one base case with the Lurgi feed gas was repeated (compare Runs 36-2 and
47-2). The respective conversions were 41.0 and 29.2 percent; these
values are consistent with the estimated catalyst 1loss. Nevertheless,
the results indicate distinct differences in performance due to the
difference in feei compositions. Figures 4-4 and 4-5 present the raw
data for the -12 +16 mesh particles and Figures 4-6, -7, -8 and -9
present tne raw data for the -16 +20 mesh particles. Summary curves for
the methanol productivity for all the various feed compositions are shown
tn figures 4-10 and 4-11. Neglecting differences 1n absoluie reaction
rates due to particle stze differences, the relative rezction rates as a
function of feed gas composition are, in decreasing order:

ZHZ/ICO/O.ICO2 > Lurgi > K~ >?252/100 > ZHZ/ICO

These results confirm previcuslv published work in the respect that (202
in the feed gas appears to behave as a catalyst promoter, significantly
boosfing CO conversion levels while passing through the reactor without
measuranly reacting itself. The data also strongly indicate that feed
gases containing HZ and CO0O in the correct stofchiometric ratio
(H2/C0=2) give superior productivity when compared to those with much
Yower HZICO ratios, such. as a KT feed geos (H2/C0 = 0.63). This is
probably a result of the reduced H2 concentreticn at the required
conversion levels. In addition, while hoth tne ZH,/IC(};‘O.ICO2 and
Lurgi Ffeed gases contain the correct stoichiometric ratio, the higher
productivity of the 2?14',’,1(:0/0.1(:02 feed gas appears to be due solely
to its higher concentraticn of reacting gas (97 percent CO and 82 vs.
75 percent CO and Hz). fndicating that a €0, level of as little as 3
percent is sufficient to promote the MeOH reaciicn.

Effect of Temperature

The MeOH productivity as a function of temperature is presented in
Figures 4-12 and -13 for the -12 +15 mesh particles and in Figures 3-14,
-15, -15 and -17 for the -1 +12 mesh jarticles. 1In all cases, the



FIGURE 4-4
CONVERSION WITH LURG! GAS
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FIGURE 4-5

CONVERSION WITH KT GAS
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FIGURE 3-6
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FIGURE 4-7

CONYERSION WITH KT GAS
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FIGURE 4-8

CONVERSION WIiTH 2Hg/1CG/0.1CO, GAS
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FISURE 4-9

CONVERSION WITH 2H,/CO GAS

CATALYST A (-16+20 MESH) / WITCC 40
1000 PSIG

T d |
il } .
| 1
1 !
| ! 2]
N » ML
L Il L ]
| T i
T
!
4 [
r 1 ; + LY
Cco . - IL’ T
1 1 N
CONVERSION FRAEE S ;
. 30T Ll i I
TO MeOH , AT "
% | N 4
L J !
1 : .
Bl ) J 7
T T T Tl h % :
Y T L T
20 'r-. i il i ) .
[ | 1 ] i) | i 1
L | — T - i l
T ] PR T I — s
T L t ]t ! L i LIS
(I A * [N ! ! ) . —
] T T [N vy | I 1 M i
g ) 3 L I n A fl . i I WL i
P T L TT 1T N ) J S8 U S RN ! BERAEREESRNE !
; L g - ol T - Vo 1 H + LIRS (IR [
.c‘ v ) ‘o Lol [ Lol bl Fs e
L] 2000 3000 4000 8000 €000
VH5V ; HR.™!
T ; °C
—————
Qo 210
(o] 238

4-19



1~ 4H 1 ASHA

[+
<

GE . uase - 0002

I . et e ke ettt e . i
rcnll 4-4-1-1-1-F-1-1-|-1-] L} - . 4-+b-F BEREN - - s 11 -
N N NEN RN Ht b HEH U R : L LT /
+ - -FI- SRR - -1-}) - -1 114 -1 - ”
K HEEN CHEEEAEAAE R B A S tv\..\
T AT 0 0 8 O 0 ; Tk g U :
: REEN J BT SNRANANENARE T i " &
T T - TR A A e AT AL
KN . A I -.;::f. HHH FFYFEA FFHFAH AT A HRRFTE
11 TR e R R agibg mthuu.\p-..,
- A-4-5-1-1 V-1 - ANEESN - )_vl. 1. \..&!ll _ . -
X T L Ny) N AT AL
Tk KRN AR AN N AH AR
4+ 1k L AL NENEERNRY ¢ HIWMETHE .
Jf-t 44 -+-1-H1- =k [~ 4-1-4-1-1- I.M_..-Vf..,\.\:vluuu.r. - -1
, _ T ik 1 TR AR
m : B N AR A P R R R A R R
|4 - --1-1-1- S-1--FH-H1-3-1-1-3- - » L..V\&. ...n-.r:r_t\ -1 -1
-1 -1-1- -+ -1 HHH-pT 1t et ttrrEA T T
. P - - -1 - F_L.Y_ Avv.» _\o _I-]-}. B} 44.3.1. - f-f-
, + JH-HEHH A BT AT TR AT S HHHAHHHE o
4. : EAR | 1 E‘\ U\\1 SRR L J4L5) |L..w.w.1.”mu
N 1 A FEFR AT B FEHER R
T LD . T tf!n-iA\ T ! T AR
" : T AT -1 ; - ERANNE ]
h = 1 14 afEREREEERE 11181 1319 HE-L B .
TH oou/2ue s =g , T H :
_ Hm aREr NSk 11 Al adir
I - 1 ATHETH T
It - . L -k 1-1-]
T . i ENfNN : ] L o1
i i A RN AR AR AN e
H Toun 13- OHATERd T T
: 1i1] 1 1L A3 eI L (171

JdeSc? 91Sd 000l
OF OOLIM / (HSIAN 91 +21-) Vv LSATVLYD

S3ISVO SISIHINAS SNOIUMVYA HO4d ALIAILINOGONd HOONWN
0t-t 3uN9I4

'

I = 108 wi
HOO M sej0w wbd

4-20




J-UR L ASHA

9 N 000¢ . 0002
T 19998 -
-F HH- - INR AN
O-aa:- ; HHHHT SeEEEnsNNEEdNR ] ‘_o _
H | - X HHH-EFE T H :
] " - N LEAE | - 7 g
: Jr T HA T
.l + - : l]l‘-tnb‘l
¥Ir | Ly L”
] -H-HH. 1z TEFEVIEr ]
4§13 x#l-.; 44 L 1.
‘I - 03 wh

I
4
'
|
)
.
i
1
4
v
{
11

HOonm sojow b

1
!
3
I

]
1

'y

]

L]

L

11

l

)

4

|

A

'

L

028/Mz 1T . , L-H. FHH T :
‘ REXUN ﬂl H1 4T 11 s

1
;
i
A
N
L
&
1
L
T
V

Ja { Yo7 m) My

B ———

. 1T i N

4-21

]
]
1
il
v
1
]
T
d
H
V

X
LN
{
1

| I N
t
{
I
il
|
I
t
T
4
)

J

1 4 Uy

9

JEEE AP TR

FHT T T E R,
L 11 17 HEH T
NOU . l|.u|,~|6 HHFHH-HE ‘lcnjjﬁlli H A

DeGEC
218d 0001
Cv ODLIM / (HS3IW 02+91-) v LsSATviv)

SASVO SISIHLNAS SNOIYVA 404 AlLlAILONGOYd HOoW

LL-v 3d4n9I4




91Sd 000!
0b OOLIM / (HSIN 91 +21-) V LISAIViVI

SVO (o8N HAIM JY¥ALYYIINIL L0 L93443

cl-¥ 3ynsiy

s ’ - .
2.1
PP bt At e 093 et tt-d. . DF?. e et ales QQ
Hil o “11.7.~ L.Ilot M N = N - BN E - = MNE -
¥ n FEEE R R b e e E e
. R L HHAH: THT
HEEE AR R R R R R T ST ..
11- # HEE A HE T e R RO A e T ‘
_ EE R T R e e R EE AL R L
K LR R R
NG e R A R R E R R
: B A FH R R B ‘“vﬁ-.\:f.
SR e Y e L rM\....y,.\ THI qoir
- FPAE SHEH R R B T EEA T A
| Lo S008 3 A T EHEEEEE R R R P A
» 3 AR ; 1 R A R
HEHEE TR HEH LT FH L
TR T TR HH
NN RA AN R HEEE R G
11 HEE o HEEE R B 11
PR S T B 1}
| "=k 000¥ % ASHA LTTELLY THH 1 SRAAHHHHEH T L \
i 114: X TR SR
T ni : 1 il L
- - -f- o fuf-§- |- ~1-53-31-F - )-)- -I-§1-
SHH A4 AR SR
+ - .
ilw .f.,-n.n'.v‘.nv—..su—-.v-.- Hakh } ]

1y

Hoen tojow wh

tint s

4-22




osz .. 092 or2 022 002
A e e T gy : 1L

RAREANNEEANS y A PR H S TR
1k A T R H AT
- JHHA TE T R ERL L T : 1t
) = -1 4t —+—I- 44 1-¢- §-4 1-} - - -1-
N - FRFFHEATEEE S T )
T ] FAFFHFAFE R R L e -

]
o
S
L
X
v
T
b
3
bl
ol
Yo
o
JERD
I
|

~ -t ] 4 N TV O o B
0 1 : 1 AT LR T
B S H A AT Y FP PR

i Y - §09 wh

| ] L | : =
11-4H 0002 & Ashiy - S H AT At et LHERL T o
: R T AT H B HH A L HI HEHEETH ] © woom seiem we

A
|
T
|
1
]
-
+
~
|
1
.
|
0
1
—

( Vo7m) Yy
n

-

~N
]

<«

Trarea T T neguianndaSQRRERRRRINURRETE

pa —p—palas -4 - -F---  — = B - - -8 =4

: ] - widnkunmansnnsnnnndnnndERRREgARRRGRA A1

H - | - 1-1-4 1 \\‘Ax-t.| -14-1- - - SESERS

0!

I—X_‘L

-t

'

[~ 4

= =
S
=2
»
>
(%2}
X
bl
1
1

i

By J N .
: T+ - + 4+ 11t e -1
- -4 - g 1§ -14+1 1 4-{+ 2.
. TEE yEEnug N N 8
SERNAN HFLHE T
+ SRR ET I - 401
SERENRE N T+HH B -V R
—-4 3-{-+4 - H-+ 1-V 4 4
- - -+ -f | 1 1 -1 8-
4 -4-1-1- -11-HK -1 1-+ —+-t-1 1 1
2

91Sd Q00!
O 00LIM /7 (HSIN 02+91-) ¥ LSAIVLVD

SYO AN HLIM 38NLY¥IJNIL 40 103443

CL-b JWN9I4




n.vu 4 ooz

N

111 | 1 : N
411 §-§-4-4 [-1- -t 1 MEaE DRSNS
FEA L m..-“. THHHA HHHH ¢
} HHAEA A A L e T e
{- S T HH )
R TR A L <1y = 109 w
1l R e L g0l
1 I ARATE RN T HOON seojow wh

T R ] Cldrm s

-p 4-1-11. A . e

4 )

-y

: 91Sd 000l
Ob 021:M / (HSIN 02+91~)Y LSAIVIVH

SVY9 19407
Hilm
JUNLIVEIANIL 40 193443

bi-¥ 3UN9I4

9-24




Vot s s T

sams

e

N

T

qo{ ] =g gt §efe— 1
lﬁb ol p o ge fu Ed B2 28 —,Ir< - -4 - - - “
4 1.1 L 11 N SO d-4-1 KA
[ AEREEENARENRSANRSERRY URE RN A SNy ] 4 ta
- REFANSRNNERE NN A R . .
. T T FH-HEP Lo - VT

. - 1 JEHEL T
- L4 -] _ NN AEN |- . | =
= 1T T hddduagil
- — -4 E -4 {- —-F - = . {144 ¥
11 |41 1- - N . ST N N N

T A R R e
] ¢8I SRRE .L-_vir arorrere
A A AR L T b

LA W
Y
39

11
1
L 0
11
]

1)
T
T
!
e
o+

Ja]

1

]

A

Ll
T T

T

+

Ll

e

1. -

3o Trr ENRuERRNR RSN n AR R 111,
=a : T - r.,‘.n.Al,, NERuENE - 1
- L4 4-1. = . H - - [-4-1- - 0
. 3T IL;.Wuw“xr-u-vl-w TH HAREN
: TR R I
: HH- FEEEL 1 -uH 000p = ASHA HH
- ulerlcfll. |-} - 4 43
B R -+ -1 - 1:Lm 4-

‘ag — 02 wh

ol ¥
£ HOGON sejom wo

- 2)
(Vé/m) "
3

ad

o2

O 0OD211Mm /

91Sd 0001

(HS3W 02 +91-) ¥V LSAIVLYD

3¥NLVYI4dNIL 40 193443

SV9 (334 I
HLiMm

S1-y 3WN91d

4-25




oqu . ._uvu oz2 ooz

RE SRR NN + J— 14
HHRA Al Tl
I At | X AR
BT
SENNEERE RSN R R A
oy b F 4 -1 333144043 -
-4 441~ .*l.ld. 4+ LIU [ ]
Tt R R I
HHEHA S TEHIE VR .
L3341 bt b-1-1-4 - Ly . °
-+ HA4HH A TH T H A 1 . o1 2 24 - |03 W
TR A CSHI R THH L {1 -
_ 1..;ir.uf-.-, I HAE UL..,\L...J AHHA H - & HOSH sejow wh
o Pt

T 1 Pt B ERCANEREAREARENE -3
Fr-a8 0002 = Aswa LT CER W b A AT
11 A e tYe/m)"n
apsSARURRESSNANRNS 111 | 5
1H- Tt L THHTE :
| 1 e e - - ~ 4 94
ARk A R G T HT
-4 444141 -§-}- -§- ~§- - 4§ -
-4 44 4 }-4-1 - . - - g2 E R = = -4~
: S R T
o H Sot! ST T I
L { r.dH QOCh = AS HEHHA A L -

lo2

bl NI orare B U

0ISd 000!
Ob ODLIM / (HSIN 02+91-)V LSAIVLYD

SY9 @334  2021'0/7091/ %2
HLIM
JUNLVHIANIL 40 193443

al-y Junuty




pr o em oo

o0z . . T 02?2 003
4 -v " °
} ’
-~ P N BN N EERE 14 - - - - - v
H-H FHHH R R LR R
4 T e e T L e et
T § LR T :
|t 44 | 1§~ - - ) $-1- . .
L4L144-1-1- {-1-1 FHEF-H-E4-1 -1t i
A AR AR EE A HHTE ‘4% = 190 Wb
NSER AN BN U TP L P E ] eor o x
115~ uH 000y = ASHA BT 1TTT I 10 11T THH - HOORM tojow wbd
m —_ 1 11111 ‘\ 1 T ~ T 1 .
I AsV SN o BRA RS TarndTy
K
1- 4H DOOZ = AGHA Sebtti 2ttt AERNBREN NN ﬁ i 1 "
i ¥ ﬁ YT AT {'d/7n) N
: RN ENEE AR et A AR A AN R A RARRE ] S
AR R *
— - == o —i v|;lka 1 1 B 2 )
[ ‘II.‘ p - 44 -}~ feged A ddL R -804 - .—
ERuan anpunne g aidnt ARdnunang
H 14 - U IO O O JNRAEEEEEE N
Bt p b4 - 4+ 4+ tH4+1 4-§- -+ 4
J4-H 3414414441 +4-H + 1 .
A R R o
+ . 4!. _ii_ U 8 U U O S0 W D N B DN AN 2§ B O A‘* -4 L L mom

91Sd 000!
O OOLIM /7 (HSIAW 02 +9i-) V¥V LSATVIVD
sv9 Q333 091732
H1IM
JUNIVHIdN3L 40 103443

Li-t 3¥OLId




productivity curve forms a droad maximum cver the 230-250°C temperature
range, with the more reactive svstens favering the lower temperatures and
vice versa. At lower temperatures, the grodectivity is limited by the
catalyst activity, while at ihe higher -amperatures, equilibrium
constraints are responsible for the drop in productivity.

Effect of Pressure

Figures 4-18 and 19 present the data for the comparison runs performed at
both Tower (500 psig) and higher (1,500 psig) opressure levels. In
general, the conversion is proportional to the reaction pressure,
Exawination of the equilibrium curves for these reaction conditions
indicates that despite the change in the absolute conversion levels, the
approach to eauilibrium remains on the ordar of 50-80 percert over a VH3V
range of from 2000-4000 hr™", |

Effect of Particle Size =

Figure 4-20 presents the summary results for both the Lurgi and KT feed
gases under constant reaction conditions for both the -12 +16 mesh and
-16 +20 mesh particle sizes, In both cases, the reaction rates for the
smaller size particles are some 30-50 percent greater than those ohtained
with the Tlarger particles. A similar experience with the mnalogous
liquid phase methanation system was attributed to pore diffusion
limitations for the larger sized particles. A more accurate
interpretation of these results will depend on future ability to
formulate the catalyst particles into a more regular particle shape,

Throughout these runs with the smaller particle size, highly erratic feed
gas flow was experienced which wac eventually traced to the exiztence of
a partial catalyst plug at the reactor exit. This plug resulted in high
pressure surges with each stroke of the positive displacement circulating
0il pump causing a corresponding surge in the feed gas flcw. All
attempts ¢o back flush the reactor were unsuccessful and ultimately the

4-28




FIGURE 4-18

EFFECT OF PRESSURE
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FIGURE 4-19

EFFECT OF PRESSURE
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reactor had to be cooled and vented in order tn manually remove the
plug. Notwithstanding, when the eactor was put hack on-stream,  the
conversion levels were stfll quite high when compared to the resylts for
the larger, -12 +16 mesh particles !see Table 4-2), However, because of
the uncertainty in the amcunt of catalyst remaining in the reactor, this
tharge was dumped and reloaded with a similar .16 420 mesh charge in
order to complete this vartable scan {see Table 4-4),

The catalyst particles are formed by grinding 1/4* @ x 1/4" tablets and
griding according to size. The collected particles are ‘rregular in
shape an¢ subject to attrition, This attrition bshavior is comparable to
experiences with the analogous liquid phase metaanation system where
early experimental work with crushed particles alsn displayed high
attrition rates and subsequent catalyst 1loss. These prob]ems‘ were
subsequently overcome hy formulating the catalyst into /16" @ spheres,
Present contact with a catalyst manufacturer indicates (hat these
catalysts might also be processed into 3 regular spherical shape with
superier physical properties. This would allow careful control of the
particle size of the Inaded catalyst and more reliable data on the eff-ci
of particle size.

Effect of Process Liguid and Catalyst Composition

 Work performed during the last three months of 1975 focused on 1) the

effect of circulating liquid composition, and (2) the effect of catalyst
composition - Commercial Catalyst A vs. Commercial Catalyst 8. T7able 8-5
lists the properties of the two different liguids tested, Witco 40
mineral oil and Exxon Aromatic 150.

The reactior results are summarized in Table 4-6 (Catalyst A/Exxun
Aromatic 150), TYatle 4-7 (Catalyst B/Witco 40), and Table 4-8 (Catalyst
B/Witco 40). The repetition of the Cataiyst B data points with a new
catalyst 1loading was brought about because it was felt that its
iignificantly pourer performance as compared to Tatalyst A might have




TABLE 4-5

PHYSICAL PROPERTIES OF LIQUIDS USED

Witco 40 Minera) 011

Hydrocarbon
Tyne 72 % Paraffinic, 78% Kaphthenic
Carbon Number cld 5%
Distribution CIQ~C15 15%
C167Cy7 20%
(318-C]9 ?5%
C207Co; 20%
» C?1 15%
APl Gravity £0/60°F 43.?

Viscosity at 100%F
Distillation (ASTM DBS)

18P
5
10
50
90
a5
EP

Sulfur (ASTM D1266)

3.4 cP (SUS = 40)

518%F
528
540
568
634
657
659

! ppm

Fxxon Aromatic 150

98+X Aromatic

C8 -
C9 5.6
Cm»‘ 2.8
cll 18.2
C12 1.4
Non-Aromatic 2.0

25.4
0.87 cP 'SUS 12)

362°F
370
372
380
34
10%
410

1pi
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TABLE 4-6

COMMCRCIAL CATALYST Al1) (-16+20 MESH)/EXXOM AROMATIC 150

Run No. Feed Gas
53.1 Lurgi(3)
54-1 Lurgt!3)
55-1 Lurgi(3)
55-2 Lurgif3)
56-1 Lurgif3)
56-2 Lurgt!3)

IR
o
rq

Catalyst loading = 219.6 gr = 200 cm3.

Temp.
o¢

235
235
750
250
220
220

e Wl Tobeodd.s
500 1,270 18.5
1,000 3,555 37.7
1,000 3,755 3.6
1,000 2,490 35.3
1,000 2,475 32.%
1,000 3,895 21.1

‘nclydes small selectivity to higher alcohols.
Momina' composition: SO0X My, 25% CO, 10X CO» and 15X CH4.




TABLE 4-7
COMMERCIAL CATA' ¢ST B'1) (-16+20 MESH)/NITCO 40 MINERAL OIL

_— Feed Cas 65"@ Pre':?ure :HEY co Convis fon

- A __psig r To MeQHIC) g
57-1 turgi’3) 235 1,000 4,580 2.5
57-2 Lurgi’3) 235 1,000 2,830 35.6
58-1 Lurgi(3) 220 1,060 2,595 27.3
58-2 turaif3) 220 1,000 4,590 16.0
59-1 turgi’3) 250 1,000 2,720 28.8
F0-2 Lurgi’® 270 1,00C 2,780 4.0
61-1 Lurgi’3) 270 1,000 2,695 2.0

f1) Catalyst loading = 215.6 gn = 155 cm3,
(2) Includes small selectivity te higher alcohols.,
(3) Nominal composition: 50% Hp, 25% CO, 10X CO, and 15% CHq.



TABLE 4-8

COMMERCTAL CATALYST B{1) (-16420 MESM)/WITCO 40 MINERAL OIL

P

Temperature
Run No. 7€
62-1 235
§2-2 255
63-1 250
63-2 250
64-1 235
64-2 235
65-1 220
65-2 220
66-1 275
66-2 275
67-1 235
67-2 235
68-1 250
68-2 250
69-1 225
69-2 225
70-1 275
70-2 275
71-1 235
7i-2 235

Praessure VH?Y
psig Hro'
1,000 Z,640
1,000 5,150
1,000 3,220
1,000 5,760
1,000 3,230
1,000 5,490
1,000 3,190
1,000 5,290
1,000 3,570
1,000 5.520
1,000 3,600
500 3,600
500 2,140
500 3,610
500 2,140
500 3,970
500 2,210
£00 3,680
1,000 3,290
500 3,530

(1) Catalysi loading = 219.6 gns = 155 cmd3,
%gz Nominol composition:
4

50%Hp, 25% CO, 10% CO
Includes small selectivity to higher alcoho

co ConvFrsiOn
to MeOH!3) g

39.5
32.0
35,1
29.7
33.4
24.4
25.1
15.6
24,2
20.2
25.6
8.0(4)
11.6
8.44
12.6
7.86
10.3
7.72
NA
7.67

?, and 15% (Hg.
s.

Indications that this value couid be as high as 12.0KX. -




hven due to a temperatyre upsot during the reduction procedure. The
9raphical presentation of data from Tables 4-6 and 7 is shown in Figures

4-21, -22, .23 and .28, 1n general, these catalyst/liquid systems show
the same response to the process variahles of feed rate and temperature
as the Catalyst A/Mitco 40 system. dowever, as indicated in Figure 4.25,
there are noticealle differences in their  absolute methanol
productivities when compared tn the Catalyst A/Witco 40 system:

Catalyst A/Witco 40 - Catalyst A/Exxon 150>> Catalyst B/Witco 40

The results of the secund Catalyst 8 scan confirm the earlier work and
indicate that the Catalyst ‘2/Witco 4an system gives the poorest
productivity of all the systems eoxamined to date, some 30 percen*® lower
than the next best system (Latalyst A/Exxon Aromatic 150).

It is felt that the higher reaction rates evidenced by the Witcu 40
mineal 0il system are due to the fact that the eyuilibrium MeOH
solubility in a recycle system would be lower in the mineral oil in
comparison ¢n the aromatic oil, providing a greater overall ariving force
for this reaction. This wag verifiad by subsaquent experiments, which
are discussed in some detail in Section 8. Briefly, measured activity
cocfficients for the methanol/Witco 4J mineral ofl system were a factor
of 7-3 times higher than the values obtained for the methanol/Exxon 150
aromatic oil sv3tem. Since solubility is an inverse function of the
activity coefficients, the equilibrium methano) con~entration would
inderd be substantially iower in tre Hitco 40 as has been theorized.

The superior praductivity of Catalyst A over Cotalyst B was unexpected
since the available literatyre gives no indication of substantial
differences in their relative reactivity. At first it was felt that a
temperature upset during the reduction procedure might have been
resoonsible for the Ilgwer reactivity. However, experiments with a
subsequent catalyst loading gave substantially the same results.
Therefore, efforts concentrated o3 physical property modification of the
Catalyst A formulation.



FIGURE 4-21
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The Catalyst A/ethylene glycol system was examined in order to determine
the effectiveness of ethylene glycol as a methanol “sink®. Iomedirtely
upon 1initiation of the process variable scan, a dark ethylene glyco)
decomposition product was noticed. The run was terminated and the
equipment cleaned wp. A second run was started with nitrogen replacing
the synthesis gas feed and the same decomposition product was found.
Further work with ethylene glycol was abandoned with the conclusion that
this compound is unsuftable as a circulating liquid fn the‘lfquid phase
methanol! process,

4=43



