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Tém tit. Trong nghién ctru, phé pham vé cam duoc nhiét hoa yém khi tai nhiét do 450 °C, thoi gian 60
phiit & ché tao than sinh hoc, k¥ hiéu 1a mau BCO. Sau d6, BCO dugc tim lan luot voi dung dich KOH va
K>CO; ndng d6 2M thu dugc chét xic tac, ky hiéu 1a mau BCO-K. Cac dic tinh c4u triic va thanh phan cua
BCO va BCO-K dugc xac dinh lan luot bang phuong phép phan tich hién dai nhu 1a nhiéu xa tia X (XRD),

quang phd hong ngoai bién d6i Fourier (FTIR), kinh hién vi dién tir quét (SEM), hap phu Bruner-Emmett-
Teller (BET). Cac két qua phan tich da chi ra rang BCO-K c6 hoat tinh xtc tic cao hon BCO. Do d6, BCO-
K duoc sir dung 1am chét xdic tac cho phan mg tong hop san pham diesel sinh hoc. Két qua do dac cac chi
tiéu ctia diesel sinh hoc trong nghién ciru nay pht hop véi tiéu chuan diesel sinh hoc thuwong pham ASTM-
D6751 va dau diesel khoang TCVN 5689: 2005. Hon nita, tinh toan két qua hi¢u suit ctia phan (mg thu
dugc 1a 72,50 %. Nhiing két qua nay cho thay rang chat xiic tic dwgc nghién ciru tir phé pham vo cam la
mdt minh ching tiém ning dén qua trinh tong hop san pham diesel sinh hoc thay thé cho dau diesel khoang
trong cong nghiép tuong lai.

Tw khoa: phé phélm v6 cam, than sinh hoc, chit xuc tac, dau diesel sinh hoc

1. GIOI THIEU

Theo s6 liéu téng cuc théng ké nam 2020, ca nude co trén 156,8 triéu tin bao gém 88,9 triéu tn phu phérn
sau thu hoach tir ché bién nong san cua nganh trong trot[1, 2]. Riéng khu vuc ddng bang song ciru long
(PBSCL), phu phim nong nghiép chiém hon 39,4 triéu tan. Lucmg phu phdm nhu vé cam, vé budi, vo
chudi, vo sau riéng dugc thai bo [3, 4].. Nhimg phu pham nay goi 14 cac sinh khdi (biomass) gay lang phi
va 6 nhiém moi truong. O nghién ctru nay, phe pham v6 cam dugc tan thu dé ché tao thanh than sinh hoc,
mot trong nhitng thanh phan quan trong dé ché tao chit xtic tac sir dung cho phan Ung transesterification
(TESR) trong tong hop san pham dau diesel sinh hoc (biodiesel).

Than sinh hoc (biochar) 13 san pham dugc nhiét hoa yém khi tir sinh khéi. Qué trinh nhiét phan phu thudc
vao diéu kién nhiét d6 nhiét hoa khac nhau sé tao thanh biochar c6 dic tinh bé mit khac nhau. Khi nhiét
phan, mach phéan tir hitu co nhu: xenlulozo, hemi-xenlulozo va lignin bi mét dudi dang chét hitu co bay hoi
s& lam giam khdi lwong, vi vay kha ning thu hoi biochar tuong dbi thap[5]. Mt khac, sau qué trinh nhiét
hoa, ciu tric ciia biochar s& chira cic nhém chirc mang ai lyc dién tir lam ting kha ning trao do6i ion trén
bé mit, két qua la lam tang kha niang hap phu va phan tmg bé mit. Vi vay biochar dugc tmg dung nhiéu
trong linh vuc 1am chat hip phu [6, 7], chat chat xtc [8] sinh hoc dé thay thé cho chat hp phu, chit xuc tac
kim loai hodc oxyt kim loai c6 gia tri cao [9, 10]. Mt khac, theo nghién ctru trude déy, sir dung chét xtc
tac biochar trén phan tng TESR thay thé cho chit xtc tac kim loai khac [11] mang nhiéu hira hen da timg
duogc thuc hién. Tuy nhién, kha ning str dung xuc tac biochar con han ché, dic biét viée sir dung xic tac
biochar tir vo cam phé pham chwa dugc tim thay, ma day 1a mot trong nhitng muc tiéu trong nghién ctru
cta chung toi.

Dau diesel sinh hoc (biodiesel) 1a nhién liéu dugc téng hop tir ddu thuc vat, thay thé cho nhién liéu hoa
thach duoc tong hop tir ddu tho hodc ddu mo dang dan can kiét. V& mit hoa hoc, biodiesel 1a mot hop chit
clia fatty acid methyl este (FAME) dugc tao thanh tir phan tmg TESR giira dau thyc vét va rugu don chirc
khi ¢6 mit cua chat xuc tac [12, 13]. Hon nita, st dung san phérn biodiesel s& ¢6 nhiéu vuot tréi hon so vai
dau diesel khoang vé dic tinh khi thai CO,, chi sb cetan, diém chdp chay va do bbi tron [14]. O Viét Nam
hién nay c¢6 nhiéu ngudn dau thuc vat c6 sdn dé 1am nguyén liéu cho phan tmg tong hop biodiesel nhu: dau
hat cai, ddu mé, du 6 liu, diu cam gao, dau co, dau hat bong, diu dau nanh. .. Trong d6, dau nanh I nguyén
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liéu san co, chi phi thip, thanh phén hoa hoc clia nguyén lidu chira it tap chat [15, 16]. Vi vay, ddu nanh
dugc chon lam nguyén li¢u trong tong hop biodiesel trong nghién ctru nay. Ngoai ra, mét nguyén liéu khac
trong thanh phan xuc tac 1a KOH va NaOH, trong d6 KOH dugc sir dung nhiéu boi nd ¢ tam xic tién 1a
kim loai kali (K), vi vay no ciing dugc chon 1 nguyén li¢u trong nghién ciru [13]. Chét xtc tac cho phan
ung TESR & dang d(‘Sng thé hoac di thé phu thudc vao thanh phﬁn pha ciia KOH. Xftc tac déng thé, sir dung
KOH dang pha 16ng, c6 wu diém 14 hi¢u suét tong hop biodiesel cao, hé xiic tac nay gip phai nhuoc diém
nhu 13 kho loc tach san pham, khé hoan luu dé thu hoi xuc tac, tiéu ton chi phi dé xir Iy méi trudng trong
qué trinh phan tng [17, 18]. Trong khi, phan tmg xuc tac di thé, KOH dang pha ran, s& khic phuc duoc
nhitng nhugc diém nay, dugc thyc hién trong nghién ctru. Ngoai ra, cac nghién cuu trudoc day [19-21],
CH;OH 1a thanh phan phan tmg ctia TESR duoc sir dung ma cho hiéu qua chuyén héa biodiesel tot hon so
vdi C:HsOH, vi vay no ciing dugce sir dung 1am nguyén li€u cho phan ng trong nghién ciru.

Trén co so dir liéu khoa hoc da trinh bay, hién nay ngudn khoang san dau moé ngay cang can kiét, sy 6
nhiém méi trudng trude thue trang phé thai nong nghi€p ngdy cang tang. Dac bit 1a khi chua tim thay dir
liéu thyc hién qua trinh téng hop biodiesel san pham tir nguon phuy pharn vo cam. Nghién ctru hién tai thyc
hién mang y nghia vira xir Iy chat thai nong nghiép, vira tao ra san pham biodiesel duoc biét téi nhu ngudn
nhién liéu xanh, sach, khong gay 6 nhiém moi truong.

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

Méu phé pham vé cam duoc 14y tir noi ban trai cay tai khu vuc Thanh phé Ho Chi Minh dé thi nghiém tai
phong thi nghiém thudc Khoa Céng nghé Hoa hoc, Truong Dai hoc Cong nghiép Thanh phd H6 Chi Minh,
Viét Nam. Tai phong thi nghiém, mau v6 cam duoc rua bang nudc cat, siy kho ¢ nhiét do 105 °C, thoi gian
45 phiit. Mau sau d6 dugc nghién nhé dén kich thudc trung binh 1 mm. Ngoai ra, nguyén liéu dau diu nanh
dugc mua tir siéu thi ciing tai Thanh Phé Ho Chi Minh, KOH sir dung héa chat dang cong nghiép.

2.2. Phwong phap nghién ciru

V6 cam dugc nhiét hoa yém khi tai nhiét d6 nung 450 °C, thoi gian 60 phut, thu duoc miu BCO. Sau do,
BCO duoc tim lan luot trong dung dich KOH va K>COs né)ng d6 2M (mol/lit) dé ché tao chat xtc tac BCO-
K. Qua trinh tim duoc thuc hién bude 1 bao g(‘)m 5g mau BCO tron trong 300 ml dung dich KOH 2M, hon
hop dugc cho vao becher va khudy lién tuc voi tde dd 800 vong/phiit trong 120 phut tai nhi¢t do phong (25-
30 °C). Sau thot gian khuay tron, hdn hop duoc loc qua may bom hit chan khong. Mau tam dugc rira sach
bang nudc cit, sau d6 duge siy kho tai nhiét do 105 °C trong 120 pht. T1ep tuc thi nghiém, lap lai cac
bude thi nghiém tuong tu qua trinh tam KOH trén BCO de thu duge mau tam K>COs ¢ bude th 2. Chay
rang, mau tam tiép tuc trong dung dich K»,CO; 2M 1a miu da tim KOH, day 1a miu xuc tic BCO-K trong
nghién cuu. Két thuc thi nghiém, mau BCO va BCO-K duoc dinh tinh va dinh lugng dé x4c dinh céc tinh
chit va cau triic nhu 1a xac dinh hinh thai va kich thudc hat trung binh bang phuong phép phan tich SEM,
xac dinh cdu tric va thanh phan tinh thé pha c6 trong mau bang phuong phap phan tich phd FTIR két hop
XRD, xac dinh dién tich bé mat riéng bang phuong phap phan tich BET [22]. Mit khac, theo dit liéu nghién
ctru trude day [17, 19, 23, 24] cho thay rang mau BCO tam lan lugt KOH va K,CO; (BCO-K) s& cho higu
sudt chuyén hoa biodiesel cao hon so v6i mau chi tim KOH hoic miu khong tim (BCO). Vi vay, dé co dir
liéu khoa hoc so sanh v&i cac nghién ciru trude day, ciing nhu dé gidi han trong nghién ciru ciia phan tng
TESR, ching t6i chi thic nghiém phéan tmg trén xtc tac BCO-K. Hon nita, cac thong s6 va didu kién tinh
toan nhur phuong trinh tinh toan ty 1& phan g nguyén liéu giita dau nanh va CH;OH, luong xuc tac sir
dung trong phan (mg TESR ciia nghién ciru, chiing t6i chon diéu kién phan tmg gidng véi nghién ciru & tai
li€u [19]. Quy trinh phan ung TESR cua nghién ctru dugc thuc hién ¢ hinh 1,
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Hinh 1. Quy trinh phan tng TESR d¢é tong hop biodiesel san pham

Quan sat hinh 1 cho thdy sau khi tinh toan phéi tron, TESR duoc thyuc hién trong binh phan tng hinh cau 3
¢d ¢6 lap hé thong sinh han va dun hoan luu tai nhiét d¢ phan tng 65 °C, thoi gian 150 phat. Hé thong dugc
khuay tron lién tuc, toc do khuay 800 vong/phut. Hon hop sau phan tmg duoc tién hanh loc hit chan khong
dé thu dung dich FAME (biodiesel) va chat xuc tac (ba loc). Rira FAME bang nudc cat & 50 °C, dich loc
dugc tich nudc bang phuong phép chiét, san pham giir lai trong phéu chiét trong 1440 phut (24 h) nham dé
bay hoi loai bo CH30H thira. FAME thu duoc phan tich bang phuong phap sic ky GC/MS. Trong nghién
ctru, dé tinh toan hiéu suat chuyén héa (Y) ciia phan img TESR trén xuc tac BCO-K, chung t6i sir dung
phuong trinh theo phuong trinh (1) bén dui[19, 23],

Y = M(biodie;e(l())i);)C(FAME) x100% (1)
Trong @6, Y 13 hiéu sudt ctia phan tng TESR, don vi (%); M(biodiesel) 14 khéi luong mau biodesel thu
duogc sau phan tmg, don vi (g); M(oil) 1 khdi lugng miu dau thyc vat (dau nanh) ban dau cho phan tng,
don vi (g); C(FAME) 1a nong d6 FAME c6 trong mau san pham (két qua phan tich GC/MS) sau phan tmng,
don vi (%). Ngoai ra, d6 nhét dong hoc () cia san pham biodiesel dugc xac dinh theo phuong phap
ASTM_D445 bang nhét ké mao quan thity tinh Cannon-Fenske Routine tai nhiét d thi nghiém 1 40 °C.
Dong thoi, ty trong clia san pham biodiesel (ds) ciing duge do dac bang thiét bi ty trong ké & nhiét d¢ thi
nghiém.

3. KET QUA VA BAN LUAN

3.1. Két qua phén tich SEM cua miu BCO va xiic tic BCO-K )
béc tinh hinh thai bé méat cia BCO va BCO-K dugc do dac bang phuong phéap phéan tich SEM, cho két qua
hinh anh SEM th¢ hién & hinh 2,
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Hinh 2. Két qua SEM ciia BCO (a) va BCO-K (b)

Quan sat két qua do SEM ctia BCO dugc thé hién qua hinh 2(a) cho théy céc hat tinh thé biochar ton tai &
dang phang, kich thudc hat trung binh 10 um, céc hat phang tinh thé xép chong 1én nhau tao thanh cac khe
ranh, 10 trong gitra cac hat tinh thé v&i nhau tao diéu kién t6t cho qua trinh tim KOH va K,COs trong qua
trinh tong hop xtic tac. Tiép tuc quan sat ket qua SEM cia BCO-K ¢ hinh 2(b), trén bé mat BCO-K xuit
hién nhiéu hat tinh thé li ti dang hinh cAu nam trén bé mit tm phang, cac hat cu c6 kich thudc hat trung
binh 0.5 pm. Diéu nay c6 thé noi rang qué trinh tim KOH va K,CO; da thuc hién thanh cong. Nhing hat
cau nho li ti nay duoc thay & két qua SEM 1a cac hat tinh thé kim loai ctia hgp chat kali (K) lién két véi
mach hydrocarbon trén nén bé mat biochar.

3.2. Két qua phan tich FTIR ciia miu BCO va BCO-K

Phan tich FTIR d¢ x4c dinh cic nhom chirc dic trung trén bé mat c6 trong mau BCO va BCO-K, két qua
pho FTIR duogc the hién trong hinh 3,
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Hinh 3. Két qua phd FTIR ciia BCO (a) va BCO-K (b)

Dua trén két qua phd chuan FTIR [25, 26], quan sat két qua phd FTIR ctia BCO & hinh 3(a) thdy rang peak
dao dong tai budc song 3800 cm™! va 2350 cm thé hién 1an lugt cho nhom lién két OH cua hop chit alcohol
va OH cua hop chit carboxylic acid, tai budc song 3100 cm™ 1a cia nhom lién két C-H aromatic, tai 2050
cm’ thé hién cho nhom C-C lién két cua hop chét alkyne, tai 3050 cm’! thé hién cho nhém C-H lién két cua
hop chat alkane, tai 2600 cm™ thé hién cho nhém lién két (O =) PO-H ciia hop chit phosphoric acid, tai
1750 cm! thé hién cho cac nhom C=0 lién két ctia hop chét ester va tai 3500 cm™ thé hién cho nhom N-H
lién két ctia hop chat hydrocarbon c6 trong mau. Két qua phd FTIR ching t6 réng ciu trac bé mit BCO
dugc tong hop co da dang cac nhom lién két cht hitu co mang ai luc, tién dodn rang bé mat biochar ¢
nhiéu kha ning xay ra phan tmg hép phu va xuc tac. Tlep tuc quan sat mau BCO-K ¢ hinh 3(b) thay ring,
co ban cac nhém lién ket mang ai lyc la khong thay (101 sau khi tam lan luot KOH va K>COs. Tuy nhién,
¢6 sy mo rong rd rét vé cuong dg cua peak, cu thé 1a tan sb dao dong tai 3800 cm’ ! dién tich peak da tang
13 rét, didu nay chimg to ring sau qua trinh tam da lam tang dang ké lién két OH, va nhiing nhém nay nim
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& dang hop chét lién két K-OH trén bé mit mau biochar ma hinh anh két qua do SEM d thé hién (hinh 2b).
Ngoai ra, mau BCO-K xuét hién peak tai dao dong 1350 cm™ thé hién cho nhém COs* lién két, nhom nay
s& 1am tang thém s tam hoat tinh xtc tac, két qua 14 1am tang kha ning phan img TESR khi xuc téc tao san
pham biodiesel.

3.3. Két qua do XRD ciia BCO va BCO-K

Thanh phan va c4u tric pha tinh thé c6 trong BCO va BCO-K duogc xéac dinh bang phwong phép phan tich
XRD, cho két qua phd & hinh 4,

1000

800
600 K’

10 20 30 40 50 60 70 80
2 Theta (°)

'Vlau BCO
Mau BCO-K

Intensity (a.u.)

Hinh 4. Phd XRD cta BCO (duong mau den) va BCO-K (dudng mau do)

Quan sat XRD cta BCO ¢ hinh 4 (dudng mau den) cho thdy BCO ¢6 cau triic vo dinh hinh, vi vay khong
xdc dinh duoc dinh peak khoang do chwa hinh thanh pha két tinh, 1y do c6 thé 1a vi nhiét d¢ nhiét hoa cua
qua trinh tongﬂho*p BCO con thap. Tuy nhién, khi quan sat két qua XRD ciia BCO xuit hién peak co cuong
d0 thap tai goc nhidu xa 20 = 250 ma thé hién la cua tinh thé carbon graphite, diéu nay ching t6 rang c6 ton
tai mot lugng carbon trong mau. Quan sat tiép tuc két qua XRD ciia BCO-K ¢ hinh 4 (duong mau do) thay
rang, cuong d6 nhiéu xa cao hon ciia peak tinh thé carbon graphit tai goc nhidu xa 20 = 28°, ching t6 BCO-
K ¢6 nhiéu carbon hon BCO. Df")ng thoi, xuét hién peak cua tinh thé tai goc nhiéu xa 20 = 35 va 20 = 50°,
chimg t6 BCO-K da dugc tim KOH va K,COs trong didu kién tong hop. Két qua phan tich XRD trong
nghién ctru nay c6 nhiéu trong déng véi nghién ctru trude day [27, 28], ching to phuong phap nghién ciru
nay dang thuc hién 1a phu hop.

3.4. Két qua do BET

Tinh chit vat Iy bé mat cia BCO va BCO-K duoc phan tich hip phu da 16p BET, sir dung diéu kién thi
nghiém chét bi hip phu 1a khi nito (N2) tai nhiét d6 77,35 °K (-195, 65 °C) dé xéac dinh dién tich bé mat
riéng. Két qua dién tich bé mit riéng do dac theo phan tich BET cua BCO 1a 3.19 m%/g, trong khi dién tich
bé mit riéng cia BCO-K 1a 2.41m?/g. Dya trén két qua BET thay rang bé mit riéng ciia BCO-K giam manh
s0 v6i BCO, 1y do c6 thé 1a cac mao quan bé mit ciia BCO-K da dugc bao phu boi hop chat ctia K khi sau
khi tdm, 1am cho mao quan clia xtc tac bi sit chit lai, lam giam thé tich mao quén, két qua 1a giam bé mit
riéng ctia mau.

3.5. Két qua phan ing TESR trén xiic tic BCO-K

Thyc nghiém phan (mg TESR trén xtic tac BCO theo quy trinh hinh 1, két qua mau san pham biodiesel thu
dugc 6 dang long, mau vang nhat nhu ¢ hinh anh 5,
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Hinh 5. Hinh 4nh mau san pham biodiesel dugc tong hop

San pham biodiesel ¢6 cac chi tiéu dugc do dac bang phuong phap phén tich sic ky va bang cac thiét bi
phong thi nghiém. Két qua phan tich cac chi tiéu cta san phim duoc trinh bay & bang 1,

Béng 1. Céc chi tiéu ciia san pham biodiesel

Chi tiéu (don vi) Biodiesel Biodiesel thuong pham Dau diesel khoang
(nghién ciru) ASTM_D6751 TCVN 5689: 2005
ds (g/cm?) 0.88 0,87-0,89 0.81-0.89
tk (mm?/S) 4.00 1.9-6.0 2.0-6.0
C(FAME) (%) 58.05 - -
Y (%) 72.50 - -

Quan sat két qua ¢ bang 1 cho thiy rang san pham biodiesel tong hop duoc trong nghién ciru co ty trong
0.88 (g/cm ), 46 nhét dong hoc 4.00 (mm?/S), ma nhiing chi tiéu nay pht hop biodiesel thuong pham theo
tiéu chuan ASTM D6751 va dau diesel khoang theo tiéu chudn TCVN 5689: 2005, diéu nay chumng to rang
xuc tac ma ching t6i tong hop da chuyen hoa dugc tir nguyén lidu dau nanh thanh san pham biodiesel. Hon
nira, biodiesel nghién ctru cling cho két qua dat tiéu chuan dé thay thé cho dau diesel khoang, ngu ¥ ring
¢6 nhiéu tiém nang st dung biodiesel rong réi trong cong nghiép thay thé cho cac nhién liéu dau mo. Ngoai
ra, két qua san pham biodiesel x4c dinh duoc ham lugng cua FAME (biodiesel) la 58.05 %. Dya trén két
qua nay, phuong trinh (1) dé tinh ‘toan hi¢u suat cta phan tmg TESR cho két qua hi¢u suat thu duoc 1a
72.50 %. Hiéu suat cua phan ng tong hop san pham biodiesel trong nghién ctru cho két qua tuong d6i phu
hop véi higu suat tong hop cua nhitng nghién ciru trude day [11, 19], chimg t6 rang diéu kién va phuong
phép thi nghiém trong nghién ctru nay la phu hop.

4. KET LUAN

Dua trén cac két qua thye nghiém, ching t6i dwa ra mot s6 két luan nhu: (1) tong hop duge BCO tir ngudn
phé pham 1a v cam tai nhiét d6 450 °C, thoi gian 60 phut; (2) trén nén BCO, chat xuc tac BCO-K duoc
diéu ché thanh cong bang phuong phap tam lan lugt KOH va K,COs; (3) x4c dinh thanh phan va cau trac
ciia BCO va BCO-K cho két qua trén BCO-K chura nhiéu cac nhom chirc ¢6 i luc hon BCO. DPic biét, trén
bé mat BCO-K ngoai viéc chira nhom hitu co mang ai lyc, n6é con chira hop chét kim loai cia K ma lam
tang thém kha ning hoat tinh cua xuc tac, hd trg cho kha ning xuc tac tot hon; (3) tong hop thanh cong
biodiesel san pham tir ddu nanh, véi hiéu suét biodiesel san pham thu duge 1a 72,50 %. Cac chi tiéu nhu 1a
ty trong va d nh6t dong hoc cting duge do dac cho két qua phu hop theo ti€u chuan cua biodiesel thuong
pham va dau diesel khoang, nhing két qua nay cho thay rang c6 thé trién khai san xuat san pham biodiesel
quy mo cong nghiép.

Nghién ctru 1a bude dau img dung chét xtic tic biochar cho phan img TESR. D¢ hoan thién hon trong nghién
clru nay, nhitng nghién ciru tiép tuc trong twong lai nhu 1a 1am ting hiéu suit phan tng tir cac ngudn sinh
khdi khic ngoai vo cam, hoic sir dung dau thai thyc vat dé lam giam chi phi gia thinh san xuét san pham
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biodiesel, hodc nghién ciru phuong phap dé thu hodi va tai sir dung xuc tac trong phan tmg tong hop san
pham biodiesel.
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THE STUDIED MANUFACTURE OF BIOCHAR FROM WASTE ORANGE PEEL TO
APPLY AS A CATALYST FOR THE SYNTHESIS REACTION OF BIODIESEL
PRODUCTION

DO QUY DIEM, BUI DUY TUYEN, NGUYEN VAN SON, AND VO THANH CONG"®
Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City
*Corresponding Author s E-mail: vothanhcong@iuh.edu.vn

Abstract. In this study, waste orange peel was calcined without oxygen at 450 °C for 60 minutes to
manufacture biochar, denoted as BCO sample. Then, BCO was impregnated with KOH and K,CO;
solutions of 2M concentration respectively to obtain a catalyst, denoted as BCO-K sample. The structural
and compositional properties of BCO and BCO-K were determined, respectively, by analytical methods
such as X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), Electron microscopy
scanning (SEM), and Bruner-Emmett-Teller (BET) adsorption. The analytical results have shown that
BCO-K has higher catalytic activity than BCO. Therefore, BCO-K was used as a catalyst for the synthesis
of biodiesel production. The measurement results of biodiesel production in this study are agreement with
the commercial biodiesel standards ASTM-D6751 and mineral diesel TCVN 5689: 2005. Moreover, the
calculation of the yield result of the reaction was obtained as 72.50 %. These results were presented that
the studied catalyst from orange peel waste has a potential demonstration for the synthesis of biodiesel
production to replace mineral diesel in the future industry.
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