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Notices
This report contains information which is potentially patentable. U.S. patent applications covering these

concepts will be filed with the U.S. Patent Office shortly. As per instructions from the Office of Patent
Counsel, U.S. Department of Energy, Argonne, Illinois, the following notices are in effect:

Patent Hold

This document copy, since it is transmitted in advance of patent clearance, is made available in confidence

solely for use in performance of work under contracts with the U.S. Department of Energy, This document
is not to be published nor its contents otherwise disseminated or used for purposes other than specified

above before patent approval for such release or use has been secured, upon request, from the Chief Office

of Patent Counsel, U.S. Department of Energy, 9800 South Cass Avenue, Argonne, Illinois 604'39.

Legal Notice

This report was prepared by Dew Coming Corporation as an account of work co-sponsored by Dew

Coming Corporation, Texas Gas Transmission Company ('Texas Gas'), Gas Research Institute ('GRI'), and
by the United States Department of Energy ('DOE'). Neither GRI, members of GRI, DOE, Texas Gas, Dew

Coming Corporation, nor any person acting on behalf of any of them:

a. Makes any warranty or representation , express or implied

with respect to the accuracy, completeness, or usefulness of

the information contained in this report, or that the use of any

information, apparatus, method, or process disclosed in the

report may not infringe privately-owned rights, or

b. Assumes any liability with respect to the use of, or for

damages resulting from the use of, any information, apparatus,

method, or process disclosed in this report.

Disclaimer

This work was prepared as an account of work co-sponsored by the United States Government. Neither the

United States nor the United States Department of Energy, nor any of their employees, makes any warranty,

express or implied, or assumes any legal liability for the accuracy, completeness, or usefulness of any

information, apparatus, product, or process disclosed, or represents that its use would not infringe privately

owned rights. Reference herein to any specific commercial product, process, or service by trade name,

mark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,

recommendation, or favoring by the United States Government or any agency thereof. The views and

opinions of authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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Contract Objective

The purpose of this contract is to develop a process for converting light alkane gases
to uethyi chloride via oxyhydrochiorinafion using highly selective, stable catalysts in
fixed-bed reactors designed to remove the large amount of heat generated, so as to
control the reaction temperature. Further, the objective is to obtain the engineering
data base necessary for developing a commercially feasible process and to evaluate the
economics of the process.

Task 1.0 Catalyst Definition and Separation Unit Operation Development

Task 2.0 Process Development Unit (PDU) Design Engineering

Task 3.0 PDU Construction and Procurement

Task 4.0 PDU Start-Up

Task 5.0 Evaluation of Packed Bed Technology

Task 6.0 Separation Optimization

Task 7.0 Process Optimization

Task 8.0 Economic Evaluation

Task 9.0 Preliminary Engineering Design Phase II

Task 10.0 Scale-Up Decision and Business Plan to Phase II



_Summary of Technical Progress

Significant progress was made this quarter toward the development of a stable heterogenous packed bed

catalyst for the oxyhydrochlorination of methane. The short term target for selectivity and conversion of
the methane reactant is 80% MeCI selectivity and 20% methane conversion. This quarter's data shows a

catalyst which gave an average 18% methane conversion and 78% MeCI selectivity for a 12 day period

of time. This encouraging result, which was acheived using a CHJO,/HCI ratio of 100/23/30 with a fluid
velocity of 9.0 cm/s and a residence time of about 3 seconds, puts the development on track to meet this
short term target.

The development of the product separation system was moved forward a bit more slowly. The reduction

to practice in the laboratory environment was plagued with a number of minor operational difficulties. Still,

significant progress was made up the learning curve toward demonstration of this technology. Next quarter
should bring significant results.

The PDU design engineering effort made significant progress this quarter. Two significant activities

occurred. The first is that a bid on a modular unit by Xytel Corp. was received and evaluated. Xytel is a

contract engineering firm that specializes in the design and construction of small scale modular processes

for the chemical and petrochemical industry. This pre-engineerlng estimate showed that costs were

considerably higher than the original project capital estimates. The prima_ driver for this cost increase
was an increase in the cost of the recovery, system. As a result of this work, a rigorous effort was made

to eliminate all non-essential equipment and scope of work. A reduced scope was agreed upon and in the

second round both Xytel and the Dow Coming in-house facilities engineering team were allowed to bid

on the package. This work is in progress. Next quarter the new bids will be recteved and a design and
construction partner will be chosen.

Technical Results

Task 1_ Cat__alvst Definition and Separation Unit Operation Development.

Catalyst Definition-

The primary focus of this quarter's catalyst definition work was the evaluation of catalyst stability. The

first "long" experiment for the quarter is reported m Data Set 1. The catalyst was a Cu6AI cluster

supported on silica. As shown on page 2 of this data set, this catalyst , #518, showed a rapid drop tn

activity from the 15-17% methane conversion range down to a steady 10-11% conversion that remained

fairly stable for the 95 hour experiment. The selectivity for this 340 C experiment is plotted on page 3

of the data set and shows very good results , with 93% MeCI. However, due to the low activity the

experiment was not extended longer, The initial development goal for this catalyst system is 20% methane
conversion and 80% MeCI selectivity. This experiment, as well as all others performed this quarter, was

performed at atmospheric pressure with a CH,/O,/HCI feed ratio of 100/23/30. Most of the experiments

were performed at a set point temperature of 340 C for the 3 zone tube furnace that is used to control

temperature. Table 1 provides the average conversions and selectivities for this experiment and all others

from this reporting period. In addition, the space velocities, temperatures and Cu loading for the catalyst
are shown aswell.
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The next experiment was performed to serve as a baseline for the supported Cu catalyst stability testing.
In this experiment a simple supported Cu salt catalyst was used. This catalyst, #511, was made from a
CuCI:.2H20 salt and was not promoted in any fashion. More details on this catalyst and others used during
this reporting period are found in appendix B. Focusing on the conversion vs time graph found on page
2 of Data Set 2, it is clear that this catalyst was fairly low in activity. In addition the activity dropped
from 9-10% conversion to 6-7% conversion, or about 35% in the 140 hour experiment. This catalyst gave
an average MeCI selectivity of 87% which is slightly lower at comparable conversion to the previot_s
experiment on the Cu-AI supported cluster catalyst. Note the experimental noise on the selectivity vs time
graph on page 3 of Data Set 2. This noise, due to a GC malfunction, was corrected at about 100 hours
into the experiment. The apparent shift in selectivity at 100 hours is probably not real. However, the
precipitous drop in selectivity at about 130 hours that was matched by a significant rise in the oxygenated
by-products is apparently real. An explanation for this sudden shift is not available. This unexplained shift,
combined with the low activity of the catalyst was a motivation to evaluate other, modified Cu catalysts
for their stability.

Data Set 3 shows the results obtained in the evaluation of another simple Cu salt catalyst. Catalyst #516
was based on a Cu(I) salt. The results are very similar to those found in the above Cu(II) based catalyst.
The average methane conversion was 12% and average MeCI selectivity 83%. The experimental record for
conversion is found on page 2 of the data set and the selectivity record on page 3. A possible difference
in this case is that while the activity is similar to that of the other simple Cu catalyst, there is not the same
evidence of deactivation noted. It is possible this is due the increase in copper loading to 2.2% vs. the
1.0% found in catalyst #511.

While it is not immediately obvious from the preceding two experiments, the primary mode of catalyst
deactivation in this system is most likely Cu loss from the catalyst surface. As such, one mechanism of
coping with this issue would be to use a catalyst with a very high Cu loading to extend the lifetime of the
catalyst. Catalyst 163C was evaluated to assess this strategy. This was a purchased catalyst with about 30%
weight loading of Cu as CuO. Before use this catalyst was reduced in I-t_to remove the oxide coating and
then dried in flowing dry. N_ for 1 hour at 340 C. During this experiment, because experiences from earlier
evaluations of this catalyst, thermocouples were placed in the reactor and wired to the outside of the reactor
to attempt to measure the exotherm that was expected. The results of this experiment were very interesting.
On page 2 of Data Set 4 the conversion vs time graph for this experiment is shown. Note that the data is
much more erratic than in most of the previous experiments in this system. While erratic, this data when
combined with the selectivity data shown on page 3 of the same data set shows that the first 50 hours of
this experiment gave results very close to the 20% conversion, 80% selectivity target. The conversion
however, took steep drop at about 50 hours. In order to make some sense of this data the thermocouple
profiles are shown on page 4 of the data set. They show the sporadic conversion data was quite
understandable. The 3 traces show the furnace setpoint which holds steady at 340 C throughout the
experiment. The next trace shows the outside reactor temperature which gives a spike to 400 C about 35
hours into the experiment. It is worth noting that the outside thermocouple was mounted about 2/3 of the
way down the long axis of the reactor. The temperature measured in the bed gave two different exotherms
, 460 C at 25 hours and 410 C at 45 hours. Clearly, this was not a steady state reactor during this
experiment. A possible explanation for the drop in activity seen at 50 hours is that at this point the bed
was not able to generate the exotherm needed for the higher conversions.



'Another high Cu loading catalyst was evaluated to compare with the result just described. A PETC

catalyst, received and pretreated in H 2 before use, was evaluated under our experimental conditions. This
catalyst was a CuCI catalyst promoted with Li and La. The Cu weight loading was nominally 30 wt%.

Data Set 5 contains our results. As in the experiment just described a thermocouple was put in the reactor

bed. In this case, as shown on page 2 of the data set, the temperature at about 35 hours into the run was

560 CT This thermocouple was about 1/2 down the length of the bed. Note that at about 70 hours or twice

the exotherm time, the conversion as reported on page 3 plummets. This drop from 25-30% to 11-13%

methane conversion occurred over about a 1.5 hour time period. Note also on page 4 and page 1 that the

selectivity abruptly changes at this point and the total oxygenate selectivity drops by about 20%, this is
accompanied by a corresponding increase in the MeCI selectivity. This temperature impact seems to show

very clearly that, in this case, the high initial conversion was caused by an exothermic wave moving
through the bed that increase both methane conversion and combustion side reactions. When the wave left

the bed both the conversion and the combustion dropped significantly. A similar signal was not seen in

the experiment described in Data Set 3, presumably because the apparent existence of multiple exothermic
waves confused the experiment.

The experiment described in Data Set 6 is an attempt to determine the 'initiation' temperature for the high

metal loading catalysts. Catalyst 163C was used again. In this experiment the temperature was raised slowly
by 10 C increments. Data included shows that the reaction was extraordinarily slow starting. A temperature

of 340 C was maintained for a significant period of time with very low conversion. It was discovered later,

that this oxide catalyst had not been reduced prior to reaction. As such the results are not surprising.

Data Set 7 shows the first experiment that evaluated the use of a copper tetrakis acetonitrile

hexafluorophosphate salt as a precursor for the supported catalyst. Catalyst #535 uses this salt and is
promoted with lanthanum and lithium salts. This catalyst, while using the PETC promoters, is a

significantly different catalyst due to it's low metal loading ( about 2% Cu) and the use of the

flourophosphate salt as a Cu source. Page 2 of the data set shows the conversion vs time profile for this

experiment, note that much of the data prior to 35 hours was lost due to a computer malfunction on the

CAMILE control system used for these experiments. The conversion data remaining shows a very flat

profile with < 10% loss in conversion in the 140 hour experiment. Page 3 shows that the selectivity was

fairly stable also, averaging 75% with some variation after 75 hours. This 21% conversion, 75% selectiviw

result that was sustained for 140 hours is a very encouraging result that ls near the target for our PDU

system. Note on page 4 that even with the 2% metal loading an exotherm was found by a thermocouple

in the catalyst bed. This exotherm was only on the order of 10-20 C , but may still be significant. The

differential between the 370 C outside reactor temperature and the 340 C furnace control temperature is
real and is not a function of the heat of reaction. This condition remains constant throughout the work

performed in this experimental apparatus.

Given the success of catalyst #535 in the 140 hour experiment, an extended trial was performed to see
the impact of extended reaction time. Data Set 8 shows a 14 day experimen, under the same conditions

as the data found in Data Set 7. The page 2 conversion graph shows the catalyst increasing in conversion
for the first 10-20 hours. After this the data shows a slow steady decline that is slightly more exaggerated

than that seen in the previous experiment. The gap seen between 75 and 90 hours is again due to a

computer malfunction. The deactivation of this catalyst is approximately 35% over the first 12 days. The

average conversion during this period was 18% with a selectivity of 79%, another very encouraging result.
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Separation Process Definition-

The primary emphasis of the separation process definition work undertaken this quarter focused on the

startup of a laboratory absorber unit described in last quarter's report. This unit is a direct contact gas in
liquid absorber column which is attached to a laboratory screening reactor. This will be used as a

screening tool for process solvent selection and as an aid in PDU column design. The successful operation

of a small column like this in a laboratory setting is quite challenging. Continuous work throughout the

quarter made major progress toward successful operation, but at quarter's end it had still not successfully

recovered a significant amount of MeCI due to an array of operational difficulties. Some of the operational

problems will be briefly discussed here to illustrate the development of this laboratory experiment.

A key issue in the successful operation of this continuous liquid absorber is the delivery of a continuous,
but extremely small, stream of a cooled process solvent to the absorber column. Work was performed with

two different process solvents, Mobil SHC-624 oil and Multitherm 503. The target set temperature for

solvent introduction to the column is -20 C. This created a number of problems associated with water

freezing in the chiller reservoir and plugging the micropump being used for moving the solvent from the
chiller to the column. The total delivery, rate of solvent is in the 1-5 ml/min range, depending on desired

L/G loading of the column.

An additional issue that proved to be very hard to solve was generating the appropriate pressure drops
through the system. In order to get solvent flow down through the column and countercurrent gas flow up

through the column the pressure drop across the column must be carefully coordinated with pressures

downstream of the column. The basic problem is that the column sits above a phase separator where the

processed solvent falls containing the absorbed MeCI. The gas flow enters the column above the phase

t separator. With this common design, the pressure in the phase separator must be slightly higher than the
entering gas stream , this allows the gas to flow up through the column. To balance this and allow the

,l liquid to flow down into the slightly higher pressure, the void volume of the column packing must be large.i

i This problem was addressed by studying the flow dynamics via simple observation and observing which
flow condition, packing combinations allowed appropriate flow. One additional problem was that the

tubing from the column bottom to the phase separator was too small and solvent blockage of this line

caused a vapor lock in the system. Replacement with a larger line solved this problem.

Work in the next quarter will continue on demonstrating this removal technology in the laboratory. Proper

packing selection should allow this column to operate, and allow process solvents to be evaluated. In

addition the plans for extensive solvent testing are in place for next quarter. Limited acid stability and

thermal stability tests were completed this quarter, however the bulk of this work will occur next quarter

and the few results from this quarter will be included in that report.



'Task 2.0 Process Development Unit Design Eneineerine

Process Description and Definition-

The initial pre-engineering estimate from Xytel Corporation was received this quarter. The estimate for
design and construction of a modular process unit to be built off-site and shipped to Carrollton was much
higher than anticipated. The principal cost inflation as compared with historical estimates was the impact
of the proposed absorber/stripper unit for MeCI recovery from the reactor effluent stream. Several decisions
were made in light of this cost inflation. The first, as discussed at a March project management team
meeting, was the elimination of the distillation column and associated equipment for the separation of a
pure MeCI stream This technology has been previously demonstrated, and the technological impact of this
scope reduction was felt to be minimal. Several other small deletions were also made. After these changes
in scope the process design package was sent again to Xytel for re-bidding In addition DCC in house
engineering was contacted and a bid on the process was requested for this internal option for design and
construction. This limited the Process Development Unit (PDU) design engineering progress made during
this period. Both estimates will be received next quarter and a decision will be made as to how to proceed
with design, procurement and construction of the PDU.
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'Table 1 Copper Based Catalysts for the Oxyhydrochiorination of Methane

,, i ' ,,,,t ,,,,,,,i , ,, ,,, , ,

Catalyst Number PETC 511 516 518 163C 535 535

%Cu on Catalyst 30 1.0 2.2 1.9 30 1.9 1.9

Temperature (C) 315 340 340 340 340 340 340

Space Velocity (cm/s) 9 9 9 9 9 9 9

CH4 Conversion 19 8 12 11 20 18 21
,, H, , ,,, ......

HCI Conversion 55 25 36 38 61 69 80

02 Conversion 50 20 29 26 54 47 56

% CH3CI 74 87 83 93 77 79 75

o/oCH_CI_ 7 2 4 5 6 14 18

%CHCI 3 0 0 0 0 0 0 0

%CC14 0 0 0 0 0 0 0

%CO 7 0 7 0 0 2 2

%CO: 12 I I 6 2 16 4 4
i

*all data in this table taken at atmospheric pressure, CHJO_JHCI 100/228/29.6, HCI and O,
conversions are calculated

11
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Data Appendices

Data Appendix A- Experimental Data Sets

Data Appendix B- Catalyst Synthesis Information
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Data Appendix A

Experimental Data Sets

,i i i i , , | i , , i II i,



t

3(_1 OPERATOR NAME: B. CRUM DATE: 31 -DEC-g2
0Q0067Ol LOG BOOK #: 103445 PAGE #' 128
003067Ol RUN#' 10344B067 CAT,N.YST #' 518
0(313067O1CATN.YST NAME:
0CI:K_7Ol COMMENTS' CAT 518 RUN AT 340
0613067O1
00006_1
[X;0(_TOl MASS OF CATALYST (g) :3.09 FLUIDVELOCITY 90 CM,/SEC
000(_7Ol REACTOR INSIDE DIAM (CM): 06 RUNTIME 95 HRS
00306701 CATALYST BED HEIGHT (CM):24

00006587 TEMPET_ATURERAMPING EXPERIMENT FOR t-K3QO#B
miami mmm_7 munmmmimmnnmmmmmmmiil immimmm m immmnmm

_7 IMTIAL FINAL ABSOLUTE
00006,_87 _ TEMP RAMP RATE
_7 (DEG C) (DE_ C) (DEG C / M IN_

i m mmmmlmmmmm iZlll)7 m mmmm iiImmm m i mmmm m m i mmmmwllmm i immmmmm m n m

CX_7 BOTTOM : 340 340 2
_7 MIClDLE: 340 340 2
_7 TCP • 34O 34O 2
0000e_7
_7 (INITIAL TEMPERATURE CAN BE GF:EATE]qTHAN FINAL TEMPERATURE)
OOOO6587
CX3008,587 CH4 FLOWRATE(CC/MINI: 100 02 FLOW RATE(CCR_INI :22.8
00_7 HCI FLOW RATE (CCJ'MIN)'29 6 AUXFLOW RATE (CC.JMIN_:0

Time AI6CO AI(_CO2 A_OX AleM1 AISM2 AleM3 ALUM4 I[_ MBC._ QqCH4C QeHCLC TQI812
12063 0 26 26 74 0 0 0 1 1013 17 4,4 340
1714g 0 2 2 88 9 0 0 1 83 14 51 340
22248 0 _ ', 91 7 0 0 1 82 15 53 340
27347 0 _ '. 92 7 0 0 1 84 14 49 340

85 13 47 34032447 0 _ _ 92 7 0 0 1
37'547 0 _ _ 92 6 0 0 1 85 13 45 340
42r_41 0 '_ ' 92 6 0 0 1 88 13 47 340
47741 0 _ 92 8 0 0 I 87 _3 45 340
52B4.8 0 _ ' 93 8 0 0 1 87 12 43 340
57947 0 _ _ 93 6 0 0 I 87 14 4,8 340
631064 0 _ _ 93 6 0 0 1 87 12 4,1 340
68148 0 _ _ 93 6 0 0 I 88 12 43 340
73248 0 i ' 93 6 0 0 I 88 12 43 340
78340 0 _ _ 93 8 0 0 I 88 12 43 340
83448 0 1 _ 93 5 0 0 1 88 12 42 340

89 iI 39 34038F_,4.8 0 _ ' 93 5 0 0 1
93840 0 _ _ 94 6 0 0 1 89 _1 40 340
9874.8 0 _ 93 5 0 0 1 89 _2 4_ 340

1Q_1_48 0 _ ' 93 5 0 0 1 89 ! 1 38 340
IC_,47 0 _ 93 5 0 0 1 89 __ 37 340
114047 0 _ 93 5 0 0 t 89 _1 38 340
119149 0 ; ' 93 5 0 0 _ 89 i2 41 340
24248 0 ' ' 93 5 0 0 _ 89 __ 38 340

1_ 7 0 _ 94 5 0 0 I 89 I 1 443 340
134447 0 _ , 94 5 0 0 i 89 _i 38
i31B549 0 ' 94 5 0 0 1 89 10 37 340

90 l_ 38 340i4M14_,48 0 _ _ 93 5 0 0 I
i4_74,8 0 _ ' 94 5 0 0 1 gO 11 38 340
154865 0 '_ _ 94 5 0 0 1 91 10 34 340

o,(3 11 37 340
1,50947 0 _ , 94 5 0 0 1
_(_:_,47 0 1 ' 94 5 0 0 1 90 11 37 340
17011_ 0 _ ' 94 5 0 0 I 90 iI 37 340
17'5272 O I " 94 5 0 0 1 90 10 38 340
180381 0 _ _ 94 5 0 0 1 90 11 37 340
185507 0 _ , 94 4 0 0 1 90 I 1 38 340
1g0_41 0 1 _ 94 4 0 0 1 91 I1 37 340
1g5760 0 I _ 94 _ 0 0 I 91 _0 38 340
200_01 0 2 2 94 5 0 0 1 91 I0 34 340
2(31_044 0 1 _ 94 5 0 0 1 gl 11 38 341
211144 0 1 i 94 4 0 0 1 91 10 36 340
218228 0 1 I 95 4 0 0 1 91 9 31 340
221;32B 0 I I 94 4 0 0 1 92 11 37 340
2_8445 0 2 2 94 5 0 0 i 93 10 35
23152g 0 _ 1 95 4 0 0 1 gl 10 38 340
2_ 0 i I 94 4 0 0 I gl 10 35
241702 0 I _ 94 4 0 0 1 gl 10 38
2410880 0 1 1 95 4 0 0 I gl g 32 340
251_9 0 1 _ 95 4 0 0 1 92 10 3_ 340
25708(5 0 I I 95 4 0 0 1 92 9 33 340
2_21_ 0 1 1 95 4 0 0 1 91 10 34 340
2(_7288 0 i I 95 4 0 0 1 91 10 35 340
272388 0 1 1 95 4 0 0 i c)I 10 34 341
27"/488 0 1 I 95 4 0 0 1 91 10 34 340
262580 0 I I 95 4 0 0 I gO 10 35 340
28'71_1 0 I I 95 4 0 0 I 91 I0 35

2_ 0 1 1 95 4 0 0 1 91 10 34 341
2971_8 0 1 1 95 4 0 0 1 91 9 33 340

0 i _ 95 4 0 0 i gl 10 34

30B01_ 0 2 2 94 4 0 0 1 83 10 33 340
313189 0 1 1 95 4 0 0 1 gl g 32 340
318281_ 0 1 1 95 4 0 0 1 92 9 32 340
323,388 0 1 1 95 4 0 0 1 91 10 34 340

0 I i 95 4 0 0 I 92 10 34

3,33581 0 I I 95 4 0 0 I 92 I0 34 340
3_ 0 1 1 95 3 0 0 1 01 g 30 340

Time Alamo AISCO2 AI_COX AlelM1 AISM2 AIBM3 AI6M4 108 M_ O_H4C (_ T1_(_12
AVG 0 2 2 93 5 0 0 1 90 11 38 340
SI"D 0 3 3 3 1 0 0 0 3 2 5

Data Set l- page i
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2_41nI o e I _ ;' o o I_ l 26
23CK_.I o 4 4 I1_ 2 o o Io o 2_ )4o

20111t o _1 _ M * o o M l 24 .14o

)6313 o e 4 _ _ o o 112 e z,_ :),4o
2_Ollt t o t2 _ _1_ 4 0 0 N _ 22

_M.II *, o _, __ ,a s n o iOl I 22 _4o

_q041_1 o i1 _t _ ) o o _1_ 8 24 340
2aT1 _I o _ _ M J o o M _ _3 _0
_x_ll ; o $ _ _._ o o Iio s 2_ :),4o

2elol 1 o 4 ,t _1_ _ o o eo 7 ;'4 _1

_115 o _3 _3 84 ] o o _i_ 7 22 ]40

_131_ o s e Slg , o o Ig l _II ).4o

o I _NI 34o311112 o ? ? ir3 i o I1
311711 o y 7 _ _ o o 141 # 2'8 34o

_11 t o ,i ,i M o o o M l 27 ),4o
).111 a 0 _' 12 M _ o o M 7 _.1 340

337111 o ? ? I_ _ o o IiO 7 23 3,4o

]4_11, o 7 ? _ , o o : 0, _ )4oo ? 7 _ 0 o ]4o
_1_11t o 7 '!' t3 o o o NI 6 le )4o

_rM| 0 12 12 M 0 0 0 MI II 24
$1211| 0 _2 12 14 0 0 0 N 7 21 )dO
'_Tr_ s) o 11 11 I_ o o o I_ II _ _IO_. o ,. ,. . o o o . . _,
_Jll I :ll 0 13 13 87 0 0 0 _1 I II 340
_11_ I, 0 12 13 M 0 0 0 tl ? 21 341

_1_11l 0 12 tl e4 0 0 0 IO 7 _'J _0
4m410 o 1] 1 "_ 17 o o 0 N 7 22 _4_
_"m_l I o t3 13 07 o o o 141 ? 21 )40

o t_' l? 13 o o o t4 7 21 341
o Ill 11 12 o o 0 101 7 11 340

412411

41171!
4_1M1t o t3 13 87 o o o M ?
4_11_1 o 13 t) il7 o o o I_ I
434O11 0 14 _al M o o o N # _4 _4o

4i3_ I _ o 14 14 M o o o _iI ? _'1 3_41
4MI,4B_l 0 14 14 N 0 0 0 N 7 It )40
4.411mlI o t4 14 M o o o I17 0 tl ]40

4_B_11 o 14 14 t4 o o o I? l 2':I
44411 0 _4 14 e4 0 0 0 17 ? _0 ldlO
441711 o 14 t4 t4 o o o _ 7 tt

47411_1 0 t 4 14 114 0 0 0 17 7 21
4_It0 o 3t 31 _ o o o tal_ ? 17 34O

41,_l 0 31 31 _II 0 0 0 IW I 16 340
41mHI o 31 31 41 o o o 1_ 7 1# ]4o
441_1 0 "_ 'k_ MI 0 0 0 1CII 4 II )40

IG011, 0 33 3:1 " 0 0 O t" 7 14
101410 0 _1 3_ M 0 0 0 lgJ I 14 :)40
I10_11 0 33 33 417 0 0 0 I 0 3410

Ttme Nil00 Nil_0| N_0X tO N_41 NM NM N_4 (O4 MIBG4 Q4C,Hd¢ O_'_l.C TOlln_A_ll 0 10 I17 2 0 0 1 14 I 2S ),40
STD 0 ? 7 e 2 0 0 0 | t e
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I
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4.1
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0 150
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TIME (HRS)
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O0

RUN 10346059
I

CATALYST 5 II o.
_ , , , , .... 4-1

c/2

-

90

=

80 -

70 -

50 ' , ,, I . , l , ,,
0 50 100 150

TIME (HRS)

--I-- SELECTIVITY TO M 1



b

00003070 HOOD Oe RAMI=qNG EXPERIMENT DEFINITION
0(X)0_70 I I ii I ii I I I I i nil i n I innu allIII i u n I i I i| i i ml,lll I I z

CXX_O3_D70
OPERATOR NAME: B. CRUM DATE 05-MAR-g3

(XXX:)3070 LOG BOOK #: 10348 PAGE #: 148

00003970 RUN #: 10340066 CATAL_F3T #: 516
00003970 CATALYST NAME: CuCI on Silica

00003870 COMMENTS Relolm o4 run 063 conamonl w01b_0t cat. 2ncl try
00003Q70
0OOO3970

00CX_970 MASS OF CATALYST (g) 3 0
00003970 RE/_TOR INSIDE DIAM (CM_: 0,6
_70 CATALYST BED HEIGHT (CM): 25 4
00003951 TEMPERATURE RAMPING EXPERIMENT FOR HOOD #6
00O0t,,,'_ '_ II81 I I I I I I I I I a I Ill i Iii II I I i mm Ill nail II IN I I m i i I i NEll

(:X)(X_3Q51 INITIAL FINAL ABSOLUTE
00003951 TEMP TEMP RAMP RATE

00003951 (DEG C) (DEG C) (DEGC / MIN_
000_ 1 IIIIlillllllllllllll II alllllllllllllllllllllill

0(XX)3g51 BOTTOM: 340 340 5 FLUID VELOCITY g,O CM/SEC
0(X)O3951 MIDDLE: 340 340 .5 RUN TIME t70 HF_
00003951 TOP • 340 34,0 5
0(X)03951

00003951 (INITIAL TEMPERATURE CAN BE GREATER THAN FINAL TEMPERATURE_
0OOO3951
00003951 CH4 FLOW RATE (CC/MIN) 100 02 FLOW RATE ((_/MIN}: 228
00003@51 HCI FLOW RATE (CC/MINI' 29 6 AUX FLOW RATE (CC/MIN): 0

T_me AI6CO A)6CO2 A_COX AI6M1 AI6M2 AIOM3 AI6M4 I[:)8 MBC6 Q6CH4C O6HCLC TQI612

277013 4 5 g 81 10 0 0 78 T? 58 341
282172 4 3 7 BB 7 0 0 8.5 14 4J5 341

287330 3 I 4 88 8 0 0 88 ! 2 42 340
2924,62 5 3 8 86 6 0 0 89 _1 37 340
2'97652 5 3 9 86 5 0 0 9 _ _2 38 340
30281 t 5 4 9 87 3 0 0 91 :2 37 340

307973 5 3 g 88 3 0 0 88 12 37 340
313132 6 4 _0 87 4 0 0 gt 11 36 340
318291 5 4 9 87 5 0 0 88 10 34 341
323453 7 .5 _1 89 0 0 0 g2 12 36 341

328586 5 5 _0 8.5 5 0 0 88 12 37 340
33,37 11 ? 6 _3 87 O 0 0 g2 12 35 340
338872 8 4 I, 84 5 0 0 gl 12 38 ,340
344030 7 5 I 1 84 .5 0 0 go 11 34 340
34_108 8 4 !0 84 8 0 0 88 10 33 341

35,4,_ 7 5 14 80 8 0 0 91 10 30 340
359452 5 4 I 0 8.5 5 0 0 86 _0 33 340
384,811 l 5 '2 8.3 4 0 I gO g 30 340
389773 6 5 _I 85 4 0 0 89 !0 32 340

374884 7 5 !2 82 8 0 0 gl 12 38 341
380210 7 5 12 82 6 0 0 gt 12 38 340

38..1=-'-.371 7 6 13 82 .5 0 0 g 1 11 34 340
390_32 7 5 I t 84 4 0 0 87 1t 34 340
395752 8 6 t 4 60 6 0 0 91 13 39 340

400g 12 7 5 _3 87 0 0 0 90 11 34 340
4.06073 7 6 _3 81 6 0 0 88 11 34 340
411232 g 6 15'5 85 0 0 0 g2 ! i 32 340
41_L_ 1 8 6 _4 81 4 0 0 go 12 36 340

421612 7 5 !3 84 3 0 0 91 11 34 341
426772 8 6 14 82 4 0 0 g 1 1_ 32 340
431930 8 7 15 85 0 0 0 g3 10 28 340
437092 7 6 ' 3 87 0 0 0 g 1 g 26 340

442313 7 6 13 83 4 0 0 8g 11 35 340
447533 8 ;' 14 80 5 0 0 88 13 39 340
_7_3 0 7 7 87 6 0 0 68 12 42 340

457972 g 8 17 83 0 0 0 92 13 37 339
483130 7 4 12 88 0 0 0 go 11 34 340
488350 7 6 14 82 4 0 0 8g 11 33 340
47357 1 9 8 17 79 4 0 0 go 12 37 340
476701 8 8 14 81 5 0 0 87 12 37 340

4838g 1 8 ;' 15 80 5 0 0 9(3 12 36 340
489052 g ? 18 78 6 0 0 88 12 37 33g

4J_l_, 12 g 7 18 79 5 0 0 85 13 39 340
490372 9 8 17 77 6 0 0 89 12 36 340
504532 g 7 16 78 5 0 0 88 12 37 341

509752 9 7 16 81 4 0 0 88 13 39 340
514889 8 7 16 82 2 0 0 87 12 36 340
520070 g 7 16 79 5 0 0 88 _3 39 340
52_Q_2 g 7 17 78 5 0 0 90 13 39 340

530511 8 6 14 80 6 0 0 83 13 41 340
53_732 10 8 18 81 0 1 0 gO 13 36 340
540029 g 8 17 7g 4 0 0 85 13 38 340
5448052 10 8 18 78 4 0 0 97 13 38 340

551248 8 7 15 80 5 0 0 87 12 38 341
556409 8 7 16 81 3 0 0 86 12 36 340
551592 10 8 17 78 4 0 0 go 12 35 340
560750 10 8 18 78 4 0 0 go 12 37 340

571072 8 7 15 80 5 0 0 87 12 38 340
577131 9 8 18 77 .5 0 0 89 13 38 341
5,1k_g 1 9 7 16 80 3 0 0 88 13 37 340
587451 g 8 18 82 0 0 0 89 12 34 340

11 9 8 17 78 5 0 0 87 13 37 340

587832 10 8 18 79 3 0 0 67 12 34 340
803054 0 6 9 88 6 0 0 86 10 35 340
608271 9 6 17 75 5 3 0 89 g 26 340

Time Ai0CO AISCO2 AISCOX AI6M1 AISM2 AI6M3 AleMA 1138 MBC8 Q6CH4C Q6HCLC TO1812

AVERAGES 7 6 13 83 4 0 0 1 6g 12 36 340
2 2 3 3 2 0 0 0 2 1 4

Data Set 3 - page
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RUN 10346066 I

CATALYST 516 (CuCI) ,",
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, 00016083 HOOD #6 RAMPING EXPERIMENT DEFINITION
00016083 ======================================
00016083
00016083 OPERATOR NAME: B. CRUM DATE'. 22-JAN-93
00016083 LOG BOOK #: 10348 PAGE #: 134
00016083 RUN #: 10346060 CATALYST #: 163c
00016083 CATALYST NAME: PURCHASED CuO CRUSHED
00016083 COMMENTS SEE RUNSHEET -REDUCED CAT W H2 2HR 300C THEN 1HR N2 340
00016083 SEE TEMP DATA WHEN LOOKING AT RESULTS
00016083
00016083 MASS OF CATALYST (g): 636
0(X)16083 REACTOR INSIDE DIAM (CM): .6
00016083 CATALYST BED HEIGHT (CM): 25.4
00015710 TEMPERATURE RAMPING EXPERIMENT FOR HOOD #6
00015710 ==========================================
00015710 INITIAL FINAL ABSOLUTE
00015710 TEMP TEMP RAMP RATE
00015710 (DEG C) (DEG C) (DEG C/MIN)
00015710 ===============================================
00015710 BOTTOM: 340 340 2 SPACE VELOCITY 9.0 CM/SEC
00015710 MIDDLE: 340 340 2 RUN TIME 70 HRS
00015710 TOP ' 340 340 2
0(X)15710
00015710 (INITIAL TEMPERATURE CAN BE GREATER THAN FINAL TEMPERATURE)
00015710
00015710 CH4 FLOW RATE (CC/MIN)' 100 02 FLOW RATE (CC/MIN): 22.8
00015710 HCIFLOW RATE (CC/MINI; 29.6 AUXFLOW RATE(CC/MIN):0
Time AI6CO AI6CO2 AI6COX AI6M1 AISM2 AI6M3 AI6M4 ID6 MBC6 Q6CH4C QSHCLC TQI612

26724 0 15 15 80 4 0 0 1 69 22 66 "-
31868 0 15 15 78 7 0 0 I 67 21 66 :
36985 0 15 t 5 78 7 0 0 1 74 21 67 ."
42128 0 16 16 76 8 0 0 1 69 14 43
47229 0 16 16 76 8 0 0 1 67 24 78 -
52334 0 16 16 76 8 0 0 1 66 23 72 -"
57416 0 16 16 75 8 0 0 t 68 24 74
62533 0 17 17 75 8 0 0 1 68 25 77 :.
87636 0 17 17 75 8 0 0 1 66 24 74
72742 0 18 18 74 8 0 0 1 70 23 71
77877 0 18 18 74 8 0 0 1 68 24 72
82977 0 18 18 74 8 0 0 1 70 22 68
88096 0 19 19 74 8 0 0 1 70 24 73
93194 0 19 19 73 8 0 0 1 70 21 64
98295 0 17 17 79 5 0 0 1 71 18 52

103454 0 15 15 79 6 0 0 1 72 18 56
108548 0 13 13 80 6 0 0 1 73 17 54
113648 0 12 12 82 6 0 0 1 72 20 63
118749 0 16 16 74 10 0 0 1 59 23 61
123832 0 15 15 77 8 0 0 1 83 19 62
128948 0 14 14 79 7 0 0 I 69 24 75
134049 0 14 14 77 8 0 0 1 68 25 81
139131 0 15 15 76 9 0 0 1 65 26 82
144250 0 15 15 77 9 0 0 t 65 26 81
149347 0 I6 16 76 9 0 0 1 66 25 79
154449 0 16 16 78 8 0 0 1 66 26 81
159549 0 16 18 76 8 0 0 1 66 25 79
164650 0 16 16 75 8 0 0 1 68 24 76
169747 0 15 15 77 8 0 0 1 68 23 72
174848 0 15 15 76 8 0 0 1 70 23 72
179948 0 14 14 77 8 0 0 1 68 23 74
185048 0 16 16 75 9 0 0 1 70 24 74
190149 0 19 19 77 4 0 0 1 74 t7 48
196249 0 20 20 77 3 0 0 1 73 16 45
200332 0 20 20 77 3 0 0 I 73 15 44
208450 0 18 18 79 3 0 0 1 73 16 44
210547 0 18 18 79 4 0 0 t 77 15 43
215649 0 17 17 80 3 0 0 1 72 15 44
220748 0 17 17 80 3 0 0 1 73 15 43
225849 0 17 17 80 3 0 0 1 73 15 42
230647 0 18 18 80 3 0 0 1 73 15 42
236048 0 17 17 80 2 0 0 1 72 14 40
241174 0 17 17 81 2 0 0 1 75 13 37
246309 0 15 15 84 I 0 0 I 71 14 39
254367 0 14 14 84 2 0 0 I 750 0 0

Time AISCO AI6CO2 AI6COX AI6M1 AISM2 AI6M3 AI6M4 ID6 MBC6 QSCH4C QOHCLC TQI612
AVG 0 16 18 77 6 0 0 1 85 20 51
STD 0 2 2 3 2 0 0 0 100 5 17
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RUN 10346060 I

CATALYST 163C
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00081123 OPERATOR NAME B CRUM DAT_ 23-FEB-_

" 00081123 LOO _K_K # 10348 PAO£ # 144

00081 t2_J RUN B t0348Oe5 CAT_i.YST • 4,58

00081123 CATALYST NA._E pet= oi_lyU

000el 123 COMMENTS CAT 8CREENED EETWEEN 18 & 35 MESH PRETREAT 1 ff wRJ_ H2 AT 290C

0G_1123 CAMILLE 8HUT DOWN 3 TIME8OURINGTHI8 RUN SEE BOOK FOR DETAILS

OO081123

000e1123 MA88 OF CATALY_T _) 42

00081123 REACTCI:_ INSI[_ DIAM(CM) 6

000al 123 CATALYST l_:O HE IOHT _CMI 25 4

00080777 TEMPERATIJRE RAMPtNO EXPERIMENT FOR HOOD #8

0_ _7 iiiiiim Im m i iim m m i m m m IIIIqli ill i I ml imi ill iii mi m aliIm m i Ii

OOO4JOTT"7 INITIAL FINAL ABSOLUTE

00080777 TEMP TEMP RAMP RATE

000m_'7 (DEGI C) (D_I C) _DC-O C I MIN)
• n Inmmm I i mm i Iimu l l Im I l Im u IN lumml In m iI um0¢01OT77 • =m,= =,,,= ,,, =m

_77? BOTTOM 315 315 I FLUqD VIELICITY g 0 CM_EC

000_OTt7 MIDDLE 315 315 _ RUN TIME 135 HR8

00080 TT/ TOP 315 31S *

O00eOTT7

0(3060777 (INITIAL TEMPE RAIIJRE CAN 111::O REATE R 11-I AN FINAL TEkPE RAIURE)

O0O8O777

0O080TT7 CH4 FLOW RAT'E _CC/'MIN_ _o0 02 FLOW RATE _CC/MIN} 22 8

00080777 HC_ F_O_N RA]IE ICC/MINt 2g 6 NJX FLOW RATE (CC/MIN) 0

Ttrr_ AI6CO _ 16CX_'2 A_COX AI6M1 _16M2 A_M3 AIGM4 IC_ MBC6 (_)CI.14C C_HCLC TQIS12

91M7 11 17 28 64 8 0 0 (}.4 2_ 7g 321

9em_ 9 2o 29 s9 12 o o Se 28 78 3_5

I m148 g 23 32 57 i2 0 0 62 2g 77 3'15

t 07:_0@ 10 20 30 BO I 0 0 0 74 28 76 315

112471 13 21 34 57 g 0 0 65 28 71 315

'_17629 t4 21 35 56 10 0 0 99 2/5 85 315

122791 16 19 35 _ 9 0 0 93 2e 6_ 315

127951 14 15 _J 6_ 7 0 0 67 28 72 31e

1 "¢1110 16 20 3_ 57 8 0 0 _6 27 B7 315

1382_g 16 20 38 57 7 0 0 70 2_ &4 315

14L_431 14 20 33 59 8 0 0 80 2_ 65 315

1_ 13 _S 28 67 8 0 0 315

153690 t6 20 3_ 56 8 0 0 93 27 6G 315

_ 5_48 _8 _0 38 53 g 0 0 0 t:_ 25 59 315

• 67_1gO ,4 21 35 55 10 0 0 56 28 71 315

q 72351 _ 5 2' 38 55 9 _ 0 83 28 68 315

• T/'S 10 14 20 _4 57 g 0 0 57 2B 71 315

I _2_71 * 4 21 35 55 ,g 0 0 59 28 7 i 314

• B"?B2'9 *4 20 34 57 9 0 0 60 2g 73 315

192992 *3 '9 32 59 9 0 0 61 28 73 316

1_l_'t 50 12 17 28 64 7 0 0 _ 21) 77 315

20_309 13 ,8 31 61 8 0 0 64 2'9 74 315

19 32 59 0 0 5_ 28 72 315208470 13 9

213630 9 '4 23 71 5 0 0 61 28 78 315

218"/_}1 13 2* 33 58 9 0 0 77 2_ 87 315

223940 !3 20 33 S7 _0 0 0 6(5 27 70 316

22BIO8 9 ?4 33 _0 is 0 0 115 22 58 316

2_270 *4 22 36 53 10 0 0 82 26 66 315

231B43_ 15 ,_0 35 5,5 9 0 0 83 Z7 _g 315

244_1_0 12 2_ 33 57 10 0 0 100 25 66 315

24B74_ 13 20 33 $8 * 0 0 0 95 25 65 315

254911 *2 *9 3 * 60 9 0 0 e9 28 72 315

2'_0_g 15 23 38 52 1 * 0 0 (55 27 _ 315

13 _ _ ¢>7 g 0 0 123 30 7_ 316

270380 10 _ 9 _ _2 _ 0 0 7e 215 70 315

27_1g 8 _8 2_ 63 10 0 0 1(_ 21 61 315

2B070_ _ g 9 8e 5 0 0 102 g 28 315

28E_70 _ ? 9 '_3 8 0 0 g2 12 4, 315
4 g2 4 "3 0 10g s1 37 31529102g ' 3

L:_ 188 1 Z 3 96 _ 0 0 74 I 3 43 _15

301351 I 3 4 0,,4 _ 0 0 1_1_ 11 _ 315

308510 2 _ _ 85 7 0 0 83 13 44 315

• % 0 0 81 13 43 315311868 6 _8 6

31_4 0 3 3 g5 2 0 0 123 10 3,4 3t5

3Z1 _B 5 fl '_3 77 10 0 0 147 I5 48 315

3z;r150 3 8 '* 78 * t 0 0 102 13 4,4 315

.3_311 2 8 1 * 78 11 0 0 8_ 13 46 315

3374,09 2 g _ I 78 I I 0 0 M 13 43 315

34_e29 I 3 4 92 4 0 0 ICB 12 30 315

347790 2 8 8 88 7 0 0 110 11 36 315

352948 5 8 88 5 0 0 93 12 40 3_e

3_110 4 ._ 91 4 0 0 _ 11 38 315

3(132eg 3 3 94 3 0 0 87 12 3_ 315

3_B429 3 c_ 95 2 0 0 122 12 39 315

3]_,q4_ 3 4 95 2 0 0 95 13 4,,4 315

3?8748 3 4 93 3 0 0 1 08 12 42 315

4 5 90 5 0 0 g3 13 43 315

38B071 4 5 gl 4 0 0 76 13 44 315

394238 4 5 _I 4 0 0 83 13 43 316

3_ 6 7 85 7 0 0 88 ' 3 44 3sS

5 7 87 7 0 0 l_ ,,_ 4_ 31e

,_7'_8 4 5 gO 5 0 0 84 13 45 315

4144179 6 7 87 6 0 0 90 14 47 315

43D031 5 E, 89 5 0 0 88 13 45 315

4_18g 4 5 gl 4 0 0 9_ 13 42 315

430,_5e 4 5 gl 4 0 0 84 13 43 31(}

436518 5 8 88 e 0 0 88 12 42 315

440678 3 4 _4 2 0 0 85 13 43 315

4484130 4 • 90 S 0 0 9_ iS 38 3_5

4Sq_7 4 5 gl 4 0 0 go 12 39 315

4_814g 4 5 gl 4 0 0 g2 13 44 315

4_1I 1 7 9 82 9 0 0 1(_ 14 4_ 315

6 8 85 7 0 0 102 12 41 315

471e30 6 7 85 7 0 0 107 13 44 31e

47_788 4 5 8g 6 0 0 103 13 44 315

487111 1 5 7 87 (5 0 0 1 gG 12 42 315

482277 I e 7 I_ 7 0 0 I go 13 45 315

AVE RAO_8 A_CO AI6CO2 AI@COX AI6M1 AIGM2 _ A_kM, MI_8 QGCH4C OGHCI.C TOte12

AVO 7 12 Ig 74 7 0 0 88 lg 55 315

STO 8 8 13 1e 3 0 0 Ig 7 15

Data Set 5 - page ]
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00003294 OPERATOR NAME: B. CRUM DATE: 19-MAR-93
00003294 LOG BOOK#: 10346 PAGE #: 150

00003294 RUN #: 10346067 CATALYST #: 163¢
00003294 CATALYST NAME: PURCHASED Cu CATALYST
00003294 COMMENTS: START AT LOWTEMP 10 DEG C INCREMENTS

00003294 Rx PLUGGEDAT END OF RUN
00003294

00003294 MASS OF CATALYST (g): 6.45
0000,3294 REACTOR INSIDE DIAM (CM): .6
00003294 CATALYST BED HEIGHT (CM): 25.4
00003308 TEMPERATURE RAMPING EXPERIMENT FOR HOOD #6

00003308 == ========================================
00003308 INITIAL FINAL ABSOLUTE

00003308 TEMP TEMP RAMP RATE

00003308 (DEG C) (DEG C) (DEG C / MIN)
00003308 ===============================================

00003308 BOTTOM: 25O 260 2 FLUID VELOCITY 9.0 CM/SEC

000033O8 MIDDLE: 250 260 2 RUN TIME 160 HRS
00003308 TOP • 250 260 2

0OO03308

O0003308 (INITIAL TEMPERATURE CAN BE GREATER THAN FINALTEMPERATURE)
000O3308

00003308 CH4 FLOW RATE (CC/MIN): 100 02 FLOW RATE (CC/MIN): 22.8

00003308 H CI FLOW RATE (CC/MIN): 29.6 AUX FLOW RATE (CCIMIN): 0

AI6CO AI6CO'2 AI6COX AI6M1 AI6M2 AI6M3 AI6M4 1136 MBC6 Q6CH4C Q6HCLC TQI812

15266 0 0 0 0 0 0 0 1 200 0 0 250
20428 0 0 0 0 0 0 0 1 200 0 0 250

25570 0 0 0 0 0 0 0 1 200 0 0 250
30664 0 0 0 0 0 0 0 1 200 0 0 250

35840 0 0 0 0 0 0 0 1 102 0 0 250
40942 0 0 0 0 0 0 0 1 200 0 0 250

46021 0 0 0 0 0 0 0 1 200 0 0 250

51167 0 0 0 0 0 0 0 2 102 0 0 253

57043 0 0 0 0 0 0 0 2 102 0 0 260
62101 0 0 0 0 0 0 0 2 200 0 0 260
67232 0 0 0 0 0 0 0 2 102 0 0 260

72388 0 0 0 0 0 0 0 2 102 0 0 260
77507 0 0 0 0 0 0 0 2 102 0 0 260

82607 0 0 0 0 0 0 0 2 102 0 0 260
87693 0 0 0 0 0 0 0 2 102 0 0 259
92605 0 0 0 0 0 0 0 3 102 0 0 263

98652 0 0 0 0 0 0 0 3 102 0 0 270

103788 0 0 0 0 0 0 0 3 102 0 0 270
108889 0 0 0 0 0 0 0 3 102 0 0 271
114012 0 0 0 0 0 0 0 3 102 0 0 270

119102 0 0 0 0 0 0 0 3 200 0 0 270
124159 0 0 0 0 0 0 0 3 200 0 0 270

129271 0 0 0 0 0 0 0 3 199 0 0 270
134379 0 0 0 0 0 0 0 4 190 0 0 273

140224 0 0 0 0 0 0 0 4 200 0 0 280

145293 0 0 0 0 0 0 0 4 200 0 0 280

150401 0 0 0 0 0 0 0 4 200 0 0 280
155508 0 0 0 0 0 0 0 4 102 0 0 280
160598 0 0 0 0 0 0 0 4 198 0 0 281

165841 0 0 0 0 0 0 0 4 199 0 0 280
170740 0 0 0 0 0 0 0 4 198 0 0 280

175786 0 0 0 0 0 0 0 5 188 0 0 283
181599 0 0 0 0 0 0 0 5 198 0 0 290

186706 0 0 0 0 0 0 0 5 165 0 0 290

191807 0 0 0 100 0 0 0 5 102 0 0 290
196905 0 0 0 100 0 0 0 5 102 0 0 290

202000 0 0 0 0 0 0 5 197 0 0 290
207099 0 0 0 0 0 0 5 199 0 0 290

212142 0 0 0 0 0 0 5 199 0 0 290

217239 0 . 0 0 0 0 0 6 198 0 0 293
223065 0 0 0 100 0 0 0 6 102 0 0 300

228168 0 0 0 100 0 0 0 6 102 0 0 301
233266 0 0 0 100 0 0 0 6 102 0 0 300

238367 0 0 0 1O0 0 0 0 6 102 0 0 300
243466 0 0 0 0 0 0 6 197 0 0 300

248560 0 0 0 0 0 0 6 199 0 0 300
253885 0 0 0 0 0 0 6 102 0 0 300
258772 0 0 0 100 0 0 0 7 199 0 0 303

264585 0 0 0 100 0 0 0 7 101 0 0 310

269706 0 0 0 100 0 0 0 1 100 0 0 315
274848 0 0 0 100 0 0 0 1 102 0 0 315
279938 0 0 0 100 0 0 0 1 101 0 0 315

285045 0 0 0 100 0 0 0 1 108 0 0 315

290153 0 0 0 100 0 0 0 1 198 0 0 315
295273 0 0 0 100 0 0 0 1 101 0 0 315

300424 0 0 0 100 0 0 0 1 96 0 0 315

Data Set 6 - page



. Time AI6CO AI6CO2 AI6COX AI6M1 AI6M2 AI6M3 AI6M4 ID6 MBC6 Q6 CH4C Q6H CLC TQI612
305593 0 0 0 100 0 0 0 2 83 0 3 318

310999 0 0 0 100 0 0 0 2 101 0 2 320

316125 0 0 0 100 0 0 _ 2 101 0 0 320
321228 0 0 0 100 0 0 0 2 102 0 0 320

326326 0 0 0 100 0 0 0 2 102 0 0 320
331444 2 0 2 98 0 0 0' 2 84 2 5 320

336585 7 0 7 93 0 0 0 2 93 3 10 320
341720 0 0 0 100 0 0 0 2 100 2 6 320
34686 5 0 0 0 100 0 0 0 3 101 2 7 322

352203 6 0 6 89 5 0 0 3 96 3 8 325

357363 1 0 1 99 0 0 0 3 72 3 11 325

362523 2 0 2 98 0 0 0 3 88 2 7 325
367682 8 0 8 92 0 0 0 3 1O0 3 9 325

372842 7 0 7 93 0 0 0 3 10t 3 9 325

378004 7 0 7 93 0 0 0 3 1(30 3 10 325
383162 4 0 4 96 0 0 0 4 98 2 7 325

388743 6 3 9 85 6 0 0 4 99 6 19 330
393903 6 2 9 86 6 0 0 4 101 5 16 330

399065 6 2 9 85 6 0 0 4 1O0 6 20 330
404161 0 2 2 94 4 0 0 4 192 0 0 330

409323 6 3 9 85 6 0 0 4 99 6 20 330
414483 5 2 7 88 5 0 0 4 99 7 22 330

419625 0 3 3 90 7 0 0 4 157 2 6 330

440649 5 2 6 89 5 0 0 1 84 10 34 335
44,5812 4 1 5 91 4 0 0 1 89 9 30 336

450964 4 1 5 91 4 0 0 1 83 11 35 335
456123 4 2 5 90 4 0 0 I 88 9 30 335
461282 3 2 5 90 5 0 0 1 87 8 25 336

466444 2 1 3 94 3 0 0 1 79 8 26 335

471602 7 3 10 82 8 0 0 2 94 8 27 336
477184 7 4 11 78 11 0 0 2 117 12 41 340
482343 5 4 10 78 12 0 0 2 83 14 48 340

487509 6 4 10 79 11 0 0 2 87 13 45 340

492671 6 4 10 78 12 0 0 2 85 13 46 340
497834 6 4 10 78 12 0 0 2 85 15 53 340

502991 1 I 3 94 3 0 0 2 70 16 54 340

508151 6 4 10 79 11 0 0 94 14 48 340
513312 6 4 10 78 12 0 0 83 14 50 340

518470 3 2 5 89 6 0 0 76 14 49 340
523631 6 4 10 79 11 0 0 84 11 37 339

528784 4 3 6 87 7 0 0 78 14 48 340
533951 6 3 10 79 11 0 0 86 12 42 340

5391 12 6 4 10 79 11 0 0 86 12 41 340
544272 6 4 10 79 11 0 0 86 13 45 340
549423 6 4 10 80 10 0 0 84 i 1 39 340

554590 1 1 2 98 0 0 0 62 i3 43 341

559742 7 4 i 1 77 12 0 0 82 15 50 341
564904 6 4 10 78 11 0 0 83 14 46 340

570040 1 1 2 98 0 0 0 67 i 4 45 340
575170 32 4 36 53 11 0 0 137 17 43 340

580332 17 28 46 45 9 0 0 52 27 59 340

585490 16 28 45 44 11 0 0 68 27 61 341
590651 13 21 34 57 9 0 0 41 29 73 340

595813 17 26 43 47 11 0 0 58 28 65 340
600970 18 25 43 46 11 0 0 50 26 59 340

606129 12. ',5 27 65 8 0 0 81 27 73 340
611292 10 1,_ 23 69 8 0 0 25 0

AVG & STD AI6CO AI6CO2 A_6COX AI6M1 AI6M2 AI6M3 AI6M4 ID6 MBC6 Q6CHaC Q6HCLC TQI612
AVG 250 0 0 0 0 0 0 0 1 186 0 0 250

0 0 0 0 0 0 0 0 34 0 0

AVG 260 0 0 0 0 0 0 0 2 114 0 0 260
0 0 0 0 0 0 0 0 32 0 0

AVG 270 0 0 0 0 0 0 0 3 151 0 0 270
0 0 0 0 0 0 0 0 49 0 0

AVG 280 0 0 0 0 0 0 0 4 185 0 0 280
0 0 0 0 0 0 0 0 32 0 0

AMG 290 0 0 0 0 0 0 0 5 195 0 0 290
0 0 0 0 0 0 0 1 4 0 0

AMG 300 0 0 0 100 0 0 0 6 138 0 0 300
0 0 0 0 0 0 0 0 47 0 0

AVG 315 0 0 0 100 0 0 0 1 111 0 0 315
0 0 0 0 0 0 0 0 33 0 1

AVG 320 1 0 1 99 0 0 0 2 98 1 4 320
2 0 2 4 2 0 0 0 11 0 2

AVG 325 5 0 6 93 1 0 0 3 94 3 10 325
3 1 3 4 2 0 0 0 9 1 4

AVG 330 5 2 7 88 5 0 0 4 115 5 16 330
2 0 3 3 I 0 0 0 34 2 8

AVG 335 4 2 6 89 5 0 0 1 87 9 30 335
1 1 2 4 2 0 0 0 5 1 4

AVG340 9 8 17 74 9 0 0 1 79 17 48 340
7 9 14 15 3 0 0 0 19 6 13

Data SP_ 6 - ,_,=,_=.
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, OPmATORNAM||RUCECRUu
_OOIOOK# to_44 I_0| t4o
RUN # tO._i4CU OATALVI_ # 6,)6
C.ATALYIT NAM8

GO4@AI4YI IWII(P_JN 111MPqlI4At_IIMI_MIJW4140

TEMPI[RAI'UR| mOF1LE ANO NIL,4DE R _4TA LOIIT DUll TO

_AML_ _L_TCH Cd_kqL_ _ OOMv94 O04 ¢AI.G _qR_ AT _NDIG _ nUN- -Pi_D _ DAY

MAIIIOF CATALYgT &l_

RfAOTOA IkllOI! OLAMIGM) 11 SPACE VELOCITY I 0 OM/tlEG

CATALYgT |tO _T _ _i Zl 4 RUN TiME 360 HIRII
TEMPI_ATUN| toO|| INI[_ lED

CH4 FLOW 100

02 FLOW i'J 8

HCL FLOW N 0

Tk'nt A_GO AI_O2 AI4COX AIGMt AtGM3 AHJM3 AflIM4 i_ M8C9 QI_H4C OIHCU_ TOll12

t t 2_ 3 0 3 l) 1 4 0 0 II 17 IS 340

t04t9 ) 3 S 19 _S ;_ 0 $7 I$ 7_ 340

21_ 2 3 9 T9 i9 ;r 0 I4 tl ?! 340

_11_! 2 4 9 T$ _ t' 2 o 14 *e 75 340

$II79 1 $ (t 13 t 9 ) 0 li 21 ii 340
370_I _ t ? 13 _l _ 0 t3 21 I_ 3_0

4210_ 0 ? ? ?_ _| 3 0 IO 2! 03 340

47364 0 1 ? ?_ I 9 3 0 12 22 i? 340

U914 0 ? _ t _ t 9 3 0 90 22 iS 340

67113 0 i Y 72 t i ) 0 83 _2 i4 340

911)01 0 ? t _t _9 :_ 0 04 21 04 340
7511_i 0 _ ? 71 t9 3 0 _SJI IS 60 340

71315 0 Y _ _2 ! 9 3 0 13 22 tS 340
i_i?3 0 ? _ _ 1 30 _ 0 79 22 i7 340

90d_3 0 _ ? YO _0 3 0 ?2 23 g_ 340

93_ 0 $ $ 'tO _S _ 0 110 tl 74 340

0 _! 4 ?t t9 ) 0 iS _1 03 340

t04tt_ 0 S S _ _0 ) 0 _16 _g 70 340

101FJ92 _ 0 _' _I _0 ) 0 13 2_ 09 340
! 14440 _ 8 ' '_ ! 9 ) 0 |8 2_ it 340

t t NOt O _ (I "`7 _ g ) 0 72 _3 91

I _4792 O _ _ _ I _0 3 0 71 22 Ill 340

121HIt9 0 _ _ '_ *9 ) 0 1_ Z2 90 340

i40239 _ 4 S O_ _I 0 0 11 _ ZO 7) 340

t 4_M)t 0 S S _4 _I _ 0 _'$ _2 || 340

t 1_942 0 _ *_ _g IS 2 0 84 _ 14 340
14 Z2 90 340

t d_44_ 0 *, _ _,_ 20 ) 0 ;'2 22 i_ 340

t tMlO._ 0 I O _9 Z9 0 0 _46 _ _ 09 339

i 7t 19_ 0 _ _ _ _0 3 0 ?O 2_ le )40

t YIk11_l 0 $ S 7_ _D _ 0 13 22 Me 340

101921 0 $ 5 '_ _4_ _ 0 II 22 07 340

t OeOet 0 $ S _3 ! _ 3 0 73 2; II 340

191 t4t 0 _ _ ?_ 20 _ 0 ?? 22 II 340

llTO_ 0 _, _ ,4 _ I 2 0 _l 22 ee )40

_02191 0 _ _ ?3 _O _ 0 I! Z_ IO 340

_)'t 320 0 S _ 'I _;) 1 0 73 2_ 17 340

312_ 0 _ _ '4 _9 ) 0 74 _ 09 340

21 ?IM_ 0 _ ) il I 0 O II 22 7_ 340

0 '_ $ _'3 20 3 0 ?? 2_ lY 340

2_71_ I 0 S _ _3 _ ¥ 3 0 83 21 By 340

23_1112 0 _ _, _'4 _9 ) O 79 21 _ 340

a3_lt_ o ) ,, e_ t ) , o ee z,_ I2 340
243431 0 _ 5 _ 4 ' Ii 2 0 ?_ 22 l$ 340

_ 411_O2 2 5 _ "$ ! I 2 0 I_ 21 03 341

ES9?|) 2 4 e -__ ' 9 0 0 ?$ 22 12 )40

)SllrZ0 2 _ _ ?_ _ 9 0 0 72 _2 S) 340

_k_t 2 4 _ _ 3 _g _ 0 7I _O |_ 340

)SOIi_I _ 4 e ' ) '9 2 0 1 t 2 t e 2 )40

3S&7_0 _ 4 _ ' ) l 2 0 ?3 _ ii4 340

_1091 _ 2 41 _ '3 l 2 0 74 20 _g 340

344140 ' 4 _ ' _ * _ 0 IO 2' I13 )40
37_ )01 _ 4 Q _4 il _ 0 ' t 20 Y_ 340

31941_2 2 4 (_ '_ II 2 0 Y? 20 ?g )40
)010t I 2 4 e _'4 O 2 0 t2 _0 O_ 340

)_411r?I 2 4 _ _'4 _ l 2 0 04 '1 ?O )40

)I70_ ,7 3 6 _*_ '_ _ 0 96 _ 0 73 340

3 ) e ?0 I I 2 0 01' _ 4 S_ .1_0
4014_I) 2 ) _ ?S _ 1 2 O 76 ;_ T? 341

4t 29_ 2 ) _l 74 t | 2 0 79 _ I 79 340
41 T141 _ 3 5 79 t 4 2 0 79 _0 77 340

dill00 3 3 e 14 _l 2 0 P4 _ 9 ;O
41101Q _ _ 2 I9 _iO 0 0 12 _ l 64 _40

433_I 2 3 e Y? tO 2 0 10 _I 13 341
2 3 9 YE _ t 2 0 11 20 10 340

443440 2 3 S 82 _) 0 0 99 sO 64 3_0
44_?01 3 3 e 7? III 2 0 79 19 73 340

4_M_ ) 3 (J 7? 19 2 0 IS 10 13 340
4 JMJ_I 3 ) e 70 19 2 0 I 14 18 et 3.40

444100 3 3 e 79 _9 2 0 122 _4 SS 340
44i4i_O 3 3 e 10 _9 2 0 I_$ _S $7 340

474801 3 3 (J ?O ! 6 ;_ 0 89 11 70 340

47'11_1 3 3 9 1_ I (I 2 0 84 I I 07 340

444410 3 3 (I 79 19 _ O 10 tl 1t 340

4tMt 3 3 O YI _ S 2 0 I_ _ I 10

41_t 42 2 3 S i3 t _ 0 0 H _ I 86 ,I,40

10030_ 4 3 0 YO t4 2 0 _20 _l 89 340
3 3 0 _e _6 _ 0 IS ,I _2 340

it 04_B 3 3 6 75 t Y 2 0 64J 20 _ 340
tl IT/_ 3 3 6 _? _ 6 2 0 10 20 70 340

1_030 ) 3 e 79 _1 _ 0 7? 20 ?? _40

3 3 $ ?i 1I 2 0 ?i _0 74 340

l_S_ll 3 3 i ?l 14 'i 0 112 _I il _0

3 3 (I 70 10 ;_ 0 01 20 ?e 340

141I 3 3 6 7? 11 2 0 12 19 14 340

944r/3o ) 3 6 7? 19 2 0 14 t9 13 340

loll00 3 3 e 17 _S 2 0 It t 0 12 340

Si?I 3 3 6 7"? _S _ 0 79 10 7'2 3.40

) 3 e 7? _9 2 0 19 _I To
M1341 3 3 $ 11 ! 9 2 0 7S I I 14 340

611_i40 3 3 e 77 19 2 0 03 tO 1t 340

IT_IN 3 3 e ?_ _ S 2 0 _07 _e 92

!_ ,3 3 _ 78 t6 2 0 78 10 14

141_0_1 3 ,1 i ?l I S l 0 ll t I el 3_o

$_111 tO 4 ) 9 77 IE t 0 t27 t4 $6 340

3 2 e ?O tl t 0 04 t7 IS 340

D_ Se_ _ - p_e
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Data Appendix B

Catalyst Synthesis and Composition Information
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CATALYST 511

SUPPORT Silica CS- 1040, PQ Corp. Lot #1229-2201

SOURCE CuC12.2H20. 9947 lab-book page 34.

LOADING 0.992% Cu, 1.34% CI.

IlVlPREGNATION METHOD Very short impregnation period. While heating the solvent was
evaporated using a nitrogen flow.

PRETREATMENT Under vacuum for 3 hours at 140 °C, and R.T. overnight under static
vacuum.

COLOR Green.



,¢

CATALYST 516

SUPPORT Silica (CS-1040)

SOURCE CuC1. 9947 lab-book page 46.

LOADING 2.23% Cu, 1.29% CI.

IMPREGNATION METHOD The pale yellow acetonitrile solution of the pure salt was added to
the support for impregnation overnight. Solvent removed while
heating at 50 C for 1.5 hours under vacuum.

PRETREATMENT Under full vacuum at 350 "C for 2 hours

COLOR White



¢

CATALYST 518

Silica (CS-1040)

"Cu6AI '' cluster. 9947 lab-book page 43 and 54.

1.86% Cu, 0.14% A1.

,METHOD The acetonitrile solution of the cluster was left with the support
overnight. The pale blue color of the solution was decanted and the
catalyst was dried (see pretreatment).

Under full vacuum
A. 50-60 °C for 1 hour
B. 200 °C for 2 hours
C. 350 °C for 2 hours

Black



q,
dP

CATALYST 535

Silica CS-1040, PQ Corp. Lot #1229-2201

[Cu(NCCH3)4PF 6. 9947 lab-book page 89.

1.94% Cu, 12.1% C1, 1.16% Li,19.5% Li, and 1.02% P.

IETHOD The colorless acetonitrile solution of the salt was added to the support
for impregnation over the weekend. The solvent was removed under
vacuum. A solution in water was made from LaCla and LiCI and was
added to the catalyst preparation. The water was removed with a dry
nitrogen purge.

Under vacuum for 30 minutes at 110 °C.
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CATALYST 163C
(Purchased G-108 SUD-CHEMIE)

SUPPORT Silica

SOURCE Unknown

LOADING Cu = 30%

IMPREGNATION METHOD Unknown

PRETREATMENT Under flowing dry nitrogen for 60 minutes at 350 °C.. Crushed and
sieved between 18 an 35 mesh.
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