~150-
CHEM SYSTEMS INC.

Unlike the results observed for L-1122 catalyst tested in the Berty
reactor, the modified Schulz-Flory probability parameter for L-1123
catalyst showed essentially nc variation with catalyst on-stream time
(Figure VI-22). The probability parameter remained essentially constant
at a value of about 0.4. This lower value indicates that L-1123 catalyst
does not demonstrate similar activities for the polymerization of alcohols
(and hydrocarbons) as those observed for L-1122 cataiyst. In fact, L-1123
catalyst produces essentially a crude methanol product containing about 15
percent higher alcohol (and hydrocarbon) components. This 1is shown
graphically in Figure VI-23 where the synthesis product distribution
observed at 121 hours on-stream time, with a modified Schulz-F10ry
probability parameter of 0.39, is plotted against carbon number of
synthesis products. The higher heating value of this crude ALKANOL fuel
has been calculated to be 70,366 Btu/gal or approximately 60 percent of
that of conventicnal gasoline.

An analysis of the spent catalyst recovered after the 175-hour test showed
that '1t contained 4.1 weight percent' carbon and 0.2 weight percent
hydrogen. Two effluent liquid samples, which were collected from O-76
hours on-stream time and from 76-150 hours on-siream, respectively, were
analyzed for acid and aldehyde contents. The samples showed values of
0.12 and 0.16 weight percent acid, respectively, with no aldehydes being
detected. '

3. UCT L-1124 Catalyst (Run 213-82B)

25.0 grams {22.0 cc) of WCI L-1124 calcined catalyst pellets were charged
to the Berty reactor and reduced by the same procedure that was used for
the activation of UCI L-1122. L-1124 catalyst was tesied for 142 hours
on-stream time at a constant temperature of about 353°C anag pressure of
1500 psig. Two synthesis gases were employed: 2/1 hydrogen/carbon
monoxide with 10.8 percent carbon dioxide and 2/1 hydrogen/carbon monoxide
with 1.5 percent carbon dioxide. Space velocities ranged from 2150-4650
SL/hr/kg catalyst. Table VI-10 summarizes the run conditions ang results
for the seven material balamce tests made with L-1124 catalyst. Table
VI-11 shows the crude ALKANOL fuel aistributions for each of the material
balance tests made.
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Tabhle VI-I10

SamMMsRY FOR RUOM # 21352

TOLAY'S DATE ¢ 871551

CETALYST HUMBER @ UCT L-1124
ATOMIC FORMULA &
PEEF., METHOD ! UCI PREP

CURFGCE AREESLY ¢ B M2 am
BULE DEHSITYSIY ¢ 1, 19 Ao
TEZT HUMEER 1 2 I 4 g g
TEST COMDITIONE :
FEED HZ-TO Ratio 2. 17 2, B5 y i 2, 1% 2013 2. 13
FEEL COZ 18,77 1RLET 10093 18,92 18,99 1. &4
GUE. TEMF, ,"C T4, @ 35¢ @ I A0 TEZLE I8 34 B
HAT =POT, " IS4, @ 3T O IEL.O :5:.@ k4. B IS4.0
PRESIURE: miiz 1576, 0 - 1665, @ 1SR, 0 . 1526, iSZ6E. B 1495 8
R, Tohrokam Cate PEEC. D 26iE. 2 ETTLE  A3E. 5 2{84. T ZEIT. 1
HOLRS on STREAH 3.8 £, £ 1158 1T 11w E 14BLE
COMUERS IO ¢
OO to Prods. - wolX 17,26 11.93 1@ 44 2, 4% 16,14 1288
COode D02, wolk g, 3T 4, 27 ET 8, 32 .57 2. B3
€0, am molohesksm cat, &, 74 4. £4 I E7 4, 55 .87 T. BT
2TY of Quvsenatests!

sm molohreovem call 523 2 1% . B2 221 & 17 I 92
STOICHION, HZ-C0 comeertad 1. 943 1.32 i.E% 1.24 1. 31 1. 11
CERBOH SELECTIVITY “Mormalized Mol % on COZ-fres Bazisz) s
CHIOH 12,32 0 17,84 183 21,29 182,27 &4l
Co-rd SLOOHGLE A= 47 2ELET 26,88 24,77 F2.42 0 28,12
Co-rd Gl ZESTERS T Z, &8 2. BE I3 2. 16 £ B
CHa 11,63 11.25 11,41  11,EE  14,E7 2, 81
Cx=CF HYUROCAREONS 15,88 17,97 i7.48 17,88 z2h.33 0 1T, 94
Td+ HYDROCARBONS g, @e  ToG MR ES 4R a7 28,85 21,87
SPPROGCH TOHES
MES Eauilibriume "G 3 -{C.& -Z2.@ -IAA 14,9 -18.3

CAREOH ACCOUNTEBILITY.X: (435 L2%Z 185 4 124, 8 =N BT.E 112,

in

TrREM REJECTION RATTO. G2 k. 35 B, 84 @, 84 g, 87 8. 6E

13 Fresh: ron~reduced caialuzi.
(2% Space Time Yield 0TY: = WHSW-ZE 4 # %00 in fesd~ 188 % HOO cone. ~108 * X5el,
o Dewzenetbess 199,
¢Xy Defined a2 T =T e — T hs
whare T ea = watsr sz2s Shift exuilibrium femr calculazted for reacior eff.
compoeition.
T k2 = hot seat tamparature
Pdt Defined az Carbon obzerued in Prodocts 4o Feed Carbon convertead.
‘Ey Dafined as ratic of owwzen remowed as watsr, to that remoued zz DR

Continued. ..

Reproduced from
ba?t available copy.
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Table VI-10(Concluded) =

SmraEsy FOoR RN # Z215—-S2E

— o . .

TOLAY'S DATE ¢ 8716781

CAHTALYST HUMEER @ UCT L-1i24
=TOMIC FORMULS & :
SREF. METHOD ¢ UCI FREF

SURFOCE ARERSLY ¢ 2 He 30
BULY DENSITYLY @ 1. 14 ansLe
TEST HUMBER - 7

TEST CONDITICHE @

FEED HZ-CO Ratio Z. 13
FEED L% t. &4
ave, TEMR. . "C I, &
HOT SP0T. " . ZEd, @
PRECTURE. reig 1589, 2
PHEL, Tobeskam cal, 4647, T
HIIRES on STREAM 141. &
COHVERSION 2
o0 ie Prods. o owol¥ 2. 8%
0 ts CO2. walX 4,73
co0, 2m mol-shrekam cgt. : V. o0
STY =F Dwuaapatsstdd

am melohrskam cat. 441

ETDICHIDH._HEfCG corrreriad 1,22
CHREOM SELECTIVITY (Hormalized Mal X on an—free Eaziz)

CHIOH 28, B4
C2-CE ALCOHILS . ZE.TE
L2=-Ce ALDG BESTERS 1,18
CHe 2. 28
-0 HYDRDCARBOHS 12,87
Ca4 HYDROCAREDME 2348

apPERacH TOOE
WES Eauilibriums *C ¢

CHREDH ACCOUMTRBILITY.% ¢47% 118.8
QYEEN REJECTION RATIO. (50

7 Fraeshs nen=-reduced catalust.

{23 Crace Time Yisld (STY? = VHSY-22. 4 ¥ XOO in faed 186 * 500 conu, 188 # SSel,
te Dhiusenatessing, .

(T2 Defined az T
whare T g1

T a1 - T hs .
water sas ehift equilibrium tewy calculated for reactor eff.
comeoel bicr.
T hs = hot =zpot temreratiarea
cay Defined as Carbon observed in Products  to Fesd Carbon converted,
¢5Y Defined as ratio of owagsn removed az waler. to that ramoged as COZ,

TN
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CRUDE_ALKANOL . EUEL. ¥I. RISIEIBUIION

RUN =213-—-82

Cataluwst Number ! UCI t-1124

date | 6/25/81

WLE {H

Catslust Foramulation? Fropriztarw 0 FREE?
TEST #
COMPONENT 1 2 2 4 - 5 é
x==:=====z:==='.===::="_"=====-=n===".============-l=====:=========-================-===
. HETHANDL 39.101 38.508 41.417 42,798 42,283 51.486
ETHANOL 7.829 11.157 10.5626 10.775 13.570 8.454
N-FROF OL 7.004 16,153 10.340 ?.317 16,588 10.037
N-BUT OL S¢490 5,479 4.919 7+012 4,213 4,933
N-FENT OL 6.528 3.309 4.033 3,242 3.035 4,043
N-HEX OL 5.787 3.452 2,418 1,611 1.7&0 2644
ACET ALD « 384 . 1.48% 1,291 1,504 1.,.594 1154
FROP ALD « 433 JB72 + 744 « 783 1,001 4135
BUT ALL . . 2,435 1,218 "+ 840 758 497 +000
FENT &LR 009 000 « 000 + 000 000 060
HEX ALD 000 +000 -+ QO0 + 000 +000 000
C4 H.C. S.948 7,198 5.423 4,259 7.,104 4.100
CS H.C. 3.2%99 4,061 3.828 3:411 5,720 2.799
Cé H.Co, 2.43% 3.5%57 3. 4869 3.395 3,412 2,330
C7 H.C. Z.746 5,829 4,233 6.580 3.9%468 4,359
cCg& H.L. 3.980 1.072 1,463 + 900 1.180 2,283
C? H.C. 1.396 1.444 739 674 1.104 1.960
TOTAL 100.000 100,000 100.000 150,000 100.000 160,000
====-:===g=========s----:uun==========-=--ua==-_--_-======-_.-===-================n====
HETHANCL 39:104 3e.508 41.4417 43.798 42,2835 51.4686
€2 - Cé '
ALCBHOLS 324438 34,751 24,535 31.958 33.134 29.712
OTHER €2 - L& : '
OXYGENATES 3.452 3,580 2,495 3.027 3.0%1 v dy)
C4 - C9
HYDROCARBONS 24,809 23,151 21.354 21,219 2i.488 17.832
=ﬂ=====2£===“..-"=====--=========‘======ﬂ.--============:===!-======$====:=ﬂ=======-
CAOLCULATED HIGHER HEATING VALUE
Btu/aal 20413, BB37A . 87245, B4138. f]a5870., _33‘?10.

Continued. ..
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Table ¥I-11(Concluded)

T S Ea - — R — R

RUN 213-82

Catalust Number { UCI L-1124 Late ! &4/25/81

Catalust Formulstiont! Prosrietary Wex £H20 FREE)
TEST #

COMPONENT 7

METHANDL 49,934

ETHANOL B8.525

N~PROF OL P.631

N-BUT OL 4,284

N~-PENT 0OL 4,951

N~-HEX OL 2.701

ACET ALD 1218

PROF ALD 14672

BUT ALD + 397

FENT ALD +D00

HEX ALD .000

C4 H.C. 4,127

LS H.Cs 2,740

Cé H.C. 1.992

87 H.C. 5.130

C8 H.C. 2.830

Ce H.LC, 1.92046

TO0TAL 100.0900

==---=====ﬂz====z=======‘.==============ﬂ‘-===$=======B:=----=====ﬁ==========--=

METHANOL 49,934

C2 - C4

ALCOHOLS 30.093

OTHER C2 - Cé

DXYGENRATES 1.248

c4 - C%

HYDROCARBONS 18.72%

========="==--=========-=--===a:==='=======--==================-===========:2===

CALCULATED HIGHER HEATING VALUE
Btu/gsl 84835,
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while data for this catalyst evaluation was very limited, sayeral trends,
as depicted in Figure VI-24 through 28, were observed. Figure VI-24 shows
that L-1128 catalyst was apparently deactivating over the first 115-hour
period maintained at constant space velocity and synthesis gas
composition. The 1ines piotted on the figure at higher on-stream times
were based on the assumption that the deactivation at other conditions of
space velocity and synthesis gas composition would follow the same trend
as observed between 0 and 115 hours on-stream time.

The ALKANOLS selectivity {Figure VI-25) appeared to be unaffected by space
velocity. A small effect of carbon dioxide content of the synthesis gas
was observed towards the end of the test when the carbon dioxide level was
decreased from 10.8 percent to 1.5 percent resulting in an increase in the
ALKANOLS selectivity from about 76 percent to 85 percent. The ALKANOLS
composition (Figure VI-26} also exhibited a similar trend to that of the
ALKANOLS selectivity. However, a more significant effect of carbon
dioxide content of the synthesis gas was observed. Synthesis gases
containing the higher (10.8%) carbon dioxide content resulted in ALKANOL
mixtures having higher concentrations of 82+ components. However, the
higher carbon dioxide levels also resulted in increased light hydrocarbon
gas yields as illustrated in the following table:

TABLE VI-iZ

EFFECT OF CARBON DIOXIDE CONTENT OF 2/1 HYDROGEN/CARBON
MONOX IDE SYNTHESIS GASES ON L-1124 CATALYST PERFORMANCE

Carbon Dioxide Level, Percent 1.5 10.8
ALKANOL Selectivity, Weight Percent a5 77
C1-C3 H.C. Gas Selectivity, Weight Percent 15 23
Crude ALKANOL Compusition, Weight Percent

Methancl 51 42
Cp-Cg Oxygenates 31 36
C4-Cg Hydrocarbons 18 22

Calculated HHV of ALKANOLS, Btu/Gal 84,375 86,458
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The modified Schulz-Flory distribution dependency on catalyst on-stream
time (Figure VI-27) was also influenced by the carbon dioxide content of
the synthesis gas. Although there was no significant change in the
modified Schulz-Flory probability parameter over the first 115 hours
 on-stream period, the value of the probability parameter increased by

about ten percent after the carbon dioxide content of the synthesis gas
_. was decreased to 1.5 percent at 130 hours on-stream time.

The synthesis product composition as & function of carbon number of
synthesis product is shown in Figure VI-28 for a data point obtained at
120 hours on-stream time. The modified Schulz-Flory probability parameter
for this data point was calculated to be 0.47. '

The spent catalyst recovered at the end of the 141-hour test was analyred
and found to contain 6.3 percent carbon content. The average content of
the condensed ligquid product collected at the end of the test indicated
0.6 percent acid (as acetic acid) and 0 percent aldehydes,

C. Process Variables Studies In the Slurry-Phase

Autoclave Reactor System

Based on the analysis of the results of Ihe process variables studies
performed in the vapor-phase reaction systems; UCT catalyst L-1122 was
selected for further evaiuation in the slurry-phase autoclave reactor
system. This catalyst was selected on the basis of better catalyst
activity - catalyst age response and on the higher C2+ alcohol content
of the crude ALKANOL mixture. Two test campaigns were perfgrmed for
1-1122 catalyst using two different catalyst samples. The fTirst test
campaign, designated as 226-285, evaluated the effects of reaction
pressure, space velocity, reaction temperature and catalyst age for &
constant synthesis gas composition. Twelve material balance tests were
made encompassing 558 hours of on-stream time. the slurry vehicle
consisted of high purily n-heptadecane.

The second test campaign, designated as 226-425, was initially formulated
to perform a one-month catdlyst life test at a fixed set of operating
conditions. The life test was abandoned after about 200 hours on-stream
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time in favor of further process variables studies. The decision to make
this change was based on the low C2+ oxygenates selectivities observed
for the startup conditions of the test.

1. Slurry-Phase Tests With_n-Heptadecane Slurry 0il (226-285)

A sample of UCI L-1122 calcined catalyst was ground using a mortar and
pestie, then sieved to 100 percent greater than 70 mesh (210 microns).
100 gms' of the resultant powder were charged to a 2-inch diameter
vapor-phase, plug-flow reduction reactor. The reduction was carried out
at 1 atmosphere pressure using the following procedure:

e Purge reactor with nitrogen while increasing the bed temperature
to 200°.

s Start feeding 2% hydrogen/98% nitrogen reduction gas to the
peactor at a rate of 800-900 S1/hr/kg catalyst. Maintain these
conditions for 18 hours.

s Increase the reactor temperature from 200%C to 3009C over a
period of 3 hours and hold for 1 hour.

e Increase the reactor temperature from 300°% to 350°C over a
period of 3 hours and hold for 22 hours.

¢ After 22 hours at 350°C, no difference was observed between
the concentration of hydrogen in the reduction feed gas and that
in the effluent gas. The reduction gas feed was terminated and
replaced by nitrogen while the reactor was cooled to room
temperature,

Upon cooling, the reacter was pressurized to 25 psig with nitrogen,
isolated, and moved to a nitrogen-purged, glave box. 1In the glove box,
the reactor was opened and the reduced catalyst was slurried with 300 wl
of n-heptadecane (99 percent purity, Humphrey Chemical Co.) through which
nitrogen had been sparged for several hours. The addition of the reduced
catalyst increased the volume to 325 ml. The resultant catalyst slurry
was charged to the slurry autcclave by the following procedure:

¢ The autociave was thoroughly purged with nitrogen and heated ta
509C to prevent freezing of the n-heptadecane.
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e 100 ml of nitrogen-purged, n-heptadecane was Toaded into the
reactor through a port on the head of the autoclave. The
nitrogen purge was meintained throughout the entire loading
procedure.

& The autoclave impeller was energized with the Tmpeller speed
maintained at 600 rpm throughout the rest of the Toading
procedure.

¢ The prepared catalyst slurry was then charged to the autoclave
through the same port. )

e The transfer beaker and all loading lines were washed with an
additional 200 m1 of n-heptadecane. The reactor was sealed and
insulated, and then pressurized with synthesis gas for the start
of the run. '

The catalyst was evaluated over the total on-stream time of 558 hours
utilizing a synthesis gas feed containing 61.5 percent hydrogen, 28.8
percent carbon monoxide, 1.3 percent carbon dioxide and 8.4 percent
argon. This gas composition represents that which would saiisfy the
stoichiometry for teotal conversion of carbon oxides {carbon monoxide and
carban dioxide) to alcohol products. In practice, the hydrogen content
was too low relative to the carbon oxides content for total conversion to
alcohol products since the formation of light hydrocarbon gases requires
higher hydrogen/carbon monoxide ratios. Table ¥I-13 contains a summary of
the detailed operating conditions and results for the twelve material
balance tests made during the run, Table VI-14 contains the crude ALKANOL
compasitions for each of the material balance periods.

During the run, the oil level in the autoclave was maintained by adding
n~heptadecane (using a Milroyal Model DC-1-117R pump) on a daily batchwise
basis in an amount equal to the velume of hydrocarbon phase coilected in
the product separator over the same period. To minimize the 0il1 takeover
rate, the reactor was "idled" at ZSOOC, 1500 psig, 1% St/hr flow rate,
and 600 vpm agitator speed. These times at idle conditions cgenerally
pccurred overnight, cauring weekends, and during periods when the
analytical system was being ca]ibrated; On-stream time at idle conditions
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Tab}e ¥I-13
SMMERY FOR RO # 2SS
TADEY'E DATE ¢ BO1aedl

TETELYST HIUMBER ¢ UCT L-1122
ATOMIC. =='IP.3‘1'§LF5 t Proprietery
FREF. METHID : Uol PREF
SURFRCE AREATLY 3 e 3
EULE DEMIITYILY & 4.0 R
TEST HUIMBEE 1 zZ it g = £
TEST COHGITIONS 3
FEED HZ-CO Ratio z. 14 a4 214 A R )
FeElr CC02 1. 2% 1. 2% 1,25 .29 1. 2% 1,29
&VE. TEWR, .®*C = I ICH.A TER G . ZES 8 3EB.g 2B E
HOT =POT. °C ILe. . ISA.E ThE.@ IEe.s IEeLg Ik, 2
PRESSURE. poie 1509, 9 1EGG6.8 Zo0R @  ZO6EB. 0 ZRO4, 8 ZhEb 8
VHSLL TAhrkam cat. 1787, SZEAT. I 18T & 3SEh. 4 43ER,.CZ IRTE L
HOURZ on STEERM 164, 2 138 3 15 IEE, Y el 1 2L T
COHVERESION &
oo to Prode. - oul¥% 8. 31 15, 23 T3, 28 428, 18 ToE7 15. 47
CO to ©0Z, wol% - 2028 21. 7t Pha.ES 25, 24 L. 84
COs gm mol-hrokam cat. G TE . EE 14, 08 37 H1 44, 22 .13
STV of Owaagnates’)

am sl hrokam cat. 4. BZ 4, 4% 5. 56 1Z. 79 15. 87 2. T4
STOICHIOM, HZ-OO comesriasd 1.1% 1. 1% B, 92 1.1% 1. 41 1. 1%
CRREOM SELECTIVITY dHormalized hﬁi % on DDP-fres Basisy &

H30H . 24 2. a2 T.E3 4. 73 4, 72 c. el
CZ-0E ALOOHOLS Zi.EE 22.9@ P FI 23,80 Zi.48 523
CI-DE @ll, GESTERS T.El . B3 R .21 B 28 G, BT
CHd =L EE e 57 11, 86 13, 41 1Z. &1 1c. 44
oE2=CF HYDROCAREOHS 11. 44 1z, 74 14, %1 0, 1g, 48 16,52
T+ HTDEDEQRBDHS 26 I8 182,51 Ih, 4k I, BE Y 2022
HPPROACH TOCE? ,

PGS Exuiliberium. "C ¢ L. A —Eh 5 I8 4 14,2 2T & 178, 1

CARBON ACCOUMTRBILITY.% 428 B8 0 2T 5.1 164, 8 1a3. 8 7
LvEEN REJECTION RATIO. (503 8., 87 g, &35 & 15 H, 16 8. iz @, 17

£1% Frezsh. nontreduced catalwst,
cov Seace Time ¥ield 5TV = UHSV-Z2.04 % N0 in feedst88 % X000 cone. <1BE ¥ KRl
1o Quewaenates 106,
Ty Defined 22 T = 7T 23 - T hs .
where T g1 = watsr $a2 shift eauilibrium temr caleoulated for reacior eff.
i H [ e l Li‘: [ta

T hs = hot 2rol tamperature.
v4% Pefined az Carbon observed in Products to Feed Carbon Lmnznrted.
fEY Defined a3 retio of oxssen remowved as water. o that removed az L0
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Tahle VI-13 (Concluded)

SUuMMaRryY FOR RUH # ZRe—2S 5

TopaY's DATE ¢ 52382

aToMIC FORMULS ¢ Proprietary
FREP. METHOD @ UCI PREF

SURFACE BRER‘LY & e Bl
EULE DEMSITYILY ¢ 4.0 I 2g

© TEST HUMEER

TEST COMDITIONS : 7 8 9 10 11 12
CEED HZ-DO Ratic 2. 14 2. 14 2. 14 2. 14 2. 14 2. 14
FEED LC0% 1,323 1. 29 1. 29 1,29 1. 29 1. 29
ovE. TEMP. . L ICE. 8 ISR, B IER. & 358, 8 245, 8 I, &
MCT SPCT. *C IEE. 8 TEB. B ISE. 8 ZER, B 745,84 IDE B
PREZEIRE. F319 {1EAR. 8 2EEE, 0 1958,8 2580, d 1588, & icea, 4
WHEM, lehrsbam cate 1446 B 2E@T. 4 1611.% EBEEV. S 417. 8 2T e B
MRS on STREAM 435, & 484, 7 475, 9 Eme, 7 gE g CLs. 4
COMUVERSION @
o0 to Prods. . w0l 1. 58 15. 62 19, 28 2. 83 1.7 17. 3%
TO to D2, wol¥ 11,83 g, a9 ia, 24 4,14 H, 42 =
_ COs 3m molshreoksm cat, . 332 T.E5 B.11 3. 28 .1z 9. 8%
2TY of DwyaenatesiZl ] _
am molehrolam cal. 1.69 2. B2 1,38 226 |, 82 I
STOICHTON, H2/CO comreried 1.61 i. T8 1.53 1. 41 1. 6% 1. 23

CARBON SELECTIVITY cHormalized Mol % on COZ-free Bazisd

CHECH . 5. 482 L. 5@ 5. 82 2. 18 2. 93 4,22
Ca-0d HLCOHDLS 2z.85 21,3 20,36 18,79 S.z22 RRIZ
oE-CE ALD. ZESTERS 3. 16 7. 0B &, 25 B. 92 A. 28 g, &2
CH4 1.6 26,98 22,84 29,85 5B.95 6. I
C2-03 HYDROCAREBONE Ti. 44 2B, 83 2186 8,99 1464 2@ 22
Ca+ HYOROCAREDNS zl.81 18. 21 17. &% 18. 35 9098 2RLEE

SRFROACH TOVEY :
WES Equilibriums *C £5.3 95,2  9I.4  18&, 2 18L5 3.

CAHRBOM BCCOUNTABILITY, M 401 952 1031 FE 6 o, 9 7.3 1820 %
DRYEEH REJECTION RATIO. (Sk: g, 14 a.1& 18 B, 18 @ 1z 8,17

1% Fresh, non~reduced catalust.
£9% Seace Time ¥ield (ETY) = WHSV-ZR 4 % 300 in Feed 106 # IO copa 1EE ¥ RSell
: b Degdenateds 188,
03y Defined as T =T 21 - T hs

where T &1 = water sas shift eauilibrium teme cateulated for reactor eff.

compozitian.
T hz = hot 2rot temperatura

r4% Defined az Carbon observed in Frodocts o Feed Larbon conrerted.
fE% Dafined az ratino of owsdan removed as water. to that removed as DOZ
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Table VI-13

CRUDE _ALKANOL _EWEL _WI_DRISIRIBUTION

RUN 22628 S

Catzlust Number | UCI EL~11232 Date ¢ 11/9/81
Csteluyst Formulation! Proprietarw (UCI Catalust) Wtz (Hzﬂ FREE>

TEST #
COMPONENT 1 Py 3 4 g &
METHANOL 52.721 14499 ig,089 12.581 12.18%9 13,982
ETHANOL 2. 335 12,207 14.45% 14.087 B.540 24,5670
N-FROF OL 7+460 7.244 B.567 0.925 5.791 7.972
N=-BUT OL 2,434 2.781 4,472 3.984 4,132 5.00&
N-FENT OL 3+030 3.207 &+132 6.077 5.988 2.974
N~HEX DL 1.554 1.152 1,540 6,135 g.600 1.728
ACET ALD + 000 + 000 + 215 + B33 814 3.827
FROF ALD 2.419 2.973 i.688 1.80% 3.024 3,503
BUT ALD 3.985 3.280 1,730 1.524 1,877 2.957
FENT ALD 1.173 882 . 880 + D00 <000 000
HEX ALD G006 000 4,288 4.713% 3661 000
€4 H.T. 3,934 3.831 64670 74709 7784 7706
C5 H.C. 4,331 3.4608 7.438 7.993 g.041 5558
£é H.C. 22764 2,841 7.083 6.673 ?.5209 b.448
C7 HCCQ 20359 2!620 10!282 ?'054 70803 5&798
ce H.C. 1.004 1.428 832 7.1%%5 8,137 4.404
C? H.C. 1.848 +A37 %,033 3,707 4,308 1.855
TOTAL 100.000 100.000 160.000 100,000 100,000 100.000
:=====z=======--=====z===:==============n----========:=:::==========-===========
HMETHANOL 52,721 S51.4%99 ie.0E% 12.5B1 12.189 13,572
L - €&
ALCOHOLS 23.818 Ré6.401 302720 38,208 33,051 47,349
OTHER C2 -~ C&
CXYBENATES 7877 74+134 2.281 8,881 2.174 10.287
t4 - €% )
BYDROCARBONS 15,885 14,7635 37.3&0 40,330 45.583 33.372
CALCULATED HIGHER HEATING VALUE :
Bitusgzl 82585, 82172, 98282, iop095L. 103132, o472 .

Continued...



CEUDE._ aLEQl

Catalust Number 3

ucI L-1122

-169-

Table VI-14 {Concluded)

RLUN

22&6—28 S

D

ratzlust Forpulationt Froprietars (UCI Cstalust?

COMFONENT 7
=====:z====n=====::======_=:. _______
METHANOL 17,129
ETHANOL 29.002
N-FROF OL 8.945
N-RUT OL 5.450
N-FENT OL 2,487
N-HEX OL <000
ACET ALD 1.502
FROF ALD 3,542
BUT ALD 1,035
FENT ALL +000
HEX ALD 000
C4 H.C. 10,522
L% H.C. ?.570
ce H.C. b.642
c? H.C, 2,335
£8 H,C. 1,638
C? H.C. 000
TOTAL 100,000
:I:=‘=ﬁ===$======$==ﬁ=:======' _____ ZTZ====
METHANOL 17.129
£z - Cé

ALCOHOLS 446,084
OTHER T2 - Cé

OXYGENRTES 5,078
ca - C9

HYBROCARBONS 30.708

e

g

16,664
22.924
8.287
4,143
2.628
5.331
2.217
S.0E8
5,988
+ Q00D

+ 000
B.334%
5,182
4,013
3+453
2,353
1.1925

100.000

16.464

A3.313

14,293

25.731

CALCULATED HIGHER HEATING VALUE

Btu/gal 924648,

P3I?51.

43.1%0

12.0%1

25.803

92726,

CHEM SYSTEMS INC.

ate 3

wtsd «

40.482

12.171

27.198

11/9/81
.0 FREE)

11 12
15,705 13,495
15,803  22.309

8.834 8,078
7+263 6.121

.432 2,712

L 000 5,791
16,797 1,784
17.079 5,268

. 000 5,372

. 000 000

000 000
11.386 8.561
10,501 4,073

. 422 4,444

. 491 4,866

.59 4.048

. 628 1,038

100,000 100,000
15,705  13.495
32,332 45.011
27,876 12,425
24,087 29.070
20145, 250351

PIIPY .
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is included in all on-stream times reported in the computerized run
summiaries. The catalyst performance at a typical idle condition is shown
in Test #11 (552 hours on-stream) on Table VI-13.

During the first 390 hours on-stream time, vibrational problems were
experienced with the agitator. At approximately 390 hours on-stream,'the
vibrations abruptly ceased. During the disassefmbly of the reactor upon
the conclusion of the vun, it was ciscovered that the agitator assembly
had failed and was irreparably damaged. It seems likely that this failure ‘
occurred at the time that the vibration; from the agitator ceased.
However, there were no clearcut confirmatfons that this problem indeed
occurred 2s evidenced from the data analysis. In any event, a trend
analysis of the observed data was_pérformed assuming that there was no
significant impact of the degree of agitation on the catalyst performance.

Figure VI-29 shows the effect of on-stream time on carbon monoxide
conversion at 1500 psig reaction pressure. No data were taken during the
initial 150 hours on-stream time in order to allow the catalyst to undergo
a period of stabilization. It appears that over the latter 400 hours
on-stream time, there was no catalyst deactivation with respect to carbon
monoxide conversion.

The apparent effect of space velocity on carbon monoxide tonversion is
depicted in Figure VI-30. As can be seen from the figure, there appears
to be an unusual maxima in the space velocity - carben monoxide conversion
relationship. As sbace velocity was decreased from 5500 to 4000 Si/hr/kg,
the carbon monoxide conversion level increased as would be expected.
However, further decreases in space velocity to the 2000 SL/hr/kg level
did not result in corresponding increases in the conversion level. In
fact, the carbon monoxide conversion decreased about 15 percent (reldtive)
upon decreasing space velocity from the 4000 to the 2000 SL/hr/kg Tevel.
The data points shown on the figure do span a catalyst on-stream time of
from 261 to 10 hours and any possibie time-dependent effects such as the
agitator problem (occurred at 3590 hours on-stream time) could be clouding
the interpetation of the data. Ancther point of interest is that the
carbon monoxide comversion to carbon dioxide via water-gas shift at the
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5500 space velocity level was only about 4 percent as compared to 21-27
percent at the 2000-4000 space velocity level. This is equivalent to
about an 85 percent (relative) decrease fin carbon monoxide conversion
which is approximately the same as the relative decrease observed for the
carbon monoxide conversion to alcohols and hydrocarbons.

The effect of reaction pressure on carbon monoxide conversion is shown in
Figure VI-31. The relatively large increase in activity upon increasing
reactor pressure from the 2000 to the 2500 psig level is attributable to
increased ALKANOLS yields, and in particular, the C4-Cg hydrocarbon
component of the ALKANOLS,

There appeared to be essentially little or no effect of the reaction
conditions, i.e., space velacity, pressure, etc., on the selectivity 1o
and composition of the crude ALKANOLS. These catalyst performance
parameters appeared to be entirely controlled by the catalyst age as
measured by on-stream time. This phenomencn is qualitatively similar to
that observed with L-1122 catalyst in the Berty vapor-phase reactor and is
illustrated in Figures VI-32, 33, 34 and 35, which show the effects of
on-stream time on ALKANOLS selectivity, methanol content, CZ'CG
oxygenates content  and C4-Cg hydrocarbon  content of  ALKANOLS,
respectively. As can be seen from the figures, it appears that by the end
of the 550-hour test, the selectivity and composition of the ALKANOLS
leveled off &t relatively constant values. The directional changes in
methanol content of ALKANOLS paralleled those observed’ in the Berty
reactor for L-1122 catalyst. 1In the sturry autoclave test, the C4'cg
hydrocarbon content of the ALKANOLS appears to pass through a maximum
point equivalent to 40 percent at about 300350 hours on-stream time prior
to leveling off at 25 percent. In the Berty reactor, the 64-cg
hydrocarbon  content  approached its maximum of about 25 percent
asymptotically ard ~did not pass through a maximum point. The CZ“CE
oxygenates content in the siurry autoclave tests also approached its
maximum of about 57 percent asymptotica11y. In the case of the Bertly
reactor, CZ'CG oxygenates passed through a maximum point equivalent to
about 50 percent at 400-450 hours on-stream time prior to leveling off at
47 percent, - ’
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