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(57) Abstract: The present invention relates to a catalyst for preparing biodiesel, and a method for preparing biodiesel using the
same. More specitically, the present invention relates to a catalyst for preparing biodiesel, which prepares biodiesel from a feed
containing vegetable oil using a catalyst containing a metal phosphorus compound. The catalyst for preparing biodiesel according
to the present invention uses a metal phosphorus compound, thereby enhancing preparation activity of HBD even without contin-
uous injection of sulfides, and enabling production of high quality HBD with a low pour point due to the simultaneous procession
of hydrogenation and isomerization reactions.
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Az o

[84] NNE S50l 5o]aL, Al ZE MoP/ZrO, & vl ol -3 A %1 v}, 150 °C 24 7F
Bt 23 5, 500 °Coll A 2A] 1 & eF ¢4 0 72 A A)3)o] NiMoP/ZrO,& 1| &

A Z 33T

(851 Al 13 BAEA AL S WS WAFg om, 1A G4 FA3A
Ao,

[86] 2 A el 5: MoP/ALQ, =4 o] Al X

[87] A Imm A7) 9] ALOZ THA 2 AF&-8o] Moo oF 5 52k, P} oF 35

%7} ¥ =5 Sul & A 23t} A 2o AFEH Mo A A 2+ Ammonium
heptamolybdate tetrahydrate (©]-F "AHM") & A28} o, P A A 2=
Ammonium phosphate (©] 5~ "AP")E A3} %t

[88] MoP/ALO, 1l = T 22 oA 2 A 25 QAT

[89] AHMS®} APE S ol o] Alxd 8L ALO, FA o &3 A1Z] o+,
150 °C 2A] {F &9 A 23k H, 500 °Col| 4] 247t &9t 1407 A A slo]
MoP/ALO,Z: 1) & A %3} ¢l v}

[90] Aol 13} FA kA AA g8t WS AAISF o, A AA FAH
Z18y 3¢l

[91] A Al o]l 6: MoP/ZrQ, = vl 9] € 3t3] & (80% kero-20% Ul -T) W& 213

[92] 2 Al o)) 13} %521 31 Al MoP/zr0, %1 S A %3} T},
[93] HBD W3-8 9 =24 ghsla 4 &3} 9] =(80% kerosene -20% U )&
AFE3F a1, Y A= A A o] 13 5 U3 A A X 2] 8 vb-gS A A& T

[94] 2 Al o]l 7: MoP/ZrQ, = vl o] 3t sl9tE =9 213

[95] 2 A o) 13} & D & A MoP/ZrO,= v & A 23} .

[96] A Z % MoP/ZrO,Z5 1] 6 cc S 458 WH-g7]0l T3 3 v, A= 2ol A
HE-S-91 2 45 bar, H, flowE 16 cc/min®] &= 2 S| HA] R- LGQ+3% DMDS
T2 NG 0,04 ce/min®] F 2 Q] EH A, 400 °C7FA] 42531, 400 °C ]
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[97]

[98]
[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]
[107]

[108]
[109]

[110]

LS 3AI7E st ] sko] A e kT
371 W o2 A 2] gk MoP/Zr0, = vl & WH§-8 5 350 °C, WH§ %9 30 bar,
2~ 100 ce/min®] =] 27 A, 3=l 19% DMDS(di-Methyl Disulfide)”}
Sk O] (soybean oil)E 0.1 cc/min (LHSV = 1)9] &2 WES-A]F T,
5 = 8A] Zkur) A} (sampling) 381 3L, o3 A A (product) o] W& A
simdist=., <] 2 leaching o] K= ICP &4 q < Z 3l gl

21 A o 8: CoMoP/TiO, e @] = stet & =] 413

A% Imm 7] 9] TiO, & HA| 2 AF&3lo] 7] A Ao 13 22 i o=
Mo©| 2F 5 5%, P7} 9F 3 55 %<0 Fu] & A =238k3lth

Az 0l A& Mo # A 2+ Ammonium heptamolybdate tetrahydrate (©]-$-
"AHM")E A}-&-3}31 a1, P A 52 2+ Ammonium phosphate(©]-$- "AP")E
AR 33T

A Z ¥ MoP/TiO, Z1 ol Co 5 T#H% = FA]8FA t} Al %l AL-&% Co
71 A 2+ Cobalt nitrate hexahydrate(©]$- "CNH")E A}-&3} 3t}

Co 5%9] 74 %, cobalt acetate, cobalt carbonate, cobalt chloride, cobalt phosphate
T2 AFEE = 9l o CNHOI| -4 &= 3l oLt

CNHE =570l 59 A %3 CoMoP/TiO,= 150 °C 24 7} &< A 23k 5, 500
Coll A 247k Bk A4 0 & A4 81o] CoMoP/TiO, = A %33l th.

A7) Azpe whe) A2 e Ful] 6 ccE YE Y WSl X g U, g

J% 22 30 bar, H, flow= 200 cc/min®] &%= 2 52 H A 650 °C714]
650 °C ol| A sk 27\]1}501L A A 2 a3
H o 2 A % ¥ ¢k CoMoP/TiO, 1 & Y& 320 °C, W5 <+& 30
bar, <=2~ 100 ce/min®] =] Z oA, 9] =21 ] (soybean oil) 100 %% 0.1
ce/min (LHSV = 1)9] £ =2 9H-5- A Y, A Hubt} Al & ] # (sampling) 4
A o)A A E(product) 2] HE-§- A2 simdist=, F 1)) 2] leaching ©] % ICP
TA 0B, o] sl Y= GCE 3 A E gl
Bl o 1: NiMo/ALQ, vl o] A=
A& 1mm 7] 9] ALO,E T A = AR&3to] 2] Bl o] of 10 5%, Nio] oF
3 %7t HEE & A2 Al Zel AFE-H Mo# T3] 2 Ammonium
heptamolybdate tetrahydrate (©]$- "AHM")& A}8-3}%] ©.1, Ni Z 4-2)] 2+ Nickel
nitrate hexahydrate (©]$- "NNH"Z A}-&3} 31t}

NiMo/ALO, & vl = ther i 2 oA 2 Al 25 AT,

A AHMS 5ol =0] A Z£3E 28 A2 ALO, THA ol 3 A1 T, 150
°C 2A|ZF & QF 7123k 1, 500 °Coll A 2A] XF &<oF A4 0 2 A4 8lo] Mo/ ALO,Z
Az o

NNH 3.06 g= S50l =21 U, 7] Mo/ ALO, S W& &3 A7 v, 150
°C 2A)7F &9 A &3k 5, 500 °Col| A 2A] 7t 59 A& 0 2 A A 3o NiMo/ALO,

O

EN

-

Nz
S & A 2 3k9l .
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[111]

[112]

[113]
[114]

[115]
[116]
[117]

[118]
[119]

[120]

[121]

g} A 28k Fu) 6 ccE DEH S
3-9+2 45 bar, H, flowS 16 cc/min®] 22 &
S 0.04 ce/min®] £ E = EH A, 400 °C7HA] 523k IL, 400
| ZF & QF ] sko] A A2 &kl
&7) W 0 2 23 2] g NiMo/ZrO, 55 vl & WFE-2 12 350 °C, Wk $+¥ 30 bar,
T2 100 ce/min®] 9] 27l A, 9=l 19% DMDS(di-Methyl Disulfide)”}
EZshH U5 (soybean oil)E 0.1 cc/min (LHSV = 1)2] 22 WHS-A]F T}, 7 o]
At - 9k T 9 9lEl, DMDS 1%E cutting3} 3L, 5 100 %5
LA} Al E = 8A| 7kt 2] F (sampling) 31 %131, A o] 21 A4 = (product) 9
HE-S- 4782 simdist 2, S| ] leaching ] %= ICP 541 & S8l €213}t
137 o] 2: CoMo/ALQ; =1l o] A%

A& 1mm H.7]9] ALO,Z FA 2 AF&3lo] B¢ 1ol 910 %%, Co7f
°F 3T F %7F H 25 Sl & A 28l vk Al 2ol AFEE Mo A =
Ammonium heptamolybdate tetrahydrate (©]-$ "AHM")& A}-8-3}%1 2.1, Co
71 A 2+ Cobalt nitrate hexahydrate (©]-$- "CNH" & A}-&3} 31t}

CoMo/ALO, &1 &= th&3} +8 = & A 25 v}

Hl o] 13} 22 HHH © 2 Mo/ ALO,Z A &3}t

CNHE ZF7o 52 v, 7] Mo/ ALO,Z | = k3 AJ 71 v, 150 °C
2A17J e xS H, 500 °Coll A 2A] 1F F 3 A E 02 A4 81 CoMo/AlLO,

Zu) & A x5}
7] vl ate] 134 %LS W S 2 CoMo/ALO, 5l & 1+ 2] 3} 3l .

&7 W 0 2 A T g CoMo/ALO, 5 1 & WH-3-2- 1 350 °C, W& ¥ 30 bar,
100 ce/min®] =] 27 A, 9=l 19% DMDS(di-Methyl Disulfide)”}

d ﬂ]—r-n‘(soybean oil)E 0.1 ce/min (LHSV = 1)2] £ 2 HF-&-A] 7t} 72 o]
<, gl SH7 =919l e, DMDS 1% cutting 8} 3L, O 5 100 %=
Eia=s 7\] = 8A] Xk Al F (sampling) 319 2L, Ao % A A & (product) 2]
23282 simdist 2, S| 2] leaching ] %= ICP -4 53] €213}t
al7] 3% 12 55 ¢l skt A&stel HBD Al £ Ao m A= 5 v A

selectivity gk= LEFRIT

>

v

XN
Lol 20 pL ek Ly

Ol

1%

3t 1
Z A8 1d 15¢ 304
o)A selectivity (%)

HAld 1 MoP/ZrQ, 97 97 96
A4 2 © - Nig P/ 7r0. 99 9 84
A 3 WP 93 90 85
AAld 4 NiMoP/ Zr0, 94 93 93
A 5 MoP/Al; Qi 93 g1 89
M 6 MoP/ ZrQ. (£33 =) 99 99 99
AN 7 MoP/ ZrO, (DMDS ¥3%}) 94 93 93
AAl 8 CoMoP/Ti0, 93 93 93
HlWoff 1 NiMo/ Als Oa 92 91 86
Bl @ 2 CoMo/ Al, 0i 91 89 88
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[122]

[123]

[124]

[125]

[126]

[127]

[128]

% 19 Vel AE 138 MoP/ZrO,= v 9] 7 5-, E§tu] =24 &3l gHa
el Qe e, Sl Bao] ARG 43 AL ST 4 A

HBD A2 3ol A 745 o1 3k Zulo] o g 59| Zu) %
] 3l /1 DMDS(dimethyl disulfide)E =9 ¢k A Ao 79] An 2 7Y, &
Egahis ARG T AF ] A f Bapea s THe =R A) ALa sk e
Zul| S AT 5 UAeS gl O}Oﬂf/}

317] 35 2 A Ao 1~5, A A of] 7~8, & H] Lol 1~22] A& F isomer?]
nE= YER T, A A o 69 %ﬂ% oF =84 = R-A Al 9] Aol whet

X

A A& isomer?] V)& 5 EEpR )

%2
Z Iso—C15/C15 (%) | Iso-Cl6/C16 (%) | Iso-C17/C17 (%) | Is0-C18/C18 (%)
| AN 1 0 7.6 21.4 30.3
A A 2 0 0.7 2.0 2.3
| A 3 0 6.8 23.9 28.3
AAd] 4 0 2.3 8.1 11.9
| MA]dl 5 0 8.2 24 0 29,3
Al 7 0 7.1 19.9 29.8
MAld] 8§ 0 0 4.3 5.9
H e 1 0 0 6.6 8.2
H) st 2 0 0 6.1 7.5
3£ 20 Ve ARE 1A, B sl 19] NiMo/AI203 Z1f o] 79 o] Al 3} 5] +=
Hl&o] A9l §l&& gelet 4= AT} vl ulel 29] NiMo/ALO, = UHA 35

o] g}y = Hl & o] 6 ~ 8 %= H|-F- Zh FE o] AT

w} 2} A NiMo/ARO3 = 1|1}, NiMo/ALO, =1 2 %8| A Z¥ HBDO| 74 -$- A =
OrHA S ghu e 4= Qi)

A A of] 19] MoP/Zroﬁ— ) & 53] 92 HBD A A = 2] 749 o] A3} v &) 20
~30% 7}7ko] X1aq o 55 Gl lvt. e o] o] st k-3 &g §lo]
AHA A 6 = 0] 4 3} Bl £-0] 20 ~30% 717Fo] R H S5 218k 3l AL, o] & &9
A o2 Aol % ok X ol HBDE | 28 = 9 &5 gl a3l
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[ 7% 3]

O

@ﬁ&ﬂqEhwﬂ:%ﬂﬂiw7ﬁa%ﬂﬂiﬂéﬂﬂ%,
G T EHAekE, T AR TE ATk,
A ZF L of, B o, A €] 3 hufe] =, v e nfof, b
ELIO)|E Bz o5 o] E3ted Y Addhe Ale SHoE
&= nlo]l @ Y] A A x & =),

7912 4] B 200 Lol A, 7] T4 VIBS: 760l P Ashd Svle
MoP %= WP©] 31, Mo %= W7F 1~90 wt%, Pi= 10~99 wt% =
Ez;sj]--g]_b H]—O] @) q 3l ;q]z,g_ ZLUH

[ 5] a2l 9hefM, 7] =4 VINE 540l P7F A shd v+ Ni
oP, PAP %:x= PtPo] 3L, Ni %:1= Pd, Pt] 540 10] 1~90 wt%, P+=
10~99 wt% 2 ¥ 396k nlo] Qv A Al =8 vl

%73 6] ATtk 20 oA, 7] 54 VIIBS: 550l P7F A% Sl =
Co,P, RuP, FeP, B=+= MnP©] 21, Co ¥-+= Ru, Fe, Mn 2] F<4] H-0]
1~90 wt%, P 10~99 wt% = X S}&}= nlo] QU] A A 28 =],

78 73 7] A7 20 ol A, A7) P7F A EHE Z 1= NiMoP, CoMoP,

CoNiMoP, CoNiP, NiWP, CoWP, CoNiWP, ¥=+= MoWP©°] 31
Ay FE A o] 1~95 wt%, P= 5~99 wt% = 3E $F3} = H}O]E?Jﬂ A

f

5

G A 78 F o= G Foll mE Fv) 24 sl A,

132 3] vo] & T8-S A 5

[78 7% 8] g

N o
w4 oE B
o o
= 5
olo _
tH
aly
2
o,
asd
T

goll Qloj A, nio]l @ Bl A Al = A&, A EA A,
o ﬂ%ﬂmmwwﬂm)ﬂ%@ﬂ%ﬁf%
9] £330 ol Qu 2 & I ER 3= S
=1 o] ) qXﬂ Kol ;q]zo]_b Hhﬂ%

A7) Aol A9 ERE g Aletel =9 7}
A3k '] A7 1A 2871 Q1 A[bo] AL, A7
85, T Ao k1 WA 287191 Akl Al
3= upo] o T AL A 2 a s up.

A, ako] @ Bl A Al 2= 9 B2 uho] Qufj 2= o] &f o]
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gl} o) o] 'hslr A ZES 0~99% 24 TR 298] o]
AHESkE A8 54 0% ah vlo] & Y ALS Al ek .
[ 73 12] AT 1100 A A, A7) 9] @elg A= A 24 (kerosene), T A,
LGO, recycled HBDE X313} 51S 54 0 2 8+ njo] o
U AE Al sk .
[ 13] 734 80l Qloj A, M EE A% A F F8l A= T4
<?ﬁ‘%ﬁ§}m”’?ﬁ nk
galmAE Y7t s
Wﬂﬁﬂﬂ*ﬂi&%%

[7d -8} 14] %?@&ﬂAﬂﬁﬂﬂi%%ﬂgﬂ@.

O
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[Fig. 1]
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— By-product
gas
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Separator |
Oil product
Water - —» Waxy product
[Fig. 2]

FFeed : T Hydrogen —— HBD
(Vegetable oil &desulfurized
+ mineral oil) Mineral oil
r"'""—\ { )

—» By~product
gas

HBD

H%% Distillator
reactor
)

:F
-I arator | -
| | Oil product
Water -

—» Waxy product
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