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£ Tl 4+ topotactic reaction2 E3}e] #HE3§ Mo:N % MoN/y-ALO; vl o] BEA1E-4 A3 L Pslaly,
o] ZujE rl8sle] TAE A4 FE ¥l-Z 7)o 4 n-decaneol| 0.5 mol% ¥% dibenzothiophene2] 323t
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Boow, Aoz v|EH o] A& M3lA] ¢shr) ol o] AT 3 w842 Mo,N<MoOy/y-ALO;<Mo,-
N/y-ALOs¢] A& Z7}18l9 ) Cyclohexylbenzene©] biphenyl®] 4a:3luk-g-of 2jsled YA =] bz Wyuk
Soll s 74zt YAse HeE 5% ¢ Uk

Abstract—Mo;N and Mo,N/y-Al,O; catalysts were prepared by topotactic reaction method. The catalysts
characterization and hydrodesulfurization of n-decane containing 0.5 mol% dibenzothiophene was studied in
a fixed bed continuous flow reactor. The XRD and BET studies showed that the extent of the crystallinity
and the surface area of the prepared Mo,N catalysts increased when the temperature ramping rate was
lowered and the packing weight was reduced. After stabilized in the incipient stage of the reaction the nitride
catalysts showed constant hydrodesulfurization activity and the surface area showed very little change. The
acidity and the hydrodesulfurization activity increased in the order of MosN<MoOs/y-AlO;<Mo:N/y-AlO4.
It was found that cyclohexylbenzene was not generated from the hydrogenation of biphenyl, but both cyclohe-
xylbenezene and biphenyl were produced through parallel reaction.
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G1: NH; gas cylinder
G2: He gas cylinder TPC: TP controller
FM: Flowmeter 6V: 6-port valve

P: Purification(zeolite 5A) V: Vent

SF: Soap film flowmeter

SV: Switcing valve

Fig. 1. Schematic diagram of catalyst preparation appara-
tus.
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HE71Z o] 43%tt. He(99.9%, AHE712)& $4b7)
A2 AR89l Al 6-port valveZ S5¥vich F-Asheic)
Fig. 1] ZojA 243& =28t}

v-ALO;(pellet, Rhone-Poulenc Recherches)el] Am-
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get : CuKa, filter : Ni, scanning speed : 4°/min, 20 : 20°
-100°, cps: -1400 So)ch

Zuvfe] thiophenes} H,S& F23A7A +HLHL
A3} wslr] ¢lste] A e o) 4-3lqdch =iA
TPD AAel] o s A7 o}-& AALE$7]1(40ml
/min) 3ol 4 20 K/min®. & 773 K7}#] £&4]71 &, o]
2xolA 22 7HEl FAEte] oo F-isle] e
B8-S w71 of YAk 222 thiophene
(Fluka Chemie AG)-2& 363 K/minel| 4], H,S(10 vol%
H;S+90vol% H,, 5%7k2)+ 333 Kol A E3534]
71 o2 TPDolA] 424 % (15 K/min, 20 K/min, 25 K
/min, 30 K/min) & 2ejste] 773 K72 5247794

GaHA| Fih

é]tﬂ%’i}—‘lii A3 F In(B/T) e Tarbole] 2

2Pz vJehfle] 2 7]1-&7) 25-F thiophene}
H259] F3&4dS 3ok

gk v A e Eole] Ade o H AVe S
243 o] -5te] ol gith Eof & Sol| X9} 7o)
i 7]1% oS 3] A w (surface coverage) s E2]
3lo] pyridine(Junsei Chemical)-2- 393 Kol 4] & 3}H4]
Ak A4 E971(50 ml/min) 3lel| A 25 K/min°_ g 873
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1: H; gas cylinder 15: Temperature

2: Pressure regulator regulator

3: Deoxo unit 16: Temperature

4: Drying column recorder

5: Gas mass flowmeter 17: Condenser

6: Pressure gauge 18: H.P. separator

7: Capillary tube 19: H.P. sep. level

8: Supply tank controller

9: Supply pump 20: Back pressure

10: Feed tank regulator

11: Feed tank level 21: Level control
controller electrovalve

12: Metering pump 22: L.P. separator

13: Preheater 23: Gas sampler

14: Reactor 24: Wet gas meter

Fig. 2. Schematic diagram of experimental apparatus.
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(7 wt%), MoOs/v-AlL,O5(7 wt%) &  48-100 mesh(147-
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4318t 2 bypassing &5 Fo]7] s 2gA 2HE
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HHS-E 2 AAEQ £42 GC(M680A, delash &
33}e] o, FIDE = l<ic). Column(60/80, 13' X1/
8"0D) ol A& 32+ 1.5% Silicone GE SE-30/Chro-
mosorb W(AW-DMCS) & A}-&-3gdn). 719X E &
A4 3} DBT, BP(biphenyl), CHB(cyclohexylbenzene)
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Mo7te] A =}e] %L tight-band theory 2 A= & 4= g)c}
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Fig. 3. Changes of each gas phase during the preparation

of catalysts: (a) Mo;N and (b) Mo;N/y-Al,O;.
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o] P& rlgt 24, 3 EA& 7halc) ##Rlo]
o] eddoll A o] FHS w MoO; AAo] ZANA F5&
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Fig. 4. SEM photographs: (a) MoO;, (b) M0oO,, (c) fresh and (d) aged Mo;N(Heating rate: 0.5 K/min).
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W3tE Fig 3o =A|sldch

Hlghz] Zofe] 79 740K, A Fvje] ¢ 735K
2ol A HyO peak®] ¥ 5t7} #45 T’+ Hh-g-7}~ ¢l NH;
7} il 48 FiEa, sl 547} molybde-
num oxideol] 4] Holx v} ’:}_-_91L Agstd H0&

aélxgﬁ]—‘— ol }ztglo] o]Foj=g A4 = r) Az}

ghglo] o] Fo3l o8 Mo0:9] XRD #4231} MoO,9]
peak7]- Holx] stSogafja] o] &Hald 4 9lgdc}
[11]. LRp&RIe] o] Fojdl ths A&ste] NHy7}h 2
28t A4t Fokshs Ao 24e] A EE wHitew
WEE ¢ T Uk

3-2. 82l By

Fig. 4ol 4 1= ve} 7ho] Mo2] A8l 7} MoOs(ortho-
rhombic)—>MoO;(rutile) >Mo,N(FCC) & u}#H | 2
Arze Wl X g, wate) 2ur] Fae WA ¢
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Fig. 5. X-ray diffraction patterns of Mo;N samples, pre-

pared by various temperature ramping rates: (a)

0.5 K/min, (b) 2 K/min and (c) 4 K/min.
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Fig. 6. Relations between HDS conversion and heat of ad-
sorption.
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Fig. 7. TPD spectra for pyridine desorption: (a) Mo,N
and (b) Mo;N/v-ALO,.

3HE dxEe| sfute] o7snt

3-3. 4

23848 thiophene®] F3ads) HS9 F349]
2ol 2 A 4= 9let w2}l Zofell thiophene?} H,-
SE FEIANA LSRR vwsly] 3t $2
2ayg o] &3l o) F & Ao BEZ(723K,
30 bar, 5.41 cat h/mol feed) 3ol 4] 7} Zvjof] 3 A
3-g3 wjawste] Fig 60 Aok

1: 1450 cm}, Lewis site
2 : 1500 cm', Briinsted site
3: 1629 cm !, Lewis site

Absorbance
w

1

AN A

1400 1500 1600 1700

Wave number{cm™)

Fig. 8. FT-IR spectra of pyridine adsorbed catalysts: (a)
MO;N and (b) MOzN/‘Y-Ale;.

Thiophene®] &2td 3} H,S9] &3t <] x}o]e} DBT
3o #Al= Fig 604 R vpe} o] fA}st
ok FAde) o] @ =©3HAL Mo N/y-ALOs>
MoOs/y-ALLO;>Mo,N9] A2 Acke A& & + 3l
At

T3P whEA sk e A3 F B A7E o
olR 7] $ste H2dAY L o] 43k

Fig. 79+ Mo:N#} Mo.N/y-AlLO; Zuj 2] pyridine
F2eA348 Jehgoh. MoN Zvie] A9 4 £
Fo AHA(423K, 623K, 721K #2)o] =k
FAYAAEE 274(0,<0,<0,)300-¢ o <F4HH(423
K)ollA A3k <ke] pyridineo] 2at= 3, 744 ]
EA 2 sl & oAM= gt o pyri-
dineo] Z&Astoich

Mo;N/y-ALO; Zvl 2] 739 5 F52] 743606 K,
753K )] #aAE g

Fig. 8¢ =t % w)gtx] Mo,N Zvjo pyridine-&
¥3t3le FT-IRE 4% A Atk 1450 cm™
(Lewis 4H3, of-¢ 73 413d), 1500 cm'(Bronsted
AHA L w3 723gF AFY) 2e]3 1629 cm(Lewis AHY,
733t A4 o A pyridine 2] F5- R =7 F3E it Mo
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N2} % 1450 cm™!, 1500 cm ™ol A Fuh = o] m A o]
2k, 1629 cm o A Fpul = o] mAo] A4 o] Lewis
o] A K o2 go] EA-E & 7 sk ol U9
TPD ¥4ZAzelx Aol dXg Ao}

Mo, N/y-AlO; Zvf ol A+ 1450 cm ™!, 1500 cm ™o} 4]
FTE=st A4 Lewis 4HH 9 Bronsted 4t3o] @o)
28 o4 5 U9 1629cm™ e F4Ues 2
T Friise vt Jdidoz zgicl TPD #4
A A= Al Aoz ofabAd el 1629 cm ™' 5-29] At
o] HAHZR] skt

3-4. WSAHAl WSEU Wl fE Y
DBTS| 8@ %l ta 718 hg4& (1) on
B e Ao R FYHOBE HlstdSo]

o},

CquS“‘ 2H2 i C12H10+ HzS‘+‘ 100 Kcal/g mol (1)
(DBT) (BP)

DBT= #3}F=el 4] thiophene7]7} 7}-d] 9238}
. o] thiophene”] 3Zoll F 7o WAl el 3Ai=
TEFERE e e, uhgAde] e A" EAelch
DBT+ =% Nagai 5[18]9] o7 3tol|2]e} 7ro] wl
A 72 E 3k} o] 7} += BNT(benzonaphthothio-
phene) Brlx uh-g-Ado] o] 2h2 kA 33}ghEolct
a2y Baptzel A Al 9le] C-S Aje] C-C,
C=C % C-H Z3}el vl Jhaoz ofslr] o Fo
Fell o8 C-S Agte] A A= S/t F-ej€ch

o|8d EA+x 5A4& 717 DBT 2@3ub-go #
stod Hoog $[19]¢ Co-Mo/y-AlO; vl Aol 4] 648 K,
50bare} 272 A¥E Y3+ A3 DBT| =2I4A
22 35%7}F 2,3,4,5'.3'4'-hexa-hydrobiphenyl, 65%7}
CHB+BP2}x 23 3}¢ic}. =3 DBTE &+#3 759
2apol| A o] G 285 Ao A ge
F47b 2v|"Hohs AR Goldlgl)

22y} Landa $[20]3% Urimoto {2119 |+72
s}oll 2)3) BP, CHB %3 BCH(bicyclohexyl) 2| 443 %o]
FAlol YAty e gen] w2 EE 573 KoM
673KE A5A12 45 BPe] A& #43l} CHB¢
BCH: 3743 Z71tba F#%stgdch =% Urimoto
59| Ao = a3 A4 EZH CHB 2 BCH fld=
0-PTP(o-phenylthiophenol), THDBT(1,2,3,4-tetrahy-
drodibenzothiophene) % PDBT(perhydrodibenzo-
thiophene) 2} 22 #33HF F2H A B LA = A

Lipsch $[22]2- thiophene DBT2] ulxlze]s}
29 Zoiade F2EHA n-complexd A
olol| me} Bx} we] o] FAjte] FAUSEHA 7]l

S8 H33W H2E 19954 48

100

Conversion & Selectivity (%)

550 600 650 700 750

Temperaoture (K)

Fig. 9. Effect of temperature on DBT conversion and BP
& CHB selectivity.
Reaction conditions: pressure 30 bar, contact time:
5.41 g cat h/mol feed (W) Mo;N/y-ALOs, (a) MoO;
/v-AlO;, (@) Mo:N, (—) DBT Conversion, (---) BP
Selectivity, (-=*) CHB Selectivity

%247} A 7}se], dihydrodibenzothiophene 7 &7¢
E£4& 712 717} BPe} CHBE =0 &&o] o]Fojxl
o}t shedet

£ Rollman £[23)-& 563-703 K, 20-100 7]t A
Co-Mo/y-ALOs Zvl & AMg3te] A3 A3 FARE
2 BPe|m 4o} CHB7} §A]o AAE= 2x7}
Z7184%5 CHB7} 7}l o]= BP2] FAsfel £
A A== AL oheta HHE )

w89 #4237 BCH ¥ THDBT7} vl = &5 o]
M olle FA8lda, 2 DBTS zskg o BP,
CHBe] A€ =g BAsledr}

AR F AFE Bl W)l Yo 84
& Holt}r} ubge] Alsh ol wlel FapeHA] FAdol
Z7batodc). EojAl 2ol AR Qs wEd o]
YA AL vz AsE Fofls GAo| W wh, A
AsE v 4AE EolEc 22 4L Bock

Fig. 99|+ Y2257} n-decaneo]| 4£3l¥ DBTY
434 ¢ BP, CHBY Ao w|X= °d3& ie)
wWelch =3tub-g 842 vl wgl Evl= MoN, MoOs/y-
ALO; ¥ Mo N/y-ALOso| = uh-g-&<] DBT9 A&7
4445 BP, CHBY AddxZ wAlslgr} 4h-g Mo,
No] 7% 623K7Hx] dAd A3peE& Bo|ort 673K
ol Aol A Hatgo] FA3] 37157 Al&aEkg]c). Moy
N/y-ALO; 2 MoOy/y-ALOse 673 K o] Aol 4] A 3lg-o)
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Fig. 10. Effect of pressure on DBT conversion and BP
& CHB selectivity.
Reaction conditions: temp. 723 K, contact time:
5.41 g cat h/mol feed (M) Mo:N/y-ALO;, (a) MoO;s
-ALO,, (@) MoN, (—) DBT Conversion, (---)
BP Selectivity, (---) CHB Selectivity

100

Conversion & Selectivity (%)

6 8 10 12 14 16
* Contocl Time (g cot h/mol feed)

Fig. 11. Effect of contact time on DBT conversion and
BP & CHB selectivity.
Reaction conditions: temp. 723 K, pressure 30
bar(H) Mo;N/y-ALOs, (a) MoOs/y-ALOs, (@) Mo,-
N(—) DBT Conversion, (---) BP Selectivity, (---)
CHB Selectivity

A5l Z7kskr] Alakshel 773 Kol AE 90% o4
AstgS Bolck BPY ddrs 2271 3718
FolrA neME Ao BP7} R EE A4

7‘)‘ e ol
e rlo "

3¢l 21} CHB+ A9 dAsA Y& Addgng Bick

Mo,N/y-ALOsoll Bl & Mo,Ne| 797} 2gl-8o] A
AL o)l f e v Ewds TPD % FT-IReIA 3
A3 upe} o] A XS z2Hge 7]Qld)

Fig. 10 uh-g-9t¥o] n-decaneo]| £3j% DBT9
3¢ 3 BP, CHBY| Addzo nA 3%%S et
Welch A Zef 25 uk-g-qkeief oisled UA3}A) DBT
o] Hshgo] AR Felg F7lsldch. BP A
T& ¢Ho) Zl¥4E Folx|x CHB: 79 ¥A
s @& AYEE Boich

Fig 110l A %X|7}to| n-decaneo| &3 DBT9
A3¢ 2 BP, CHBY A% vzl o3& e}
Welek Mo,N& 4g cat h/mol feed7}2l 733 F7}
slt}7} £3l%]e] 8g cat h/mol feed o] Aol X A9
o A3t A 3482 B9 o} Mo.N/y-AlLO; % MoOs/y-ALO;
9] 7% 8g cat h/mol feedoll ] $utgt F7F5:AE
Bolx gleh ¢ BPY Axy HEFA|Zb] F7H8
42 #%z, CHBY AddE: ZFrlsitrl #Fadhe
25 Bk

uhg v qry, HZ 2| zbo] F7l3tel ate} BPo| 41
Y Zrlsln, CHBY Adse Ao dFE Aes
Ho} CHB7} BP Fashibgo] sl QYA =HA=
e e gt ARE Fojrl £z R G
Zslulg o] o} #3E Fveh= ofE WEAE
2 PHEL F2dlg o) A o YEAES T
A2 QA E)g] o, BPe} CHB7} i &duk-$-of ofs 77}
HAHE Ao #53T F ook

o) & Al 4 FHGAEw o st HR-306(Proca-
talyse) ol 723 Kol Al H,S/H, & &£l 5o] 33& &0l &
AN 2% Foyrtd s A S st 24]. HR-306
o ulsled Mo, N/y-ALO; ZEvle @38 4de] vlxg
ulm 444w gke] AHgjr),

b

4.4 £

o]Are] molybdenum nitride ZvjAtell4] dibenzo-
thiophene®] FH&3urgo] #g AT He o}
7o AEL o

(1) Topotactic reactiong E3tod Alzd FCC +29]
H]%2] molybdenum nitride Zvf 2] 7% 4 K/minel A
05K/mine & 445 g )7 3l& o ’—314 A
v Em o] Frlste A%E Btk ?ﬂ =59
FH ko] HgrE nxdAe] ot Az % =
glste] A5o) F& v FujE ﬂl—-ﬂl T ,\l——b},
pe AzzAsNAE Mog v-ALOsd FAAT %
3HE Zally) wiga] EelRo ehapdgo]l st
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(2) <HABAYA] ASHE Zoe 270 kA F
AR SFPYAFL Bodck APHFL AL 2o
u|Em o] Ao Wslslx]| ot

(3) DBT €&3hu-g-&Aol Fag AR Ag=He
AMECE Y A7), A e He 5§ 34T
A 7 Mo,N<MoQs/y-ALO; <Mo,N/y-Al,0:2] &4 2 At
AHE7t Aoy, g ARAAT o9} nu]LA
4= 3t

(4) uHg2%, vk, A& A|7ke) Zohel ot
F JAE< BP9 Adelx e Z7}st3, CHBY A s
A9 dAF A23 Hol CHB7} BPY F4:3hih-gol
oste] QA A oz wWAukgel &) 77 AAdEE
Aod 5% F 9k

z Al

B Ad3sge i Eofr|sd A 24

(RCCT-93-105) okl T =171l o]ell FHAL=Z )

ARBO |12

HDS
DBT
FCC
T.
BP
CHB
S,

D,
AH

: hydrodesulfurization

: dibenzothiophene

: face centered cubic

: maximum desorption temperature [KJ]
: biphenyl

: cyclohexylbenzene

: specific surface area by BET [m?%g]
: particle size from Scherrer equation [nm]
: heat of adsorption [Kcal/mol]

BNT : bezonaphthothiophene

BCH : bicyclohexyl

0-PTP : o-phenylthiophenol

THDBT : tetrahydrodibenzothiophene

PDBT : perhydrodibenzothiophene

a2|0|A 22Xt

B : heating rate [K/min]
20  :Bragg angle [°]

0 : surface coverage
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