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Nghién ctiu trinh bay két qua vén hanh thir nghiém hé thong pilot san xudt biodiesel B100 tl nquon
nguyén liéu cd ham lugng acid béo tu do cao la dau acid cdm gao (rice bran acid oil - RBAO) va dau an thai
(used cooking oil - UCO) st dung xtc tac di thé trong mi trung methanol can téi han. Day la cac nquén
nguyén liéu kho x Iy bang cong nghé truyén thong do ¢6 ham lugng acid béo tu do cao, riéng dau acid
¢@m gao chia nhiéu nudc va can hiiu co, dé gay ra phan (ing transester héa va lam giam hiéu sudt chuyén
hda ester.

Hé thong pilot dugc vén hanh lién tuc va on dinh & nhiét do 200°C, ap sudt 35 - 36 bar va ty 1é methanol/
dau la 6/1. K&t qua cho thay hiéu suat chuyén hoa biodiesel dat trén 98,5%; hiéu suat thu hoi san pham
B100 sau tinh ché dat tuong (ing 88,9% vdi dau an thai va 86,26% vdi dau acid cam gao.

K&t qua nghién ctiu cho thdy cong nghé st dung xtic tc di thé trong méi trudng methanol cén tdi han 6
kha ndng xt Iy hiéu qua cdc nguon nqguyén liéu c6 ham lugng acid cao va nhiéu tap chat, trong diéu kién
van hanh pilot lién tuc, dng thoi cho thdy trién vong mé rong quy md cong nghiép dé san xuat biodiesel
tir cdc nguon phu pham, phé pham san cd tai Viét Nam.

1. Gidi thiéu

Trong bdi canh chuyén dich nang lugng va yéu cau giam

chung cat dau co (PFAD - palm fatty acid distillate), cac loai dau
acid, m@ ca phé thai va cac phu pham lipid ¢6 ham lugng acid béo
tu do cao [1, 2, 4, 5]. Cac ngudn nguyén liéu nay c6 uu diém vé

phat thdi khi nha kinh ngay cang tang, biodiesel dang dugc
danh gia 1a hudng nhién liéu thay thé quan trong doi véi nganh
giao thong van tai va loc hda dau [1 - 3]. Tuy nhién, hiéu qua
kinh t€ cla qua trinh san xuat biodiesel phu thudc rat lon vao
chi phi nguyén liéu, trong do dau thuc vat tinh luyén truyén
thdng thutng chiém tGi 70 - 85% tong chi phi san xudt [2, 4].
Do d6, xu huéng hién nay tap trung vao khai thac cac nguon
nquyén liéu lipid gia ré nhu: dau an thai, acid béo tir qua trinh

gia thanh, tinh bén viing va phu hgp vdi dinh hudng kinh té tuan
hoan. Tuy nhién, cdc nquyén liéu nay c6 ham lugng acid béo tu do
(FFA - free fatty acids), nudc va tap chat cao lam han ché kha nang
ap dung qua trinh transester hda truyén thong st dung xtc tac
kiém dong thé [1, 2, 6].

Trong qua trinh transester héa st dung xtc téc kiém dong
thé, nguyén liéu co FFA cao dé xdy ra phan (ng xa phong héa,
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Bdng 1. Cdc chitiéu va phuong phdp phan tich ddc tinh nguyén ligu
Chi tiéu
D0 nhét dong hoc & nhiét d6 50°C
Tri s6 acid (TAN)
Khdi lugng riéng & nhiét do 20°C
Ngoai quan
Mau sac (mau ASTM)
Ham lugng tro sulfate
Ham lugng nudc va can bang phuong phép ly tam
Ham luong chat khong xa phong hda

lam gidm hiéu sudt chuyén héa va gay khé khan cho qua trinh
tach, tinh ché san pham [1, 2, 5]. Cac cong nghé 2 budc (ester
hoa két hgp transester héa) hoac st dung xuc tac acid dong
thé c6 thé xi Iy nguyén liéu c6 chi s6 acid cao, nhung thoi gian
phan tng kéo dai, tiéu hao lugng methanol I6n va phét sinh
nguy co an mon thiét bi do sir dung xtc tac acid manh [2 - 4].
Trong 50 cac nguon nguyén liéu acid cao, dau acid cam gao la doi
tuong dac biét kho x( Iy do dong thai chda ham lugng FFA, nudc,
can hitu co va chat khdng xa phong hda cao. Cac nghién ctiu lién
quan dén san xuat biodiesel tir dau acid cdm gao, ddc biét & quy
mo pilot van hanh lién tuc, dén nay van con han ché.

(6ng nghé sir dung xic tac di thé dugc xem la hudng tiép can
tiém nang cho san xuat biodiesel tir nquyén liéu acid cao [3 - 11].
So véi xtic tac dong thé, xtic tac di thé 6 vu diém gidm phét sinh
xa phong, don gian héa cong doan tinh ché va tang kha nang thich
tng vdi nguyén liéu chat lugng thap [3 - 8, 10, 11]. Mgt s6 nghién
cltu da khao sat phan (ng & nhiét do cao nham cai thién kha nang
chuyén hoa déi vdi nguyén liéu acid cao [2, 6, 10]. Tuy nhién, céc
cong bd hién nay chd yéu thuc hién 6 quy mo phong thi nghiém,
hiéu qua x{ ly doi vdi nguyén liéu chifa nhiéu nudc, can va tap chat
trong diéu kién vén hanh thuc té con han ché.

Phong thi nghiém trong diém Cong nghé loc héa dau (Keylab
PRT) da trién khai cac nghién cu & quy mé pilot d6i véi mot s6
nguon nquyén liéu cong nghiép nhu dau dau nanh va PFAD [12 -
22] trong diéu kién nhiét d6 va ap suat methanol cao (can tdi han).
Cac nghién citu nay 1a co's& cho qua trinh phat trién cong nghé san
xuat biodiesel st dung xiic téc di thé trong méi truong methanol
can tdi han. Tuy nhién, viéc md rong sang cac nguon nquyén liéu
phé phu pham phi tiéu chudn 6 ham lugng tap chét I6n vén con
nhiéu thach thic vé cong nghé va van hanh.

Trong nghién ctiu nay, cdng nghé san xudt biodiesel st dung
xtic tac di thé trong méi truong methanol can i han dugc hiéu
chinhva van hanh thit nghiém trén hé thong pilot ban cong nghiép

Phuong phap
ASTM D445 - 24
ASTM D664 - 24
ASTM D1298 - 12b (2017)
ASTM D4176 - 14
ASTM D1500 - 12 (2017)
ASTM D874 -23
ASTM D2709 - 22
TCVN 10480:2014

vGi 2 nguon nquyén liéu dai dién gom dau acid cdm gao va dau an
thai. Nghién c(u tap trung dénh gia kha nang x{ Iy nguyén liéu
thuc t, tinh 6n dinh vén hanh va chét lugng san pham biodiesel
B100 trong diéu kién van hanh lién tuc.

2. Héa chat, nguyén vat liéu va phuong phap thuc nghiém
2.1. Nguyén liéu

Cac nguon nquyén liéu dugc khao sat trong nghién ctu gom:
dau acid cdm gao, dau acid nanh (SFAD - soy fatty acid distillates),
acid béo tir qua trinh chung cat dau co, dau an da qua st dung, mg
ca phé thai, dau vi tdo Chlorella Sorokiniana.

2.2. Hoa chdt

Methanol cong nghiép dugc st dung lam téc nhan phén ting.
He xiic tac di thé st dung trong nghién ciu la xtc tac ran gom hoa
g6c MnOx-FeOx do Keylab PRT phat trién va lam chd cong nghé.

2.3. Ddnh gid ddc tinh nguyén liéu

(ac nquyén liéu dugc danh gid thong qua cac chi tiéu hda ly
chinh theo cac phuong phap tiéu chuan [23 - 30] (Bang 1).

2.4. Ddnh gid va lua chon nguyén liéu phuc vu hoan thién
cong nghé

Viéc lua chon nquyén liéu trong nghién ctu dugc thuc hién
nham danh gia muic do phu hop clia cac nguon lipid acid cao doi
vGi cdng nghé san xudt biodiesel str dung xtic tac di thé trong moi
trudng methanol cén t6i han, dong thoi xem xét kha néng trién
khai va mé rong quy mo trén co s& cac yéu to ky thuat, kinh té va
moi trudng.

Qud trinh danh gia tap trung vao cc tiéu chi chinh gom: ddc
tinh héa ly cia nguyén liéu (TAN, d6 nhét, ham lugng nudc va can,
chat khdng xa phong héa); kha nang tham gia phan ting ester hoa
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Hinh 1. So d6 khdi quy trinh cong nghé.

- transester héa; muc d phu hop véi hé thong pilot hién cd; yéu
cau tién x Iy va tinh 6n dinh van hanh.

2.5. So d quy trinh céng nghé sdn xudt biodiesel tir nguyén
liéu lipid acid cao

Trén co s6 ddc tinh clia cdc nguon nguyén liéu lipid acid cao
va diéu kién cdng nghé st dung xtc tac di thé trong méi truong
methanol cén tdi han, quy trinh cdng nghé san xuat biodiesel
dugc xdy dung theo hudng tich hop cac cong doan tién xi Iy,
phdn (ng ester héa/transester hoa, tach pha va tinh ché san
phdm. Hinh 1 trinh bay so d6 khéi quy trinh cong nghé ap dung
cho cac ngudn nguyén liéu phé phu pham lipid nhu dau acid cam
gao, dau an thai, acid béo tlr qua trinh chung cat dau co va cac
acid oil khac.

Quy trinh gdm cac cong doan chinh:
- Tién x{t Iy nguyén liéu nham tach nudc va can tho;
- Phoi tron véi methanol va dua vao hé phan (ing st dung

xUc tac di thé;
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- Phan (ng ester hda/transester hda trong diéu kién
methanol can t6i han, trong thiét bi phan (ing xtc tac di thé dang
dong lién tuc, I6p xtic tac co dinh;

- Xa dp dé tach methanol va nudc khoi hon hop phén ng;
- Tinh ché methanol d€ tai st dung;

- Tach glycerin va pha ndng/can hitu co (néu c6) dé thu san
pham phu glycerin;

- Tinh ché biodiesel B100 thanh pham.

Doi vdi cac nguyén liéu chita ham lugng cao gum, can hitu co
va cau tr khong xa phong héa nhu dau acid cam gao, quy trinh
duoc bo sung budc xa can dinh ky tai cac thiét bi trung gian nham
duy tri van hanh 6n dinh lién tuc cda hé thdng pilot.

2.6. Hoan thién va vdan hanh hé théng pilot

Hé thong pilot ban cdng nghiép hién ¢d ctia Keylab PRT dugc
hiéu chinh nham phu hgp vdi cdc nguyén liéu acid cao, tap trung
vao ché dd gia nhiét, ty Ié methanol/nguyén liéu, diéu kién phan
ting, phuang an cdp liéu, tach pha - thu hoi methanol va 6n dinh
van hanh lién tuc.

Hinh 2 thé hién so do day chuyén thiét bi san xudt biodiesel.
Hinh 3 13 hé thong thiét bi pilot san xuat biodiesel B100 tai Keylab
PRT va chat xtc tac ran gom hda trén co s¢ MnOx-FeOx st dung
trong nghién ctu.

(4c thit nghiém pilot dugc thuc hién véi 2 nquyén liéu dai
dién la dau acid cdm gao va dau an thai.

Trong nghién c(fu nay, 2 dai luong hiéu suat dugc st dung
dé danh gia qua trinh, gom hiéu sudt thu hoi san pham biodiesel
B100 va hiéu sudt chuyén héa biodiesel.

Hiéu sudt thu hoi san pham biodiesel B100 dugc tinh theo
(0 s thé tich nguyén liéu lipid quy ddi dua vao phan ting, khdng
gom phan nudc, can co hoc va tap chat - la nhiing thanh phan
khong tham gia phan (ng. Gid tri nay phan anh lugng biodiesel
thanh pham thuc té thu dugc sau toan b qud trinh phan (ing, tach
glycerin va tinh ché sn pham.

Hopy s () = (V00 V,,) x 100%
Trong do:
H,,, 1o HiEU sudt thu hoi biodiesel B100 (%);

V.- Thé tich biodiesel B100 thanh pham thu dugc (L);

B100°

V_: Thé tich nguyén liéu lipid quy ddi dua vao phan ting (L).

Hiéu sudt chuyén héa biodiesel dugc tinh trén co's& can bang
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(b)

Hinh 3. Hé théng pilot tai Keylab PRT sdn xudt biodiesel B100 (a) va chdt xuic tdc di thé gom hda goc MnOx-FeOx (b).

khdi lugng phan ting ester hoa/transester hda, trong do da xét
dén phan glycerin hodc nudc tach ra theo ly thuyét trong qua trinh
phan tng.

Hchuyen hoa (%) = (m3100 : mbo,le) x 100%
Trong do:

H  Hiéu suat chuyén héa biodiesel (%);

chuyen hoa

m__ - Khoi lugng biodiesel B100 thuc té thu dudgc (kg);

B100°

Mg,00,: KNOT lUONg biodiesel Iy thuyét toi da cd the thu dugc

tir phan lipid tham gia phan ting (kg).
3. Két qua va thao luan
3.1. Ddctinh cia cdc nguén nguyén liéu lipid khdo sdt

Ngudn nguyén liéu lipid duoc khao st trong nghién ctiu gom
ddu acid cdm gao, SFAD, PFAD, dau an thai, m ca phé pham va
ddu vi tdo. Day Ia cdc ngudn phé phu pham hodc phu pham c6 tiém
nang (ing dung cho san xudt biodiesel tai Viét Nam, dong thai phu
hop véi dinh hudng phat trién kinh té tuan hoan va gidm phat thai
khi nha kinh.

Két qua nghién ctiu (Bang 2) cho thay cac ngudn nguyén liéu
khdo sat cd sukhac biét dang ké vé dac tinh hoa ly, mic do tap chat
va kha nang ting dung cho sén xuat biodiesel.

Nhém nguyén liéu dau acid cam gao, SFAD va PFAD ¢ tri 5o
acid rat cao, dao dong tir 100 - 178 mgKOH/g, phén anh ham lugng
acid béo tu do IGn. Tuy nhién, thanh phan tap chat clia cac nguyén
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liu c6 su khac biét dang k€. PFAD ¢6 ham lugng nudc va can 6
miic rat thap, trong khi dau acid cdm gao va SFAD chia ham lugng
nuGc, can va mot s6 hap chat khong xa phong héa cao hon dang
ké - day 1a mot thach thiic d6i véi qua trinh san xudt biodiesel &
quy mo pilot.

Mac du ¢6 tri 50 acid cao nhat trong cac nquyén liéu khao
sat, PFAD khong dugc Iwa chon béi nghién cttu wu tién danh gia
kha ndng van hanh ctia hé thdng pilot d6i vi cdc nguon nguyén
liéu c6 ham lugng nudc, can va hop chat khong xa phong hda
cao han.

Trong cac nghién cu truc day ctia KeyLab PRT, PFAD da dugc
danh gia va cho thdy kha nang chuyén hoa biodiesel t6t trong
diéu kién cong nghé tuong tu. Mac du khong dugc Iwa chon cho
giai doan van hanh pilot clia nghién ctu nay, PFAD van dugc dua
vao khdo sat nham xay dung ca s dif liéu so sanh gitfa cac nguon
nquyén liéu lipid acid cao tiém nang. Viéc danh gia dong thoi PFAD
cling v6i cac nquyén liéu khac theo cling mot bo tiéu chi vé dac
tinh hoa ly, thanh phan tap chat, yéu cau tién x Iy va hiéu qua
kinh t€ quy d6i gop phan lam rd nhitng thuan lgi va han ché tuong
doi clia dau acid cdm gao va dau an thai, dong thai cung cap co s¢
tham khdo cho viéc Iua chon nguyén liéu va mé rong pham vi ting
dung cbng nghé trong tuang lai.

Ham lugng nudc cao ¢ thé lam gidm kha nang tiép xdc hiéu
qué giira pha dau va methanol, dong thi thic day qua trinh thiy
phan ester trong diéu kién nhiét do cao. Trong khi do, cac cau tur
khdng xa phong héa va tap chat phan cuc ¢ xu huéng tich tu
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Bdng 2. So sdnh ddc tinh va gid bdn ctia cdc logi nguyén liéu lipid st dung trong nghién ciu

T Chi tiéu Dauadd  ¢p,p, PFAD  Dauanthdi 0@ pauvitdo
cam gao phé thai
D0 nhét ddng hoc 6 nhiét do 50°C, (cSt) 54,04 87,83 39,73 16,76 38,09 35,09
Tri s6 acid (TAN), (mgKOH/g) 18,3 103,7 178,0 26,97 2,85 0,85
Khi lugng riéng & nhiét d 40°C, (kg/L) (¥) 1,2390 0,9677 0,8904 0,8536 0,9028 0,9028
. Mau nau, nhiéu Dang sét, Dacsét, Dang long, . . Danglong, cé
4 Ngoaiquan el 1 L. N sach, trong,  Mauvang . 2, 7,
tap chatlgling maundu  mauvang NPT van dong ddc
mau nau vang
5 MauAST™M D8.0 Dil D8.0 Dil - (*%) L3.0 - (*%) 4.0
6  Ham luong tro sulfate (% khoi lugng) 0,112 3,813 0,002 0,024 0,019 0,017
7 Nudcva can (% khoi lugng) 15 25 0,5 <0,05 0,45 <0,25
8  Chatkhong xa phong hda (% khdi lugng) 74 435 3,80 3,62 28 26,30
, . . Chua cd san
Gid dén xudng san xuat, chua bao gom VAT o
9 (triéu VND/t3n) 23,5 25 32 32 35 pham th.uong
mai
10 Gid quy doi vé cing mot mdt bang so sénh, 30,28 3539 3344 3321 36,18 i

chua bao gom VAT (triéu VND/tan) (***)

(*): Cdc gid tri dugc xdc dinh tai nhiét 4o 40°C, riéng PFAD dugc xdc dinh tai nhiét do 20°C do ddc tinh bdn rdn cia nguyén liéu. Gid tri khdi lugng riéng cao cda ddu acid
«dm gao phdn dnh déc tinh nguyén liéu acid oil thé chtia ham liong nutc, cdn va tap chdt phan cuc ddng ké.
(**): Mau ASTM khéng duoc xdc dinh d6i vdi PFAD va ma cd phé thdi do ddc tinh bdn rdn va dé duc cao cda mdu tai nhiét do mai truong, dan dén khdng ddp ting diéu

kién dp dung cta phuong phdp ASTM D1500.

(**%): Gid quy ddi vé ciing mét mdt bdng so sdnh, duoc tinh trén ca sé phdn khéi igng nquyén liéu 6 khd nang tham gia phan ting, sau khi logi trir theo tinh todn cdc

thanh phdn nudc, can co hoc va chdt khdng xa phong héa; gid chua bao gom VAT,

trong pha nang, lam gia tang nquy ¢ hinh thanh gum va can hitu
co trong qua trinh tuan hoan va tinh ché san pham.

Trong s6 cac nguyén liéu khdo sat, dau acid cdm gao thé hién
miic d6 thach thic cong nghé cao nhat do dong thai chiia ham
lugng FFA, nudc, can hitu co va chat khong xa phong héa 6 miic
cao. Cac ddc tinh nay lam gia tang nquy co hinh thanh gum, tich
tu can va suy giam do on dinh van hanh trong qua trinh phan ting
- tinh ché lién tuc. Tuy nhién, sau khi quy doi theo phan lipid 6
kha nang tham gia phan ting, dau acid cam gao van duy tri lgi thé
dang ké vé gia nguyén liéu. Trén co's¢ d6, dau acid cdm gao va dau
an thai dugc lua chon lam 2 nquyén liéu dai dién cho qua trinh
hoan thién va van hanh hé thdng pilot, trong d6 dau acid cdm gao
dai dién cho nhom nquyén liéu acid cao cd ham lugng tap chat I6n,
con du &n thai dai dién cho ngudn nguyén liéu phé phu pham c6
tinh on dinh van hanh thuan lgi hon.

Viéc lua chon nguyén liéu cho cac thi nghiém pilot khong chi
dua trén tri s6 acid ma con xem xét dong thoi cac tiéu chi ky thudt
va kinh té cu thé. Trong dd, yéu cau tién xir Iy dugc danh gia thong
qua ham lugng nudc, can co hoc va cac hgp chat khong xa phong
héa; kha nang van hanh on dinh ctia hé thong dugc xem xét trén
€0 s6 mic do phat sinh gum, nquy o tich tu can trong thiét bi va

s vong tuan hoan phan ting can thiét dé dat hiéu suat chuyén héa
muc tiéu; hiéu qua kinh té dugc danh gia thong qua gia nguyén
liéu quy d6i theo phan lipid cd kha nang tham gia phan (ng sau
khi loai trir nudc, can va chat khong xa phong héa.

Dai vgi hé thong pilot hién o, cac nquyén liéu chifa ham
lugng nudc va tap chét cao doi hdi b sung cong doan tach nudc,
gia tang s6 vong tuan hoan phan (ing va lam gidm tinh 6n dinh
van hanh lién tuc. Trong s6 cac nguyeén liéu khao sat, dau acid cam
gao cd ham lugng nudc (15% khai lugng), chat khdng xa phong
héa (7.4% khi lugng) va can hitu co cao hon déng k€ so vdi PFAD
va dau an thai, do d6 dugc lua chon lam nquyén liéu dai dién cho
nhom nguyén liéu c6 mic @ thach thiic cong nghé I6n nham
danh gid kha nang thich (ing cla hé thong pilot trong diéu kién
van hanh ban cong nghiép.

3.2. Hoan thién va vén hanh hé théng pilot sdn xudt biodiesel
B100

Trong qué trinh trién khai pilot vdi nquyén liéu dau acid cam
gao, ham lugng nudc va can hitu co cao, hinh thanh pha gum léng
déy trong qua trinh héi luu san pham trung gian, dao dong nhiét
dd phan (ing do han ché cong sudt gia nhiét va suy giam hiéu qua
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chung cét khi hé chan khdng khdng dat gia tri thiét ké. Trén co s
dd, hé thong cong nghé da duoc hiéu chinh nham dam béo kha
nang van hanh 6n dinh di véi nguon nguyén liéu acid cao ¢4 chat
luong thap.

Doi véi cong doan tién xur Iy, nguyén liéu dau acid cam gao
dugc x{ ly theo huéng chi tach nuéc ma khong loai bd hoan toan
can hitu co min trudc phan ting. K& qua van hanh cho thay, dé
giam ham lugng nudc xuong < 0,1% khoi lugng, diéu kién van
hanh phu hgp gom ap sudt chan khong 170 - 200 mmHg, nhiét do
110 - 120°C, thoi gian x( Iy khoang 360 phuit va thé tich nap liéu
khoang 400 lit/mé. Trong qué trinh hoi luu sén phdm trung gian,
hién tugng hinh thanh pha gum/can cé do nhét cao gay tac lugi
loc dau bom dugc khac phuc hiéu qua bang gidi phap xa day dinh
ky tai cac thiét bi chifa trung gian.

Két qua cho thdy doi vdi nguyén liéu chita ham lugng cao cac
cau td phan cuc va can hitu co min, qua trinh van hanh lién tuc can
tich hgp co ché tach/xa pha nang dinh ky nham duy tri 6n dinh
thay luc va han ché hién tugng gia tang tr luc dong chay.

Dai v6i cong doan phan ting, hé xtc tac di thé trong moi
trudng methanol can téi han dugc van hanh 6n dinh ¢ nhiét do
khodng 200°C va ap sudt 35 - 36 bar. V6i nquyén liéu dau acid cam
gao, sau 4 vong phan (ng, san pham trung gian dat tri s6 acid
khodng 0,65 mgKOH/g va dd nhét khodng 5,03 cSt. Trong khi do,
d6i vi nguyén liéu dau an thai ¢d chat lugng 6n dinh hon, chi cén 2
vong phan ting dé dat cling mdic chét lugng san pham trung gian.

56 vong phan (ing can thiét phu thudc déang ké vao chat lugng
nguyén liéu dau vao, ddc biét la ham lugng FFA, nuGc va cac cau
tl phan cuc. Dai véi dau acid cdm gao, su hién dién dong thoi clia
nhiéu tap chat hitu co ¢d thé lam gidm hiéu qua tiép xtic pha va téc
do chuyén héa tong thé, dan dén yéu cau thai gian luu phan ting
|én hon so vdi dau an thai.

(' cong doan tinh ché, do hé chan khong thuc té chi dat 35 - 40
mmHg trong khi gia tri theo thiét ké khoang 15 mmHg, nhiét do
chung cat dugc néng Ién khodng 205°C nham duy tri kha nang
bay hai clia methyl ester. Trong diéu kién van hanh nay, hé thong
van thu dugc biodiesel B100 cd trang thai trong, mau vang sam
dén ndu nhat va tri so acid dat khodng 0,4 mgKOH/g. Mau vang
sam ctia san pham dugc cho 13 lién quan dén su hién dién clia cac
cdu tir hitu co phan cuc va céc san pham oxy hoa cd nqudn goc tir
nguyén liéu dau acid cdm gao. Tuy nhién danh gia chua ghi nhan
anh hudng déng ké dén cac chitiéu chat lugng chinh cla biodiesel.

Viéc nang nhiét do chung cét 1én khodng 205°C c6 thé lam gia
tang nguy ¢q xdy ra cc phan (ng oxy héa nhiét hodc polymer héa
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mot phan doi véi cac hop chat hitu co con sét lai trong hé, dac biét
khi mtic chan khong thuc té chua dat gid tri thiét ké. Trong pham vi
nghién c(fu nay, chua ghi nhan sy gia tang bat thudng cla tri o acid,
d6 nhdt hodc ham lugng glycerin trong san pham sau tinh ché. Do
d6, c6 thé nhan dinh rang anh huéng cta diéu kién van hanh nay
dén chét lugng biodiesel chuia thé hién rd thong qua cac chi tiéu chat
lugng dugc khao sat. Mac du vy, nhiét do chung cat cao han thiét
ké c6 thé la nguyén nhan khién san pham c6 mau sam hon, bén canh
anh hudng tir ban chat nguyén liéu dau acid cdm gao.

Nguyén nhan chinh dan dén viéc hé thong chua dat miic
chan khong theo thiét ké dugc xac dinh la do nang luc clia hé
thong bom chan khong chua dap tng yéu cau van hanh thuc
té cGa pilot. Khi chuyén sang quy mé cong nghiép, can uu tién
nang cap cong suat va hiéu qua lam viéc clia hé thong chén
khong nham dat muc chan khong thiét ké. Viéc nay khong chi
gitlip giam nhiét do chung cat va tiéu hao nang lugng ma con
g6p phan han ché cac bién doi nhiét khéng mong muén doi véi
san pham biodiesel, qua do nang cao do 6n dinh cla qua trinh
cong nghé khi m& rong quy mo.

Qua trinh van hanh 6n dinh cla hé thong dugc danh gia chd
yéu véi nguyén liéu dau an thai. Tt 711 lit dau nquyén liéu chuan
héa, hé thong thu dugc 639 lit biodiesel B100, tuong ting hiéu suat
thu hoi san pham dat 88,9%. Cong sudt van hanh 6n dinh ctia hé
pilot dugc xac dinh khodng 548 lit/ngay. Ddi véi nguyén liéu dau
acid cdm gao, mac du ton tai nhiéu khd khan vé van hanh do ham
lugng tap chat cao, hiéu suat thu hoi biodiesel van dat 86,26%.
Tong lugng biodiesel B100 thu dugc trong toan b dot san xudt
thi nghiém dat khoéng 3.070 lit.

Sau qud trinh hiéu chinh, hé thong pilot dugc van hanh thi
nghiém véi ca 2 loai nguyén liéu dau an thai va dau acid cam gao.
Céc thong s6 cdng nghé c6t I6i cia qua trinh phan tng va tinh ché
dugc duy tri tuong tu cho ca hai loai nguyén liéu, trong khi mot so
diéu kién tién x{r Iy va hiéu qua van hanh c6 su khac biét do ddc
tinh nquyén liéu khac nhau. Bang 3 tong hop cac thdng s6 van
hanh chinh va két qua thu duoc.

Két qua cho thdy cac diéu kién phan ting ot I6i ctia cong nghé
gom nhiét do phan ing khoang nhiét d6 200°C, ap sudt 35 - 36 bar
vaty |é thé tich methanol/dau 1 6/1, c6 thé dp dung cho ca ddu an
thai va dau acid cam gao. Tuy nhién, s6 vong tuan hoan phan ting
can dugc diéu chinh tly thudc vao dac tinh nguyén liéu.

Dai véi dau an thai, hiéu sudt chuyén hoa biodiesel trén 98,5%
dat duoc sau 2 vong phan ting. Trong khi d6, dau acid cdm gao
chra ham lugng can hitu c, hop chat khong xa phong hda va cac
cdu ttr phan cuc cao hon dang k€, lam ting mdc do phc tap cla
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Bdng 3. Cdc thing s6'van hanh sau hiéu chinh cda hé théng pilot

Cong doan/Chi tiéu Dau an thai Dau acid cam gao
Tdch nudc Khdng yéu cau tach nudc chuyén biét 110 - 120°C; 170 - 200 mmHg
Phan ting 200°C; 35 - 36 bar; 2 vong phan ting 200°C; 35-36 bar; 4 vong phan ting
Ty 1é methanol/dau 6/1 6/1
Tinh ché 205°C; 35 - 40 mmHg 205°C; 35 - 40 mmHg
Hiéu sudt chuyén hoa biodiesel (%) 98,7 98,5
Hiéu suat thu hoi biodiesel (%) 88,9 86,26
C6ng sudt van hanh 6n dinh (lit/ngay) 548 Khong xac dinh (*)

(*) Nguyén liéu ddu acid cdm gao duoc st dung chi yéu dé ddnh gid khd nang xi Iy ciia hé thing déi vdi ngudn nquyén liéu «é ham luong acid béo tu do v tap chdt cao;
c6ng sudt 548 lit/ngay duoc xdc Idp trén co sévan hanh 6n dinh vdi nguyén liéu ddu dn thdi.

moi trudng phan (ing, can tré qua trinh tiép xuc giia methanol,
nguyén liéu va xic tac di thé, dong thai han ché su khuéch tan cla
cdc cau tlr phan (ing t6i cac tam hoat tinh cla xuc tac. Bén canh
d6, nquyén liéu dau acid cdm gao c6 ham lugng acid béo tu do rat
cao nén qua trinh ester héa cac acid béo tu do ciing doi hdi thoi
gian tiép xdc dai hon dé dat muc chuyén hoa mong mudn. Vi vay,
s0 vong tuan hoan phan (ing dugc tang Ién 4 vong nhdam kéo dai
thdi gian luu va bao dam hiéu sudt chuyén héa biodiesel van duy
tri trén 98,5%.

Ngoai ra, do dau acid cdm gao 6 ham lugng nudc cao hon
nhiéu so vi dau an thai nén can b6 sung cong doan téch nudc trudc
phan ting, lam gia tang mdc d6 phic tap ctia qud trinh van hanh.

(6ng sudt van hanh on dinh 548 lit/ngay duoc xac lap trén co
5@ qua trinh van hanh lién tuc véi nquyén liéu dau an thai. Doi vdi
dau acid cdm gao, muc tiéu thir nghiém tép trung vao danh gia
khd ndng van hanh va xt Iy nquyén liéu c6 do phtc tap cao, do
d6 chua tién hanh xac lap cong sudt on dinh dai han. Két qua thu
dugc cho thdy cong nghé van duy tri hiéu sudt chuyén héa cao va
¢0 tiém ndng md rong quy mo doi véi nhom nguyén liéu nay sau
khi tiép tuc toi uu cac cong doan tién x Iy va tinh ché.

Mac du hiéu sudt thu hoi biodiesel B100 theo lugng nguyén
liéu lipid chuan héa chi dat khoang 86,26 - 88,90%, gia tri nay
phan anh tong hop cac ton that vat chat trong toan bo day chuyén,
bao gom qua trinh tach glycerin, loai bd pha ndng, that thoat ¢
hoc trong tinh ché va phan cau ti khdng chuyén hoa thanh methyl
ester. V& mdt can bang phan (ing, qua trinh ester hoa va transester
héa ly thuyét ludn tao ra mot phan san pham phu glycerin tuong
tng khoang 10% khai lugng lipid phan ting. Do d6, hiéu suat thu
héi san phdm Iong thuc té ludn thap han so véi hiéu suat chuyén
héa hda hoc.

Khi quy ddi theo Iugng acid béo tu do va glyceride 6 kha
nang chuyén héa thanh methyl ester theo cdn bang Iy thuyét,

hiéu suat chuyén hda biodiesel ctia qua trinh dat trén 98,5%, cho
thdy mitc do chuyén hda gan nhu hoan toan trong diéu kién cong
nghé khao sat.

So véi cac cong bo trudc day vé biodiesel tir nguyén liéu acid
cao st dung xdc tac di thé, két qua nghién ctiu nay cho thdy kha
nang chuyén hda & miic cao trong diéu kién vén hanh pilot lién tuc
va Xt ly dugc nguyén liéu chira ham lugng I6n tap chat hitu co -
von la diém han ché trong phan I6n céc nghién cu quy mé phong
thi nghiém da cong bd [2, 3, 4, 10].

Vé do bén xiic tac, trong pham vi nghién ctiu nay chua thuc
hién danh gia truc ti€p su suy giam hoat tinh xtc tac sau tiing dot
san xuat thi nghiém do xtc tac dugc nap ¢d dinh trong cac thiét bi
phan (ing dang cdt va van hanh lién tuc & quy ma pilot. Viéc thdo
ma hé thong d€ Idy mau xdc téc dinh ky khong phi hop véi diéu
kién van hanh thuc t€ va co thé anh huéng dén tinh lién tuc cta
qua trinh.

Theo thiét ké cong nghé cta hé thong va cac két qua van
hanh kéo dai trudc day ctia Keylab PRT [13 - 18], xiic tac di thé
st dung trong qua trinh c6 tudi tho thiét ké khoang 6 thang van
hanh lién tuc, véi muc suy gidam hoat tinh khoang 10% sau chu
ky nay. Khi hoat tinh gidm xudng dudi ngudng van hanh tdi uu,
gidi phap ky thuat dugc p dung 1a bo sung hodc thay thé mot
phan xtc tac ma khdng can thay mdi toan bo I6p xic tac trong
thiét bi phan (ing.

Trong qua trinh vén hanh pilot cta nghién ctu nay, hé thong
hoat dong on dinh, khong ghi nhan hién tugng suy gidm r6 rét vé
hiéu sudt chuyén hda hodc chat lugng san phdm trong suét thoi
gian thir nghiém. Két qua nay cho thdy xic téc c6 do 6n dinh phu
hop ddi vdi qua trinh san xuat biodiesel tlr cac ngudn nguyeén liéu
acid cao & quy mo pilot. Tuy nhién, viéc dénh gia dinh lugng tuoi
tho xtc tac trong diéu kién van hanh kéo dai sé la ndi dung can
tiép tuc nghién ctiu trong cac giai doan trién khai tiép theo.
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Bdng 4. Két qud ddnh gid chdt lugng biodiesel B100

T Chi tiéu Két qua
1 Ham lugng methyl ester acid béo (FAME), 989
(% khoi lugng) '
2 Nudc va can (% thé tich) < 0,05
3 D0 nhét dong hoc & nhiét do 40°C (mm?/s) 514
4 Trosulfate (% khoi lugng) 0,016
5 Ham lugng luu huynh (mg/kg) 3,0
6 Tri s0 cetane 67,0
7 Tri s6 acid (mgKOH/qg) 0,42
8 D0 6n dinh oxy héa 6 110°C (gid) 2,1
9 Glycerin tu do (% khéi lugng) 0,011
10 Glycerin tong (% khdi lugng) 0,060
n Phosphorus (ppm) <1

K&t qua phan tich chi tiéu chdt lugng dac trung ca san pham
biodiesel B100 dugc trinh bay tai Bang 4.

Trong nghién ctu nay, mau biodiesel B100 st dung dé danh
gia chat lugng nhién liéu dugc Iy tir dong san pham pilot sau qua
trinh van hanh 6n dinh ctia hé thdng véi 2 nquyén liéu dai dién dau
acid cdm gao va dau an thai. Mau phan tich dugc phdi tron tir cac
mé san pham thu dugc & trang thai van hanh 6n dinh nham phan
anh chat lugng biodiesel B100 tong thé ctia cdng nghé trong diéu
kién pilot lién tuc.

Muc tiéu cta ndi dung nay la danh gia khd nang dap (ing cac
yéu cau chat lugng nhién liéu biodiesel B100 theo sira ddi 01:2026
QCVN 01:2022/BKHCN doi véi san pham thu dugc tif cong nghé dé
xuat, thay vi so sanh anh huéng ctia ting loai nguyén liéu dén tinh
chét nhién liéu thanh pham. D6i véi timg loai nguyén liéu, trong
qua trinh van hanh chi yéu theo doi cac chi tiéu cdng nghé quan
trong nhutri s acid va do nhdt nham danh gia muic do chuyén hoa
va tinh 6n dinh ctia qua trinh. Viéc phan tich ddy da cac chi tiéu
chat lugng theo QCVN dugc thuc hién d6i véi mau biodiesel dai
dién thu dugc trong giai doan hé théng vén hanh 6n dinh.

Két qua phan tich cho thay mau biodiesel B100 dai dién dugc
phdi tron tir céc dot van hanh on dinh cta hé thong pilot st dung
nquyén liéu dau acid cdm gao va dau an thai dap ting cac yéu cau
ky thudt theo stta d6i 01:2026 QCVN 01:2022/BKHCN. Két qua nay
khang dinh tinh kha thi clia cdng nghé trong viéc chuyén héa cac
nguon nguyén liéu acid cao va phé phu pham dau ma thanh nhién
liéu biodiesel dat chat lugng st dung. Do ca 2 nguon nquyén liéu
ddu acid cdm gao va ddu an thai déu cho san pham biodiesel dat
ham lugng methyl ester acid béo (FAME) cao va da qua quy trinh
tinh ché, cac chi tiéu chat lugng nhién liéu thanh pham sau hoan
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Stta d6i 01:2026

QCVN 01:2022/BKHCN Phuang phap do
> 96,5 TCUN 7868 (EN 14103)
Max, 0,05 TCUN 7757:2007
19-6 TCUN 3171:2011
Max, 0,02 TCUN 2689:2007
<5 TCUN 7760:2013
Min, 48 TCUN 76302013
Max, 0,5 TCUN 6325:2008
Min, 6 TCUN 7895:2008
<0,020 TCUN 7867 (ASTM D 6584)
<0240 TCUN 7867 (ASTM D 6584)
Max, TCUN 7866 (ASTM D 4951)

thién cong nghé khong cd sai khac dang ké trong pham vi muc tiéu
danh gid cta nghién ctu pilot nay.

Ham lugng FAME dat 98,9% khi lugng, trong khi cac chi tiéu
quan trong nhu d6 nhdt dong hoc, ham lugng luu huynh, glycerin
tu do va glycerin tong déu ndm trong gidi han cho phép.

Ham lugng glycerin tdng va glycerin tu do thap cho thdy qua
trinh chuyén hoa triglyceride dién ra hiéu qua, dong thoi qua trinh
tinh ché san pham sau phan ting dat hiéu qua cao.

Dang chiy, tri so cetane clla mau biodiesel B100 dat 67, cao hon
dang ké so vdi gia tri t6i thiéu theo stia doi 01:2026 QCVN 01:2022/
BKHCN. Két qua nay cho thdy san pham c6 ddc tinh tu chdy thudn
li khi st dung trong dong co diesel. Tri s cetane clia biodiesel phu
thudc manh vao ban chat nquyén liéu dau vao va thanh phan cac
ester acid béo hinh thanh trong qué trinh chuyén héa. Trong nghién
cliu nay, muc tiéu chinh la danh gia kha ndng van hanh hé thong
pilot va chat lugng san pham biodiesel theo quy chuan hién hanh.
Do d6 viéc xac dinh moi quan hé dinh lugng giira thanh phan acid
béo va tri so cetane khdng thudc pham vi nghién ctu.

Déc biét, do on dinh oxy hda dat 22,1 gid; cao hon dang ké so
vGi yéu cdu tiéu chuan (> 6 gi6), nhd bd sung phu gia chdng oxy
héa trong cong doan hoan thién san pham. Két qua nay cho thdy
san pham ¢6 kha nang luu tri ot va phi hop cho phdi tron diesel
sinh hoc B5/B10.

Ham lugng tro sulfate thap (0,016% khoi lugng) dong thai
cho thay qua trinh tinh ché hiéu qua va hién tugng thoi nhiém cac
thanh phan ctia xdc tac vao san pham la khdng dang ké, phi hop
véi dac tinh 6n dinh cla hé xiic tac di thé gém hda st dung trong
nghién cu.
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So vdi dau an thai, nguyén liéu dau acid cdm gao chita ham
lugng cao can hitu co min, gum va cac cau tlf phan cuc, dan dén
hién tugng tang trd luc dong chdy, phat sinh can ddy va gidm hiéu
suat thu hoi biodiesel trong qua trinh van hanh pilot. Hé thong
can thuc hién xa can va vé sinh dinh ky dé duy tri trang thai van
hanh 6n dinh.

Hiéu suat thu hoi biodiesel tir dau acid cdm gao van dat
86,26%, vugt muc yéu cau toi thiéu cta dé tai (> 85%), dong thoi
san pham B100 thu duoc dap (ting ddy dd cac yéu cau chat lugng
theo QCVN. Két qua nay cho thay cong nghé cd kha nang thich ting
tot vdi cdc nguon nguyén liéu acid cao chat lugng thap.

DE trién khai 6n dinh & quy md cdng nghiép, can bo sung
cong doan tién x{ Iy va tach can hitu co phit hop nham nang cao
do 6n dinh van hanh va hiéu qué tong thé cta hé thong.

3.3. Y nghia thuc tién va tiém ndng iing dung

K&t qua nghién ctiu cho thdy cong nghé stt dung xdc tac di thé
trong méi trudng methanol cén tdi han c kha nang x( ly truc tiép
cac nguon nquyén liéu lipid acid cao ma khong yéu cau trung hoa
FFA tru6c phan ting nhu trong cdng nghé st dung xtic tac kiém
dong thé truyén thdng. Diéu nay gidp gidm phét sinh nudc thai
riia, don gian hoa so do cong nghé va tang kha nang st dung cac
nguon nguyén liéu chat lugng thap.

Viéc st dung cac nguon nguyén liéu gia thap nhu dau acid
cam gao va dau an thai khong chi gitip cai thién hiéu qua kinh
t€ ma con tan dung phu pham céng nghiép, gidm 6 nhiém moi
trudng va thic ddy md hinh kinh té tuan hoan.

Ngoai ra, cong nghé con cho thay kha nang tich hop thuan loi
vdi ha tang hién cd ctia nha may loc dau, tao tién dé cho cac dinh
hudng phat trién nhién liéu sinh hoc va nhién liéu hang khong bén
viing trong tuong lai.

Két qua thu dugc cho thay tiém ndng md rong quy md cong
nghé ddi vGi cdc ngudn nguyén liéu phé phu pham lipid tai Viét
Nam. Dé trién khai & quy mo cong nghiép, can tiép tuc téi uu
hda hé tinh ché methanol, cong doan tién x{ Iy nquyén liéu va
danh gia do on dinh dai han cda hé xdc tac trong diéu kién van
hanh lién tuc.

4. Két luan

Nghién ctiu da khao sat va danh gia nqudn nqguyén liéu phé
phu pham lipid acid cao ¢4 tiém néng san xudt biodiesel gom dau
acid cdm gao, SFAD, PFAD, dau an thai, m& ca phé thai va dau vi
tao. Két qua cho thdy cac nguon nguyeén liéu nay c6 ham lugng

acid béo tu do, nudc va tap chat cao, gay khd khan cho qua trinh
transester hoa truyén thdng st dung xdc tac kiém dong thé.

(6ng nghé san xudt biodiesel sir dung xiic tac di thé trong
mai trudng methanol can tdi han da dugc hiéu chinh va vén hanh
thanh cong trén hé thong pilot ban cdng nghiép véi 2 nguyén liéu
dai dién la dau acid cdm gao va dau an thai. Trong do, dau acid cdm
gao cd muic do thach thiic cdng nghé cao do chia dong thai ham
lugng I6n acid béo tu do, nuidc, cdn hitu co va chat khong xa phong
héa, trong khi dau an thai cho thdy uu thé vé do on dinh van hanh
va khd nang trién khai nguon cung thuc té.

Hé thdng pilot van hanh 6n dinh & nhiét d6 200°C va ap suat
35 - 36 bar, cho hiéu sudt chuyén hoa biodiesel theo ly thuyét dat
trén 98,5%. San pham biodiesel B100 thu dugc dap ting yéu cau ky
thudt theo stfa d6i 01:2026 QCVN 01:2022/BKHCN. Két qué nghién
cliu cho thdy cong nghé 6 kha nang x( Iy hiéu qua cac nquon
nquyén liéu lipid acid cao va nhiéu tap chat trong diéu kién pilot
lién tuc. Day la co s& khoa hoc dé tich hop véi ha tang loc - hda dau
hién hitu phét trién nhién liéu sinh hoc bén vitng tai Viét Nam.

Tai liéu tham khao

[1] Nabanita Ghosh, Mehulee Patra, and Gopinath Halder,
“Current advances and future outlook of heterogeneous catalytic
transesterification towards biodiesel production from waste
cooking oil’, Sustainable Energy & Fuels, Vlolume 8, Issue 6, pp.
1105 - 1152, 2024. DOI: 10.1039/D3SE01564E.

[2] Sabah Mohamed Farouk, Aghareed M. Tayeb, Shereen
M.S. Abdel-Hamid, and Randa M. Osman, “Recent advances
in transesterification for sustainable biodiesel production,
challenges, and prospects: A comprehensive review’,
Environmental Science and Pollution Research, Vlolume 31, Issue
9, pp. 12722 - 12747, 2024. DOI: 10.1007/511356-024-32027-4.

[3] Maya Yaghi, Sandra Chidiac, Sary Awad, Youssef El
Rayess, and Nancy Zgheib, “An overview of biodiesel production
via heterogeneous catalysts: Synthesis, current advances, and
challenges’, Clean Technologies, Volume 7, Issue 3, 2025. DOI:
10.3390/cleantechnol7030062.

[4] Shaikh Abdur Razzak, S.M. Zakir Hossain, Usama
Ahmed, and Mohammad Mozahar Hossain, “Cleaner biodiesel
production from waste oils (cooking/vegetable/frying): Advances
in catalytic strategies”, Fuel, Volume 393, 2025. DOI: 10.1016/j.
fuel.2025.134901.

[5] M.Mulyatun, Jedy Prameswari, I. Istadi, and W. Widayat,
“Production of non-food feedstock based biodiesel using acid-

S0 2-2026 | PETROVIETNAM | 85



CHUYEN DICH NANG LUONG

base bifunctional heterogeneous catalysts: A review’, fuel,
Volume 314, 2022. DOI: 10.1016/j.fuel.2021.122749.

[6] Renhua Chen, Boyuan Xue, Fenfen Zhu, Yuqun Qiu, Huan
Wang, Yuxin Wang, Huan Feng, Yiyu Wang, and Tiantian Zhou,
“The application of heterogeneous catalysts in esterification/
transesterification for biodiesel production”, Renewable and
Sustainable Energy Reviews, Volume 226, 2026. DOI: 10.1016/j.
rser.2025.116262.

[7] Qiuyun Zhang, Jialu Wang, Xiaojuan Zhang, Taoli Deng,
Yutao Zhang, and Peihua Ma, “Metal oxide-based heterogeneous
acid catalysts for sustainable biodiesel synthesis: Recent advances
and key challenges”, RSC Advances, Volume 15, pp. 31683 - 31705,
2025.DOI: 10.1039/D5RA05017K.

[8] lingfeng Hua, Mimi Ji, Ping Jiao, Zhixian Yin, Qineng
Xia, Lingchang Jiang, Jing Zhang, and Hu Pan, “Heterogeneous
acid catalysts for biodiesel production: Effect of physicochemical
properties on their activity and reusability”, Catalysts, Volume 15,
Issue 4, 2025. DOI: 10.3390/catal15040396.

[9] Sai Parameshwar, Mayank Agnihotri, Uday Bhan,
Senthilkumar Nangan, Deepak Verma, Saravanan Rajendran,
and Siddharth Jain, “Developments in the utilization of
heterogeneous catalysts for biodiesel generation: An update on
recent advancements”, Journal of the Taiwan Institute of Chemical
Engineers, Volume 177, 2025. DOI: 10.1016/j.jtice.2024.105810.

[10] Yeshiemabet Simeon Erchamo, Ali Shemsedin Reshad,
and Yedilfana Setarge Mekonnen, “Bifunctional heterogeneous
catalysts for enhanced single-step biodiesel production from high
free fatty acid-containing oils: A review’, Results in Chemistry,
Volume 27, 2026. DOI: 10.1016/j.rechem.2026.103401.

[11] Nashwa Mohammed Alahmar, Nur Izyan Binti Wan
Azelee, and Susilawati Toemen, “Efficient biodiesel production
from waste cooking oil using a bifunctional Ce/Mn/y-Al,0;
catalyst’, Scientific Reports, Volume 15, 2025. DO0I:10.1038/
5$41598-024-82845-2.

[12] ViThiThu Ha va cdng su, Bdo cdo “Danh gid hién trang
cong nghé san xuat va thir nghiém hién trudng nhién liéu sinh
hoc (biodiesel) tir m& ca nham gop phan xay dung tiéu chuan Viét
Nam vé biodiesel G Viét Nam”, 2008.

[13] Vi Thi Thu Ha va cdng sy, Béo co “Ndng cao ndng luc
nghién ctiu, thiét ké cong nghé ché'tao va ting dung vt liéu xic tdc
dithéva vt liéu nano trong linh vuc loc ddu sinh hoc, sdn xudt ndng
Iugng méi vi su phdt trién bén vimg”, 2019.

86 | PETROVIETNAM | SO 2 - 2026

[14] Vu Thi Thu Ha, Pham Anh Tai, and Tran Thi Thanh
Hang, “Process of producing basic biosolvents using heterogeneous
catalysts and obtained basic biosolvents by this process”, Patent No.
US 10,822,572 B2, 2020.

[15] Vi Thi Thu Ha, Nguyén Van Chiic, D6 Thanh Hai, Pham
Minh T, D6 Manh Hung, J.W. Yoo, va Hee Jun Hyoung, “Phuong
phdp san xudt lién tuc biodiesel tir axit béo phé thdi”, Bang doc
quyén Gidi phap hiu ich, 2017.

[16] D6 Manh Hung, Pham D6 Thanh Thuy, Nguyén Ngoc
Thuy, D6 Thanh Hai, Vi Thi Thu Ha, va Hee Jun Hyoung, “Danh
gia kha nang tuong thich cta qua trinh xic tac di thé san xuat
biodiesel doi vdi cac nguon nquyén liéu khac nhau’, Tap chi Hoa
hoc va Ung dung, Tap 3, 56 25, trang 27 - 31, 2014,

[17] VuNguyen Hoang, HaVuThiThu, Hung Do Manh, Jeong
Woo Yoo, and Hee Jun Hyoung, “Esterification of waste fatty acid
from palm oil refining process into biodiesel by heterogeneous
catalysis: Fuel properties of B10, B20 blends", The 3 International
Conference on Sustainable Energy, pp. 178 - 184, 2013.

[18] Vi Thi Thu Ha, Mai Ngoc Chiic, J.W. Yoo, Luu Hoang
Ngoc, Nguyén Thi Thiy Ha, D6 Manh Hiung, Pham Minh Tt va
Nguyén Cong Long, “Nghién ctiu va trién khai cong nghé xic téc
di thé tién tién, hiéu qua, it phat thai dé san xuat nhién liéu sinh
hoc biodiesel’, Tap chi Khoa hoc va (6ng nghé, 56 6, trang 34 - 36,
2011.

[19] Vi Thi Thu Ha va D6 Manh Hung, “Nghién ctiu st dung
xuc tac di thé dé tong hop biodiesel trong diéu kién siéu tdi han
clia ethanol’, Tap chi Hoa hoc va ting dung, S6 4, trang 35 - 38,
2010.

[20] Vi Thi Thu Ha, D6 Manh Hung, Ho Thi Nhu Thuong va
Nguyén Dinh Lam, “Nghién ctiu phan ting chuyén este dau dira va
etanol trong diéu kién siéu tdi han dé tong hop biodiezel’, Tap chi
Hda hoc, Tap 48, S0 4, trang 414 - 418, 2010.

[21] ViiThiThu Ha va Nguyén Dinh Lam, “Ung dung phuong
trinh trang thai SRK d€ tinh toan thanh phan hon hgp phén (ing
téng hop biodiesel bang phuong phép siéu téi han”, Tap chi Hoa
hocva Ung dung, Tap 89, S0 5, trang 45 - 47, 2009.

[22] Vi Thi Thu Ha, Lé Dang Khoa va Nguyén Dinh Lam,
“Nghién ctiu phan ting tong hop biodiesel bang phuang phap siéu
t6i han va thu glycerine dd tinh khiét cao’, Tap chi Héa hoc va Ung
dung, Tap 68, S0 8, trang 40 - 43, 2007.

[23] ASTM International, “ASTM D445-24: Standard test
method for kinematic viscosity of transparent and opaque liquids



https://doi.org/10.47800/PV5I.2026.02-09

(and calculation of dynamic viscosity)”. [Online]. Available:
https://store.astm.org/d0445-24.html.

[24] ASTM International, “ASTM D664-24: Standard test
method for acid number of petroleum products by potentiometric
titration”.

[25] ASTM International, “ASTM  D1298-12b(2017):
Standard test method for density, relative density, or API gravity
of crude petroleum and liquid petroleum products by hydrometer
method”.

[26] ASTM International, “ASTM D4176-14: Standard test
method for free water and particulate contamination in distillate
fuels (visual inspection procedures)”.

[27] ASTM International, “ASTM D1500-12(2017): Standard
test method for ASTM color of petroleum products (ASTM Color
Scale)”.

[28] ASTM International, “ASTM D874-23: Standard test
method for sulfated ash from lubricating oils and additives”.

[29] ASTM International, “ASTM D2709-22: Standard test
Method for water and sediment in middle distillate fuels by
centrifuge”.

[30] Bd Khoa hoc va Cong nghé, “TCVN 10480:2014 - Ddu
ma ddng, thuc vat - Xdc dinh ham lugng chdt khdng xa phong hda -
Phuang phdp ding dietyl ete”, 2014.
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FATTY ACID CONTENT USING HETEROGENEOUS CATALYSTS UNDER
SUBCRITICAL METHANOL CONDITIONS
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This study presents the results of pilot-scale testing of a B100 biodiesel production system using rice bran
acid oil (RBAO) and used cooking oil (UCO) as feedstocks, with a heterogeneous catalyst under subritical
methanol conditions. These feedstocks are difficult to process using conventional biodiesel technologies
because of their high free fatty acid (FFA) content. In particular, RBAQ contains significant amounts of
water and organic impurities, which can negatively affect the esterification and transesterification
processes and reduce biodiesel conversion efficiency. The pilot-scale system was operated continuously
and stably at approximately 200°C, a pressure of 35 - 36 bar, and a methanol-to-oil ratio of 6:1. The

results showed biodiesel conversion efficiency exceeding 98.5% for both feedstocks, while the recovery
yields of purified B100 reaching 88.9% for UCO and 86.26% for RBAQ. The results demonstrate that
heterogeneous catalysis process under subcritical methanol conditions can effectively convert feedstocks
with high acid content and substantial impurities under continuous pilot-scale operation. The technology
exhibited strong potential for scale-up to industrial production of biodiesel from by-products and waste

materials available in Vietnam.
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