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R. M. Gould

MOBIL RESEARCH AND DEVELOPMENT CORPORATION

Paulsboro, New Jersey 08066

Abstract

Evaluation of the fluid-bed Methanol-to-Gascline (MTG)
process is progressing smoothly in the 100 BPD pilot plant in
West Germany. The project is being conducted jointly by Mobil ,
Research and Development Corporation, Uhde GmbH, and Union .
Rheinische Braurikohlen Kraftstoff AG (URBK). The project :is
supported financially by the U.S. DOE and the German Government.
Following a brief shakedown period, the plant was started up in
December, 1982 at the URBK facility near Cologne. The plant has
accumulated over 4,000 hours on stream at feed rates of up to 200
BPD methanol. The-first operational phase of the project was '
completed ‘as scheduled- in September, 1983. Plant performance met
or exceeded all design goals. PFPinished gasoline yields of 90 wt
$ of total hydrocarbons were achieved at base case conditions
with complete methanol conversion. Gasoline octane was 95-96
Research clear. Preliminary tests indicate that product
stability is excellent. Process sensitivity studies indicate the
potential for increased yields and improved operation at the
expense of product octane. Modifications are currently underway
in preparation for the second phase of operation, to begin in
January, 1984. )
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Intxroduction

The status of the 100 BFD Pluid Bed MTG Project is

-rﬂv:.ewed briefly- The project is being co-nducted Jointly by

Unz.on Rhemische Braunkohlen Kraftstoff AG (UORBK), Uhde Gmbl-l and

Sy

Mobil with financial assistance from the U.S. Department of
Energy and the German Ministry for Research and Technology
(Figure 1). The program schedule for the project is summarized
in Pigure 2. Cold Flow Model Studies had been conducted eazlit;i:

to confirm the mech.;nical design basis for the plant. Plant

construction and precommissioning activities were completed last

yYear. The unit was started up in December, 1982 and proceeded.

smoothly through the first operational phase (external cooling of
catalyst) which was completed as scheduled in September, 1983.

Modifications are currently underway in prepé.ration for the
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- [ second phase of operation, which will evaluate the viability of
[ internal removal of reactidn heat. The 2l-month operating
program will be completed by late 1984. Product guality testing

will be conducted both in the U.S. and Germany. The program will

culminate in the conceptual design of a commercial flaid-bed MIG

L

X
plant.

The major accomplishments over the previous 12 months
will be discussed in this review. A brief overview of the
L precomnissioning pericd will be presented and the results of

‘plant operation will then be described. !

100 BPD MTG Demonstration Plant

L Plant Description ‘ v

A simplified flow diagram of the plant is shown in
Pigure 3. Commercial grade methanol is mixed with bSiler feed
[ water to simmlate crude methanol and is vapozrized and superheated
[ . to 3S0°F prior to introdnction to the reactor. Entrained
catalyst is removed from the raw gas product, which'is then
[_ cooled and separated into an agueous phase, a C4~ light gas, and
a stabilized gasoline product. Heat released during the reaction
L is removed by circulation of hot catalyst to an external vessel,
where it is cooled by a heat transfer oil system before being .
" returned to the reactor. A small slip stream of catalyst is

circulated continuously to the regenerator in order to maintain

the desired level of coke on the ‘catalyst.
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Precommissioning o ‘ :,? J

Highlights of the precomi,s._sioniné phééé are shown in
Figure 4. Construction of the 100 BfD MTG demonstration planf:,
which is located at th'e.URBx faciiity in Wesseling, Germany, was
completed by mid-September, 1982. Installation and testing of
on—line analytical aystems and all equipment and control looﬁ.
checks were finalized during the following month. Approximately
8ix weeks of unit pretests using FCC catalyst were conducted in
order to confirm operation of catalyst recovery systems and to
calibrate unit instrumentation. The pretest period also served
to train plant personnel in unit operations and safety )

are illustrated in Pigures S and 6. These results parallel those.
obtained in the Cold Flow Model, thereby confirming the utility
cf large scale flow models in guiding the design of fluid bed
systems. ”

Plant Operation
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procedures. Examples of data obtained during the pretest program :E
.
I
1
The demonstration plant was started up‘: successfully on :!
December 15, 1982 and completed its first phase of operation on
September 30, 1983. In the interim, the unit acc_zm:.l;ated over: ]
4,000 hours on-stream. Excluding scheduled turnarounds, the
service factoxr was about 85%, which is exceptionally high for a

pilot plant facilzt.y- Unit performance was smooth and . i
controllable for a wide range of process conditionas. The
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exot:he:;nic heat. of reaction could be removed efficiently in the
external catalyst cooler. As shown :Ln rigu.ie 7, the temperature
profile in the reactor dense bed is essentially isothermal.
Methanol feed rates of 135-200 BPD were achieved during this
period. Quantitative conversion of methanol -was maintained at
all times. Detailed results obtained during the shakedown,
optimization, and steady state operating phases are described
below.

Following start-up, the operation proceeded smoothly

through a two-month shakedown phase. The objective of the run

]

was to identify and correct all remaining mechanical and__;ontzol
difficulties so that continuous unit operation could be |
established. The plant was shut down perj:odically to rectify

minoxr technical problems.

o Initially, instabilities occurred in the catalyst
circulation between the reactor and cooler. This problem, which
was due to difficulties in £illing the upper reactor-cooler _
transfer line with catalyst, was inéansif ied by sensitivity of -
the catalyst valve control. Modification of the circulation
control m;:de and reduction of valve trim improved circulation

control only marginally. Installation of restriction orifices

L8
Xeil

ahead of each control valve resulted in stable catalyst

circnlation between the reactor and external cooler (Figure 8).
Performance of the reactor filter had also limited methanol

throughput at the beginning of the program. The filter internals




#

were modified and the blow-back system wasroptimired to permiﬁr
operation at the desired feed rates. It should be émphésized
that such mechanical problems are specific to this particular
anit. Established methods for catalyst flow control and Trecovery

are employed routinely in commercial £fluid bed operations to

achieve acceptable unit performance.

Preliminary evaluations were then conducted until .the
end of March, 1983. This period was highlighted by a 40-day
conitinuous run at design conditions. Catalyst equilibration/was
continued while product recovery procedures were improved to
provide material balance closuras which were consistently aBové
97%. Both batch and continuous catalyst regenérations were

demonstrated successfully.

After a turnaround 1n April for equipment inspectzon

‘and scheduled ma;ntenance, an experimental program was conducted

to evaluate the effects of changes in key process parametérs on
unit performance. The objectives of the process sgﬁsibivity .
studies are shown in Piguré S. Data obtained tnder the first two
objectives served to optimize process conditions in thehiarge )
scale plant. The third objective will fiqilitace'diféct
comparison of 100 BPD reactor efficiency with those of smaller
units- The prScess sénsitivity program involved evaiﬁating pl;nt

. pertormance thhin the parameter ranges 1ndicated in Tabla l- In

most instances, the range of process var1ables represent

practical nnit limitations. Stable plant performance was
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achieved for all combinations of parameters investigated.

[- Product yields and properties at base case conditions
are shown in Table 2. éroduct quality is excellent and exceeds
all requirements for unleaded reqular gasoline. The effects of
pressure and temperature on gasoline yield are shown in Figures
10 and 11, respectively. A 2% yield improvement is realized at
the higher pressure with about a half number decrease in finished
‘gasoline octane. Durene yield also increases by about 2 wt %.

An _equiva.lent. yield advantage occurs upon lowering reactor
temperature, but with a more significa.ht penalty in ptodﬁtft

) quality. Variation of space velocity was shown to havel‘ﬂinimai‘

| impact on product selectivities within the range investigated.

Judicious choice of conditions for coninercial oprations could

- _ provido; for higher spec‘ifi‘c methanol feed rates and decréa’sés in
[ alkylation plant and compze.ssion reguirements. -
A successful demonstration of steady st:'.ate plant
[ operation was completed in mid-September, 1983. The results of
[ the run (FPigure 12) clearly show that -acale-up of the externally
cooled MTG process to a 100 BPD reactor system has been achieved.
I Analysis of plant data is cont:i:nuing in order to quantify :

" catalyst make—up requirements.

The unit is currently shut down for mechanical
. \
[ ; modifications required to operate in an internally cooled mode.

The turnaround is scheduled to be completed by January, 1984.
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Table 1 | _
100 BPD MTG PLANT OPERATING CONDITIONS

: | o )
Methanol Feed Rate S - 80-200 BPD i,
Feed Composition _ 96% Methanol - )

| : 4% Water ]
Reactor : " | =
Top Pressure : ~ 25-60 psig ¥
Temperature ' 70C-800°F - |

WHSV . 0.5-1.5 } _
Gas Superficial Velocity 1-2 ftis

Regenerator ] ’
Top Pressure : ' 30-65 psig 1
Temperature o f 850-900°F

Catalyst Circulation Rate ' 50-450 Ib/hr . :
Gas Superficial Velocity : 1-2 ftis : ]
Catalyst Cooler I
Temperature 600-700°F. :
Catalyst Circulation Rate 110,000-25;000 Ib/hr ]
Gas Superficial Velocity - 0.4-0.6 ft/s '

10-8 ' T




g'v8
0°96
06
88

ve
¥9

G9L
G¢

@se) eseg

NOW
NOH

PIbyT 50 Mey jo euelo0

aujjosen dAY 6

- eleliyly yym 5o
ejejAyly

~ eujjosen ;) mey

% M ‘SPIOIA 1onpoid |
4o ‘edmeledwe]
 B|sd ‘esnssed

SNOILIONOD ISV 3sva LV SAT3IA ANITOSYO

g 9|qel

oo
. P K R
e oo "
oo )

1
i

10-9

n L et s e 2 e, © LT .




i

_]]_n!vﬁ.xﬁ.iz}:]]lllllllllllliﬁ

, i
1Ko ‘epun ‘yaun 'LING uswiep ‘500 sn e
ssmoa Wa uoliiiw g9 g864-0864) 100K oA @
rA LE ejeledo pue Ausuuiep uj Jojoeel ._a_; ov Xxalze ﬂw_wm o
DLW -PRQ-pINj} jo Allqises) [ejosewwod ejessuoweq e 2

103rodd HLN a3g-ainid adg 001

| @inB)4



ﬂ l{ /.

ubiseq -
jueld |B|248WWO0Y
\V4
Bunse] jonpoid =
\Vi .
uopesedQ jueld .
\Vi
UoRONASU0Y 2
Bupesuibug pue ubiseq Jueld =

N yAY
'SO|pPMS [8POI MOJ4 PIO)

" eg6L ' v86L ' €86L ' 286k ' 186k ' O0B6L

I

WYHDOHd DL GI8-aind /g 001

\

'z ainbig

10-11




ey < s
m Jajeraysadng
aujjosey : ~1¢
s_easmr._v Jazjaodep
E__;.SS
~J 7
J0ssdaduwo) ¢ Nz
. se9 1yb)
sep -v T'U\ 13}00)
y . ..
M. N uojjesedal g
:__:J_ L+ Py
- N+ apy

12qqn195

1asuapuoy o) -om)

—pNONAY

,. l10jeJauaboy lajem
s_uszﬁ/ joueyjaw
aleyy ) .

4dil

uap

OLIN 438-aINd a/8.001

> ainbi4

10-12

e o T e




N2

2861 ‘62 ._mn,.EQ.oz papnjouod sjsejoid e

2861 ‘Sl 1eqolQ
paia|dwios sysayo dooj juawniisuj pue yuswdinby o
2861 ‘0l Jequaydag uo uopejduiod jeojueyosy o

SLHOITHOIH DNINOISSINNO DT
INV1d DLW 038-QIn14 add 001

p ainbi4

G i et bkl b oL . '

10-13

m
!




Figure 5

REACTOR ENTRAINMENT VS
SUPERFICIAL GAS VELOCITY
Reactor-Entrainment
(arbitrary units)
100 - °
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Figure 7

REACTOR TEMPERATURE PROFILE
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