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(57) Abstract: The present invention relates to a method for converting phenols, which are generated as a pyrolysis product of lignin,
into aromatics of benzene, toluene and xylene by a FeReO,/ZrO, catalyst hydrodeoxygenation reaction. The hydrodeoxygenation
reaction of the present invention is carried out under mild conditions in which the temperature and the pressure are lower than those
under normal conditions. The present invention has advantages of having a much higher BTX production yield, of approximately 50%,
than a conventional technique, and enabling a conversion reaction to be carried out even under mild conditions of low temperature and
atmospheric pressure. In addition, by using an HDO process of low temperature and atmospheric pressure, the present invention can
be applied to a novel process, which is efficient and economical and can produce BTX from lignin.
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Fe/HBeta 636 86 0.327 0.109 0.49
Fe/MCM-41 930 930 0.668 0.668 0.07
FeReO/MCM-41 877 877 0.627 0.627 0.17
Fe/Zr0, 56 48 0.249 0.245 0.13
FeReOy/Zr0, 55 42 0.215 0.210 0.24
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Feed Catalyst Temperature Yield (wt%)
eC) BTX  Benzene Toluene Xylenes

Gualacol
Fe/MCM-417 350 3.60 2.62 0.92 0.06
Fe/HBeta? 350 10.26 4.35 4.68 1.23
Fe/HBeta® 300 1.29 0.94 0.28 0.07
Fe/Zr0,8 350 5.89 3.49 1.86 0.54
Fe/Zr0,* 300 4.93 3.43 1.22 0.28
FeReO,/MCM-41° 350 8.03 6.52 1.45 0.06
FeReQ/MCM-41" 300 8.44 7.95 0.49

m-Cresol
Fe/HBeta® 350 23.70 3587 17.85 2.28
Fe/ZrOy? 350 28.65 0.97 23.01 4.67
FeReO,/MCM-41° 350 29.54 0.65 26.87 2.02

Anisole
Fe/HBeta? 350 17.84 6,85 7.88 3.01
Fe/Zr0O5° 350 17.59 16.30 1.29
FeRe(Q/MCM-41" 350 2587 23.49 2.24 0.14

Phenol
Fe/HBeta® 350 25.37 25.37
Fe/Zr0,® 350 32.69 32.69
FeReO,/MCM-41° 350 23.83 23.83

4 Reducedat 550°C.

® Reducedat 350°C.

[64] F-ofololEo] A9, Fe/MCM-41- Fe/HBetacll H] 8] 4] w9~ 12 BTX & &

[65]

[66]

[67]

Kol itk 12t Fe/MCM-410l AF 55 55 0]5= ReO, & - 7FsH 4 -9- 78 9]
3.6%°N A 8.03%% +4 3}741 %ﬂoP A= B AT = FolololE o] A -
HFAETBTXY 80l 2 FdF2 T AL+ 4

5lH T 7ol A B 4= QAE% n}-e} 7LO] Fe/Zr0,%] 8 °] Fe/MCM-41E.t} =

A& ZrO, A\ A Ao A Fed] W-Ato] A -8 A& & v x] = o2
Bt

350°C HE-g-o| A F-o}o]o}Z2] BTX 452 Fe/HBeta > FeReO,/MCM-41 >
Fe/ZrO, > Fe/MCM-412 Y EFGTE, Hhd o] 255 Y 300°C RE-g-oll A
Trololol = 2] BTX &2 FeReO/MCM-41 > Fe/ZrO, > Fe/HBeta <=2 &
urapﬂlu} , 2 5E7h 8 3= AT} -8 Fe/HBeta?} BH-3-oll f-2] 8}A] 7k,
57 g 7§l = AT 52 Fe/HBetaol] 3| =S A| 7] & 2Ee= d|=o] ¢ &
& =ks) 7| Uﬂfoﬂ Fe/HBeta®] 78-0] Wo] &= 72 o0 7 wpolF v}, 3l Fe/HBetat™
S| 7} v M| 7] FREE 7FA| AL 91 7] watol] =5 7f vhol R ol ufe} v A 7] g o
i4k(diffusion)©] Eo] &L o]l whe} FHEo] ol X &= A= & “FJE}

th2 2l 3hehEQl wliE, m-A e, obyE soll ik BTX 8 A5 3% 29
W ERL QT rofol ol F it HE] T Rt Rl w2 %EOM FeReO,
/MCM-41, Fe/ZrO,7} Fe/HBetaol] the] & & &S Kol SUEds
Ao M= #=e A7 7F FofololE R A 7] Wil *UHA A7
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[68]
[69]
[70]

[71]

[72]

[73]

- g o] & FeReO/Zr0, S M & AR 3F fFofolob-F B m-=1 8| 2] HDO
Hh-g-o th gk A& 3 30 YERHRIT 3 B 91%01 w9 o] upE
FeReO,/Zr0, & 1| i= v] sl o] o] T} & Fufof] tj]slo] BTX & 0] €5 3] Hth=

AL o 4= Qi) B9l uhg o] S 7} ReO, HE-H-of ul= /\PGJJrZroz ol of gt
EAE UE S A sl sty Al AF o 2 A A o]

2 &A=
FE QoA &= 91%01 w2l g of] whE FeReO,/Zr0, 51| €] 415 3=
0.24mm01/g°J HHH Fe/HBeta2] 25 3= 0.49mmol/go] o}, 181} & Al 5 o
2] 3l 350°C W0l A = E- v o] FeReO,/ZrQ, 1) 7} Fe/HBetaol] thH] &}
U537 2 BTIX Fa<= UrE]rLH Atk ol gt Ao o S o e
Sl = Ah e olel &= FAE T o] JmAtell §lo] A, HBetaoll thH] 3l H o 4l o] Q=
Ao 2 A HH, o] g F2 A3 o FhA| g Aaolrt. = 8ol A E 5
455 0] FeReO/Zr0, Z vl = A& 4 91 Abg-oll Qo)A & 3| =of] o g v &g 317}
v A= A8 = vk 1603] )-8 A S Boll 5= 2712] BTX

@ >
uzi

g

m
1 10

FE 4 FAREE 2hs FASHAL v B el A 82 YEH = wi%s T
e BAE =48 THFS VT o= A e ghol g A o] g
[3£3]
Feed Catalyst/ Yield (wt%)
Feed BTX  Benzene Toluene Xylenes
Guaiacol 40 21.58 15.81 5.01 0.76
Guaiacol 20 13.57 10.06 3.07 0.44
m-Cresol 40 61.69 2.77 54.13 4.79

$HH & 99| = FeReO,/ZrO,, Fe/ZrO,, Fe/HBeta = uf| 2] £ of] tfj ¢l o gk-&-
HolFa1 9t & 9 m-F @2 HDO B0l A HEe £ 5o u} 2 BTX 8%
Hola o) & 9= H9] v o] u} & FeReO,/Zr0,Z || 7} th & Sujj o]
et uf - -8 25 5L 7H s 2128 B o] F 51 9t} FeReO/ZrO,
)= 2571 250°C7 A WA B gl 3 A A5l glo] dAge = dhe
FABFAL Yo}, e S 52 300°CH-E 343 A5 dAS Bola 9l

o kg o] upE Sujl o] BTX 82 A2 250°C 4k Fe/HBeta2] 500°C H.t}
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[74]
[75]
[76]

[77]

[78]

[79]

[80]

3. #ade] s}t AAH >

Fe/HBeta, Fe/ZrO,, FeReO/MCM-41, FeReO,/Zr0, €] 1] A&l ¢} oA A =
Fuf o] EA4E dolR 7] A A E 2] 1d 2 AFE-8E T 600°CN A
IS AR F AAE F7]E 350009 SvfEe SA A =100 &
I Q1= o] Z=uf 2] HDO ¥4 Eb‘ eReO JZrO, > FeReO,/MCM-41 > Fe/Z1O, >
Fe/HBeta =41 & YEFSL T -9 WU of] w2 FeRe0,/Zr0, %Wl & A}ﬁm} ZE
S5 WA Agdd, E ] =] ] A, Aebd el VT ek o]

A =olH, BTX9 & WIS 3= 782 47 4.61 R 6.87%3 D}.

ZY Fd 3 vl E oo 29 o] ubE FeReO,/Zr0, vl = &) 71 & 58
75 A4S, 350°Co0 A mf-§- &4 0% BTXE A3sl= A& < 5 3t
ole] gk AL e Hb-&-2 FHfoll = BalE X ¢F Fehy ado|th SR
g1 o) Suff I3l = 500°C o] el Azl 8 ¥ Atk 600°C o]/l A GLL-0l] A
el A o] Frhe o A B Fdol A BaE A vk v 58
30l M = 600°C o] 9] 31-0] Hadtthal A3l o, HZSM-5 Sl & AF-§-51o]
2|10 B RE WS Gl A S Ao, o|u 82 405 FR AT

H] 53] & 40l A = 500°C F-AFA 271 o 4] Fe/HBetas AF-8-31o] 2] 1118 S
Al ekl AL, o) u Wk 3 gt= o 82 5135 F %A T

B9l ub o] u}E Zufl FeReO,/Zr0,0l 2|3} 350°C 780 Ff #3719
Ao M R H& 6875 %o |tk B9 vy 729} %304 & 4=
Q1 5=0] 350°Col| A E-¢ ¥ of] ulE FeReO,/Zr0, &1l = &7l ¢] Fe/HBetad]
Su Bk 4281 8] F8-& Bo|al =l 9 o) e FHul= 23t
270 A Ff £l div)sto] w) g g S-S B lolgkeE AL /5T

O

= =
9l
o) gt o] B4l o] 1 Fvliz 50°Col A o

o
r ]
BN
Y
o s
0%
ol
w

ol thu]spo] wf-5- 9-=3F BTX %1 8k
o]
o

51 9lizuh, 24 4 ol WA
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