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(57) Abstract: A solid acid catalyst for producing biodiesel, according to various embodiments of the present invention, may comprise:
zeolite, and an acidic material supported on the zeolite. A solid base catalyst for producing biodiesel, according to various embodiments
of the present invention, may comprise: zeolite; and a basic material supported on the zeolite. A method for preparing a solid acid
catalyst for producing biodiesel, according to various embodiments of the present invention, may comprise the steps of: calcining a
zeolite support; stirring the zeolite support by using an acidic solution, and then recovering same; and calcining the zeolite support at a
temperature of 450-650 °C. A method for preparing a solid base catalyst for producing biodiesel, according to various embodiments of
the present invention, may comprise the steps of: calcining a zeolite support; stirring the zeolite support by using a basic solution, and
then recovering same; and calcining the zeolite support at a temperature of 300-600 °C. A method for producing biodiesel, according
to various embodiments of the present invention, may comprise the steps of: preparing at least any one of high acid value oil and
microalgal oil; reacting the oil in the presence of a solid acid catalyst to obtain a primary product; and reacting the primary product in
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(LS =1:0.1(w/w))E o] &3}e] o 2~ 8| =3} uk-3-2 7 835} 31t} Batch
w3 7] ol A 120 °Coll A 1A F B2 A] A T}, vlo] 01‘4"“ T& sk, 34
H} ol ] A o] A g5 X bl | of] 2~ Bl E(fatty acid methyl ester, FAME)

A1 (EN 14103)°] twhe} Agilent 7890 7}~ A2 ntE T2 L 2 F-4 35191 o},
I 5 18 Fashd, Fakg ol o] 3557 3 mol/Lel 27 ol A 350-750 °C
Abol 9] AA L5 B uEHS] 2 -9, 500 °Coll A 71 #=-& FAME 81 %%

LHERA AT

k
N
o mi Mz f
=
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[89] Q) ZAEN o i E J3F W

[90] A AF FHu) A2 E Yste] Alselol E XA A E 550 °Coll A 5 AIZE F<F
AAdste] Erlet it Sl 1 gd S0l &3l ¥ SHAHH,S0,)8 N 40 mLE
Abgete] a3 X FHE 5 o] &t Hul & 3]t SRR 7t
Al 2 BFATE. 105 °C LE-oll A F23] 1A 71 5 500 °Coll Al 5 A1 ZE A4d8he] H,
SO/HZSM-5 Z | & Al 28t th AF-&H 3AE N ] 55+ 0,0.1,05,1,3,5
mol/L= 3} T}

[91] = Ui el st 2 A HEhe=1: l(W/W) Zo) A Az A A Zn)
(2Y:Zu)=1:0.1(w/w)E ©]-&3}] o ~8 =3} ¥+-3-3 733} T} Batch
w3710l A 120 °C el A 1A ZF ¥h-3- A 2T} 5}0131‘4 Ag F& et 3
Hlo] @ t] Al o A 282 x|,k e of] 2~ B 2 (fatty acid methyl ester, FAME)
FE=EAH (EN 14103)0]) wha} Agilent 7890 7} A 2 nbE T#f L2 ¥ 5190t}

[92] 1A 25 Fashd, A5 500 °C 9 Z 719 A4 0-5 mol/L A}OM

g FEE v skl s A5, A A F57 I mol/LE T =& A5 (1,

3,5 mol/L) %2 FAME $}&#& UrEHH Atk

ok

|
] AA e 2: 3 A 7] Zvfjo] A=
[95] (HAEA 2= uE gknw
] A 7] S Al2E A5ke] Al2gol E XA A E 550 °Coll A 5 Al 7F <k
aAdete] Erlat gl ) 1 g S el &3 E ol EANYE F(CH;
COONa)& 9 40 mL= A}ﬁ sle] Wk & S| 5 o] 83t FHTE
A ABFATE 105 °C E-of| A FH-3] A ZA 71 T 350, 450, 550, 650, 750 °C of] A
5 A g &4 ske] No/HZSM-5 v & Al 239l th Y E R SA &2 Al &golE
thH] 6 wt = 3t}
[97] (ol thate] @Al era=1:1(wiw) 27 A ZzH 114 F7] =)
Q. =u)=1; O Lw/w)E o]-&3lo] Aofof 2~ =3} k-2 X 35} $I T} Batch
w3710l A 120520 A 1A F R-g A Zl Tk vlol e v A F-& w-elstar, g
Hlo] @ v Al of A g5 X b,k E of) 2~ B = (fatty acid methyl ester, FAME)
FE=EAH (EN 14103)0]) wha} Agilent 7890 7} A 2 nbE T#f L2 ¥ 5190t}
[98] 1A 38 FastH, Y EF BRIl 6 wi% Sl 27 ol A4 350-750 °C
Alol o] A5 v et 3l S 45, 350, 450 °Coll A 71 -2 FAME 3 3&

E

lr

0

e ST
[99]
[100] Q) A EANVERFEN 5o & ek
[101] A A 7] Sl A 2E et Alefo]l E A A A& 550 °Coll A 5 A &<t

astel Eulah ek Ful 1 gd TF 7ol S8 oAl EANE F(CH,
COONa)& N 40 mLE A}-83}e] wHl & 27| 2 o] 83lo] /55
A A BT, 105 °C QLB A F 53] 712471 F 350 °Coll A 5 A 7k 24 5]

S
&lt
[-'\1
l
N
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Na/HZSM-5 % 0| & A zat ot Y EF G432 Al &efol E tH] 0.5,2,4,6,8
wt% = 313 T}

[102] F (ol thate] A era=1:1(ww) 270 A ZzH 114 F7] =)
(4 }“UH I: 0 H(w/w)E ©] &3t ﬁ olof| 2~ H| Z 3} Wk-3--2 718 5} 91 ). Batch
w3710l A 120 °Coll A 1 A[F HEZA 2l Th vlo]l e v Al &8 w2l star, 3¢
Hlo] @ v Al of A g5 X b,k E of) 2~ B = (fatty acid methyl ester, FAME)
F=HAH (EN 14103)0) ubel Agilent 7890 7F2~ A @2npE 1) L 2 FA 313t}

[103] 1 AT 545 Fashi, 2425 350°C90 204 0.5-8 wt% Alol & U EH

Ei

A& v alek gl A5, HEF FA o] 6 wiR. o =52 749 (6, 8 wi%)
% FAME &% 3 et it

[104]

[105]  AAld 3: 2ol tgh nfo] o)A Az Sl 4 HAEES 9§ 1A A S,
A A7) Fu, 247 oA A2 U Az

[106] (1) A A S A=
[107]  32A A Su) A5 fAsto] Al&eko] E A A A& 550 °)Coll A 5 AI7E &<t
AAstel EulskTh Fvl 1 gd S 5ol &8l FAHHLS0,)E 9 40 mLE

Abgste] gk § SV E olgeto] TR TE A 78T 105 °C -0l A
S8 AZAZ1 3500 °Coll A 5 A ZF 4244 8Fe] H,SO/HZSM-5 =1 &
ﬂliﬁ}?ﬁi} A A 2 A L efol E ] 6 wi%E ST

[108] 2)3A |7 v A=z

—_

[109] ﬂ] A7] Sl A2 E flske] Al&efolE A A A E 550 °Coll A 5 A {E &<
ZAsto] ettt Euf 1 g S/l & ¥ ol A EANYE F(CH,
COONa)& <4 40 mLE A&3to] ngt 3 SV 5 o] &&to] SHFE
A 73R T 105 °C QE-o| A FH3] AZXA 1 F 350 °Col| A 5 A3 &AL 3]
Na/HZSM-5 &1 & A 2ttt HEF @A 32 A 2dto] E thH] 6 wih 2
8t Tk

[110] (3) LA 2 A%

[111] EdadAg =z A" TRk fre At ez A E S fiks
Zgete] aAE A& Al xsk Aok Tl A A=9: L(wiw) 2 = e AL
20 mg KOH/g8! 3147} 9 (HAVO-9, high acid-value oil, 9:1)3}

A E El AA=8:2(w/w) 2 Z 33 4H7F 40 mg KOH/gl 3147 @ ¢
(HAVO-8, high acid-value oil, 8:2)-& tFF ¢} & 14| nHkg F-3ho]

A

A 28 T
[112] @ AEF L A=
[113] A 27 2 gEFo] 19.5%0] 21, 24 W 2w 7}-3 A HkAko] 359 o) &)

37 200g/L %52 Nannochloropsis oceanicas ©]-8-3Fo] &4k BH-E=7:3(v/v)2]
Gl & AFESE] Y-S —T‘EO}C’&E} 1000 rpmol| A 6 Al 7t 5 QF %3] nlaksh
H Lds 23t 8ulTE B gretal S-S Tote] &l E A7 L
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HollE 2 Y (MAO, microalgal oil)S 3] 53+ ¢}

[114] () KOH A7 & A=

[115] n Al zFe @A daFo] 19.5%°]aL, 4 W H|7F-3 A WHilo] 35% o] 4
3h-f-¥ 200g/L 2] Nannochloropsis oceanicas ©]-&3Fo] &4k v €F-&=7:3(v/v)
ol F744 2 AR (KOH) 2 VA 27 tH] 10% H7Hste] A&
2315 t) 1000 rppmoll A 6 Al E E9F S48 wHke ¥ o U8 ¥ 3gheh=
S F S 3ot TS Fote] SulE AT AL ol o
MAO)< 3] <73}t

[116]  (6) KOH-H2SO4 M| A2 7{ 24 A=

[117]  "AZEF] & §F&Fo] 19.5%°]13L, 24 W] Qu|7}-3 A Hako] 35% o] %
3h-f-¥ 200g/L 2] Nannochloropsis oceanicas ©]-&3Fo] &4k v €F-&=7:3(v/v)
| oﬂ F7HA o f*'-— FAPEHEE(KOH) & WAl 27 tB] 10% 3 7Fste] vh-g-A1 71
53 y& F7HA o= FHTEste] @ A& FE AT 1000 rpmell A 6 Al X
&<t %—E«ﬁl kg 5 9 A& ¥ ¥etE v E S 3 et g F st
)= X

24 (KOH-H.SO, MAO)<S- 3| =3} ).

(o

[118]

[119]  AAd 4 T, 22Uk, 22k7F Aol tf gt nlo] o v Al 8 S 24
HAE

[120] (ol thate] @Al era=1:1(wiw) 27 A ZzH 114 F7] =)
(LL:Sv)= 101(w/w)) o]-g3fo] Holof ~E| 23} vk-g-& a3k}

[121] LY A2k )el thete] Ll ekE=1:1(w/w) 2o A Al ZH LA Al S0
2 A:F=1:0.1(w/w))E ©] &35} o ~H| 238} w55 X 315t

[122] A7 @ Aol tiste] 13 AR 2! uﬂﬂ&:kl(w/w)iﬁoﬂﬁ A Z¥ a1 A A

Fu (LY F=1.0.1(w/w)E o] &5t o) ~H 23} §h-g-& X efstar, A&
sl mate] 29 Al & @ A Eha=1:1(w/w) 7oA Al ZzH 1A F7] Ewj
(LY Zu=1:0.1(w/w)E o]-§3slo] Aojo 28| 235} wh-3-& X &3}l oh

[123] BE BEE2 batch BH& 7]l 4] 120 °Coll A 1 AlZE BEG A F T} vlo] QT A &
Welstar, 845 npo] e u] Al o] A #&-2 x| vhak v e o] 2~ B Z(fatty acid methyl
ester, FAME) 3 =321 5 (EN 14103)°] u}2} Agilent 7890 7} 2=

ARutE gz 2 B350 )

[124] T A s #2228 Fastd, EY YA ER A E O = ol T H
o 3lo] Na/HZSM-53 A3 73-$- 94.07%2] 3-8 FAME 3HaF-3 e 9l )
e A At e 2 A H o] 8l & Ql4tel dlste] H,SO/HZSM-55 A8
735 84.88% 2] & FAME 858 YUt Eg =g Al g =ef fra A ko]
235 0o] Q= 27 2. (HAVO-9)l o 3te] Na/HZSM-5 + H,SO/HZSM-5 2
Na/HZSM-5 & 1f| o] A i= v 9~ 552 FAME 3-8 Y e AT

[125] 47 &Y (HAVO-9)°l thate] 28 A 3742 A -8+ A3} Na/HZSM-57F
AR 9 (3.00%) E.U} FMAE $F0] 90.66% U <7131 2., H,S0,

4

g
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[126]

[127]
[128]

[129]

[130]

[131]

14

/HZSM-5%7F AF-23F 72 $- (12.02%) E.t} FAME

3127 L (HAVO-8)9l thale] 2vtk Al &4 & 4]

PCT/KR2021/004851

2Fo] 81.64% Tl 71891t}
43 A 3} H,SO/HZSM-57F

A3 A $-(20.55%) Btk FAME -3¢ 70.73% U Z7Fskol ol
[3£2]
o)) 15HA 2¢HA
== FAME ¢&}&F Zuj| FAME ¢&}&F
(%) (%)
R Na/HZSM-5 94.07 § -
LAk |H,SO/HZSM-5 84.88 - -
AH7E 2. | Na/HZSM-5+ 1.96 § -
HAVO-9 H,SO,/HZSM-5
Na/HZSM-5 3.00 § §
H,SO,/HZSM-5 12.02 Na/HZSM-5 93.66
a7 oY |H,SO/HZSM-5 20.55 Na/HZSM-5 91.28

HAVO-8

AN 5 v A ZF 294 b
of tste] &
1=1:0.1(w/w)) & ©]-83}o] Aol ~H 23} vh-&-2 X33}

AR ES S

Az 2l

S0 (2%

y

S0 (2%

h

Hlol 9T AR Zu) B HAE

| eF2=1:1(w/w) =0 A Az 314 97]
o3

QAo thste] o AW eFE=1:1(w/w) =N A AZ2H 1%
m=1:0.1(w/w)) & o] -&38}o] o 28| =3} w38 F Y3t

At

=

At

F7HA o2 Al Aol thate] 19 A E LA ¥ha=1:1(w/w) Z=x1 ) A

Az 2L A 4t

==

=

1 (2.4:E1]=1:0.1(w/w))Z ©] &35} o] 28| 23} vh-&

o
28 etar, WA S 3lpate] 29 A 2 9 A Ehe=1:1(w/w) 7oA AlzH
A A7) v (LY Ev=1:0. l(w/w) E o] -&3te] Aolo] ~H =3} vh-3S

upol QU4 58 ¥

(
E 4-4-& batch ¥-E 719 A 120 °Coll A 1 A]
31, 849 vlol e r] el AgaL

7FHkS A AT

o

A WFAL ) ] of] 2~ Bl] 2 (fatty acid methyl ester, FAME) ¥ =421 10 (EN 14103)°]]
u}e} Agilent 7890 7h2s S BrbE 1)L 2 Bl sk},

T A3 8] 3% 38 Farskd, v A

e !

(MAO)°l| t5}e] Na/HZSM-55

ALg-3F 745~ 27.82%, H,SO/HZSM-55 AL-83F 749 2.74% 9] W& FAME &2
1

VERQE A Z2F 9 Ydo] £8talal 9l e BB o Fle] S o)

Al = 9171

ol th
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[132]

[133]

[134]
[135]

[136]

[137]

AEZ L7 AAR v A Z2F 24 (KOH MAO)°] tdte] 29 A 34 S 2831
A 3} Na/HZSM-57F AF-8-3F 7 9- (84.17%) B.t} FMAE 3§taFo] 4.24% U
Z748k5 2™, H,SO/HZSM-57F AF-8-3F 74 - (83.21%) K.t} FAME &% 9] 5.20%
Ul Z7tst3i

AS A7 AAE v M Z2F 24 (KOH- H,SO, MAO)el| thale] 2vkA] 4 &
223+ A3} H,SO/HZSM-5%F AL-8-3F 7 9- (57.65%) H.t} FAME $F&o] 15.32%
Ul 7t A94-E VEhi Sl

)] 17 27

=] FAME 3 =] FAME 3
(%) (%)
MAO Na/HZSM-5 27.82 - -

H,SO/HZSM-5 2.74 - -

KOH MAO Na/HZSM-5 84.17 - -

H,SO/HZSM-5 83.21 Na/HZSM-5 88.41

KOH- H,SO, |H,SO/HZSM-5 57.65 Na/HZSM-5 72.97

MAO

ol

o] Aol % ste]
AL opT. ol

&3z Woke] 4]

>,
e
o M
o
by iz
o
o
T
r M
T o
.
=
:‘}é o
do
np« j"N
_>11 1:011
£ &
= Om
[‘E, [‘10
ol
i b

<1

NN
12
>,
£
=2

¢
£
>,
LI
A
-
!
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ojrt
rlo
12
>,
£

N
it 2
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>
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o
T A
ol
g
o
w
2
>,
>,

=
op
iy

N
-

kel
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P ES RS
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158}l Q1o A,

7] Ml A 275, U= 2 F Al 222 (Nannochloropsis oceanica)$! 71
o8 B vhol et A ] A% .

113l Slof A,

7112 A S FESIE dAE, V] LdS dF s A 7] =

o, T
o
i
ol
lﬂ

o Am

ﬂ
>, fio

o] Akn]i=1:0.1 A 1:1 0],
A AF Zuf) o] A= 1:0.05 WA 1:0.2 04,

G X Ui [0 {0 3 ox X fiox X G % ox s ipx Doxx T ook dors Zoxdoxxdoxylord ki
oX oo S 1o e N
Bl

<5 100°C W A] 150 °C, HE-g A H2 1 W A] 6 AZEQD A2
O 2 st o] e u] Al o] Az W,

1138}el] SJof A,

71 22 A B& 5 SAE, AV 1A A E S =89
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HEA 71 = A 5 0= 3o,
1A A E  dZee] A0 =1:01 WH 1:10]3,
12 A E A @] Suf o] AEH[ = 1:0.05 WA 1:02 0],
Hh-E2 5 80 °C WA] 120 °C, REGAIZHE 1 W A4] 6 AIESD A& 57X o
8= npo] Qv A of Az vy,
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