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WAKIIYINBEIV,0, REEZHVAAERILLEICLDHEINT
N5 80 FLUEESTNIN, REXBVWTHEBRIELENKEDO—DT
D, WEEZVOWEA (7INVBIATI) BRIIAKEKET
SHURBRTHHD. BENFTUREEANERIN, EETRETRES
BOMEEBRLOFABHE, RMOBHALAENAS TS F2ELT
S bROND—FH. RET7P7.,. FERBLWTHREBERBICES A
HEMEERIIHELTERICEM 10 AV V5ADKBTS5 >k
OF[RNUITDODNHD TS, BNZBVTHRBEEHLITES B H
RYIEVXBISNTHALALVY, BHEBICLIDEFRLTHARN,
HENWRROBEY 7TV —RACHA, SRV ALBSORBENKEZ2BAL
MBI ERERTOEXOHENEFEINTNVS, 205K
RETRBLWTEAEH TREESFREZMOT., BEELLTIOER
DREFEEEZRDIERNSERHIMET. HhORLEKXBRTEHE]
EEROBRERBLIUERZKILICRATFIZL O HBINIE o-F L
CONTHIZHHATEZIHBEMRENOEEXJICMOEAD &
2D, SHETTHN TN S,

A% CidKE Badger (B Raytheon Engineers & Constructors
Inc)MHEBAL = SiO, #HEF V,O, REHNMEDOLDORKAT DB M
BER, EEBLIUCRREREOHRBOLD. HBItE, HEEEICE
NH-REERIFHAEZODOEEELRMNRE SiO, HEFME O R
HEBERL., REBTOELEANKIIKRYHLE. Sa5KFTIILVLOBEU
o-FIUVIUREDEBBRILEZENELT., THhETHEAORNRH
BEEOBNM/NARE D TiO, HEF V,0, RIS E Ml O F R /o 8 &
BEEHERBL. 779V 274 —ROEERBITBOWTA—I Ty /K
ELTO#M1 > BOEEFMEZBIRN. EELTH2 X ORBINE
DO EERB I,

ARXIZeEINSCHRIN, B1EIERTHD. B o RIKBE
ELTRBEZELDE., UTEARNOHMREBZARDOENZARAND.,



B 1 BETREREZRRTVS., BAKIJINBOYHEBITCEEA
ZPBBELUNEBEFTOINETCORBERTRIIOVWTHERL. FHA
DEHMEZBUL TV, LHANICEXRIYIBBRBOEFRLICED
RNT7OEZOBREROENSKBBWADOY T L —A OB ENTHE
RAELTHED, FEZRIMNEFERMAKEOBBE/LZ P OITEIL
BROBROLEEEZRRL TWS,

E o BETIER, EXVIIVEBUEHARYEMEORHBHEFHFRR
MERMAEREICIODVWTHRRLTVS, AR EMRBEOREFRMEICD
NWTHHERL TS,

HIBTIL, B2ROFETESNSH AR Si0, #HE V,0, F M
BEROKBEMBEONAEELRIEFEICONWTRLUTHS. &K
5~12nm OM/NRE Si0, VIV ERAW, ¥t pH. VIV - FIVEHD
AECLD, FHEMRE L TEE L LHERCERBCHATESC L
KOWTHERLTWVWS, ISKEShAHEMRMERZTF ISV T
A — ROEEBICHALEBRIODWTHRLLE. FEOARIE EELL
TFTROBRXICETVTRARL .

Asami,Y.,Iwasaki,M.,Aono,T. Hirooka,N.,Nobusawa,T.,Fujii,S.,

“Research and development of a fluidized bed catalyst for
production of phthalic anhydride and commercialization
thereof(partl) Preparation of SiO,-supported V,0, catalyst having

attrition resistance and catalytic properties”, Sekiyu Gakkaishi,

Vol.43,pp.189-197(2000).

BA4RTR. BIETRON-BEEMELRERBICIO N 2RBA
NEAT. EXIVEBEGELARICBERNOICRELMEOREF
BRERBIUVE#RLLMELZOFEARODVWTRLTHS. S5RERE
HACEXDRONLEKRBHICETZ, MBARZRELRZNL, &F
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- BEFMICEYDERBAERWORREREBONEEH KM
BEA—IT7y 7HRBELLTEERBICEALERORRERINT
W3, 2EONFR, ELLTTFTEORXIKETIVWTRU &,

Asami,Y., Iwasaki,M., Aono,T., Hirooka,N., Nobusawa,T.,
“Research and development of a fluidized bed catalyst for the
production of phthalic anhydride and commercilization thereof

(Part 2) Deactivation and improvement of SiO,-supported V,0-
K,0-S0, catalyst”, Sekiyu Gakkaisi,Vol.44, pp.206-216 (2001).

BHEETIE, B2 RTHERBRLEAETHSNSIHMAR Ti0, HE
VO, REBI EMEOMNEE LFIERBECDODVWTHRLETHS. TabB
7FH ¥ TiO, #ETE 10nm(B00TCHERFK AT OKBILF & 5
ERHVWAZEICED, HEBENEMNSIHETHBEEOENLZB/NRE
FEEMEAES SN, LI TIO, HAMBOMEMRKIT SI0, #HE&
MEOThEL2ABRO TVNSEZEZRMHMLE. 88 3 ROELTOD
La,0, 3L B,0, DFEMIFHBEMEOHHESLIUVEKTIINRE
ROBREOHM LA THD, o HEMRMEIRSESR
CBEBNWTHFI7IVLOBEIL oo F VLV RBRILICHATZ S EREE
RTIHRBEXR O TFREBTORRMNRINTVDS, AV TV T
ML TFIFILVL I —ROEEBICHALEZBORRIIDN
THREINTWVSE, FEOARR., FEELTTRHRORIXTETNVWTHR
Cr.

Asami,Y., Aono,T., Iwasaki,M., Hirooka,N., Nobusawa,T.,

“Research and development of a fluidized bed catalyst for the
production of phthalic anhydride and commercialization
thereof(Part3) Preparation of TiO,-supported V,0; catalyst having

good attrition resistance and catalytic properties”

,Sekiyu Gakkaishi,Vol.45 (2002) in press.



BeETR. ILoMREZEILDTRBE\ELL .

OE.AHRATR. ERAAMEOBMERZABEL .. B/NAE SiO,
VIVERWSHRAR M Sio, 8K V,0, RFR E A 2 #at L.
TOLREMBMELREZMYL., SSCFIIVBAEMBELTIRS
LULEBTCORMBRITOVWTHRRBLE., E<RBARBIL, BHE
RADEH—-nHEEMAPHOBEMRITMA, EHEERSTEL TEEM
RERYORRITI D BIEHEL - BRMELERRL. EAKIIE-S .
SHOXRAOVROBMBEVLLBIVERSHRILLICHA., ChETH
RADRRNTTIFIVBIL o-F U VEBHIIATIRER TiO, HEF
VO, REBEMEONBSHREZMIUL . R EMEOHEFEB L UAR
CTFRIBBIUVRERFEMONTO RHARBRL ., AHBEMEOHH
RCIDHABEARCBVTOHO ERERIEFREL THRERBRANOH
WORBLERLEIERIKRZRRRTH 3.

AHABRITENCHDERT., 79V CBIEAELTHMLH
EULHREBREEROM/NRE SiO, #HF VO, AR EMEII I TIcTH
HECEEBETHEHAINATWS, FEREAMBEEL THRLZMAR
¥ TiO, #H#F VO, R EBEMBEIIF 75 1L > 74— ROKEBTIEA
— 7T HEELTHRNBROMECHFETEHII ENEBINT
WE.SBREREBTODF 7L 0B o-FI LV IAOBEMERI
LEFMBIUOERLRNVOHBRLEOBBEORBRIZED. EHBZH
fEIEDOHBEMEE L TEHALOMEENKE N,
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1.1K7F VB ER

WMAKTYIVEBVIX Tablel- 1 KRLELS HEZEOHAKTHD.
Table1-2 KR LZLSICA®RE L THEA (DOPDHPDINP) ,7 )
Fov R&K. FVIXFINHEE. RESTHE&REOLEEZEE L
LTEHEMATHI00AF M. BRNTH 307G M (K 12 FEER)
EEINTHED ?, BEEBLELFHRBRO—DTHS. BEXART
LB E-INTEHA (FINVBPIATIIN) ORNSUREEABE
DREITLD, TOAERI-FRERLLEN, ZC 2, 3 FLERI
—ETH5. TENRIREORBICIRARRT 7L EEMAR o-F
YL ED2E@ERDD. BEITRTAHEMBERIBICIDHES
DNTV3, Y3 F 79 L oK HRILEOHTREIN TN,
MAKTINBOBERL T 7L U HERBROHFHNS. 1946 EFTAH M
S50F VUV UyNOEBERNHON., BETIIHATRERKISIIEE
MEEROK S5X N o-F LML MBINTVAED BTLDE
DHRIIRZ->TVS (HE 56%, XKE 87%. BB 94%). o-F > b
CADEBERUERMNE IO ARKEHEMBAEENEREARD,
von Heyden #. BASF . A&xfEEicREINIBEE T OER
MBI LE, BI3—D00HERHEL T, XE Badger fLiIC KD F 7%
L > E ¥ T Si0,H#E V,0,-K,S0,-SO. RMBEMELHANWIREE O
TAMNEREIN., TREZINEEND, A—MET-FVEHTR
BRIhLizhole, TNoUKRo-F T U B W B AL OB REH T4
Bh T,



Table1-1 #EKTIZJLEED ELYIBHIME LBRE

EKTAIIWEBOELTMENEE
s B | B & ) (k3 H B
CAN HBEKTRESELHS
&0 BEORHRLNHS
% E | g/om3 1.527(4°C[El{K) TNt An7Mbat T -4
" 1.208(140°C& k)
7 1.198(150;& %)
B OR °C 284.5 T74N 3t Aot
ACC#t. BASF#t7'—4%
HEE R °C 131.11%0.01 ECT, 7747 -4
ERE mmHg 1.4(110°C) BASF#t7 -4
7 42(180°C)
b 8 | calg 0.2627(26. 9°CEK) | 734Nt A0FAMET -4
" 0.40(140°C &%)
" 0.42(160°C;& 1K)
¥OE cP 0.64(197°C) T34 %t AOFAb T4
" 1.19(133°C)
BIZEE |kcal/mi/hr|  0.34(140°C)
" 0.33(160°C)

TEREKIZILEBBORARK(JIS K 4128-1989)

15 B & =]
s 8 B 0o B K
B B uN—tr) 30 LUF
2 B A 130. 5 Kk
BEEHSE (WN—1HE) 60 LU
b FE % 99. 5 Ut
WE B L % 0.5 LT
Y % 0. 05 UTF
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1.28K7¥YIIVEBBEERN

Table 1- SICEK 7V NVBRHET O XL MBOERBEZ T EH TR
Lic+, KT7ZIBIT120FE0ESRZHF L. 2D 1870 ERM S
BoRUARBETOAN D PIRRBIN SRR RE, RABH KRE
DHEEYDORBHCRLEIEZZY-—RITH5HBHO—DTHo7%, Dt
BICBI2B8K7IIVBIXOMRMERERMIT. CEEMNITHS
LRBRIERBIREDBDBIIRERBEITRDERREZVACERT AN E
WO ERBOERNS - L. 1953 FOEBREINERBOASN v F T
H—(R1Y GEAH)DODHRBELUL 1962 F D o-F LV VRBILAFF =
THE&MBOBRRBRILIVDEKR VY IBHUEEFIBRRZRBERT
oo IHIZ 1965 ELUBR IOt A O KB EN#EEEI NN, CHiITH
BEEEROBRRAREFROMBICLDIEIANKENETRTY
5, 5K 1980 FEHIVDENBRIENE E L TE B EEME OB
RBIEEFL. BERE-S TS, FERHOBREERZICEL TREHAE
BRGEOKERB TS P TEBBEINTNS 135g/Nm-BINBKTH
D, BMEBTIE 65g/Nm*- ZBKXIMNBETH 5 (KRGS OHAIESH
).

FIZLBEL oo F TV IUDLEDEKRKTIINBERRE K
Fig.1-1 WRLELIIK., WTFhbHBLLWRRRIETHS. HICIEE
B RETIRIRIEZHBELE. EKERABBREOREICKDES
DEeRE (BL) OBA. o-F L T 1045Kcal/mol, T 77 L >
T 1206Kcal/mol DEL WRH#E2 LTS, RERKEEZWHL. BKD
IINVEBERREZEENICREEL. BKIVIINBONREZHGZD LD
BREOCIVWHEZHEREL. REBEOHEAEORVWRERZE D &
BRH 5,



Tablel-3 MK ITA LB ET DL X EfE D EZE

BMERRS £ &

B & D RN E

EI1H
BLEER

1880 -18864F

-19164F

- 19444F

194548 - 19454

FIH
SAERIE

1945  ~-19504
- 19534
19624

-19684F

v
19654 - 19694F

EMER 1965
ot KBL l -1970%
19754
19804F \ - 19804F
BIVH
BiEEL

1980 - 19804

19814
-1987J

w#AE

BASFi#t+J4L BB TIEIL
V205l 5 B I R HIEM R AELE
SE88

- 19354EHE V205-Si02-K2S04#45% (IGHH 1) FER

FI4L O BEERSBRB LB iR
O—FL LD B L Bl L
FIRLURBER T OB
(Sherwin-Williams—Badger)

PBLAR—N B KA RERIIC
ALt
AAyFALT oY —DORER

V205-TiO2 % il 1% D FER
(A% BB37-7737)
V205-TiO2 % fih i 0D B
(B4 BB43-4511)
V205-TiO2% il b¥ D F B
(B4 BB43-4511)

- 196548 30,000 T/ YIS DEAH

o-FILUDOREBEKRTI L RAEERR
(B45/147-37412)
BEGENTOEEGRFTREL

AR BEEBRES O XFHEH

HERBARORR
(B4 BB61-48980)

REESELAEOBRR
(B%4 BB60-37108)
(B2 F 5-15711)




Basic reaction

(Naphthalene Feed) (o-xylene Feed)
\ CP CHj C[Cg
_— +30 — I 3H20
+4'450, ©:c§o) * 200%.252?‘(2(;% CH3 2 # CO i 311keal
Naphthalene Phthalic anhydride o-xylene Phthalic anhydride

Chief side reactions

(Naphthalene Feed) (o-xylene Feed)
2 CH 2
@@ +90; — lﬁo +6C0Oz + 3H0 ® >, 7,0, — Ezo +4COy + 4H,0
X CH3 X
Maleic Anhydride Maleic Anhydride
o)
o
CH;
+ 150, —= ” + H0 C[ +20; — @o +H0
o O
Naphthoquinone Phthalide
CHO
(j@ + 41150, — @ + 3C02 + Hz0 s — + Hy0
# COOH 02 2
CHj, CHs

Benzoic acid
o-Tolualdehyde

CHs
® +120, ——  10CO, +4H,0 +10',0, —= 8CO; + 5H,0
P CH 2v2
3

CH
+70, — 10CO+4H0 (:[ % 4 6',0, — = 8CO+5H,0

CHa

Fig. 1-1 Basic reaction and side reaction in oxidation of naphthalene
and o-xylene feed
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SH. BEPIBRBLTVIRBRIIRTIHRBLEETBIRD
NTHED, o-F VL VEHOBACRAEABEEERIEBNEDN,
TI7FVVERBORBCREAEREABERIEBODLOND BN, E
RIIZERABEEFRER>TNB O, L CEAEBOBEFERAT S
ZERARIERIE BASF BX U von Heyden(BH Wacker) DEEKH 2 b
EICRAL YD Deggendorfer"#iIC X DRI N.HAD 90X 24K L
TEREENDOATNS, BRKIIIBTOEAORBRERIIKESEE
THIERDIDODIERIEBOREEINHS. CORKETRRHFLBELY
BELOHMWMAS —ABOTHELEEA. RIERENW 6.2m(F =
—TEZE: 2FF)PBRORERTHD, BERTO—EYULEZDORK
EERANEIH 45 F tly EEbhTnS, ZhiH L THBIEAARIT
BEBOLSBARIEBORESITHINEL, —ETEESRN 1057
tly BEBTRIETHD., AF5— IV AUy VOBETHLBVDERTH S,
ERXOBN-HBHEENSRREEAATORENTEL VI FIR
NHD, TLTHEHI IO EAORERZEDIBERNLEXAT—IL X
Uy h2HL0CMEOHEEHRBLOIDET. BRHEBEMNODTR2ICH
RTEZHEMBEARIIMOED I LITAD, SAETHEV TNV S,

970 FUBRFERIEISHEHENERICEDFTIFL BB 0IR 0-F ¥
LoOWTh»H2BRL. REBICHARBEFREALTCTEREL TE 2.
LAL, —EOGHMAERIUE,. BEMAKZEDD, REAFOES
EXEERPIAMNERESELRTASEDIZAD, Bit 2 @EORES
ZEHHICRRTE 2REHE. ESITHBEBHERIINTIEREHGENE
FoT&EE,

TI7VIBEBLY o-F VIV UBAEARKBICEL TR
Wainwright 5 ?9 I ko THERNICTBRHN S, Fig.1-2(F 7% 1L >
BE)BLY Fig.1- 30-F VIV VB RINZ2KERENRERI N
TWa, TROUbBFIFIVCRBRIELOEE. HEIIXS2EBKI7YIEBRE
RICHTERBREIRERZRRIRVSE, oo F VUV BLLOBAIHE
BZELODEKIIINVBEROBREIKRESAEARD., SiO,HE&TIEH
B o-FVZITERETLAERFR LAV EZINATWS,
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(L

0
Naphthoquinone

P
C\
— L
Gy

: COOH

Naphthalene Phthalic ancl)wdn’de Benzoic acid
l \ 2
C\
CO.CO, [ 0
c,
0

Maieic anhydride

Fig. 1-2 Reaction scheme for naphtalene oxidation on SiOj-and TiO,-
supported V,0;5 catalysts
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B COOH |
CO,+CO @[
CH
/ \ o-Toluic acid
0

/7

CH, CHO d
O —— L — | Ly
CH CH; c

H
o-Xylene o-Tolualdehyde Phthalide 2
Vi
C
)
(a)Si0, supported catalyst C/
QA
0

Phthalic anhydride

/O
CHO &
L — Ly
CH; ﬁ
o-Tolualdehyde Phthalide ' 2
0]
CH3 &
X e (I
CH3 G
0]
o-Xylene Phthalic anhydride

(b)TiO, supported catalyst

Fig. 1-3 Reaction scheme for o-xylene oxidation on SiOg-and TiO,-
supported V,0g catalysts
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13\AVINEBHEICHTI/IBNEORESE

NEMSETRI—NH50F 7V CREEEZRHAWL, £7 19614 I
ZEHER (BEEHLEE) "o 0 RAEMTTRIBIC7TF t/yOEER
TS hE2BBRL. BRKIYINBOLEELZHBLE. TOH® 1969 FIT
Badger #t S OB BATKEIRICEBBLE 1.2 7 t/y OFRBIE S
SUYMNTOEEBECYDEA I0EHOBRYERERT. 5121979 4
KFEIBCREMCEIZ 3 Aty DHRBEM S>> 20U =27l L,
RERYM70CBIUMEBOEERBICKDN 4T t/y ETITEIIHE
ML, FEZREL TV, JIBUERNLUFOBEEEAFRANS 1969 ¢
iZ Badger ftORBEARICU D EBEALREBEHEL TR

(1) BERRMNEZ W

(2) BE—EBET10A t/yHEOKRKBESS > FOBRBROBSH
(AERTIX1E 457 tiy NBE)

(3) BNMBEHEIIHELIKRLEEBROBRENDZY)
OfBE 7ot A —1RAEBMBAATOHRETAE(135g/Nm?)
OBMER 0t BRREREBMENTOREEE(50~60g/Nm?)

(F7F VOB RTE 51g/Nm?)

(4) HMESMERZICL S AENO S HE

(5) ZRHEL., BENRHAES = Stean Credit O WAL

(6) BHEF7¥ L0 Z2RBEI—S vy bELTWE

RERBTSNS, EKRTOLADOREHEHOIBRANS. {XK

DABENEST. BREOBRENDEL., BRHBETTEEST
EHEMMEEERLT. MBESFRNEEAL L.
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14 WBEEA TSI BREGEENR (SWB )

Fig.1-4 iIZJI R Y& N EW WA L 7= SWB(Sherwin-Williams/
Badgen)lsd 70t AD 70— —h2xRT 9, 7O ITORER
H, OKREREHE. ORLRERE. OHNK - HHURHEEEO4TED
BTV, BIERIEHIE Fig 15 ICRLAELSIIC, BEHEIRT 2
BHEN (A REBBEUEIV7IOFRER) PoBEREINTNVDS
DERBELTNS,

EEBEOHADBBMNSBRERERASL, MEZHBISE S,
FEEIF 77V RBAACRIEBELT MB EBRET 2)0 THICEHER
RTREBL. BIEShTHEEKIIIIRBRIIKRILEND., JTOFK
ISECEITF QB EMETH)RAERTAOBRICE D F KB IES X UM
HEEOREZALTVS, RETARIBBRIIMEEACHREBEINT
NWHERHAIMNICEIVEEAF-LELTERRENS. RIGBRER®R
HIANWCETHAKBIZE > THETS. ERTATFAEI NS M
WRTFRIREBERCRI LI 70K M, BNL, T1 v
Ty 2B ULTHEBHICHRBBICRET. 270 A TRAZhTY
52BRHETREEOBRWBHRUNT LEDO QBIXTFEROD MB & D
BERTHEEREZN, #REEZDOMEEIRD (free-SO,; BLF £-S0, &
BERT2)2 by 7958 E. EBRTADSOHENRESPTE
FEH->TWNS,
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:> Product gas

Top pressure=1.55 Kg/cm?G

'=‘\ Cyclone | .
7 3-Stage in series

A “7
L (2-Series)
Reactor height
=32,299mm Quench bed
Catalyst
=30ton
Temperature
=280-300°C
Cooling coil
: . =92tube
Catalyst ?)ed height E y (100mm ¢ x 3,658mmL)
=4,100mm
A ] J SRR | 195
Distributor (Orfice)
BFW 20K-Steam
—> — F —r—>
|

ain bed

Catalyst=60-80 ton
Temperature=350-370°C
Cooling coil=106 tube
(150mm ¢ x 7,010mmL)
Superficial gas velocity
=0.5m/s

Catalyst bed height
=8,500-12,000mm

Air l:__">——-h

Desulfurized
naphthalene
€ Distributor (Orfice)

Reactor Diameter

_ =4,900mm
Fig.1-6 Outline of fluidized-bed reactor for naphthalene

oxidation (SWB process)
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1.5 xPHEOBH

AWRBETIE., TTHE Badger X D EHHEAL & Si0, HE
V,0,-K,S0,-SO, 7 B ¥ 4 5k i B @ Ak i% (Davison #906)DHERZ A
L, BES BEQMMENORRETORALEEHET. I5TK
HARMEE L TIhETHRAOARWVWTIZLOBEY o-F ¥V
EHOoWThicb B TES Tio, #H# V,0,-Cs,50,-SO,; & HBER
BRARONEENORILLEALLEENET S,

EROEFMAMBIIAGEARARUSN CEERENNT S DO
FHOBERDDAORE —HORD., BELESLREL, HRBRE
HBEVWELWSHE®RD D, UBRAK TH-oE. CNETHBETO
+7% L B Sio, #H# V,0,-K,S0,-S0, 5 Ml ik Kk fil 4 o> B 5 B
BIUFOBEELLBBICETIMARM IR LEAERN, SS5RKHE
RE#EELTFIFLIOBEIY oo F YV RMBATES TiO, HFF
V,O.R B EMEOHMRBAR CAETTHREIATLRW,

AWRTIE, BEYE EFATHLAOREEREOD Tio, HF V,0,-
K,S0, SO, RMEEREHEMEOCHHHEROLD., TOEELIELR
HAEMEEROBEMNSEHLE., chNEL L THERER (SBEK)
CEEORETHL LML, KRB EERLL. Z0%F
ILESBBMNTESHERMNRE (micro-spherical) T, HEM KA
RYDPORAFHEMEOREEORY DD . FHE Si0, V/IVER,
EERAEREBIVUYHOBEL. SSRA—IT vy THMEELT
EEBTCOFMER > . EHIFIFILVBELL o-F UV VRIEK
HEATEAEERE - ESA0 Ti0 #HE V,0, RMBEMEOREREOD
BIDRED, Tio, HEER, EHRSEBREBLUTEIRFOHFEMI
IS ERMEOWEOBE/ICOVWTRNL, EEBTCOFMEEHA
B, A= Ty ML TORMEEEZRA L.

FETOLAOREREOE,» S RHRYMLITIIRBEPRERNS
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BIECHETEZSRBEMBEOHRERYRINTETEY. BEMD
ZVNEREBASRONTHREANBRINDDHS. EMATOK
B Sio, ##¥ V,0,-K,S0,-SO, AMEM R B EMKB X T Tio, HEF
V,0, REBHEMEOHBERIFROBBENFO I DEARRITBN
THBEEORAICEMICRI EHREINS,
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1.6 55 1 2= O

MERBTEGEE. BK7VIIVERREEL 2B (1995).

)b B TR R, ¥ &EH(2001).

3)Spitz,P.H.,Hydrocarbon Process,47, 162 (1968);
US.Patent 4,435,581 (Badger) ; B/ 47-37412 (Badger)

HE BRL, XRbOF w7, 17, 662 (1994).

SYHERBEHE., {LEEHE. (7). 54(1991).

OEMFELE " FaMLE ot R" EEF, HH(1986) p.208
AL TH¥SE. RBE. ®EE, HH(1992),p.151.

T)Deggendorfer,Technical Information(1990).

8)Wainwright,M,S.,Hoffman,T,W.,Can.Chem.Eng.,55,557(1977)
: Boag,I,F.,Bacon,D,W. . Downie.J.,J.Catal.,38,375 (1975).

9)Foster.N,R.,Westerman,D,W,B.,Wainwright,M,S.,Chem.
Eng.Commun.,14,289(1982);Yates,J,G.,Gregorie,J,Y.,
Chem.Eng.Sci.,35,380(1980).

10)VRBEY. SEBEE. REBBN Ry 7 BRE. K
(1999)p.245.
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BoR MEOREREKFEFMEE

2.1 MK OHAERS

AT NBUBBIIRNWTRROEHTHEAMB (Davison #906 :
DITHMAMGE A LBETS) ObDODRAOKFOLD., FHAMR Si0,
¥ V,0,-K,S0,-SO0, RiftB A zRt L. CORREHESLHR
% Fig.2-1icE e, TOEBETHRESIZ
(1) BM/INRBHBERT
(2) BAKESF
3) TR —REERZ M
FEIMEWMHNEORRTHS. CHICXDHENE - BEBHEBXT
HEREREORBEMENBONS LA INS.
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2.2 MG RIE .

2.2.1 Si0, #HEF KB EAK '~

RAREEEEZMNETEZLDO SO, VYNV - FIVRBEATV—RS
fTEOMBE IO —>— & Fig2-2 Rk LAE. ZORE MEHAKEL
TROES>2&E Sio, Z28AL & : ©Si0, VIR FEEERODSIO,
YIVDOF W pHEEROV N/ FIVHEEROS VERRFEHMER
Mo A LD SiO, VIVIEERMIZWTh B, A XBBEBELIS L (=
#EH F1¥YA44> SKIB) KBELTR7ZNVAIULEL 72 (Na
BWEIT03%UT) COEITLTEHE SIO,FRIIHNLT, TOHFRE
MRICREBESIC V,O, BB ELTHEBNT DI VOSO(MEE
W,V,0,&E LT 19.6%2F). MBI U A K,SO,HEEEL TR K,SO,
2, BBt UL Cs,SO0, EBELTIE Cs,80, Z2FDEE, 5T
£SO, KB &L THREY > &=, (NH,),S0,(f-S0, &L T 20.0% 5
FER)RBRBRLEBRAHKE2FTEREMLE. CThzZES.
Si0,+V,0,+K,S0,+f-8S0, ELTH 21 % ETHMML TAFZU—{l
DE, TAIVARAAILV—RI14¥—T 150CTHEHBERL. O—5F1
—F ) (BHBEEES 550C T 30min &, FIOHNBEREIEZE
gt 2hr) THERL THEMLL Z.

2.2 TiO, K M B Al R *~° .

TiO, H&EE L THHROAYFH B (TiIOOH),;ARERHN C-
1) . 7F#%-¥ Tio, (FE IR, A#200) BEOEEFHWE. KE
{tF% 5 IV(TI(OH),) B HBF ¥ IV AKBBBRICT >EZT7KZ2EM

(1) LTHBLAEDDEAWVE,

TiO, HAFEMEITI LR D Sio, HFEMBEICE L TA IV —RI1EK
KDWY LE. TADBHROARE TIO, HEREZH W, ZHITHIC
ABLUFAERBOMBNTZIN (V,0,ELT196%8F) ,7IvAY
WMEHEBK (M,SO, &L T 15%2% ; M=K,Cs,Rb) BXUHRT > E
ZULBHK (£-SO, &L T I%8H) 2RBAELEZDOL. 5N ASY
—2BBRLAENS, MEALTALZERI R, Si0, HEME LRKR
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IZ Ti0,+V,0,+#M,0+f-SO, L L TH 21X OMEZTTRMEL . I 51T
REDFATF—IED, A5V —2Lk<#k,. MELHEOFEICHE
CTTFIAIVRATV—RSA4 VY- T 150CTHRBLBRL. TDHEFT
FRETO—F)—FI O THERL THBEMLL .

2 | 5
1 3 1%7'
VY “
4 T 7

3
=

1

1:K,80;, 2VOSQO,, 3:(NH,4) 2SO, 4:Dissolving tank, 5:Si0; sol,
6:De-alkali column, 7:Gelling tank, 8:Mixer & evaporater, 9:Spray dryer,
10:Rotary kiln, 11:Catalyst (product)

Fig.2-2 Schematic diagram of spray-drying preparation method
(developed B catalyst)
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2.3 Bl TS 4 T 40

f OIEE WML Fig2- 3 ICRLEEERYMI 7 0REE (10mm
®x300mmL) BEY Fig.2-4 KRLERBEXFRIE#E (100mm
® x2000mmL) ZEDfFo7. BEREBTORMEEHZ Table2-1 I
EEOHTRLE. REREBRPRAIHAZABERELTHANW, 7§
RTEEBICEBLEFIDBXUTCOHAZ O M5 &bF
IOV LEY, AR 0 bS5 T73W&H% Table 2-2 IZR
Liz. EMAUAERDPELTFIFIVY, a-FT7rF/ 2, REER.

WA VAR, oo F L 2,

o-br VT NVTFEER, JHUYR, K7

SN g M Aks2ELTCO,CO,N, O, BRHEINE.

Table 2-1 Reaction conditions

Reaction conditions

Micro reactor

Bench reactor

(Fixed bed) (Fluidized bed)
Catalyst charged (W), g 1.0 2700-3700
Pressure, kg/cm?-G 0.1 0.1
Temperature, °C 340-360 310-340
Naphthalene feed (F), g/hr 0.5 105
Sulfur content in feed, wt ppm 500 500
Nitrogen content in feed, wt ppm 500 300
Air flow rate, Ni/hr 7.5 960
Air/naphthalene ratio, g/g 19.4 11.8
WI/F, hr 2.0 25.7-35.2
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Table 2-2 Analytical condition for organic and inorganic products
in oxidation

Organic product

Packing Column  Silicone UCW-98 Chromosorb
WAWCS(60/80 mesh), 4mmx3m

Carrier gas N, 60ml/min (2kg/cm?-G)

Detector FID

Detector Temp.  250°C

Vaporizer Temp. 250°C

Column Temp. 100-180°C

Raising Temp.Rate 4°C/min

Inorganic product
Packing Column  Porapack Q(50/80 mesh), MS-13X(60/80 mesh),
Shimalite Q(100/180 mesh)

Carrier gas He 60ml/min (1.5kg/cm?-G)
Detector TCD
Detector Temp.  80°C
Vaporizer Temp. 80°C
Column Temp. 70°C
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QL Dioxane Effluent

N n—1-| gas
Air — 10 14
2 = 53

5 A J N 8 11 é
= L AME 13
Naphthalene 1 E1YH E Gas product
71 [FEH | >[]12
"”'\ Liquid product
3 9
1 4
Air— ,
Cooling water (inlet)
3

Cooling water (outlet)

1.2:Mass-flow controller, 3,4:Flow meter, 5,6:Micro pump, 7:Electric
heater, 8:Reactor(SUS316L:10mm ¢ x 300mmL), 9:Fluidized
sand-bath,10:Pressure control valve,11:Separater,
12:Gas-chromatograph (FID), 13:Gas-chromatograph (TCD),
14:Wet gas-meter

Fig.2-3 Schematic diagram of fixed-bed micro reactor
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——_
N —R—C=D—

[? 9 10 Effluent
as
6 g
M 5
Naphthalene /
Air

1:Feed-stock tank, 2,3:Mass-flow controller, 4:Micro pump,
5:Electric heater, 6:Cyclone, 7:Fluidized bed reactor

(SUS 316L:100mm @ x 2000mmL), 8:Analytical system
for gas and liquid product (FID, TCD), 9:Pressure

control valve,10:Bumning equipment for effluent gas,
11:Ribbon heater

Fig.2-4 Schematic diagram of fluidized-bed bench reactor
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2.4 ol o5 % 1 4 5

2.4.1 MR 22T

ikt v,0,BXU Fe,0, I3 ICPSEIZE D, %% K,S0,,Cs,80,1%
HT®EE., SO, REAXRBEEY L EhThERL &,

BEPTORBAMEEOVERS (VI V) BEIRILBIBNERE
BV KDERL .

2.4.2 EPMA-SEM & 47

MR TFTHNOEERS P/ (EPMA-SEM) X WDX # (JEOL #
SUPER PROBE 733 i ) 2 W, V,K,Cs,S,8i,Ti RS ORI &K
DBRELE. BERSOMBERITROEBOTHS., T42bL
EPMA (B2 MBI I RF o HBcTaER, ZXHEL., AuX
HEfTok. X7 SEM HERBBRBE LICSDONTE#R, AuX
# (M E-101 1A ANV Y —HH) 2fFo 7%,

2.4.3 XRD 447
XBREFIIHEZEZERY 1 H—7L v 27 X DAD-2VC(CuK a) I
HWTHEL =,

2.4.4 fb i pR 4 & kL IR BE B E

R RS (V,0,-M,S0,-SO,;M=K,Cs,Rb) @ 3:#i¥k kiR BEid
Y 7IFATELRET. IERARICTFOESDEL MERDE
BMERREMICAN. 5C/min TRIELANS, BRTHERREZHE
BMLURBHSHMEL &,

2.4.5 LEER
P D BET LLEZHEMSA)IX N, KFICLS BETHRICKDHIEL &,



2.4.6 IABRBP LA
MARERMEPVIE N, BFERICLD APHBRIKBEAKICED £
heh#EL &,
FHEMAEEPD)IMAHER EEE L T PD=2PV/SA DBHER
PEHBELTRD =,

2.4.7 Pl PR FE T BE

HBERIECBITHMEN TR, NTFTHEBIXUEROBRED
HRICEIDUEBEEEINZOT, MEEOEHOBK, RNEBELSHOR
DICKEHMIERBOEIAL. MEORBICLIBENEOBETREDOH
REDISTINVRRETHIBNANRD D720, WEEME DO B IFZMEHN
FEEN5, Forsythe 5 "W ik, HBBICHBITAMBOMBEENZ
PEFER B (Attrition Rate : BLF AR &LBBEET5) &L TER{EL.
EBRZNRRAEENERINE. TOHFEIE ACC(American
Cyanamid Co)IEER TN, Fig2 4 XRLEEIRABLIA FOH
SABIME 508 ZA1. 0.2m/sec DHETEKEML. MEEZH
LB, REBLXBRZEFRNICHIEL TEEFHET IO EEEE
BEZEHTIHIETHS. TRALDEREREMII shr T TOHNHR
HMEBZBWT 5-20hr XTO 15hr OERERBEBEZEKRT S, ACC ¥
CE2BR#REOHNEMIIRRNICTEEBO 10EEBEDCHEZRT.
TREBTIR EEREMEMN swt%/15hr BETHINITRBLIEZEN
BIZRORNVNETNTBD . ACCERIPRE/MTIREELIREROR
FREMAZTFHITH ENTES,
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248 MNEHHE

NELBERIBABICNTFE2AHELERBTORMAARYLDOER
THD. NFOREGRBIIHTIEANYETHS LRARICHAENE
BROT, BPMIINTEEICHATEIEEAT, NFEEORDD
KHRBIERBOHERFELLTHEDNSCENHSH., CZTR 28D
NEHEEMFALTNVS,

M X HE (Apparent Bulk Density:ABD)IREFO LS iCRET 3.
ThRHbE 250ml DARIY YF—-—AZERMESARTVWESTHF
100g 2BNICANSD, ARVY VY —DOLEHICHEBMLUEZHNFEAN
FroTCHREHFELT, ARVY Y —LEZKFILTSH, ARXTY
S —DOARITHBELENFR2TIS5THELT. EREZREL. K
EZ2HHT5. DERELLTUTO28OBOEREHL TV S,

EMhSHE (Compacted Apparent Bulk Density:CBD) LA T ®
EORBET S5, T2DB 250mlDARLY ¥ —ITHF 100g 20
—F2HANWTEBLMCANDS, ARAVY Y —RNLITLV—F—EHT
THFEOARN—EICRZP2ETRIZEMAS. TOROEREZHR S
BROLEZHET S,

NG TIIEEEBE L L THESHLHEMABD)2RALTWS DK
LT, MEA - —RIENSEHECBD)ZFAL TSR LEDIC. &
XTCTREMNIHEZAVWTRERLTNS., SBEFOHRITERBIC

ABD=CBD X 0.95 |
THaIhb.,
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2.5 B2BMOXK

HNEHE R

QY -3°F: 8
)EHE .
(1 e B g%
3)WEFFIE.
(11 e 2 %

HBRAR2H
1 ey B &
SRR EE

 BEES. FREKR. BH
ol 56 1L BR T 36)
fBEEth, AREN. B
Pl AL BR T 3%).
RAZ#. R 5. @
f k{1 R T2 3R).
. EBE OB, ARKN. @K
. PR LR T 3K)

. Bl P, KHE R, FR&K.
Y 7-32876 (JIIKI Bk, MiMIERTR) ;

i

. BB 4-51226

. BB 4-51227

. BNN¥ 7-57317

/N 7-32875

: O

OWEHFE, REE#E. KM H. U.S. Patent, 5,252,752
(1993) (JI 1 B gk).
NERRAZE. BEFME. HF2F 7-56483(J)11 R &).

8)Westerman,D.W.B.,Ruffio,].E.,Wainwright,M.S.,Foster,

N.R.,Anal.Chim.Acta., 117, 285(1980).

9)Vogel,A.I., “A Textbook of Quantitative Inorganic

Analysis”, Longmans ,London(1974)p.401.

1B &L, ERICFEME AFE, HI,15 (1995 )p.239.
11)Forsythe,W,L.,Ind.Eng.Chem.,41,1200(1979)
;Brit.Patent,737429(1952)( American Cyanamid).
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W3R g Sio, HEF V,0, fKoREE L RIEEY
BIBBISHTRRELIIZ/NIGHRE TIX 1969 £ 5 Si0, BF
V,0,-K,S0,-SO, R RMIKE2#H T 2 Badger L DERBA
L7 SWBEHBIEIHRETOERICKD 1969 FIZ 1.2 7 tly B HE
UkBTH) 2. 1979 FIC 3 A t/y B (TEILB : £EES 2.8
B otly) 2BRBL., TENICFIILV OO RBAKTIIINVEEREL T
Efe. LALBAMBEARRNBRNE, MEOHEBEEBLIXUFMOR
THERDD. RBENBBETH-o-N,. THIZROLZ TEMEHMIC
Ao, BHERICHEF L. Si0, HF V,0, F BH# 5k il &
UINZAWEEEREBTOF 7 L U BUEORIEBRALHERICHT
ZHEINVONHHN 'Y, ;IS L CBRILARS EME O RS E
BLUZOEELSEBRBICETOIMAMARIIFILEAERN., XTI
BHET POHELEOCENL SIO,AF V.0, FHEKMEOCHAHMRD
e, ETHAMB AOESRLSCEREEERENSABEL., 041k
RREBANTEZLHARMINRERDEMEORNEEORILDOLD.
H SiO, R, BHERIEREBIUMHOBEAIIONTRHMLE @,



3.1 B M®A SiO, #H# V,O, REMBEKORFELHABER "™

Badger £ 5 O M A MG A O{LZEHER - WM Z Table 3-1
iZ2. EPMA-SEM ¥ # R % Fig.3-1 ENTNRLZ. Fig.3-1 05
MAMKE A BBMTERARAER (BBRE) THH LT, HERDO
V,0, BELY K, SO, M FARBREETIHEBICAY K EERZA
THZENDONZ., CHEBEBEREAOERT HERLLARET
HOoTHEHRIBAE - DHERTCENERNICODWRINT
W3, ZOESBEROEERIOIBORE —ERIREHHICHE
BATEERDPOFM  RBICL5FHLSENRETNIBRRADOFEE
THBEEAGNS., BMETOEATIE. ES5FETHARISLE
RN TORECHBIIRKIGBENTHRTHERZLCBEE & OMR - iR
BLXUMBHBERAYSI VO N TOREREARICXLSBETON
2 EEEZEICE-OTIERIING., UAMBAOKRERRERIZ
BREICHEL. ZCORTARFITH D, Table 3-1 I RENSEFEHE(AR)
TROLEEFMEAORZININZEHAL TS,

SOHOREROHLSCFEKEZHMBICT S Fig3-2 KAEKFE®HE
AR LU-BAME A OB, LREKR (SA) BLXTHEAERPV)
DUEMFEZRLEZ, Fig.3-2 DoHLMRBRLISCEBMEICKFAD
B&&ELUTHRERMIZ V,0,,K,S0,BLU SO, BERERMIZEEL &
2 TWBMNR, SO/K,0 BIVEHIE—F (=2) THRENTWVS, ENIZ
BEXRERBIUCHATHEBERIRANICHRIZE NS A2ERI
D, CNREERIBEOEMOBRELTHATE S, ZOEHR
AVMEOHMEFHICRELTELA>TVEIEENS, RHBK
WTRAMEIDEETSIHIVIRBREPICEE  BRICEDELETE
ERDPCEOHBMREFREIDREBRACRELDT VW E2E 2
L. MERBICERNTSESHSIEAERRS> O -2 HOMBICHT
BLTIXDRELRBZENTHINS,



Table 3-1 Comparison of physical properties of the catalysts for

fluidized-bed oxidation of naphthalene

Physical properties/ Licensed (A) catalyst Developed (B) catalyst

Chemical composition (USA Davison #906)

(Kawasaki steel)

Particle size
—20u m, wt%
—44 ym, wt%

Average size, um
Physical properties ¥

CBD, g/cc
SA, m%/g

PV, cclg

PD, nm

AR, wt%/15hr

Chemical composition

SiO,, wt%
V5,05, wt%
K>SO, wt%
f-SO;, Wt%

SO4/K,0, mole ratio
K,0/N,0s, mole ratio

Na, wt%
Fe, wt%

2
21
70

0.76
233
0.44
7.55
4.5

Balance
3.6
13.2
9.1
25
3.8
0.1
0.04

24

0.81
150
0.39
10.4
1.5

Balance
41
14.8
7.2
2.1
3.8
0.1
n.d

a) CBD:Compact bulk density, SA:BET-surface area,

PV:Pore volume, PD:Pore diameter, AR:Attrition rate
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S 50
4 p 4 40
5 2
S 3¢ 4 30 =
e &
o L
2 5
2 } 420 O
Tr 4 10
0 0
500 Y . . r 1
400 b 4 08
9300 . {os _
o~
£ J 8
& z
200 p 4 04
100 } 402
0 J 1 &2 . A 0

<25 25-44 44-63 >63
Particle size , ym

Fig.3-2 Variation of chemical composition and physical
properties with particle sizes of licensed (A) catalyst
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BOT. B20ER0HSLEREEEINSRNTELEHCOAHD
7w, MBEDOREELLT600CTO 2hr BUE (XY JIVFREXR
HET) Lk 2MBEEXLZAELE. TORKRE Table 3-2 TR
LEE S BAMBARRABICIVHRAMBLICHAZRO K
TERAKEL, ST 70RKRBICIOVNELEF ISV VRIERKE
M (Km; ITRAEE#REBETS) bRESETITHIEANDRS.
Thiz. by o BOBAEE A THREBRMNKELS, Fig.3-3 I
RUEMAZAB L Table 3-1 OB FHHMAEALSBDND &
SI.BRLES1BTRBTIHIME B ORMREUKLTRAL
MASDHN IO — ET 5om ATOMARLADBNILIERT S
LEEEAIND, TRODERABIIDMMMANTORERST OB
B - BB D., Fig.3-4 KTBRABLAELSITE Si0, #HE V,0,
T MR IZ%H O Self-poisoning HK 'WOREKTID . @AY
MELDTL.,. BRNICHEESLLZECLRPTVEDEEZISNS,

Table 3-2 Effect of heat treatment on BET- surface area and
catalytic activities of the catalysts prepared by different method

SA(m%g) Km?(1/sec)
Catalysts
y Fresh A Fresh After .
treatment treatment
Licensed (A) catalyst 233 150 0.09 0.04
Developed (B) catalyst 150 109 0.17 0.16

a) Calculated from the equation Km=F/W In 1/1-x:
F=naphthalene feed rate (g/hr), W=catalyst charged (g),
x=naphthalene conversion (mole%) at 340°C

b) At 600°C for 2 hr in air
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Differential intrusion, ml/g

2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.0

100,000 10,000

Pore diameter, nm

Developed (B) catalyst

1,000

Licensed (A) catalyst

10

Fig.3-3 Pore size distribution of licensed (A) and

developed (B) catalysts
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A Support A
as

(a) Precipitate (b)
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Fig.3-4  Liquid distribution on the support and self-poisoning
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LIz Table 3-2 05 BB SR K SIZ Si0, 2BE& LT 5E V,0,
FHBARBEORIEESROAETIIHENRE- LD, HBNVIEE
HEROBEVMRALIBECRVHOURARMBLICHATROEN
BETREESRL, TRALDLEMECERLOZIITY EMED K
FRAROBNBZETROAZSILABIFTENS. LALINESOWY
HEOBRNELIHEME SIO, O >F ) TP, BB D £-SO, RT3 DR
BICXAEERDPEROEL (BMBERTFATOERRSOBE - Bk
HBORE) ICL 5 A E(Self-poisoning) DT INITK S NITH
5N TRAW,

COE, EER (KBS REMAKR) TRAEK@EBRE)TH
ABBACHAOREKREL T, SRSOREICIVMBNTRECH
H BALEFe R (REBTO1EHERFOEBBELL T 1.03%
BA) NEHEBR&EN Y T LBRERRKE,Fe(SO,))EERL V. TORRE,
AROBBERBER TR RZZILNEHNNITERESLLO—-HIZ
STWBAERENRH S, LHAL IO Fe K&DHIIMEN T ORR
XD B OBMINSERKRTHSETFRINS,

SEDESRBAME A OB DOERELCEREZBRT HITERE 2
8o 1 HIRLAMBOMBESICE I SHATELERD O /AT
— T RNANEADOS RN, BEREOREVWHINRBHREOMKEMRE
THIENMMBBTH S,
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3.2 T EE#EHE Si0, ¥ V,0, X ¥ By K8 fl 5 0 B Bk 121

BAEHKRRAEBAMBAOKE OBHEREKRTHLEDDO—-KEL
T, SiO, VY IWVEBATV—RI 1 E2HEAL, BEEEORE VD
REMmRgoMBEOTEEZAN LA, B2 HIIRLE Fig.2-2 OHE
RICEUTC.ETHEAECL L THFEORAS IO/ Y IV Si0, 28F 7
% Sio, VI oHEREZNZAWTHEL =R EMKE O IR 2 Table
3-3 [RLAE. ZOBANBTIMEHARNL - HERERZREBOHRA
EX—ATCTHAMBAELR—&LKE (Table 3-1), 2B, JO1 5N
Sio, DEHKFERIREBLEEEL TARNICLDIRDEND BOEN

.5 14)0

Wik F8 Dp (nm) =6000/HEH E(m?/g)X2.2

Table 3-3 NSO NREDIIT. ATV —RIAMETOERKFITH
F&E5~12nm D Si0, VI EFERATAHIZLREDRBEMEOREER
METHIBEREOBEN -MENLESh,. BREUIKOBITRTHER
Thol, COBEREORMESRINMNEBEOV/INEENTFHDOER
MNELRBRBDDERDONA T —HNRELELTRHATES., £X2ES
N MEOEMNIHE (CBD) BLUEEREEM S THIE 120m BLF
D SiO,VIVDERANBFEL W ENDbM S,
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Table 3-3 Dependence of catalytic performance on nature of

silica sol as support

Silica sols Catalysts
Dp SiO,conc. Sp CBD AR SA PV Kn
(nm) (wt%) (mzlg) (glcc) (%/15hr) (mzlg) (cc/g) (1/sec)
5.0 10.5 545 0.83 0.8 148 030 040
11.9 20.6 230 0.80 0.5 93 027 0.25
23.9 20.3 114 0.91 2.2 60 026 0.16
40.0 20.0 62 0.95 3.0 52 0256 0.14
80.2 20.6 34 0.96 17.4 16 0.11  0.04

Dp:Patrticle size of silica sol, Sp:Surface area of silica sol,
CBD:Compact bulk density of catalyst, SA:BET- surface area of
catalyst, PV:Pore volume of catalyst, K,:Reaction rate constant

for naphthalene oxidation determined by microreactor at 340°C
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MEBRE AR EMAARMPVOBERIIOVTIR. B 28 2.2.1 AK
RRLAELES CEBMMNEHE (SO, VINVOF IV pHRBERHB LT
VIVIFIVHR) 2FBBT 52L&k > T Fig.3-5 KRTXIBHRNE
5Nz, Thbst BRERAEIIMABZREETIEILRERSL
D, MBFOHEE2BWETHE, BEORIIRAZETS LIRS,

Fig.3-5 ICR5NB LS. MARRMMNINENEERERL R L
THEDHN—BETH M. BIBRD Table 3-3 DRIV OEKZRL
TW3, COHMAOAR—RIBIROLISKEBRIND, ThOE—KIT
Sio, VI daua4 REFE (Dp) NAhEINEE, ERRKITHTOE
BAEMTA-DREREIZIKRELAZD., Table 3-3 DXSBFAI
25, LHLERIO0A REFENEDSTH., MFBRVUARRKT
HB5DOT. 104 ROXEBENEDSRVWAED, MAERBLY
BNEBERIHZIVEDORVERIIRZIITTH S,

TORMARBICEL T, BT Dp DK E Si0, VIV id I # R AR
CEDBBRPEMNZLL, MIAEHENKELI SRV, TOLDED
SHEEIIRELLB. —FH Dp=5nm O/NKEBESINEZRAWEZRBEITE,
Fig.3-5 OREROEIICMHMAETRMMNTS VW HNBERERIRESRS
BEHRWIZREBAIN.NL T —HDZL W Dp=80nm DV )V id#l A 284
NELKBOTHERERENKELIRSRWVWEEZILNS.



AR, wt%/15hr

10

-

0.1

Licensed (A) catalyst

Sol / Gel

X @ :Gelling pH (aging time = 5hr)
A :Gel aging time (gelling pH = 8.5)
O:Sol / gel ratio (aging time = 5hr)

a4 ' Il ] A Il i

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Pore volume, cc/g

Fig.3-5 Influence of preparation conditions on physical
properties of developed (B) catalyst
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DEWZ SO, VYIWIFNVERAKEZTFATHAEL & Sio, HEEH W,
msEERS (V,0,+K,S0,+S0,) /HESIONEEA L L ZOMEK
DOERFEAREAR ENIHE (CBD) OBH % Fig.3-6 ITxRL =,

Fig.3-6 "SHLMZ L DI, SiO,VIVIFINVERREHMEIES
CEREIVEREREARIA LTSN, ENIHLEBEHEIRESZSIHER
CHB. DEIRTEAMNEHRITBNWTRBMBEFED Si0o, VIVEE 2
EHL. SIO, 0/ IIVIFIVERK. pH ¢EHERS/HE&EROEASHE
BERTED, HYBEMEKOMIEZZIEERCABTOIZENTETDH
%,

UEDSIOVIVITIVRBEATV—RSATRICEDMEL L EEE
% Sio, 8% V,O0, "B EME (Si0o, VIV F& Dp=5nm,V I/
FI=7/3FERY /HE&k=25/75: LTHAMBEB LRI L . M
W% Table 3-1 IZHHLLE) IZDWT EPMA-SEM 7L 7= %
R%E Fig. 3-7 KFRT. IrSHGMRELIIK, ZHERMEBOER
RIZIERR (PER) Thh., RFHNOFBEHERIITIZIEH ML
TED. MBRDO 31 HORAMB AODBAOEI I IEHRIORTFA
TORENBOSIRBWN, CORKELSRIEYE - EFMLEIRHED
L XA5EBKRKIINBANORBRIENHMBETE S,
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Active component/silica weight ratio
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Fig.3-6 Influence of silica sol to gel weight ratio as a support
on physical properties of developed (B) catalyst
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3.3 HRMEK BOME - it OMEN TEEAFN

HROBAMB A TREENTECIXVIBEIRERRRLEL
TREDE - EROBEXFTZRASBOHSNLN, HAEMBKE B OBEIT
¥ Fig38 KRLAEXSK,. BRSME,. HERLEPHEZER. HAAE
MEOWMBEAIVWThOIMENTFRECLISTREE-ETHS. UM
B Sio, VW EHERBNETARATSTV—RIMEORHICIXD B AM
BRADETAHNELOBERNMBRDHRBEINTVEZI I ENDNS,
COBALAAMBE A LARCERTOMBRBORE " CLER
SO,/K,0 BV M 2 (K,S,0, %K) KRAEEINTWS, Z0XIRE
HERDSOMTAMTHEOZH Y 24t BIED Table 3-2 IZHf
RBUAHRELEORENS DAL, BEME B OLRE
MBELUF 79V U BIEBFEORNSEEELIBNTIHNRES
ATWaBEHEEIND,
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Fig.3-8 Variation of chemical composition and physical
properties with particles sizes of developed (B) catalyst



S.4ABHRMIE B O - Wit O@IE(L
BRI EMEEROBME/AICEL., Z 2Tl Table 3-4 iZ;xL7=MHA
B oRERXEEEBEECLE,

Table3-4 ¥ REEE ML ELUNOEEIER)

m B OB O | B & EEZ£E| & %

HES (-20um) | wt % < 3 FIEAFRAR AL
@k (-44pm) | wt % | 40%£10 et R

- BREE (A R) wt % < 3 EEFERS AL

LhkREE (S A) m?/g >100
WASE PV cc/g >0. 4 #EfhiE
THMAAEP D) nm 15+5

- EEEE (K +K) | 1 /hr >0. 24 | BEEREDER

* AR R VEEN DL LABREELIKWOAREDEE

FTEERS/HECLOBEAOLOEERIBE L BENES X
VEBEEEERn)EDHEERARE., TOHEEL Fig.39krlE. B
NS, FEHERMMEELEEDIC Km BEL<AED., BEREAR DM
ETsEmMizcd N, —FTEPIEE (CBD) MHEAL., LREMR
(SA) BLUMAER (PV) METTAPENSSNS., HKE
Do EERSEBOBAE EDBHIT SO/K,0 BEIVHBERNITET
CENGENTHS., chid 5%l EOEERS BT S EMEBR
DEOEBEIY YA K,S,0,=K,S0,+S0,)MMERICEELITLS<
BD., BULEREEZASSTHIINBEROBRENMET IR LE
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FHIES Y,

BEBREIIREL,. ELIFERINIVHFNRFELL, Wihd
R EMHEE U TR ICEERYREETHS. AR D Fig.3-9 KRLE
5K, AEREEREAZALI B> ETHT. ENTHEEMET
KELBOTULESILVWIHRTHARBRRDD. Chs5OPEFEEIL
FHRELZBEL, KERECHFFTHBEREEZERTIOTBLER
SO,/K,0 B lt=2 (K,S,0,)0HlRE2 R/ TEIELR/HELL
25/75 (wt/wt) ZHERAREHHLE. BGoNHEMROBEREME
BOHMRBIUHEMIIAMED Table3-1 KHEELTHS. ZORAE
BohAHREMEBONIFEOHMMNMILANE Fig.3- 9 ORR(EITE
EREMZEECHBELTLS—-BLTWEVWS, AF5—NVT v
BROoONSERAH4E (BEREATBECMA TR MMEEZEELTH
B) OHEBEATNDS,

EERBRD 3.1HD Table 3-1 ICASNBKSIC. BAMBE A LH
—DOEBEAERCLEC b2 2bSsT . BN HREMSE B OMER
WENELTVHIDOREICHE, FIEREORNVWIZELS £-S0, k7
DREBOZIZHZ2DBODLERL TS,

HEoN-HREME B O XRDAHNER%E Fig.3-10 ICHAME A O
TNEHELE.HMLSHMEISCHAEMK BIZHAME A R
KWHERETHD, HBEITLI2ZFEFEL., BEFERI>OBERILIIEE
TR,
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Fig.3-10 XRD images for licensed (A) and developed (B)
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3.5 M AMG A LHREMIE B ORMELEO LK

FTREERETIENICHEL-HREMBEB (Table 3-1) OB
REREQAREFRMETSLD. BEERABROBRELLEE 2R 2.47TH
KIE&RO ACCEERICEVAEL. BREEROLDBAMBK A O
FhEEHIT Fig3-11IRL7=, HAMK BIIMAMEK A ITHKRL
THHRHY (5hr TTOM) APBVIELD TR, BEREHEON
FORBELTERRORMERBBRLPH L/6NTIEHREBINTNS
ZENbMB,

OFI, AN LI EIRFELTEHERNESMZAEL.
MAMBALPDETHES Fig3- 12K RLE. CORMSHEME
BOBESHAIIHMAMB AICHRT Zenz 'Y ORETIHEHET
ORBANEBEAMICHEBITHNWI ERDNS.

EORRBEORBTARET A0 . AREOFEHH AR Y
w F(REER) ¢,/ OWERREE Fig.3-13 TmwLEk., TTTe,
BB ER L 2EAL. RRXLDORD%E.

e,=1-W/A L0,

CTIRW I MEER (kg) , A ENER (m?) , 0 K FHEEke/m").

COBESHHERMBEBIIMAMBE A IDIEI3NARCAREVERER
ERL. CO@EMSHHBECENTVAIENERASINTVNS. T
ROERKBHOBEELTEShIBEMHEOMEIIEDRN, F
THLChLEBRIIINBOERANORIEBREOHM LAHMFTE
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Attrition loss fraction, wt% *

100
3 ACC method (Brit. Patent,737,429(1952))
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Fig.3-11 Comparisons of attrition resistance for licensed

(A) and developed (B) catalysts
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99.9

Cumulative weight fraction, wt%

A:Licensed (A) catalyst
99 I’ O:Developed (B) catalyst
---:Data by Zenz ¥

80 i a)Zenz, F.A et.al,, AIChE J., 4,472(1958) 7
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Fig.3-12 Comparisons of particle sizes distribution for
licensed (A) and developed (B) catalysts
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Fig.3-13 Comparisons of mean gas bubble hold-up for
licensed (A) and developed (B) catalysts
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3.6 WMBIE N> F KK T Mo 88 A6

Fig.3-14 KRR FRIEHE (MKEFAHER 3~5L) ZHWTHAM
KBBIXUHAMBARLDODWTHELAET 7LV BEREBEOBHE
REEEEH (K) O7 V=X 7Toy b E2RLTH2. ZOHAE.
KBRDESITEHEL /2 1920,

K=E; (k,,+tk,,) =—1/0 _;1n1/1—X

WK, BEREHEEENR(L/hr), E,: SMHE (),
K., . k,: BEBEEDe-FI7 b F /) >BRUEKT
SNVBERNORGHEEER (1/hr), 0, HLEEEDL,,)
EMOEMMBER (hr). X:F7F5 L &AEE ()

BRMEBOBE. K, TERIN3 T 7L U BILBERKEEE
EXERE (RIFHEB L B0H) BRThOBEERIIBVWTHER
RME - HMARENREZER—EHOBAMBE ADENEAES LE>T
W3, CHIRATV - RS EICLDRFRNEERZOSMAEH—T
HABMLTWAE &, BLUREBRICXIEAYROM ELITERL
TW3 ELERIN D,

REBOEGETORIEAMEHRE TS ETCREF 7S L AR
FTTOEKIINVBOBRRBOEXHNEETHD. BAMEABLIYV
BRMEBIIOVWTRISEEZEATHIFV O ERLREEEKT I
BNREZHEL.TOKEZ Fig.3-15 KRLE. AMASHLSARKD
KORBENBFTEMYBOR VHERME BIIEAMBKE ATHKLE
FRBIEDLIVEBREREEWZION, BVNRLEBCIBVTHIHLEAR
BEEAZATNB, &E<IT 100%F 77 L VERIEBIZBNWTH 5% DI
RENFHEINE, BRACFTEREFGETTREAMEAORERL
FEHEMMELS., 100%F 77V U{EENERTERN,
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Overall reaction rate constant ,K; ,hr"

Reaction temperature, °C

350 340 330 320 310 300

1 ] ] 1 ] 1 '

Developed (B) catalyst

Licensed (A) catalyst

0.1 2 2 ' A I r 2 2 2 '] 8 N ' A
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10%T, K
Fig.3-14 Arrhenius plots obtained for initial activities of
licensed (A) and developed (B) catalysts for naphthalene
oxidation (fluidized bed)
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i Reaction temperature :320°C
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Fig.3-15 Relationship between naphthalene conversion
and phthalic anhydride yeild for licensed (A) and developed
(B) catalysts
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3.7 REE TOMMKMEENE

BEDESIKHRINEBEMROMAEMKE B 2REBIC2EBF
BL. Table3-5 RRUERY— PPy 7RG THEFRMEEEREL =.
BERBROHERMKE B ORYEFEOEBEZ Fig.3-16 IZ, N AM
BADENEEDBRRLE. EEBONAEHEHEE 40(cm/sec) THE
THEL, HAEME B REBHEFENIMAETTETLTVRSAN. £hid
DHMEREBRENET PRI TENWIEEZRLTNVS, ZHidSE
FZ Fig.3-13 WRLELSKAMBETHIIN EERRROEZDOHK
RZ2EL<HIALTW3S,

BoNEHH KRBT Table 34K RLAELKI I, HREMEB ©
M FTIEE (100t)ITBAMB A(126t)D# 3/4 T.RIBRORFK
BB TORSER (Fig.3-15)EFikic, MENERTH4LX LES &N
SEERBNERE N,

Table 3-5 Start-up conditions and catalytic performance of
naphthalene oxidation in the commercial plant

Operating conditions Licensed (A) Developed (B)

catalyst catalyst
Temperature, °C 340 320
Pressure, kglem®+G 1.54 1.54
Naphthalene feed rate (F), m*/hr 4.15 4.15
Sulfur content in feed, wt ppm 500 500
Nitrogen content in feed, wt ppm 300 300
Catalyst charged (W), ton 126 100
Air feed rate, Nm*/hr 30000 30000
Air/naphthalene ratio, ton/ton 11.2 11.2
Naphthalene concn., mole% 2.2 2.2
WI/F, hr 304 24 1

Phthalic anhydride yield, mole%  87.9(101.5)  91.3(105.4)%
a) Values in parentheses represents yield on basis of weight
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Fig.3-16 Relation of superficial gas velocity (Us) and

fluid-bed density (0 ¢) in commercial plant for naphthalene

oxidation
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3.8 BIEDBIE

FIIVCHBERAEMBRE L TOEKMAMBE A OFEHELLELD
FRZ2MEERELIVDEHAL. TORKBEDELICATSTV—FS51H%
HW, BES5~12nm OKEERD Si0, VIVEAWBHRA Sio, #
B V,ORFBEMEORNSEEZRIULLE. CHhiTXKDRHENKL,
BEREICZTN. AOMBERFR/BMTFHTCOERERS> O~ &E
EHEBEMENESNE. RBRNXFRIGHE THM L 7= 3 1EH# LA
i B 2REBICHAL., REKSSXBEETABLHKNEDOR L
(M4 %)2RBRL., HHAEORREIIRIL &.
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WaE G SiO, HEF V,0, RMBOEMLILEKR
HBRIZBWTSIO 28 & LT3 7F Vo KAHRERAME L
ULTHEENTFE 5~12nm OFEERD Si0o, VIV %E SO, _ETH R
B EMEONEREMHABL., EMERS2ELTOD V,04-K,850,-SO, ¥k
RBEIUMEOBEHLMITONWTRHNLE. TORREEONHAEMK
BIZEWMAMBE ACHEL TEERE, REENEN. MENTN
IMOBEHERDPOLHENE —T. RBRELRINCBWTRRELIDEERT
HNBTEKIINEBREBEhAIENDM -, SHRKREEBAD
SBANBAZEBELAENR, OHCERERICELIBZVWHEERTA
BT. D 320CENWS{IR (MAME A TII¥ 350C) THAMB
ZHENBETCHAX LEDSIRIERREBRTHIIENTEL. LAL
COBEBRXAETTHEAPIIERNICMENTORECIIRBAR
BB N2, SSCRBEBHOMICHSIRBERPOY F v K
AT (BEARTRB-UTLCEBRETS)RNOEAEKA
PYOMMELL. ERNROKROLD., BENMFRBOITRDILNVIH
REENRELE. S-ERELETH S 999X ZHFL THET
5D REBERZ 40CETCRAIC LR T HILEND 2. ER
ZFLRIZBWTHFI7I LV BILARMBEMEELTE<OEN
REBEEZHETI2XAHERMEBOREBCOFAERFRORMUBLIUERS
HEXBRETOILDICRMBROL S AREBCOEANHNOEKR L
DEFSTNPERETCHTSIEEAHRTEETH .

AETIE, REBTHONAAERLOARBIURBBARCFRE
TOELXORREREZDL L, MEXEROENL. RICEERIERD
FARCEELTEREN S 7NVOREER2RAL., TOAIZXLEER
L. BohHEBHICHLETE, BIENE - EFERACAHADRERXRM
RERY (V,0,-M,S0,-SO,;M=7 NV HVULR) ORFEFTRDII LK
LD, ERSLERHEEMBEOHREREREIA IV Ty /THKEEL T
DEEBTOHEFRMBHERICOVWTHRRT S .,
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4.1 RERORKEE

ERZVRNTREEZRL-HEZME B 2EZEBICHEALLEH
B, OIS EENSESNEN, BRNICEEERNS TIVNR
Lk, EGRHNEZMBLE. LS TNV RERONEEAKE
DR|EMEBLIUEEISHBL .

4.1.1 HER OEEKFER

BRAK B 2HERBICHAML 3200COBRBIKTHEAMBRLERD
BRIERBEBOEEER%Z Figd-1 ITRT,

BIELREERIB IR I1I4ETRELEAL DO CRIELREZT O A1
RIEE (MB) CBEBIEBEBLIUMEBEEZENETSI T >
FUOURBEBQB) OEF 2 BBORBBEMN SR> TW5, Fig.4-1 ITR
Likdic, EREne (HRF757 10 C88HHK) KbUuFxy RO
vTFo¥— (LC) OFEAEE (AP) MHAMITHMLKS. 10HR
KEGELOHABEARAME 1kg/cm2 BB LE. TOD., BEZ2FHE
L. LCORBRERE2EBETSE2EBB Mok, ELLCOAPODOLER
EEDBITMBOWMBBEE (o0 )XR4IZHML., THhiT&bd2 Y MB
VRIVOBETHREAEINZ(QBD o, fd MBOENEIZIER —HEMR
BERITDOTCHEREZERLE). COLSRTLEIMEOHBARER
DRAZHARL TNV S,
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0, |bs/t

Fluid-bed level, ft

Pressure drop in the liquid condenser

30
25 F
20 r
15 p
10

35

25
20 p
15

30

10

Fig.4-1
plant

5 10 15 20
Operating time, days

Change in operation variables at start-up of commercial




4.1.2 MEMEOEL

MBROHBEEE (p,) PHEMBEIVREEM L RXIVDOETIZREN
ZHMARBEROREFRHAEZHSMIZTHDIT, Fig4-2 TRLE
BLXERALEROERLDBRL MO EPMA-SEM O HIE &
BZFigd3lRT. HEOED IV vy aMEORREZHFEL .

ZDFigd-3NSWHSMREIRTIVy oGO FRE T
BRIZENNWTHHOIIHNLTRAEREED MB B2 s oL Mk
b)TRAXEICHWHRKRS? (HMERAIFTELIDEER> EHEESH, BT
FEHERYERBTS) BRSK. AL 702 F4 Ly INh6D
TRE)TREERINTHLUAEANFONFREIAMEFLEDDINR
SHoh3, L LCERARLSOBRRMBE () TRREBOMBR T
BEAEBAINT., FNEREROMBEN T EHMBERNBAEIIS,
COWMRIIFICHRLZ EPMA LS OMREMSIZTLA EM
RPEMBLEEERZITHS LH¥EEEINS., £/ SEM EHE® SiO,
MRENSD LCIKIIMBENFELLTORBRIDPBRWI ENDM S,

I 5T V,0,/K,0/SO, kNS, V,0, R MNEHLMIC MB i d
JUA /0 HEMEOREICHMHML., £ LCIRBELTVBZ
EMASHTHB. BRBITT LT o flifl(a)DF MR I Bl P FEH
B (V,0,/K,0/S0, ) H=1/4/8) LIFIER —TH3. ZORE
NERIBBBIDIDVRERYAIJO0CATHENTHEHBEIENF LRI
B IO NBBOREICLD, BN FARBICHHLES
BROMVHEE - REBL., ZhA LC 2HERLY. APZLRIELE
HTHhHEHEEEINS.

AR D Fig.4-1 CHAINEZRHBBZLCOAPHMBIL o, DHM
(EZXLBRKETHEAMBE AOEAKROETNLDIZEN) TRAA
SMERBFRERKRI N ETHAME A (BHE) OXFY -7 v
TRICBA IS ACZLIIEN -, COZRBUTOES>ICEXSZ
ENTED, TROLEIETRRAELSICHRME BICH LN A



BADEEREARBFLIBL.BIEREERANORKED L WV,
SiO, ZZSUHMBEEANBEBRINTREL . TORBHAEIIHRM
B BOKIM/BITHYET S (Fig.3-11). FRIZEVY I RTI T A ML
DRERNESHZHR. LC BANERIIh T, AP M#mMLAho 7
bOEEXEND., —F. AHRMEBIBIZ23WMAP OMmIiZ.
AR ERBIC/NEL, BIERKEBISORBPMERbIIBROLSITH
BNkED, RBEICEXH2HERHBRBAEIL. D V,0, RZPY v F TR
RMBEERINZEIRBLTVRBE D, LC ARMTELD T ol
HDEEH IS,
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1. Air blower 2. Naphthalene feed 3. Cooling water

4. Steam 5. Cooling coil (boiler) 6. Cyclone (three stage)

7. Dip-leg(cyclone) 8. Catalyst (main bed)

9. Catalyst (quenching bed) 10. Liquid condenser

11. Ventury scrubber 12. Switch condenser 13. Effluent gas
14. Crude phthalic anhydride

Fig. 4-2 Schematic diagram for naphthalene oxidation in
fluidized-bed commercial plant



Fresh catalyst
(a)Composition (wt%)

V05 2.8
K,0 17.8
SO, 16.4
SiO, 63.2
V50s/K,0/S03=

1/3.8/8.0(mole)

Used catalyst from reactor
(b)Composition (wt%)

V,0s 22.3
K0 26.2
SO, 47.0
Si0, 4.4
V505/K,0/S03=

1/2.3/2.5(mole)

Used catalyst from cyclone
(c)Composition (wt%)

V205 25.8
K50 19.4
SO; 49.0
Si0, 5.8
V205/K,0/S05=

1/1.5/2.8(mole)

Used catalyst from liquid
condenser
(d)Composition (wt%)

V505 2.9
K,0 20.4
SOs3 48.4
Si0, 2.3
V50s/K,0/S03=

1/1.4/2.5(mole)

Fig.4-3 EPMA-SEM images of used catalyst samples from the
reactor, cyclone and liquid condenser of the commercial plant
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Fig.4-4 CEAMCEZEBIMORBNICEKHBL-HRME B ©
SEMERZ2HEL.,. 7y afBoTheEEbiITRLE.

O SEM ERMPSHEMREIET, 7y yaMETREHRICS
SHEHBEINTVARVNHTHR2TROEMEDOEEKRSIXT TIZ 48hr
THFRANOHHMNEID . 98hr THRISKERAOHHBEIH KX
L. REERROHMLEPTVRBIZERKLTNWS, FEEERIO
FHLULAENFREINMAEFL T AREBLEA T TN S,

Fig A5 CEEBTHEAPICENNICIMBEBIDERL ~HRAHE
BOEMHERMMREOERELEZRYT (LELHTH). IASHLM &
DT, VIV,0)BEY K(K,SO)RAREDICHERMEM 50 HEE TR
WIZETL, TORIBOIPNICETTS. L0 VRLOE
TERKRPOETNIDAREVHERIZH 3,

-1
‘:Jl



Fresh catalyst x100

fter 48 hr _ H _ xlO

After 98hr x100 | x1000

Fig.4-4 Changes in SEM images of catalysts used in the
commercial plant
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BZEODRED K,0/V,0, DEJIHOHEB % Figd5 ORKRMSHEL
THBE. FVVaBOENEEY A THoEDIIHL 150 HETIX
# 6 (SO/K,0=2F—F)CETHARLTWVWBRZ &M 5. ZThid§l
WD Fig.4-3 TOHA 70 ENMENFORERHRSBLT LC
NDORBED>DEENV ESY vF (K,0/V,0,=1.4 ~1.5) THHZ
EMNSEMBTES, —FH. K,SO,D SO, &L MEERL & £-SO, ITRTFC
V. K RA2OETEREERD, SIMIC—ROYCAML, AXEZE
T, TOBRDLDTHLTOETIZ2HEERMERLTNVS, 2O f-50,D
BAEORBEICEAL TR, Ay —FHEOHEMIZ. ER+H D S ORI
Ik B4R SO, 4% Table 4-1 I RLAEKDZBELZATISR{IERIESH
WO QB T SO,+K,80,=K,S,0, DERFWICBETHHREZRL
(PHRBZBRIELCEERSPOFTHAREORAENRTHIE—EIT
RB33TTH3). TOBOETRHEEETIIESRS MB REEODOL
F(3202340C)IC & 5 AWMz QBIRED EF(290—300C; QB iR E
OHIEBEIZE/H LEAB)OLDLEAGNS. TS5 QBRE
DERICEBSO,BEEHNDOETIT DS K,S,0,=K,S0,+S0, D&
NOABUTRERZEDEBATNVS, BEOEERERLD 290CLLET
I QBREDO LR EEDICHMES SO, REENOET TSI &K
BIhhTWh3,

LIV RSP VVBEROHIC—RNICHEAL, s SO0,
CRBRKCAXEEZ2BRTEZORDLDIMNTIODETIAHERAEIHS., TO
VYOERBYRANSMER V*RF 7L B8 RENT, DL
DERLEENENEZDIIBIAZDBOTHD. BILEHOETZER
T35, 2O VoMo (v oETF) B vEUvwFoTI Ly v
AfEERF I L ICEDBILEIN, VEOVVOREFICHET 588
2RT. TOBOETREEETCE RN MBEEEDOER (320~
340C) KD V'O BRBILEENRBEINHREEAONS.
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Table 4-1 Performance of quenching bed in the commercial plant

1. Prevention of after-burning (liquid condenser)
PA + O, = CO,
2. Recovery of SO2
Main bed
NAP + V*'=0 = PA + V¥
V¥ + 80, = V=0 + SO,
Quenching bed
SO, + O, = S0,
SO; + K;SO, = KyS,0;
3. Adsorption of unreacted NAP and circulation to main bed
PA:Phthalic anhydride, NAP:Naphthalene




4.1.3MEFEEOEIL

METHSAIRR > EER, S EHMNICHM UMK OE %K
DORFMITHPEFNICEHBRSIMBR TFHROEERST OBRELIT
LEARILEBEROTLLZIEEBTEZT 5. FHEHLMETDOWTS
TV BILEEOH#B L. Table 4-2 KRUAEREREFEDO (HEH
EEXRERR) CTHMEXCFRIBBEZHAVWTHEL. TOHREZ
Fig.4-6 ZRT. HOSHSAREIK, WThORBBRETIENT
LUHICEERELRETHESH, W50 HRBRIIZEERITEL
TWBZENDMSE, ZOFEEETHERAIZAMEOD Fig.4-5 ICRLETRE
HRIBEOETOEFNELISHMBELTED, CHRICEIDEERTO
DHOERETRIME» S OFERMIFCRICEEENOSD S VRS
DEBERBAREETHS I ENZ S,

DLEORENSCHREME B Z2AVNERIIRELAEAREBTCTOEK
FrSTND>5E, HBHARESBLIUFEEETRIMEPOFELERD D
FEHHIC, £/~ LCENBAZRIETHMENSHRE - MEL EER
FOREBIETNThERTH I ENBRBTE L,
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Overall reaction rate constant, K, hr’

0.7

0.6

0.5

0.4

0.3

0.2

0.1

® Keys Reaction temperature -
I O 310°C
- \® o 320°C
ﬂ i
-O
L -
0 50 100 150 200

Operating time, days

Fig.4-6 Change of catalytic perfformance of developed
(B) catalyst used in the commercial plant
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4.2 MBEELELEROAH

MEICBWTHEOESEEELBIURBARNMER FREAND
EHERSOHFHICERT A ENBRINER, TOHLFEEZAH
THEREDICEESE. BICEBF IV AR (W/F=fl5k &/ F s
RHEE) PMENSD SO, BHOEEBIIOWTRHNZT &,

421 EHERDPOREHHAD WF OER

AERHMEK BOBHRBEREIIBNWT. R FRIEH 2 AN, Table 4-2
DRBEEEQ (MESMER) TPV T2HEHOEEFERRICERE
LM, EEBTEHAIIh LS8R REERSOMERE N
D HSEM BHAREREZ)BELUTNIL LR BHEOETRED
ARBERIRD N M T2,

EARVFRIBBEEEBEORIBEGEZLET S ERHIEAD Table
420 XS5 KEBFIF LV >OW/FEREEBO(WIF) ERXRIFRIB
BOW/IF), CiZR7R 3.

(W/F)/(W/F),=35.2/18.3=1.9

CNITEEBNRRCFREBICHER, BEiEDZDHEKTEITT7F
LBRK 192N EEZRLTWVS,

EHREEWFOEERDPPATHAOEBERRZ T 5/ Table 4-
2 ORBEHEQ (MEHFEEKAUEHER) OXSCREBULOBE
ETORFRIGEOMEEBREH. TR2DB(W/F),=123 (ZE#E
D 15 FORBEICHY) CRELTNEEBERKIEEZRET- =,
COERY, RIEREORBLLBDIMRHARERNBLI RSB E
MBAINE, BRONEEAEHME(10hr)® EPMA-SEM 247 &R
Z7LVy T afEORNEHEL T Figd-TITRLE,

HNSHOSNRBREICREHBERDT AN 10hr THEERPOERE
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FHRAERNEH, POFHRISBRLEEBOBOLARIT VRS Y
v F (K,0/V,0, ENHK=2) THB I ENbhok. ThickDEHE
BTOERERDPOKMTERE~NOHHBIRFZ7IVAHTRDS W/F
BOKEIRXHBIENREITT SN,

FIILUBEREIVERIYIBRERENSE 453Kcal/mol
DRKERFEREMES (Fig.1-1)e COELERENICTHKENF I1ECRE
BAaRCERT B EEALN. BELRRIMBEICEEEIND T TSIV
CBICKEEKETS., COLERTHANKCHETSERMEZSD
HARBRCEEL. MARCHERIGIVWEASTY —RTHEET I
ERDIMFELANLSOHNADOBRKAIRLIDABIIREHT ENDS
BEXEZONS. TRODERBT 7Y L VABWFRHORNMIKD
MAZBREALTWHAOEEIARESRARD., EBERS OREHE
bZhICEKETHRITTH S,
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422 ENS D SO, BEOXE

BRAE BOWBHETERBAROFEREHEI N -REHHE
R OMBRELICEBELT, KIEROERFHAF D SO, DERIT
DVWTERHLE, CORDEEBIDENNICERLEMEICIDONT
RYFRIBBEMW, Table 4-2 ORBEEFORTBVWTERET 75 L
CBIERBERSEBEEZTEATERBL. TORKRZ Fig4-8ITRT,

HASHLMREIRVWThOEAESMBEODREEENH A
DEEHHARAFD SO, BEIETLTED, FLA-BEERTHE
THEHEABRBOEWHEREHIAF SO, MENBSRI2ERICH
5, TROEEHETLAMBEEHIIASBO SO, BEIE 3,

CZTHAEINS SO, DRERBERPORIVYFF T LM
BRA2HD SO, TH5., EEHFI7IZLCHIZSETHEIRYFAF
7z (S RET500ppm)REET B, ROFRBEBTOFIFLV Y
HAER 105g/hr ROBILERT A LW B 1500NV/hr THENE. Y
BNZ ERIVFA T oNTRTSO,KBIEEINAEZELTS. 0
ERAABPORELL TIT 25ppm BERRLMAELSARW, LERST
Fig.4-8 ICRT SO, PEHBIIFLEALEIIMETD SO, 2RERICL
TWwaEEZXZSNS, TRbEFIFVONEBLEN., BKT7IIE
EERTHIRIC. MEFDOSO,NV,0,0V Ry 7 ARKBICEEL T,
SO, ic@mah. ERHAELTHHENS., TT7F LV OBRLEE
TERINE SO, RREBENBNN., MEOBLLEENEVWEER
f0,IckD SO, CEBIEINT. K,S,0, L L THBEHRIIRD ZIEN
5, BELTERFEHAF O SO, BEREPITS. —HARBREMN
Enh, EOBLLEENEVWEF I L ICHLEBLINEWN SO,
BEOETETIRMEIIC K,S,0, ELTEHDRAENZ &L, HH
AFICHEBELTHL . BELLUTHHIZAHD SO, REX®ESZD, —
HFTMBEREIHHELE K,SO,BAREL A5, 205 ITEI NI,
Figd- 8 CRENBRIFEBEEL SO, BEOHREXSRUTES,
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SO, concentration in effluent gas, ppm

800

o Keys  Catalysts

O Fresh
A Used for 2 days

600 } [0 Used for 4 days
@® Used for 53 days
A Used for 164 days

400 |

200 p

0
300 320 340 360

Fig.4-8 Correlation between reaction temperature and

Reaction temperature, °C

380

SO, concentration in effluent gas of bench fluidized-bed

reactor



HBEHZAMICHHTS SO, 2 TEBRTARAAZ I ENEMK
MEOEEET2NHTAIZ LIRS, COLDERERBIIBVTRAN
CFRIEBICIREW QB A ZNHNOEYICHREBIHTSED., SO B
ftTibbmEd SO, BEMTOLATED., ERFENAELLTEOR
FHHINBZ T &iIdR<. SO, #HEHMBRDIBRANEIND., TD V,04-
K,SO,-SO, R MHMAMKORILETICB TS SO, BBHOBRBEET
WEd B & Figd-9 DESIERDIN, SO, BERICKXDFITIFIIL >
BILEEOELBLURBAROREEZTRILLBURTH S,
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DECHMBEFNS SO, NERH LR (MfEEH SO, MNP L IEkK)
KBENREDLSKRELRTENEMRD D ITHBEFERS OB &
BLUBMABOBMABITHEMBLBEDOXERME Y BIUHERR
% Table 4-3 X EOHTRL &,

Table 4-3 Resuits of measurement of melting and eutectic

temperatures

Sample Melting and eutectic
V,0s( V) 680-690°C?
VOSO,(iv) 550-600°C (decomposition) ¥
K,SO,4 1040°C®
K,S,0; 210°c?, 420°C (decomposition) ?
V,04(v ) + K,S0, ° 475°C
V,04( v ) + K,S,0; © 310°C
VOSO,(iv) + K,S,0; @ 400-450°C

a) Decomposition temperature
b) V,0s/K,0/SO,; molar ratio=1/4/4
c) V,0g/K,0/SO; molar ratio=1/4/8

EZNOBHMEIK. RIBBREMEB20C ; ERONMTFREIRS
BOLHDILIZHEN) TBWTHRERD V,0,-K,S,0, (V™) stBESB
LU K,S,0, L2 ICHBLTVLIRBREHDEHEIND. SO, EH
HD Figd9RRLEBEBOLISC VR ZERILRBVHICTRDOER
It-BILY1 7 IVARCHARAETENR TSR EEZ SN, SO, OHEBICEKD
SO, MARET B LEHERSIL K,S0,% VOSO, DIt@&EICE{LL . M
HROERNMEIS., COLIRERABEERS AR FREICHHLZ
BICEETFOMNBFRENEZD, RBARDBRBELDPITSAD, D
RIENHBICETLRBRIREZEAIALGNS,
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HEBIZBOWTTFI LV VBLEXAZENIKEI > TWAERE
JXINViEBTIX. M8 TRBIZHED. SO, YUy FIIRB->TWBT]
EERDZ. EEL SO, RE0oEMERSE (MB—QB) 2ERLT
WS<BBETHLELINLTHRAIL. MEDIZ SO, ELTHDRAEN S &RE
x> TW3a,

KRAZELTIR, MEAN/RETTHFI7F LV OBRICKS VRS
DOEMEIL (VHER) IZDWT K,S,0,—7K,SO, DE{ENRI S & F
Abhs, REBBEXBEVS, DE2VITMEFESENEDIZ S0, %2
BRELENRVE, RTFARACEHLABER2FIIEINICH
M A D K,SO,(Table 4-3; mp=1067TC)MHHU L. ZhiTk D BEH F
HTERE BRLLTHRBABRVRECDDTRS., THIZHL T,
RISBEXBWMAMEEENE VRS SO,IREBIC SO, TR N,
BMROEY K;S,0, ELTHEMANICEEDRCIIDVBEREIND
2. Fil - RER2>SDPRL, BN TFERAICLXSIKREBRRINANH
Eh?, IHRVRSOBEIX, SO, M K,S,0, (mp=210C) &L T
BEINTHS V,0,-K,8,0,mp=310C) ERDFEMIENED D, B
BEREINIZIFCHEMALAANOBENOZDO DN FRECHMR
DVEANKBRAELIVMOBINRTIL . ZEICEBBEINERRBICR
H5EZEXATND, EAKRIOBBEARZFTFIFILVCOBITICKD ERK
TEHEEMAD VR IEME(VOSO0,-K,S,0, ; mp=425T)A4rH L 7=
BETOBMRENPSIVRBRABBLHEEINS. COLIBVRSD
XEBHWEIEEETBIUAMERNTFRLIONBFICLI2EEEZMET
5ELEZENS, BHIRD K,SO, LKL BDD, WTFhOoFENK
EVDARAATH D, MLOKXSIBRRFREAD V BRI DK HBRER
BEETIET S E Fig4-10 DL ISITEREIN 3,

UL SREBTONHOBGE NS TINORERAY—FRKOEK
BGB20C)TOF 79 LV HAHEENRE>NIT &0 . EERD O M
BEENOBRWBHE2REEL. ThAICIZ2BRILEAOETOR®D
SO, &L THEDRICHDZIENT . HHIXFAD SO, DEH@EDRD
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SO, BMNZBELCELEALGNS, TORBRIOCKERAOFBERR L
DREHH (RETO VERSEE) BIUEEThCHESHMENTRLO
ABECHETHNTFRACIIBEHAREARINBERINLLEERD
ns,
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43 MBHR ARG E W ERME DR

MEICBVWTHBARBIUEELORE & HE S N GE
ERTORBIHZAFSDLI VI KB TELIRYMEZMARET S
. SO, DWMBEF L (MEP £-50, /) ITEB LU THEMEKS OHER
HEMBIEBRELOERBITERABEARDORRIIONTR
ML, MRROKRZTO .

4.3.1 FEHERS MR & MBALIRE & OB

Fig.4-11 ZIEHER 2+ SO,/K,0 ENVHEEALEEOMBLRE
DHERREEZFRT (ZOHPA K,0/V,0, B)blk=4 T—E&ELE). K
NPOEHEAMNZEOIKBMEBEIIL SO/K,0 EIVHEELBITETL., XH
R BOHKRMTH S SO,/K,0 EIVH 2.0 ¥BREIBE (300C) %
RLTWS EEBEBTD320~360CORARBEBESRRK TS SO,/K,0
BN 16 LTFICRD EFEERSIIZLE2ITHIALLERLSARD, Sticky
BRBITRZ, LERSTFIF LV BIEFEMNMETL T SO, bER{L
ShBVWEETCIEIMERFN/XETO SO, RENEKETIS. &
THhHiITBEEREN AP SO, BENEMT 5. TORRELTKR
DB K,S,0, &0 K,SO, MIZED. Fig.4-11 CBIFTHEH&D S
Wik Sticky BEBICE{T 3. ERICHEL & V,0,-K,50, DMK
LB BE (Table 4-3) X 475CTHY. RINBESEBE TREGD DL NIX
Sticky BRBICH B EHEEFIND, SO, DI APFANOEBTRDD
B K,SO,ANDSO,OUBRAENKFOBREERILPTIRSC
ERINITEDBHAETE S,
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Melting temperature, °C

500

400 p

Operating temperature
F320°C _V_ _—————

K,0/N,05 Molar ratio=4

Liquid zone

300
Solid zone
200 F 'l 2
1.0 1.2 1.4 1.6 1.8 2.0
(K,SOy) SO,/K;0, Molar ratio (K2S,05)
Fig.4-11 Relation of melting temperature and SO3/K;0

mole ratio (V,05-K;S04-SO,)

95



DXRERERDPKONV,O,ENREZEALLEDOMBILEE ©
BERREE Fig.4-12 ITRT (ZOBED S0,/V,0, IV Hk=2.0 T—
FELE), S AEREME B OBMBKRETH S K,0/V,0, EILH 4.0
T 360CLULETHREL2REMLL TS DIZH L 320C T Sticky 72 H#
BICH B, S5IT 4.0 LTFTRABZEaMICHBEBLCEEILERL.
320C CRIZEEGORBIIHZ I ZENDONS., REBMIGKEHS
N-MmEOCNTEEBIVURBLAEAEERDICTEHATNE
K,0/V,0, E)V I 2.0 A FOMRME (Fig.4-3) TR¥ A RGEESER

(320~360TC) IZBWTIEEMAEN Sticky BRBITHBHEVWZ B,
DRERIEEBTEREGHAERCBRM I N HEEKS ITE
KT 5RHABROREEFRIEIES.

500
S05/V,05 Molar ratio=2
Liquid zone
£ 400 }
o
=)
© o
Q [ f 360°C
5 Operating
2 kem-—-- — ¥ _ _ _320% -
@ 5
2 300
Solid zone
200 .
0 2 4 6 8 10

K,ON,05, Molar ratio

Fig.4-12 Relation of melting temperature and K,0/V,05
mole ratio (V205-K;)_SO4'SO:3)
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TORBIURERICERT S VVORBHE~OMER2RET 5 -
DI, RFRIEBEHAWV, Figd- 13 RULERBEEGERRBRZT-
o (COPEWMMBE LT Figd3 CRLAREBCHBFATSK
ERELELORERALE). '

Temperature N fluidization Air fluidization Reaction
PoVH=031w%  : '
o Yellow
380c - Fig 4-14(C)
P v*=0.48 wi%
360°c -------- ! --------------------------------
: Fig.4-14(b)
TV=130wt% : I
+_ 0, .
VE=101W% e e wioe
3‘:\200 ----- Yellowish green >>< -
oss green . Fig.4-14(a)  : :
320C  ---e- {) > A > A
Moss green Yellowish green

O : Good fluidization

A : Decrease of fluid bed level (partial aggregation of catalyst particles)
X : Poor fluidization (complete aggregation of catalyst particles)

Fig.4-13 Fluidization test of used (B) catalyst in fluidized-bed
bench reactor (Catalyst samples was used for 50 days in the
commercial plant)



HENSHM LI, REBMSOKEHLMERIET N, ITKS
REEITBNT 320CB LU S40CTHRFAFKEBHRBZRLTED
EBERBODEE), HBHNCZChREEE2EDEVWIORER TIIE M
RAONKBIEL TN EEZRBLTNS, DXIC 340C TEKIN
BECHOEXASLRBRENIBMCBLLE. ZHhid VFORD,
RETHE V"OHMOEDENETHFRETCHHL TV /ALMTE
R OBMRNTAND, Sticky BRICERL 2D EHEEFEINS, &
CICEBIAMBLIEE 2 LR IE S & 380CCHRELICHEBEMNEHEL
2 (BB, 20#% 360CDODNT 340CTEXKBLEZ L TH MBI
SR TEE.

—HOERIIBVWTEKMBRFITIE Figd4-13 KRLAELDK
VERBLTRROLE V*RBMLTWA I ENS, BMEERS OB
NEISIETFAD, NFARARRHAHL TWEEERSREARCER
BRIl ENBEALNS., ZHNIT Figs- 14 XRLUEEBKARE LA E
DO SEM EROELMNSbH#EINS., TROBERUHEEE 2.
360CETHIT 380CIKRERSEBICLENVKNFEEICHHL TV E
FEERSVETACEREINSEBRANDIANA2. TOEEMET
TFHFI759 V> BAEREZ 34 0CTHEBLTOHRBEIIKERFETE, EH
MICIRBRBHARIRELRAN k. TOBRIIHMEFR VOB MR
EffmEiclELTWBAZEERLTWVS,

UEDOKRPOREBTCRELUABHERDSOZEHIHBICEL 5 HE
ARBERPASI-FROERRE (320C) OBREKR—RHOHZZ &
Roholk, LERST, 7V VBERBOMAERRED X UK
BAROHMHICIIMERANICSO, 2T RERTESLSIKERTO
BAEEHEZALIES2EIND TR, SO, BEFEEB LU SO, KEHE
IR KEL(SO,+M,80,=M,S,0, DEHNREORKBRERICHZZ &),
AOHMBLLBEOTEAXTEVESERPEREZRETZ I &M
BLETHHENZS,
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At 340°C for 2 hrs

1Skv  1.00kx
x1000

for 2 hrs

for 2 hrs

832
x1000
Fig.4-14 Changes in SEM images of developed (B) catalysts
used in the commercial plant after aeration treatment
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4.3.2 BMEILIBE~ND Cs,SO, BRIMOEE

RBOMBEHRBESICDHETE, HREERSOFHOEZIDE
WERBASBEHARYORREZT L. TITTIAUVLEORTFR
MRKENVIFE

S0,+M,S0,=M,S,0, (M=7 )V H 1) & &)

OE/NCORBEMMIZHD 2, »D V,0,-M,S,0, tMEOM RAAE
T2 92EMRABNTNS Cs,80, CHEHLTEOEMPRITDON
TRNLZ. Cs,SO, O AAMRIEBE TR, BEEMETOF T
FLUBLE"BXUSO,BILEYCBNWTHMEEL L THREINTVS,

Fig.4-15 IZ Cs,0/V,0, BNV HEF AL L Z O MBILEBEDORE
BMEZRLE (ZDOBE S0,/Cs,0=1—FELE). RbBCiIED K
» K,0/V,O, DRI EREZMTLE L. M5 Cs,0/V,0, StEHBAIEEE
iX K,0/V,0, D i L2t E<,. TOEIEIRK 100CLULED
D. Cs,SO, DEAHIX HMILBEDODETICEYTHLI I ENDR S,
FEZNVAVEBRIOVBEAOB/NMEZRT M,S0,/V,0, L3RR
ZHEBICHD. MBRDOBEDHRE "PTD Cs,SO,DHMROVEDIE T
DHBELCBEODETHRIERT S bOLHEEEINS.,

CORBEDHEWK,SOICHLTCs, SO, BRMBEEALEEDHR
MBICEBEEOLTILEZRNEL. TOKE2Z Fig.d4-16 TxRT (ZOBE
SO,/M,0 ) lt=1 &L 7%). @H5 Cs,SO, BWMBE & DITHBILIE
EXETL. K,S0,/(K,SO,+Cs,SO)ERE 05 ITBNWTE/NEZRT
REZHERANESH, 250COREBTHMBILLTS I LEBbho .
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o

Melting temperature, °C
F-S
(o]
o

300

200

S0O4/M,0 Molar ratio=1 (M=K,Cs)

V205 - C52804

2 4 6 8
M,0/NV,05, Molar ratio, -

Fig.4-15 Comparison of melting temperature of
V205'M2804 (M=K, CS)
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Melting temperature, °C

500

X (K,0+Cs,0)/V,05 Molar ratio=4
S0y/(K,0+Cs,0) Molar ratio=1

400

300

200 }

100 | . . '
0 0.25 0.5 0.75

KzSO4/(Kst4+CSZSO4), Welght ratio, -

Fig.4-16 Effect of K,S0,/Cs,SO,4 weight ratio on
melting temperature
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4.3.3 Cs,S04 HWINE & Kb Hrtk

METHBINZEXRACHROD S Cs, SO, BMMEZAML .
RAVOURBEBTFI7I VO BEEEEZHEL. TEORKR2Z Fig.4-17
IZRT.

MhSHEHMREIIT, Cs,S0, BB E & bITRAETELE (Km) M
EL. BEBUEERY (BKYL 1B, CO,CO,) ~OBRREIE
T3, S5BEFEEDOETE (KEKm*/Km) b Cs,SO, RNk e &
BIZBHESN 05U ET—RBICR2ERICHSD. COLIRBRLEFES
ADCs,SO,FMPRRBECORBEERICES VORMERAITERT
HEEEEIND.

QEDRBIERBEHEEMETEON -MEKLLEBEORREEZRSL
THMIEMRKEL T K,S0,/ (K,80,+Cs,80,)=0.5 (ERi) 2BEL =,
BonkFHRAMECOMEAZ HHARME B OEN L LB IT Table
4-4EEDTRLE, EFBREME C ORAS M % Fig.4-18 ITR
L. BiICidBs BTHBT S TiO2 #HE V,0, RMEOMA 2/ DO H
ERELHRLTHS. B3 Fig3-3ITRLAEHAME AITHEL
THRME COMADAH (Fig.4-18) BEDKEEWNWAHIZBHFLTED,
BIMTERL = Self-poisoning T L BFEHELILOBRANPKFET X 5,
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1.0

0.8

Km, hr'

0.4

0.2

- 40
3 Km* / Kmx 100 (Km*=Activity after 20 hr)
80 r Catalyst charged :1g
Naphthalene feed : 0.5g/hr
- Air feed : 7.5NI/hr ]
B Temperature : 340°C 30
Be 60 s
5 Km
[+)]
p— g o
o \ 20
Sa}
F
2
e g g
10
20 P ﬁ
b 0 ' A 4 8 '} r e 2 ' 0
0 0.5

K,SOJ/(K,SO, +Cs,S0,), Weight ratio, -

Fig.4-17 Effect of K,SO,/Cs,SO, weight ratio on catalytic

performance in fixed-bed micro reactor
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Table 4-4 Comparison of physical properties of the catalysts for
fluidized-bed oxidation of naphthalene

Physical properties/ Developed (B) Developed (C)
Chemical composition catalyst catalyst
Physical properties
Av. particle size, um 64 63
CBD, g/cc 0.81 0.81
SA, m*/g 150 155
PV, cclg 0.39 0.41
AR, wt%/15hr 1.5 1.7
Chemical composition
V,05, wt% 41 4.0
K>SO,, wt% 14.8 7.4
CSQSO4, wt% - 7.2
free-SO;, wi% 7.2 7.1
SiO,, wt% Blance Blance
SO,/K,0, molar ratio 21 2.0
K,ON,05, molar ratio 3.8 3.8
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Fig.4-18 Comparisons of pore distribution of developed
(C) (SiO,-support) and (D) (TiO,-support) catalysts
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43 ABERMBEORBN > FRIEE TO BN

HETRHINEFHREME CCOVWTHETRFRIEBTO
FIZ VO RBERBEEER K, 2RAEBEEZZEATHEL (KK
1 Table 4-2 D&H®). TORRE Fig.4-19 K IHERME B 0%
NERBUTRT. IASHM LS ITHBERME CIIHHAEME B
CHLEISIEHEEZRL.,. RBHNTEOENRREL RS SHERAILH S,
MG OFE P, fBROME B TR h LS BREAROERK
RREERBOSHEN . EREREER(10hr) ODEFEME C ® EPMA
D ET->RER. Figd4-20 TRLEEDICHEARME C SHEAEM
BBEARD, BERDPOAZAANOBRENZLAERBETVENVT
ERxbhB.

Reaction temperature, °C

350 340 330 320 310 300 290 280 270

1 . 1 { 1 1 ] 1 1 1 ]
Developed (C) catalyst
= Developed (B) catalyst
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o O1F
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10%T, K

Fig.4-19 Arrhenius plots obtained for initial activities of
developed (B) and (C) catalysts in the bench
fluidized-bed oxidation of naphthalene
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SORTEMBELTRBEHBCOTF 7V OERGBLULRERT
TORKIIINVBRBREOFMMEETHD., METFTXRCFRIEHRT
DFI7FVUBIEREEEBLE, TOHEZ Fig.4-21 KRLUEK
&L Table 4-2 OEH®). IMSHOMR LS ITHEAREME C
X 99.99mol% D F 7 F LV CHEHELAETIBWVWTHH 85mol%

(98.6wt%) ODHBREZZERTE L,

Unreacted naphthalene, mole %

100 10 1 0.1 0.01
100

U S -0~ PAN(phthalic anhydride)
] 5 -®-  «-NQ(«a -naphthoquinone)
X~ PAN+a-NQ
40 S
20

Selectivities to PAN and « -NQ, mole %

0 90 g9 99.9 99.99

Naphthalene conversion, mole %

Fig.4-21 Conversion of naphthalene and selectivities to
phthalic anhydride and « -naphthoquinone in bench
fluidized-bed reactor (developed (C) catalyst)
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4.3.5 S35 @ 1 A 15 oD £ BE B {ih

DEDESICLTHBONFHRME C 2 A7y THBEEL
TEEBIRERALELEDEERME Fig.d-22 ITxRT. COREEKR
EBELTRF IV VERIAER 99wtnZ2#HFT 5 XD CKIGIEEE
EHELE,

RNASHOMREICHFHRME C 2 AV T7y THEAR. MK
DA—=27 v 7REBEACTHAILNNPDETHRANETEH 2wtBll
tomEE 1 EULEOREREEZERTE.

i -1 88
102 Developed (C) catalyst charge
X xX
[}
s 87 2
() E
ko] )
5 86 ©
> =
L O
c >
® =
o 85 €
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- 1]
£ - 84 &
3 5
o I
o 3.
o Catalyst charged :1.65ton/ M =183 3
g 9%} Reaction temperature : 350-360°C %’
o
> 1823
>.
94 5 L 81
5 10 15 20

Operating time, months

Fig.4-22 Variation of yield of crude phthalic anhydride
with time in the commercial plant (developed (C) catalyst)

110



4.3.6 B R H OB IEAL

& Si0, ¥ V,0, AMEHARBECRFOERETBITHEA
BEBHLEL, BANICEKRIIYNVBONREHER  -MELE52HER
OEEBEHEMERET L0, FHRMBECOA—I Ty TROE
GRELDMERS S V BEOHEEELTRAKZIIVNREZTOY
rL .

ZOMEIL Figa-28 KRLEEIK, BHEOMICIRRE—RANR
HEERSD, BREBCEKRIINVNERER LI EERHED
BED V'BREZHSBEDODIEVMMBETHA I ENBRB N,

104

Y = 90.76 + 28.44 [V™']
102 } r=0.88
n = 12 (months)

100 p

98 r

Yield of crude phthalic anhydride, Y/wt%

96 & [ [
0.2 0.3 0.4 0.5 0.6

V ** content in catalyst, wt%

Fig.4-23 Relationship between yield of crude phthalic

anhydride and V ** content of developed (C) catalyst in
the commercial plant
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4ABARORBE

FIILVOREBEKAHRBLEICXZ2EKI Y IVBRUERITHEREL X
RIS BRGSO Sio2 #H#EF V,0,-K,S0,-SO, 7 Bk 5L fl i (B8 52
pift B)2REBICHALANIERNICRELEEBFARBIUE
BETOREZ, EEAGBLUCMEFERS OERE/LOE M 5 %R
HLlk. TORBRUTOZ EANHHAL =,

(WMEOHEBARIIMEN TREAOFE %K S (V,0,-K,S0,-S0,)D
FHIZEDREL., TR HITEKRBEAROERRE(B320C) &R
77V AN (WF) CTERT S,

QMBEEEOETFTRIEERDS ELT V,0, RO BERBICERL .
CRIZMENS D SO, MEMNEEL TNV, F 75 CBIEEERK
EEEHEH A O#E# SO, MEELSHBL., FENEBES IR EHY
SO, MERXEI RS,

B)MEAD Cs, SO, OHRMIEIFHERPOBMRKETICHRASD .
Cs,S0,/(Cs,S0,+K,SO,)E Rt 0.5 TH/NA (250TC) 25X 7.

WBShEBERAROBREME CEZRERICTA—IV Ty THKEEL
THALEHEE. HHEMEBICHLLEKTIINVBIETE 2% DH
FPE1HEULOREEEBEEBRTE .

G)EEBTOEA 7 NEBNRIIMBEF V'REOHEMELDITH
EvBrcENEEREIN.

112



4.5 58 4 ROXM
DERREZ# A0 T HFFANE ERE G834 B &,
AMESE, 44 ,206(2001).
2)Folkmann,G.E.,Hatem,G.,Fehrmann,R.,GauneEscard,M.,
Bjerrum,N.J., Inorganic Chemistry.,30,4057(1991).
3)Hahle,S.,Miesel,A., Kinet.Katal.,12,1276(1971)
4)Folkmann,G.E.,Eriksen,K, .,Fehrmann,R.,GauneEscar,
M.,Hatem,G.,Lapina,O.,Terskikh,V., J.Phys.Chem.,B,102,
24 (1998).
5)Flood,H.,Forland,T., Acta.Chem.Scand., 1,781(1947).
6)Tandy,G.H., J.Appl.Chem., 6, 68(1956).
7)Foster,N.R.,Wainwright,M.S,Westerman,D.W., Aust.J.
Chem.,34 ,1325(1981).
8)Milisavlevich,B.S.,Ivanov,A.A. Polyakova,G.M.,
Serchantova.V.V., Kinet.Katal.,16, 103(1975).

113



53 WM TiO2 HEF V,0, RE o Bk & bt
HERKIIYNBORHEREELIDFTIFILBUAR o-F2 L
FEEOWThIZbHNIETES, d2nWRIEAHATEIRBEMED
BRMEAETN TS, MIBIZPVTHRL & Si0, #K vV,0, R MM
R (BARMC) B F 77 L B THROBAMEK A T
HUELSHESE - BRRAKEZRTN D, o-F VI BRERIHLIEE
ODEEFHATERWN, THiT Sio, HEFMEIX TiO, HEFMBITH L.
o-F LV VBIEICAVWLELEZEKRTIIINBOERIIH LERESE - £
RETHD-DTHD . CORBEEREHRERTBNLTHRAD Table
5-1 ORENSDBEBINTWVS, LALIENTRF 7L 2H3
WIE o-F VLV VBT EPEKRTIINBOMBIZHATESMEN
BRI D2DOHH. CHNEFEERPO V,0, 27 FF¥—H TiO, ¢ RS
LTSIy RAHEEACHFLAEERMEEL L TOBRRTH D 99,
CNETDEZA TiIO, HENS R AWM EMBOBRBRAIIEALE
mshThiaw, ZHhid7F+¥—¥ TiO, BM T V,0, R D*EFIC
EOEEBTIFIMMENREEEZN ?, BEERERIELMADOEEEMRED
MEXESNRWVWIEN—-HTHS.

EHATCRFIIVOBEIUL o-FL UV BAEICHAHABATES
TiO, & V,O0, RRHMEOCHREEMNE L T, WEEEIIEN. &
HHETHIFOAOMNRERBEMAEOMNEEERYTIED. FH
TiO, R, FHRSMEREBLEE SRPOBMIZL 2 H B MK %
DOHEENITDVWTRHNL, EEBTOA—I 7y /MELLTOEH
DU EEEWMR O, I 5ITE TiIO, #HF V.0, Rl L TOB{ERE
BESEBIUBIETRRE Si0, HF V,0, RMEMARME L AR
HPBTEITFLTWB I EERABL &,
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5.1 fll i #E BR D W E (B

TiO, HEZAWAELZOHEMBEMARLERET I D, AFF
FoBREZHARBE L THEERSERELEZ2EELTHANML. §oh ik
HMBOPREBLIUTI I/ ORIBERBICLS o-F TV RRILENLEER
MR,

FORBRIL Table 5-1 IKRLAELKIIT, ETHWENICIE TiO, &
V.0, RMERIVWTH S Sio, 8 V,0, R KM (S-1;5E 3 ®H0
BRMM BITHYTS)ICHLMNTHEMABD)IF LI KREL . HLEE
# (SA) REMICEFELSNAIN/EZRLTNS., MEFBFENICIIFIC
K,80,/v205 BEBHC1 OMBRME(T-2,-3,-4,-5,-6) MWW o-F L >
ELEBIUBRKIYIBRBREERL., K,50,/V205 HR}=0.78
(T-2D)fFFECBNTHRREKTIIIBRBREERLTWVWS, ZhiTHL
THIEBEBIUVE4BETRBRLAEFT 7V U BEH Si0, #HF V,0, %
MEEARMRES-1)ERTU K,S0,/V,0, ERi>1 0K THEIZ TIO,
EROWEME (T-1) 3FLEEETH- 2. CHIIEZXEROE
TEUAIZ TiIO, R DEHEITLD V,0,-K,S0,-SO, F BRI 6L 7 2%k
BEZBRTER<RD, BIEREVHBIZETLAVWED EHES
N33, COBRE T 1MEORBEMERESWICTY 5 - Tio, BKHE
HBERALULTHS0CETMHRLAEEE, SIO,BKHEHEEBEADELEELE
ROEERSBZEERBIIRLS, R2CEGMLTLEIERLDE
JiFohd. Taabs TiO,HEDBEEIZIK. MR TERLELDI M
WMERIETIRAZ<, Fig.s-1 itEAR{ELELSIC V,0,-M,50,-TiO, &
MR ETORBRMEREIRX TIO,ZHICHFINZ V=ORDLFy I XH#
B CXDEFTFLTWB EHEIN S,

HEO-HHML = SiO, HENSRZBERME B TIIPHED o-
RV ZIVTFERBRENREL., BENERD BRI VERRBAFL
BV, THRo-FLL Mo hATAFE RETHRILINS M, &
KIFZIVBANDBIEFEEIN/NI WV SIO,HEF VO, RMBOKETH 3.
COHEBERICEDEKRKIIINEBERRHEOZRSE 1 EThRRE
Wainwright 5 YO RZ2I<E I TNV S,
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LEMSEHEERPEREL T T-2(V,0,/K,S0,/S0,/Ti0, H i
=6.0/4.7/2.3/87.0) i Z N I HE (ABD) BLU o-F IV VBRIERE
RN EAMRMELELTRELE. 20 TiO, #H#F V,0, ZMED
EXERIT Fig.5-2 WRLET) HEE V,0,-K,50,-S0, % B i
ODEPHEREHE 2(MPOH#BRE)LSRKBITERL T3 ONGFEH

TH5,
VZOS
100
90
80
70
K20/V,0s=1(Mole/Moie)
60
50
40
30 4
& ¢
20
10
SO; 0 . l K,O
0 10 20 30 40 50: 60 70 80 90 100
: : K2O(Wt%)
100 90 80 70 B0 50; 40 30 20 10 O
SO;(wi%) : € :
S03/ K20 2.0 1.0
(Mole / Mole) (K25207) (K2S04)

Fig.5-2 Catalyst Composition for naphthalene oxidation
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5.2 TIWVAHUREBEEROREE

FEHIEBWTRESI N/ EXBEMEKE T-2(V,0,/K,S0,/S0,/ TiO,
HEH=6/4.7/2.3/87.0 ; EHER I /HEERE=13/8)ICD W TH
OF7 VAU REREM,S0, M=K,Cs,Rb)lfRRZ2F X =& E 0tk
BIXUOXBILBEEANOEEBEZWAR, TOKE%E Table 5-2 ITRT .

ZNSHEMR LT, WEMITIE Rb,SO, M (T-8)DHA/MI W
HEBRERTONFHEHOTH S, BMBEHENITIX Cs,S0, Bmphg
(T-NA o-F PV UREEBLIUEKRTIINBRRELOEREZ R
L. BKIINVBERCBODEN THA I LMNERINEZ. COBA
BMAEHERIERARE BN RCHDILICHAS. UET IV
URBEELTIEFERLEZLNED Cs,S0, 2 ANk,

Table 5-2 Effect of nature of alkali sulfate on catalyst performance

Catalyst properties® Catalyst activity”
Cat. Alkali ABD SA PS o-X  Selectivity Yield
No sulfate (g/cc) (m2/g) (um) Conversion to PA of PA
(mole%) (mole%) (mole%)

T2 K,SS0, 119 31 54 339 534  18.1
T-7 Cs,80, 118 34 56 365 614 224
T-8 Rb,SO, 120 22 60 292 57.8 16.9

ABD=apparent bulk density, SA=surface area, PS=particle size
a) Catalyst composition:V,05/M,S0,/S04/TiO, weight ratio
=6.0/4.7/2.3/87.0 (calcined at 500°C for 3hr)

b) Reaction condition:same as Table 5-1
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5.3 TiO, HE&MEROEE

BIEHIEBNTo-FY LV UBERBVTIR TiO, HEREHTH S T
ENBBEINEOT,. I TREHETIO HE&EROEEEANRL., £
THARRELRZEATEBEEEKRBLELF YISV EETOEEANVTHA
BLEREBNMEONEBLIUTSI JORKRBIIELS o-F VIR
ftEEZHEL &,

ZTOHRIL Table 5-3 IKRLAELD T, HEMICIIER TRKRKL
2ETHCEickD (pH=8.3~8.5). ®¥MmFE(CS; 300C. 3hr
MEBOETHBR)D/MNINT F ¥ ¥ Ti0, (20 =25.3° ) XEL 1,
WINDERFEMRL 10nom A TERLTNVNS., RTEOETEE
BREBAShIMEOHUZMBEABLIUVUMAEZTRPVIIARELI RS
BRI S. ChicH L THE MRS EE L TEEREERE(AR)
AL, DEHEBEABD)RETIsHRICHS. $R2DbLMAEM
CEREBEOMKRIIE s HD SO, HAEAMBOBAOKREFA—-TH
D, BEREHEZALIESRIIMATREZNEADAILEND
5. WTFNKEIRRFEME 10nm L TFOKBILFY HIINEANDS
CERIDVBONSMBEOEERAEMIBRETH S UL TZER
TELHIENDho T,

PEEEENICRIERAROBETEEDIC o-F P VU RILRIET
TEN, BRKIIVIBOBIRRIIMEZRmME=65m?/g (T-11 M) TH
KEKEGoN . TRObLHRARNBRITZR>TH, BAIRE>T
LEKIINVNBRBREBIBET T ENbM S,
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DEIHED TiO, BB LUMBRDKBILF S >4 )L (Table5-3
D T-11 MBRCERALEZEDD) ORUBFZAVTHAMRNLEBEOY
HBELUTI 7 ORBEBICLZ o-F oV oBIEFHEEARE,
EDOKRIE Table 5-4 IKRLEXKD I, HE TiO, HADORK R F&
(CS) BnTHND 120m ELELDEZERLTWVS, o MEOR S
FEEIVWTND 150m L EH D . AIR D Table 5-3 IZRL KB
FECINEZEOEEFAVWEVNThOMBIDODERFEANKE
<XB2TNS, FRIZEDBBNELNEHBOREREDHETL., &
SERFEORZVWTHIRT F¥-¥ TiO, REZAWTH-ME(T-
TT-13)DREREREFDEAS<KEARHBABZVWHEZRLTWS(BEEHE
3%ELTF).

ERAKARBEFICFVINVOHETRLUBLTAHAWERS, BERE
BELSEBETFTHIENS. TOFEEFALEFAMNMFELVENVZS,

PEBRIEMENICIX, TiO, HEFRBELTAIFY  REA VW -ME
(T-7) NBRIEFHEPICEKRKIYIVBBERELOBREMEEZRL .
CHRICDODVWTARBUEFICHFID 300CHRUBREANTEEME
(T-15) B WRIERREERL .

UEORENCHEIMBEOYE (BRERE. DIHKHE) BXUY o
FIOLUBALTORERRELBE TS L., TIO,HEELTHE, AIRD
METFEM9.8nm OKEBI{LFH >4 )V (Table 5-3;T-11)NBRTH S
EHIBL 7,
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5.4 MBOEMNSHLE/LEEERERNLOMRHN

54.1 EHERILYOFMHR

AIEIEBNT TIO, HE&E L TRMERTFEM 9.8nm OKBIEFF >
TIVERMBET- 1N RBERENEB LS o-F L RIAEFEEOM
HEPSHBETHDEHEBLEN. RHMMEHEEL THEOEM S
HEBIUBREREOMEIHNTI2ERIHFIMNBRELLTEST
WS, TNETOHBIEMEOYHMEDBEHR (Table 5-3,5-4) 5k
BEOETRHERETEOET I VIIAREROMKRKICEIDERI N
52O B., LALLKEXREROHEMIIBICEEARAEOETZ DL
5L, POBKIINBOBREROBET24E T2k, LEEKEHE
MEERNVWT, PILEOETLEEREOMELE2FAKRERT S &
KBEERS,

ZDED TiO, HENOBZHEREYWRIOBRMBREZMAXR. TORK
R % Table 5-5 KR T. BENST7FF-ETiIO, OB TFEEDOETIC
¥ La,0,,Ce,0,,P,0, EAH. LEZEMOBMITIZ PO, AFITHRN
THAIENDRD., EEHFEMRZELT B0, RS &£ D,
HETEROEBETHRERTY,. AIBRCKEETFEOBMARUEDEADF
|RH 5,



Table 5-5 Effect of addition of various oxides on physical
properties of TiO, as support

Additives @ CS(om) ” SA(m'lg)
500°C 600°C 500°C 600°C
La,0; 22 28 108 75
Ce,0; 25 36 111 87
MoO, 48 50 98 81
BaO 36 45 95 73
Nb,O, 50 55 89 78
P,0s 23 31 160 102
B,0, 56 60 65 43
Tio,? 49 62 87 57
a) Addition of 5wt% to TiO,

b) Value for anatase TiO, (20=25.3°)
c) Metatitanic acid, TiO(OH), (Industrial grade C-1, Ishihara Co)

HREMEE L ToWEOM EEZENELTRHIROBRTFEOE
TREZZERS2>EL T P,0,,La,0, BELY Ce, 0, ZHML =Ml % 5%
RBE2ZATHANL., BRBHEAKHIEBISCTI JO0REEITLD
o-F UV RBIEHEZFANRE, TOER%E Table 5-6 IKRLUE. MM
5. ENTIHVTHhOHERBECBNWTHELIZ PO, I aE
DETFTIT. Ce,0, & La,0, IWRFEOETBIUERFHERED M LIT
TNThEYTHAI I ENDMNS., TORFITFIE Table 5-5 IZB W
THRBAZINEDROFALOWSKARZZN, ChidmEPICRET
5IEER D (V,0,-Cs,50,-SO,) OB 5D EHBMEINE., THE
LR GOOT)ICE D HRABMMET T2, RAITEHREBEOET. »
SHEOHEMRBEINZIERIIHSZ. —F ooF YV URBRIEEEHK
B L TiX. La,O, MM (T 18)BULEES LI CRRETBVTH
BEEEX, ERXEARTITINVBONRBROMESRNEKREN E2tD
ma.
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LR La, 0, BMME(T-18) I DWTHERIBEZEALEED XRD
BERR%Z Fig.5-3 IR, RiCZREREME2M#REL &.

ROASHLMR KIS . HERBEEEDBIIT T - Tio, D& R1{E
NEESH, TRICEHDRVEREREANMBETERICHS Z E8DH
5, UL 600CTORBHEERTOIINFINIEEIEBETHARN, V,0,-
TiO, MBI I NE T550CULDBERITED o-F VL RIERIETO
EfE - BRENXBBICETL. FEELIhs A TNVNS 19,
CORERANTFH-E TiO, DNFMEITHZ  ENBRINTNY
e THIZHLUTHIR®D Table 5-6 iR LB EMEOR{LEEOK
BOMASHSHRKLIIZ,La,0, HmtE (T-18) 1% 600C O HIALERL R
TH+ohFE#E BEEZAELTWS, ZHIRXEBMKS La,0, 12k 3
WFIEARBRICEZDBDEEASN, WRMEORMEITXSMED
BRI/ TES.,

DBEDHMRZRET S L. HHBMEIEEL TEEIHEER
EEBIVENIHEMEEZRD, DD o-F IV BIERBTOR/KY
SIVBORREZRA LTS ICERERERGSOCUUT)THERRMME
DETEZERTDHIIENRYRD 3,
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Intensity

Target / Filter (monochro):Cu
Voltage / Current :40KV-20mA

anatase TiO, (260 =25.3" )

balcination temperature
600°C

Attrition rate
4.2%

20 21 22 23 24 25 26 27 28 29 30

20 .dea
Fig.5-3 XRD for developed TiO,-supported (T-18) catalyst
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5.4.2 B,O, BWINIC &k % R B M i i O 7 1E 1L

KEEMENEL L TOREREROMEEBKRKIFIINBROER
REEZFABICERTIEDOMLFALETHS5EEHRTOELRE
MILOFBEREL T, fIEHO Table 5-5 TR I N 2KARAL B,O,RPD
HETBROBETHRICEBLE., TITHMETREMINE La,0,F M
I (T-18) KKHLT B,O, RMBEZ2EALKROMEHEOE(LE
Fig.5-4 IZm L 7=,

MMASHOMNEEIIZ, B,O, RINMBEELDICHREROETB X
CEERENAMELELAZOIHLT, hIHRERZENTIHEAICH S,
COBEMIZTELKIT B0, 3% A LOBMICKDEETH S, SERIBEI
EHABEREOCETHRMIZMNE®D Fig.5-3 THUMINEZAERLEFELCT
HBHEN, TOEMIB B,O,FEMICEDLRDBREIN, 600CTH HE
B SUATE2¥RTED, COBARAMRLLTHASREOEMNZ &
HRD, ERERBEOLRLLEDBDREMAIHLEOHEM. LRAMROK
THEIUREREOETHREINZILENICTHREBEINE,
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SA, m¥g

AR, wt%/hr

[ V,04/Cs,S0,/S0,/La,04/TiO, )
L =6.0/4.712.3/2.5/84.5 {(weight ratio .
100 (weig ) A s00°C ] 100
[ O 550°C |
50
0 1
10 F 1710
{s

B,0O; content, wt%

Fig.5-4 Effect of addition of B,O; on physical
properties of developed TiO,-supported (T-18) catalyst

130



ZDXDITL T Table 5-6 BL U Fig.5-4 DRERITH & TN TH#HE
L7 B,0,-La,0, MM (T-21) KDOWTHEEMESILTOHES
U 1470 o-F UV BIEEEEZRABRE. TOXRRE%E Table 5-7
WRLE. BPIZHEEDEZD B,0,6%)B XU La,0, (2.5%)BME N
MEOKMRLHRELE, ZODBE La,0, RMBITATAR D Table 5-6 I
AoN3E5RHRAREOBRIECLZIBARIINBRRREOE
TE2BATHEDIC 2.5%& Lk,

ENSHMNE LI, WERNIZIE B,O, HMEBMAE (T-19) Tl
HERETUEIBRRTHHIN, DILERIBKRILLTES., La,0, HHFE
A (T-20) TR REMOBMRICEIDMNIHENBETT 5. B
RENARFERTH S,

—7% B,0,-La,O0, HiMAE(T-21)I3 500CHERTHBHERRIET
L. EBERNEVWHMIHLET, 2 ORERELT2RHEEZRLTVS,

PEEEMICIE B,0,-La,0, kB MAK (T-21)3Mick LFLLH

NERKTIIIVBNEEZRL TS . ABIITHSNLHRME T-21
(BOBHRME DORBERRMEKTEATINBRBRRIBRON
CFRIBBOEN(Fig.5-10)ICH LR DEVHEEZRLTWVWS. N
BRI 7 oREBOFMTEBARBEMELZEOZTEAHL TH
H5CERIOMBEBECHTOZTROLOMBEN FRENLERL., @R
BIENLOVRBESINZ D THD., COBERARIEEBLRICRDIZEHE
iR 5,

UEDXSRELTEHEON -HEMMKRME T-21CATHRME D &
M ZEROREBADOA—I 7y 77 A MK EL TITERAKE (1
RNy F)TREL. GOSN EHRBEMEOHMED X TEEMER S
Pr{E)%Z Table5-8 XX &EDe, RFRCBIUBEOL-DMEBETHONTHE
HEME CSIO,HE)OHERREHEL TH 5.,
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Table 5-8 Comparison of physical and chemical properties of the
catalysts for fluidized-bed oxidation

Bhve - Developed (C) Developed (D)
c he)r{:i'cc:;a?ll gg:’:g%sén catalyst catalyst
(SiO, support) (TiO, support)
Particle size
Average size, pm 61 58
—20p m, wt% 1 2
—44 . m, wt% 24 16
Physical properties
ABD, g/cc 0.8 1.18
SA, m%/g 162 35
PV, cclg 0.41 0.14
AR, wt%/15hr 1.7 0.8
Chemical composition
V5,05, Wwt% 3.9 5.6
La,0,, wt% - 2.3
B,0;, wt% - 47
TiO,, wt% - 80.9
SiO,, wt% 745 -
Cs,S0,, wt% 8.09 4.4
K>SO, wt% 8.15 -
f-SO3, wt% 7.3 2.1
S0,/M,0, mole ratio ® 2.1 2
M,ON,0s, mole ratio ® 4.2 0.82
A/S, weightratio ® 25.4/74.5 197/80.3
a) M=K Cs

b) A/S=active component/support ratio (TiO,)
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5.5 EFMOHE

FIETHEMRMEE L TRBEINAHIEME D IOV THES
MOMEBEOLORBAEIDLEIZELS o-FP VU RBLEFEH®HROEILE
RAJJORBEBEHVTHEHNX, TORE% Figs-5 txl., KD
LOHBETHEIN SO, HENCRSBRME C OFMEME 26
feli.

EMNSHLSRRBREDIC, SiO, HEMNSRIHREME C ORILLIE R
FHECHTIHAEEETER)IAKEILABCLIDELLETY
ZDICMUT TIO, HENSRLHEME D OThiZDITMLNET
LTWwiath, BAR&KIZ 4,000hr THEK TS EHREME C BYHMED
20%ETCHETTH5ORMNLULTHMED XS IXBE#HEFL TS LT,
A—07y7HMERBRETH 14 CHYTIEBIHAKEO D M
MEEEHOZELERLTWVS,

1
................. e N A I
bo\-ccaa--- AR R R SEEEEEEEEEE R t.Q P N
R "SRREE LR CEEEEEEREEE -1Condition for heat treatment| - - "1
R REREEEEEEEE --1 Temperature : 400°C }----;
N . | Steam 0%
' . . Air :7.5NI/hr
R e e P e
e : ! O:Developed (D) catalyst
< SRR & @:Developed (C) catalyst
N4
K. (hr'): Activity of o-xylene oxidation at arbitary time
Kmo(hr"): Activity of o-xylene oxidation at initial time
0.1 S ; ; ;

0 1 2 3 4 5x10°
Operating time, hr

Fig.5-5 Change in activity for o-xylene oxidation by
heat treatment with steam (fixed bed micro reactor).
Condition for o-xylene oxidation : same as table5-1
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X 5T 4,000hr KEKUBLZMEIIOWTHES D £-SO, RE%:
HEL., TORKEZ Table 5-9 IZ;R L /=,

Table 5-9 Change of SO; content in the catalysts during o-Xylene

oxidation 2
Catalysts ‘ f-SO; content(wt%)
before reaction after reaction”
Developed (C) catalyst 7.3 5.1
(SiO, support)
Developed (D) catalyst 21 2.0
(TiO, support)

a) Evaluated using fixed-bed micro reactor
Reaction conditions:same as Table 5-1
b) Values after 4000hr

EZNSOMBLSICHREME C O (SO, BENAKESETFTLTO
HZOICNUTHRMED OThIIEEAEBETLTWER Y, RiIBROH
R D OFHOLEHRIRIEBRBOBVWEZIDTIOLD RME
MHED SO, DEHBBOENEELTWLEHEEINS,
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5.6 MEBIE N> F KIKE TOHEENME

5.6.1 7% 1L RB1t

BHEHIZBWT ooF L URBUEICHLTHENE  r "M ERLH
RME D(Table 5-8) BB TOF 75 L BUECHATESNEN
DI, ROFRIEB\BEAW, Table5-10 TRLERBEHT T
7V RBERBOBERBEREK) EHEL. 7V=UX 70y b
%2 Fig.5-6 KR L. HCIIHEKROLDMETHS Nk Si0o, HENS
BAHHEREMIK C(Table 5-8) DR EHEL 7=,

MMASHSMNELSIZ, BHRMED (TiO, HE&)IZBHERME C (Si0,
HEISEXR, IECHEEEZRL. A—EHEHEZHB5DICH 20CE
BTRETELHTLENDNS, BRBEXRCFREBTOFMITENT
KUEORETHIMBOEZIHNAF NV RTy 7 (RBEREK
JC) e VERBELUZRKR. TABEHEE 16cm/sec ICEWNWTHREMEK C
D 040N U THEMBEDIX 012(-)EF L /MEL. KEENE
WIZEMHBELAE. ZNIE 5.4 /D Table 5-8 KRLATBMBON X
HEMOACFHEEXDS LTINS, RBEREVITOANDST
WIEHEZRLEAMEDRIMBONIHEOET. MUMBEOAYND S
NIIEKBANELTD 44pum AFHASREIWMAFEERRET
(Good Fraction I TF) DEAREXIVHBEEZHRET TS LITK
D, ILREEBLIURREOR LRHHFTE S,
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Table 5-10 Reaction conditions of fluidized-bed

bench reactor

Catalyst charged(catalyst+diluent) 5000mI
o-Xylene or naphthalene feed 275g/hr
(T-S=1000wt ppm, T-N=500wt ppm)

WI/F for catalyst 17.8hr
Air feed 960NI/hr
Superficial gas-velocity 16cm/sec
Pressure 1 .Okg/cm2
Temperature 260-360°C

Reaction temperature, °C

350 340 330 320 310 300 280 280 270
1 L I 1 L{ 1 ] 1 1 1

E

* ; Developed (C)

8 catalyst

)]

c

O

© 01}

5 g Developed (D)

k3 i catalyst

o] o

o 3

©

)

>

@)

0.01 'y 2 i 2 L A A 4 2 '} i A 2 A [ a4 2 A I A A d A ]
1.60 1.65 1.70 1.75 1.80 1.85

10%T, K

Fig.5-6 Arrhenius plots obtained for initial activities of

developed (C) and (D) catalysts for bench
oxidation of naphthalene
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SHORAHBME DI OWVWTRKEREBO SEM BXU EPMA 23]
FLE#RZENEN Fig.5-7T BELY Fig.5-8 IKRL . AEMNGD
MBEEOIT, B4BRTRARLLHBERMGKE BSIO, HE)TRAZIAL
EOBFEHERDPOBMTEENOBE - FHBFELAERBETVLRN,
O ERTED TiO, HENS 22 AHRBMBED TIIHKKRD Si10,HE&
NOERIBEBEMBETHIASIHEAEERIFHICKXSERET D
ZNRETREEACLIRBARRAKORFEOTUBENTI AL N
TENHIRTES.
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DERIENCEERAERBRELLET TORGEMZERET DL
DIIRVFRIEBTCTRIBBEZEATH 7YV RBIEREETT &,
COBAWBKEFEL T Table 5-11 KRTEKS2HEE2 O/
REVANBRAEZEMLTREZEK L., TOXKRZ Fig5s-9 &
R~LUE.

Table 5-11 Physical and chemical properties of silica diluent

Catalyst particle
Average size, um 28.5
Chemical composition
Na, wt ppm 0.2
Cl, wt ppm 0.4
SiOy, wt% 99.91
Physical properties
ABD, g/cc 0.96
SA, m?/g 0.87
AR, %/15hr 1.2

MMASHREMEBDEM TS SOmilYXEBEOEKIIYIEBRRE
(HEEBETIEINBIIHYTS) XG5, ESIHFRA 20wt%iF
MIZBNTBRRKOBEAKIFIBRRENG oL, TROERERD
BEEMTHEFT 75V UBEAEER 999wtHITBWVTDH 83mol%(96.3
wtBIZHYTH)OEK IV INVBEBRENGON, MMETHEHESINL T
TV BRILAEREME C (S0, 84) KWIHWRIEKREZRLTBED,
—EROFRFAZECGERATAIZECIDREBTOF 7V VB
fLicEEERA TS EEEZRHE L &,
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Selectivity for phthalic anhydride, mole %
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Fig.5-9 Catalytic behavior of developed (D) catalysts in
bench fluidized-bed oxidation of naphthalene. Effect of
addition of silica diluent.
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HRF IV RIEEABRIIRCFREBZANVT ooF¥ 120D
RMELERTHEELZEEORISKRME Fig.5-10 IT/RL 7=, BH 5 B
SEMAREIIC. HRMB D 2HMTHALERBERKIINBRORR
HIEFLEWY, BERAFMICEDBRIREINH KL, RINE 20wt%
KBNWTERREOBKEANB O, CORRBRRITFTIF LV URILICK
U oo F VL BECBNTHERBEXA D RRECEREZEX
BZZEERLTVE, WTHOFREIZIBVTD oo F L VRIER
ISmol% M IBEICBNTRADODEKRKIIIBBRENELSNIHEHRIITH
B5Z&E. oo-F L UEBRAEE 99mol%THH 80mol%(114.2wt%) D K
T NVBBEREEZRL.BEMTOIEME Y EZERASLGEREEZSE
THZENBRBIN®.

ULAHAUBBEBTIRAZRL.,. 77 L BLUL 0-FL LV DESR
Bho@\ATYINVBERET AT, SEOHRBME D (FRA 20%
EEE) ZAWERES. REELER 9IXORRINIKEBRENT T
1V RBRI{EBOOTC)E o-F I L U BEB20C)TRESRARBZ LD, &
DEXOMEERETIFEATERN. FHESRITE-MEMARD
RE  -HENBETH S,
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Selectivity for phthalic anhydride, mole%
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Fig.5-10 Catalytic behavior of developed (D) catalyst in
bench fluidized-bed oxidation of o-xylene. Effect of
addition of silica diluent.
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5.7 RERBTOHEREFM
REDXIRRFREBTOHRMBIIBNTFIFILVLHDINR
o-FI VL ONTHIEHBBATES L LNRMBIN -HREMED 2T
TV 74— ROEERICA—V Ty THMEELTHALEELEE
DOREERZE Fig5-11I1ZRLE. COBRE. ERBEELHETHEIT 7
UG E I IwtR EMFTHA LI RKINREZMEBEL L. X7
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w 7 1.5kg/hr 05 1.0kg/hr ICHRB L TEEBL &,
BOSHOENARBREIRA—I 7y 7THEREDPEVIZDILADDS
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TLMOOhr B TH SCTET), BKI7FYIBRBRE (=XK) K 2%
MELTBD . TNREBARBILORETHS CO/MKTIFIVL I HD
ETHEbHREINTVS, Ch60EEERIDEHNICEIMNTH®
HOKZVWHRME D 220X FEEBADA -7y IHKEL
THERALTHADRRIREET. W23 DA—LV 7Yy 7TRTHBEEN
CRAKIZINVBONEBOMELZFETZENHEBEN L. CORAE
HEBICITTIIAKINTWAENIREMNMNEIL, HKBEOEBN -
SiO, kMK (ARME BBLUC) HFRAMELTHEL TWST]
BERDS, LEN-> THFEESHRMHE D OFAKEEL TERRE
BIUHEOR > FREBFETCEALELFRFALORGRHORH
LEORNBENRIN TSN, KEito@h iz Sio, HaAME (B
MK C) CORBAD—RTH 5.
LOALBRRDOFIILVLT7 4 —ROREBICA—IT7y THEE
UCHRME D(TIO, ) IFEHATHETHI S LIIMBROMENSH
SIhTHAN. HEMECKELEISERESRSAHRME D 2EHR
DREBRILBANEBAT. BUTHEATI IR ELERENZL ., &£
frLTnWn, HERMNFE Sio, #HE V205 R R AL H O R (2
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Selectivity for phthalic anhydride, mole%
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Fig.5-11 Results of commercial plant test for

fluidized-bed oxidation of naphthalene using developed

(D) catalyst as make-up catalyst
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BAIVINVBHERBSELTFIILOBEY o-F VL VICHA
TEX5WEEME Tio, HF V,0, REEOMEXROMYAOLED. FHH
TiO, R, BHERIMRBLUEBE SEL2OBMIC L5 HBMENED
BMEAIZDODVWTRNLE. TOHB. UTOZENHBEHL .
(DVERTHEBF I INOT7 > ETHHMEICIDEBSh KRBT
YT NVEOOCTHERFOTFH—H TiO, #&ETFEDN 10nm ELF) %
TiO, #HE&EE L TEDOEEHANBR I ERLED,. BN HETEERED
ENT-WMARREBMERNE SN,

(2) TiO, #H# V,0, "KL Sio, HEF V,O, RMHE LA D, K,S0,/
V,OL1 DHBRHENEATIYINBERICEZSTHS. EbifEEEL
TOFIAUMEBEEL TIX Cs,SO,NBRETH S,
(3)La, 0, DHEMIMEh 07+ —¥ & Tio, ORI EHMH L., &
CKRMASREOETHBLURERAEORM LICANTH S,

(4)B,0, BLX U La,0, DIFEMIT IS ICHEB R OREMRMED M L
EEEDBIR oo F YUV VBILECBVNWTEBNZEXRTIIIBORBRRER
BAl,. TOEREEETOMMTRME L IZERSTH S,
G)ESNWIERRAE D(V,0,/Cs,80,/S0,/La,0,/ B,0,/Ti0, E &
H=5.6/4.4/2.1/2.3/4.7/80.9;FARMED) I HBBETOFTI75 L B {t
DHRBET o-F VBN THEKIIINIBERICEBIREEZ R
L. FRAELTOR/NIRE SIO,RNTOESFERICED, SS5ITE
K7ZFZINVBRNEONENRERI N,
6)F7F V74— FOREBIZA—-IT7y TMBEELLTLELEHEA
MEDEYEMTA-I 7y TLUAEKR. HRME COH 2/13 DA—
27 TRBICODIPDETERENIZIH2 XDOMAKT ¥ IV OB
ERBRENE,
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6.1 APFARDH R

MAKTYNEBIZ V,0, R Z2A VWS A HBIEECIINAEEINT
m5 80 FEULZEBL., BEETRMELTNEA, RETLHHER
LZEHUBO—DELLTHEENAEAREOLERBARNDS. &
EXHARTHHAEAMEINTYEA (FYNVBRIATIV) ONFEBERE
ERANERIN, EETREETCRSBROBERBALOABHZ, R#E
DEFIBENS TSP 2BLEDI2NREHNETIHBRSNS
—H. BE7Y7. FEARLECBVNTREERBICAESAEHZBELR
RKIZHRHELTI1BTI0F Uy V75 ADT T FOFBEHREEKXK, BX
DERTITODATVS, BHRNTH /oA OBREHE2RD S DICHE
HEEREODDIVWRAB IS OPOFRICKEA, BRBELINEZTOEX
DHREBNRNTVS, ZOLSBRETCEHNEHTODRESFR %
MbHd,. 7T X0RBERE2EDILDEENRENDODRSITHRET
X, DOEBZERILIZMITFIILZHBNVIEFo-FI Lo THIC
bIATEIRBEMENOHERBICRVAD I EITARD, §BE
THRNOTNS,

EARATCREANHE - ORBEERBEK 7Y IBBESS > FNCERA
TNTNSXKE Badger £S5 OEMHAMBETH S Si0, #HE V,0,
FREHARMEOREDODRRTROEENE. BREBLUFMRTLEOK
BOlY., et WEREZCEN. S—REERIPHE2ETIH
EHERMANARE SO, HFF V.O, RBEOF AT EHREHREL . Ml
DEE{ZERLE, SH5IMELOEFIEDZZD O ADREEHE
ERODIBRNDE. FI79V2BEUo-FI UV REDEREBRHILD
FURBOHBEEGELHNELT. CHETHRAOTVWEERE
DENZ/NRE TiO, HE V,O, RFEHEMECHF A TN EELEHR
U, REBANOBHOEXZRHMNL =,
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6.2 AP ADRRE

1) EREEHE Si0, ¥ V0, AR EMEOEELLEFHR

FIHLVCORSERIAELTHKRE Badger M5 OEMHAA
i A (Davison #906) OEXEBLUEMETOREISIMERE (&
B CEEDDDT. EPMA-SEM 447 % A W THER T A/K T M
DEERPORE—PHICHBIL2HMMLE, ZORKOBEFD
oD, ATV—RSAEZHL, SO, HEELLTHTFE 5~12nm ?
BBERERD SIO, VY IVEAWAZ EICED, BERENKEL, B
KEh., H—REERPOLHZ2ET H>EEER Si0, 8 V,0, % H
HEMEOFAMNEREZEREL, EEBICHAL., BMEOHARC
R L7, CRiICcEDEREBTOMBNERTHNLIX., EERNITH
20% (4,000t/y) OFEILZBRTER., TOREZDRIE 109,000 FH/
FEXITHYT B,

* (W)

QEERTY Yy TITEBAU Y b 44,000 F M /4
(MERMZER : 11 TH/t-PA)

OmMEEMMER. NREES T AUy M 65000 FH/ME
(M AME A:@4300 M/kg, BAFEMME B:@3000 M/kg)

o AMRME B 2EEBECTHATCRELEAERBARSD
TV ENAESERETORRN2EER GBI VCEERSOMKE
BEBLTEBELE., TORE. 2EORHARBMENTRE
~NDEERS (V,0,-K,80,-S0,) OBE - HTHICIDREEL (FFHik
HARERARREICEL) . T ORHITERREANOEERRE (320C)
CEEF IV VARMNRCERTA 2. EREHEETREERS
D5H V,0, RADBEERBICEEL. ZhiTMERNSD SO, 0H
#HNEELTWAZ EEHMCILE, F75 L OBLEERRER
OHEH AP OIS SO, BELLSHMEAL. BFEMES R EIEER
SO, BEREARS. ChoOREZ B EIEERSOBAKERL,



SO, DHEETAFHRAMBHRMEOKIEHMBERERL 2. FHER
AOEBALBIEREZABICRETSIEVNIREHBIIDET
%, Cs,S0, MM (PARMK C) 2HRL., REBIIA—-—ITv T
it e LTHEALARR, HERRME BEARICHL., 5 EAK
BTH 2%. ERHNTH 12% (4,400t/y) ORI EE 1 EULORE
BBEOEREZZRTEL., TORELHRIT 131,900 FTH/AEITHE T
=

* (AR)

QEERT Y TICEBAY v b 48,400 F M /4E
(MERMZR: 11 TH/t-PA)

OMERBEMER. NEMEFITKE AUy b 83,500 F M /4
(BAREMEIE C:@2500 A/kg)

2) MHERFEHE TiO, K V,O, RIS MARK O R

CHhETHRAOARWEAK I IBHAERNELTHFIFILVL OB
EWo-FLLICHATEIMAEE TiO, HEF V,O, R R BHMED
WEEROBHRET D AKMRE. TIO,HE L L T 300CTERFDOT %
- TiO,RBRTFEN 10nm A TORKEERDOKBIEFF S IV ERH W,
ATV—RSAEOBRAICED, ErIHEOREREICEN /N
BRE TiO, HERBMENES N,

o-F L B TIOHFEFV,O, ZRMERKRXDOFI7I L U RBILA
Si0, #H# V,0, R ELEAL D, M,S0,/V,0,1(M=K,Cs)®D # 5k k5%
BKIINVBERCEDTHA I ENEHENE. B3RP ELTO
La,0, B&LU B0, DFEMICEVEBENENSHLET. EXERECEN
RSB EAENESN, MHOEETEMKEIZIEIRSOEKTIIIE
WEEERLE. ShEMBEZ-FL L BIELOARST, 75 L
CEBECBVWTOHWVWEKI Y IBNRERTIENERINE.

EonHEEMKONMREMKE DWV,0,/Cs,50,/S0,/La,0,/
B,0,/Ti0, EB/ £ =5.6/4.4/2.1/2.3/4.7/80.9)%2 F+ 7% VL > 7 4 — KD
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REMIA—I7T7y MEELTHALE#ER. ERMECD 230
A= T7vTRICODDOSTRENICH 2% DEWKTFIBNROD
mE®EZRL .

SHEOBBEELLT., Fig6-1ixEEieLdiZ, SiO, HF V,0, %
R A (MAMKE ABRMEBBLUC) THLFLLBEMSER
TiO, #ff V,O, REB MMK (BARMK D) 2HRROEERBIILTOX
FHMTHATHICRELERENZL, EFTETVARN, 2 BEY
ROASR2sREBMN SiO, HRMEOEE L NI BIUMEREZE
BIIEBRHINTHBD . SEBREELXNOFLSEW TiO, HEFMHE
EHMTHATAIIIIE., TR AREBORITF DI NIEBEAINL
BTHD., ThREDBRELFA—MEROTS > FTH4EME 107
FoOEBRKIINBOMBLAELFATNS., ILHEOERELL
THMER TR, 779 1L 0BEBo-FI L OREBERNS EK
JHNEBEMETSICR. TIO, BRFMEZAHVERE (U IFRA
0% M), ERGR/IER 9% OB NS RIGBENRFTIF L >
(300C)E o-F L (320C)TIRRAZLK BB (Fig.5-9,5-10)
COFEOMEXRETIFATERN, ETESERZAVWTARF
REBTIDBRNENSGLSNSEBERHFOIEEBENLETHS. TO
BEREEOHRCA - MEER PHOBEANSBROBELL TR
2TW5,
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Fig.6-1 Arrhenius plots obtained for initial activities of

licensed (A) and developed (B), (C), (D) catalysts in
bench fluidized-bed oxidation of naphthalene
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LETEYT., $AEXBXOERCHEDRBICHY R IHEREWELEE
ELEHERRBECEEHPLELETET.

AMEOHEITHEZD, MED EPMA-SEM,XRD BLULE D%y
HOMMECIRANVEEW AEM@E) LHIESE, HREZEF)ER 8.
e E) THEROSRIC, 2B oRE-HEITHAIWEE
WEBEMR TE@E)AEHEFOERICESEHRFLETET,
EHAREREZFANINZNBHSGEBLITCERLEN (K CEL BH
WaELEY,

BBIC. ARXEZERTHEHIED, 28X THOEIRMNTXE
BENWEFEELAFURAEZEORZEHEERICHLTLLDBLEL £
FET.
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