dat trang thai can bang d 
ham lugng xuc tac khoang 5 %kl. Ket qua nay phiJ 
hgp vdi md hinh hdi quy du doan tic phuang phap 
RSM (phuong trinh 6) cung nhu trong cac nghien 

Hinh 4: Anh hi/dng ciia ti le mol chat phan 
Ong ban dau den dp chuyen hoa 

- • - 30 mol/mol 

— • — 5 0 mol/mol 

20 40 60 80 lOO 120 

ThAI gian phin img, phih 

Thfrl gian ph^n Omg, ptiOt 

Ciiu da cdng bo [7, 8]. 

3.2 3. Anh hirang ciia ti le mol chdt phdn img ban 
ddu 

Cac ket qua thi nghiem de chuyen hda FFA a cac 
ti le mol khac nhau vdi ham lugng xiic lac va nhiet do 
phan img la khong ddi {ikn lugt la 10 %kl va 45"C), 
dugc the hien trong Hinh 4. Vdi su gia tang ty le 
mol cua axit axetic vdi metanol tir 1:30 den 1:50, sy 
chuyen ddi can bang ciia axit axetic tang tir 32,85% 
len 41,77%. Di^u nay c6 the giai thich la do phan 
img ester hda la phan img thuan nghich nen khi ta 
lang luong metanol thi phan ling se dich chu- en theo 
chieu lam giam lugng metanol. nic la phan ling xay 
ra theo chieu thuan. do chuyen hda FFA cang tang 

Ket qua nay dugc so sanh vdi nghien cim cua 
M. Mekala va cac cgng sy vai kei ^ ,io chuydn 
h6acuaCH,COOHratcao(hcm90"„> • Dî d ^^y 
c6 the dugc giai thich. nghien ciiu cu., • • \jekala 
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va cac cOng sy dugc thyc hien giiia phan img 
CHjCOOH va CH,OH vdi sy tham gia ciia xiic tac 
HjSO^. Day la mgt nghien ciiu cho dan phan ling, 
do chuyen hda ciia CH^COOH khdng bi nhirng yeu 
td khac tac dgng. Trai lai, phan ling img ester hda 
FFA trong WCO thyc chit bao gdm r4t nhieu phan 
ling do thanh phan da dang ciia FFA trong WCO. 
Hon nira, thanh phan chinh ciia WCO la triglixerit 
(ester 3 chiic) nen se cd phan img chuyen vi ester 
giua triglixerit vdi metanol dudi xiic tac axit, tao ra 
cac metyl ester va glyxerol (phan ung xay ra vai toe 
dp cham). Nhiing yeu td nay ciing gdp phan can trd 
phan ling ester hda giua FFA va metanol. 

4. Ket luan 

Bai nghien ciiu da dat dugc cac k^t qua sau: 
(1) Xay dung mo hinh hdi quy dua tren phuang 

phap RSM cho qua trinh ester hda WCO vdi cac chi 
sd cd y nghTa thong ke cao; dac biet sy tuong quan 
giira do chuyen hoa FFA giira thuc nghiem va md 
hinh dy doan la rkt cao (98,63%); 

(2) Da khao sat sy anh hudng cua cac yeu to nhu: 
ti le mol MeOH/FFA, ham lugng xiic tac H^SO^ 
FFA, va nhiet do phan irng toi do chuyan hda FFA 
trong WCO khi thyc hien thdi gian phan ling la nhu 
nhau (120 phiit). Cac kit qua nay da dugc thao luan 
va so sanh vdi cac cdng bd trudc" 

Ldl cdm an: Nghien ciru ndy do Tru&ng Dai hoc Quy Nhan bdo tra vd cap kinh phi cho di tdi Nghien ctru khoa hoc sinh 
vien cdp Trudng. ma sdS2019 58H.25 
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ABSTRACT: 
The biodiesel production from waste cooliing oil (WCO) has been studying recently. In this 

study, the esterification reaction between free fatty acids (FFA) in WCO and methanol (MeOH) 
to synthesize biodiesel was carried out in a batch reactor Response surface method (RSM) was 
used to design experiments, analyze, evaluate, and optimize experimental results. The parameters 
which were investigated included molar ratio MeOH/FFA (30-50 mol/mol), catalyst content of 
H,SOyFFA (5-15 wt.%) and reaction temperature (45-65°C). The inltuence of these parameters 
was assessed and venfied by using the RSM. The regression model of WCO estenfication was 
established and showed that there was a very high correlation coefficient between expenmcnl and 
prediction (98.63%). 

Keywords: Biodiesel. waste cooking oil. esterification, acid catalyst, RSM. 
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