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FE 2k Z R #MEJ B 5 /2 & India Petrochemicals Corporation Ltd
(IPCL) F&

TEHNSEMEE PCLHEFLEFHBERK
THEg B A 5 Z fk ( Toluene Methylation )

BHiE AEZ2EFEE
CEBERBEERAEFENHFEEE - EERE IPCL 55 F.0:
HEMHERRE #FLEEHETAEWEEEGNR REETH
HRAFEAEEZFHRLE BERE-—THRESF BILE
M BEHNEBEE -
= BE
KREFIEGHAEZ % RIE L 2y B A7 A Vododara H1& &
B TEAETL BEGRE

& & A A.B.Halgeri -+ 7 #5
B Hh % AT FAFT Z Gujarat 25 Vododara BB E » FrfTo B R
FEVHEBERA T - THAZHMEZE TIRVARME  ZER
FRIEEEREE ~BLEBREET -
Vododara M B EEEN TG  r ZHMEWEERREE &
e ER - HOEK -  AHIEES Eofkaa (5% IPCL)
HHEENEEL2% BHEMEGLERNETELEE
B SENEEANEESRE SEESEEL

wAE (G I0CL) &

BREE

ZEHHER
IPCL 7 Vadodara BF38 1 /(038

EEREEXNNWBERRTATDEHEE
R s (K 1] EERFIFRFLERENTE

RS
WEELAE  BREZENOTRERREBRTLE - @It IPCL
RTHEBRFEFSRESEL FEEEARKEATEAT

g NE =
BEAN FIFLEATELERS  KEETHEED  BHE
F T B LR #E A 2 BRI B



IPCLEFHEZNERFEMEUE  HEEEE CTI TELQASR
BIFSAY TAZRETHEE - B GTI LELENE - FHL A RE
AT S IPCL AF R EREEFELHEBZIEETERR
EEFENERTG  BEZUEEFRFLE  REZFFH
EBERNEEEE FTHREANHS  HARFIHESIHRIARL
BT CHEAEEHEENREET -

ERIEAT (CPC) EEIERAKAT (PCL) A EERTMAE
e AMBAMEBEHBEEFELHUEALENECE B
FRHMNREEHFER  FHUSHZUEONGABE T HERE
HeKAEEWEE > REFEFMTERERKAE IPCL> &
HFEEE Vododara EHREM BN > FREFHENESZ -
HRASEBINENRENARY  NMLREEELAS XEE
BE 6 RNERTES BEEYE IPCLUKEEEZ 2 XMC -
FHAMMENHETE LRI

AL AH XK B i b B ¥ om L fF RN %
00206 — Gk - £ 8
9 rmzf& %rf ﬂi R 'Efr:'?é
90.02.07 —Vadodara
200208 — A RF XK SRR
5 Nadodana S8 F R T R 2 AR AR T
90.02.09 e
900210 — Vadodara— & 8 —#iw
2 RfE
90.02.11 W5




CPC 3HFRIFIEE IPCL TRT » B H 4838 e-mail R T EF ZLEER
W BERLEBETISEZEETERNR -

i ZEFEHEECEEZEHETHES( View the facility of

pilot plant for toluene methylation test.)

i HEFECHEBEEREHAIBEREEEF (Catalyst

loading )
i SIREERIERE « ARMZIES i (Oil/Methanol/Water
mixing )

v ERAURG NETASERIFEMAKNFEAFE  H
& #EE] 5% ( Methanol and Water flow rate control for
each bed)

v. RIEENSERZEBEZEG A (Temperature control for
each bed)

vii BRERKEEZRLEERIBNREESGE
(Reaction temperature control for reactant effluent from
each bed)

vii, REEDF W ~ K458 A%k (Separating methods for

water or oil from reactant effluent)

viii. REEWYZ -~ K457 /5 3 (Product analysis id Water and
0il.) :

ix, HESESaIEEAFE (Cycle length testing)
x. HEAHEEINES - B ESFEETE (Calculation

of mass balance. )

xi. BIEHENLTHE CPC 2 A -BHEE CPCREFEERY
&2 %= (Catalyst conveyed & loading by CPC or IPCL)

sHEPRXFEAMBZERAATRAR

N

HEAWMAT  FEE (REFEFAEERAELCETEMN)

AIEAMAE (IPCL):
Dr. Anand B. Halgeri ( Senior manager )
Dr. K.R. Krishnamurthy ( Senior manager)

Dr. Jagannath Das ( Senior research officer)



Dr. D. Rajeshwer ( Deputy manager )
Dr. M. Ravindranathan ( Dy General manager)
Dr. P. P. Char ( Dy. Manager)

GTC THEEMLHE -

2.

iil.

[Vs)

ii.

Fu-Ming Lee, Ph.d., P.E. ( Director of Technology)

Dr. T. S. R Prasada Rao ( Advisor)

BLFE B R AT A ¥R -

IPCL BEZEBEWRRENE (1) —H Dr. Anand
B. Halgeri $§ &

IPCL %7 Toluene methylation Z SR E & (& 2)

— Dr. Jagannath Das

ANAEE FARFELHEEBHZEAE FEFELHEES
B FEFEAEEBEBRNETTE -

CPC % Toluene methylation BifE & Bk ~ P EHE

AEBITBHERE

B4 : IPCL 2 Toluene methylation %472 5 15 181 5 3%
fl5 > EEBEC e Xytel L FEIEKET - B IPCL BE & HAE
=ie o AT B ESERE ¢ KK (Chilly water)
AERGE - v - KO EERRGE - ERR L (Evaporize) ER{E
K B EZEE7F (methanol handling) & fEE - HIE &R Total
mass balance 2 100% LA E (HfF 3) FiEHBRE ST
E -MECNZHERE ERALFEPFE 42D L&
B REBFEEWER EZTLBEZERCHERET
fE

i sEaR : IPCL A8 B 45 0 7 U8 CPC B9 RS I A7 =%
EAE - {EFE MR EE S - K5 channeling



11i.

1v.

Hg - HE CPCHERTARK IPCL ZRESTKSE -

FIEAERE  ERTETLMMERREE - HE Toluene
methylation BB 2 BE - HENILFESFEREEFE
- EERLH CCEBRFER  BIEENTHER
EMEG (FESFTE) WEHIILRR/RFELE LOLUT  H
BE SR RBRMA - IPCL BE—ARENEDFREE—
REFEHER  WHEEHETE - BEREEE T ARE
17  BHEAENSRREBE (K4 -

ERA RS . ( Multi-bed reaction for
Toluene/methanol/water mixing ) : IR EA K EER » HK
BERHAERNLEE DEERHR RERSERNES
B O REEARKKBETUESH A AEEEAK
EEoH > PEHEEHAZIOCULHVAE ERERT
BEE SR A B8 A E K IE AL R EEAKEIE S EWRE
BHEARREE EREFFRREG LA FEMKNE
ERIBE TR 240C LT -

A TS  REETSKKSNE ST UEREE
SR E R -

SEEH -FEEXNEN ORRBERE: ABRRLA
BAE AFERNE EREABIUESIE A
SRR - |
T — R B A VR S A RKAS - R 0 A5
EEIEEER EUEBANE SFKE - EERE
R -



Vi,

vii.

viii.

ma. o R

BHRUEER KEEOAREER FENERTE
25% (REBHRAERCEEZERE LX), g
K ERFHILBEMEE 90% - R Total Mass Balance
HE BETHEKREEF 100% > BHEARIESE

B EZEd 2 F S ( Cycle length testing ) : IPCL M LI4E
TR RABES S B EELE 450 B2
o MECATEESENRS IREHBEELHE |
EHBRIEES

BEECHRSEE 5% FRIKEEXFAYESR
SARKEFTRE R FENE RS 30% B FH
EREHZFEEBYN 00%LL E - ‘

HEFETH REERSE IPCLZF XY ELEBE I BEH G
T BMEZHEEREGLAMERISEREEERR - FATEF
AHREZCHERECFHEERY - TERAREFCEH RIS - %
HEANAZHFEREEGLUTHFR -

1.

FAFECEEZH _FRCGEEER > B XEEMNY
IHENEE -

ZHERREERRE > BERERFANEELDXEE - HikE
M BEREEATS  AIREKOREER  HTER2E
BEERZETN > TRERELESRERAE -

ZHENAFEFAREEEASTS £EBES ZFX - ZH
BAELE CO+HTER » AIEmEE CBRYHE -

10



MESERSAE  SREEARKAT (IPCL) EXHFEFE
BRI HE G5 ISM-5 BE&BRE B8 - #40 Binder &
EE BERYESSERERWBRNETR - REARLFA
EREBRZARTEAE  AERERENEERE  AXH
EWMWF AN ETFERENEERENT - PCLERZRERS
KREEEMNIREHR L HEPFHTREESRIAZKEAR
T - MEIERAE (IPCL) HLEHELEERCHE » £H

CPC 17 % R BB B -
ETSRANBEEBEIR  SRISFUTREREREX

|. BB T 57T Multi-Bed B EH B ZRBRETF TR
By HBRHKEREERMTIERE  (a) #RERL
4 R e 55 % % X FE% Thermal Couple #l & %5 © (b)
ERENERIBFEERRE  FHBCERRENTEL
oL (o) EBERAERFEBUERRENSY - T8
ZTRHEBRMBEKE -

) BEFEHBEBESHRY  RXEMERTEEREIMN
MEOWRIRHAEHNTERERBETER S BES
BEERsSBERENYRSIRMEREEEE - KEL
2K B L B R A0 T R AT

RPRERE HERRER
BE + FiE/ KNESH
PR PR+ B EE / KENESTR
25 BRI + R / KRR G
55— ERLIR R + TR / ZKETIR AR
BB VBRI PR AR+ FFER / KR ST

3. ﬁﬁ@%k%%ZﬁﬁE%ﬁ& BEH KREREED

h e WoN

11



Yt - BIRAZ BT R REREED DAL chilly water 1%
MESCTELE  @EEKFAERE  BEASEET  FEE
HEFRE 0 BEA R AKAER R o T AE R R B A WU

e kAR - EAEWE S BT E WA RED - EEALZ

REZRS  RIFESSHRUEFR TR > BEREEKE - HER

mEEh B -

4 FEAZEBSESZHASEN RNEFENETERIE

BUKAKGARSE  BURRMBREDER - LHXEED
MM BAKKSANE SCEL  KEWFHE ZEZERE - AT
B ERBEEKK  BEMARRERSITFEEER
FoREBEDYR R FEG#E -
BEF#EZEE (Calculation of material balance) : B FERE
FRBHREER > AENUE =K - A —rE L Excel
form FEHE HEHE- B850 [PCLEH X Excel %R Ll e-mail
FREZRIEWAT  EFEEARBZEERERN -
. FEEZ EFHEH R (Methanol handling) * FHEERERIEIE
B REGRE BRTESESN  SEEEREIRAE  EK
REHRE - HILB T FEFF chilly water 1w all4t - EEER
T AGERE 0 ENLE chilly water HAIEE  LBEREERZ
WERALESR -
. H i ( miscellaneous) : £ B Plunger metering Pump HR F X
EEREOKRESHERE > ERERESRARETEELARESE
- BREERZFRAFEL - E7E% Plunger metering
Pump (IR F > INEEEERLUEFM LB Z M &2 -

12
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(HE1]JIPCLARDODEEREZXXNBEE T @O EXE -
[ M 2) IPCL ¥ Toluene methylation <R ENE
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Scouting Study
Potential Development Options

Attractive vs
competing roytes

Fixeq |BE B M[rFiuiqsd
Bed H/IC Tal
7 stagas Fluid Singls stage
21% canvy Bed 40% cany
Msx Cat 173 less St

Singla Stage lemvar tol price
40% conv
113 less cat

Development Considerations
Fluid Bed Process

© Kinetics in new reaction environment
@ Catalyst

~ decaking
~ gttrition
= production
Q@ Water recycle
Q@ Process concept to reject non-aromatics

Q Potential methanol synergies?

Page 3
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Px by TMT
Original USGC Version

Eth/propyiené
J22 KTA

Regen

220 " Px
Toluene Px Rich Xyl Parex 208 KTA
Methylation Untt
Methanol
137 KTA
1 b \
Waste c-¢ Mixed Xyt
Water 'gﬁcg_r'az@‘ 33KTA
- / #
A TMTIsBL A

$44MM, 1997 mpe, ex conting

Scale-Up Considerations
Fixed Bed Process

® Feed stream mixing

© Catalyst bed channeling

€ Reaction water recycle

© Reaction gystermn mechanical considerations
© Catalyst production

T



0D w—

18}2AN 918EAN

29

09

N

uwnjo)
AloA0D0Y
auBN0 |

sasen) Wby

HIBeIg

UeNJO } PEIRA0TIVYH

Bl 10]id UORRIALISIK ausnjo |




Toluene Methylation
Mid-1980’s Version

@ Technology status
= Solvent extracted toluene
- Reactlon/catalyst behavior defined
= Catalyst preparaticn technique
= Demonstrated through polymer synthesis
=~ 23X Parex capacity increase
© Commercial unit
=230 KTA toluene feed
= 7-stage, fixed bed reaction
= 21% toluene conversion
= Near schedule A design
- Definitive cost estimate, project level

Original TMT Process
Fixed Bed Reaction

> Stgam

Tal

Toluena 1
Col

4

Steam A
: ' Methanol Clay To Xyi
Treat. Col

Methanol Column
Waste/Recycls

Water




