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PREFACE

This interim report documents work done under Work Unit

2303-F4-01, Chemiluminescent Gas Phase Reactions, between
1 December 1977 and 18 December 1978. Work is continuing and

mllbedoan;\er)ted in ftitu.fe interim reports and/or a final
report as events warrant. The authors wish to thank B. J. Darcy
for typing the manuscript and F. C. Kibler, Jr. for his assis-
tance and skill in preparing and maintaining the glass generator

1§ vessel.
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I. INTRODUCTION k

The Oz(lAg)/I chemical laser system has evolved rapidly during the

g last year in terms of both the chemical generator used to produce the - .

Oz(lAg) and the actual achievement of lasingl. The basis of this elec-

o A s 0

3 tronic transition laser svstem is enerav transfer from O2 (lA cr) to I:

1 2 2
02(Ag) + I (P3/2) GREl (P1/2

The key to successful lasing of this system is the generation of oxygen

3
) +02( Zg) (1)

flows with Oz(lAg) /0, (total) ratios well in excess of 0.17. This is most
successfully done by reacting Cl2 with a basic hydrogen peroxide solution
and pumping the oxygen product away from the reactor as quickly as pos-
sible. This type of generator was first proposed and developed for iodine

2,3

laser pumping at FJSRL under a previous work unit™’~ and then modified

and improved at AFWL, where successful lasing on the 1.315u transition of

I has been observedl.
Previous work at FJSRL has focused on deactivation of 02(1Ag) and
determination of HC1l content in the chemical generator exhaust4. The

development of a new chemical generator modeled on the AFWL design has

resulted in the emphasis shifting to the determination of the reaction

mechanism and optimization of % Oz(lAg) in the generator output. The new

TP R T

generator has proved to be a reliable, consistent producer of Oz(lAg) in

percentages of up to 35%. Thus it can be used as a test instrument to

determine effects of changes in operating conditions on the 02(1Ag) ( ;
{ production and to study the reaction mechanism. ‘
/ ‘j The effects of various reaction parameters have been studied both
a'n

qualitatively and quantitatively. These parameters have included pressure,

1




3

flow rate, reactor configuration, and trap temperature. The reactor

parameters routinely monitored include pressure, flow rate, temperature,
and pH. Trends in the 0, (lAg) production are presented and discussed in
this report.

The study of deactivation of Oz(lAg) by Cl2 has been discontinued
because the initial upper bound reported in a previous report4 indicated
that the deactivation would not be a problem in the reactor system. The
determination of HCl in the exhaust was discontinued because of experi-
mental difficulties. A new on-line mass spectrometer is on order and will
be used to determine species in the reactor output.

II. EXPERIMENTAL

Qualitative Observations

A series of qualitative observations were made of the parametric
effects of the liquid reactant concentrations, temperature, pressure, and
Cl2 flow rate upon 0, (lAg) production. The intensity of the [Oz(lAg)]2
dimol emission (A = 0.634 um) was visually observed as an indication of
the relative concentration of Oz(lAg) molecules. Similarly, visual obser-
vations were made of the 12 (B * X) emission, resulting from the addition

of I, to the product stream. Both the dimol and iodine emission intensi-

2
ties were assumed proportional to the Oz(lAg) yield. A schematic diagram

of the experimental set-up is given in Fig. l.

Quantitative Studies - General Description

A schematic diagram of the overall experimental apparatus is given in
Fig. 2 and a more detailed illustration of the chemical generator is given !

in Fig. 3. In the experiments reported here, the reaction mixture was

Z
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generally a 1:1 by volume mixture of 90% 1,0, (FMC Corp.) and 6.0 M NaOH.

5 : e 2 :
The Cl2 was used without further purification, and its mass flow rate

into the reactor was monitored using a Matheson thermal conductivity type

flow meter. Oz(lAg) and 0, (329) outputs from the reactor were monitored

by a Varian Model 4502 ESR spectrometer. The K=3, J=4, M= 3~ 4
transition of 02(329)6 (the so-called "A-line") and one of the center i
cquadruplets of the Oz(lAg) spectrum were used to monitor the 02(32 g) and |
Oz(lAg) quantities. The total pressure from the generator was measured ;
at the ESR cavity by a Baratron capacitance~type manometer with a 10-torr i

head. The 02(329) ESR measurements were calibrated by flowing 0, gas

through the cavity under the same flow conditions as obtained for the

reactor output. A calibration plot for the double integral of the O (32 g)

2
ESR spectrum versus the pressure measured at the cavity is shown in Fig. 4.
The Oz(lAg) pressures were determined by use of the calibration plot and

a factor relating the theoretical intensities of 02(3Zg) and 02(1Ag)
spect.ra4. The double integration was performed using a Hewlett-Packard
Model 98621}\ digitizer to read the spectra. The digitized spectra were
input into a Hewlett-Packard Model 9830A desk calculator programmed to
compute the double integrals and convert them to 02(lA g) and 02(329)

pressures.

The temperature in the reaction mixture was monitored using a Chromel-

‘ Alumel thermocouple input into a 400A Doric Trendicator. The pH of the
{ : reaction mixture was monitored using a Markson pHexiMar] electrode input

E’ {'i into a Beckman SS-2 pH meter which included an expanded scale capability.
E v The electrode gives valid pH readings over the temperature range -5°C to

')
\
| .‘}




100°C according to the manufacturer. Since we were primarily interested

in trends in pH in this work, the corrections to pH readings made with
glass electrodes in H2O2 solutions suggested by Kolczynski gg_a}_? vere
not mace.

In experiments designed to determine the effects of various in-

reactor trap temperatures, the following coolants were used:

Coolant Theoretical Trap Temperature
Ethanol/H20 slush (LNz) =-30°C to -20°C
n-Octane slush (LN,) ~56°C
Ethanol/dry ice -82°C
IN -195°C

2
Tn all other runs, the trap was maintained at -82°C using ethanol/dry ice

as the coolant.

Experiments involving introduction of additional pressure into the
reactor were performed by first achieving stable operation of the reactor
at a given flow and output pressure. N, (g) was then added to the reactor
at an unknown flow rate until a given increase in pressure was obtained.
This increase was limited to a few tenths of a torr due to pressue broaden—
ing of the ESR spectra at ¥ 1.5 torr.

Quantitative Studies - Typical Procedure and Run Conditions

The apparatus was pumped down to a pressure of 15-50 mtorr and all
traps and baths filled. The reactor exit valve was closed, the reactor
vented, and the H202 and HaOH solutions (generally 125 ml each) introduced
into the reactor. The exit valve was slowly opened and the pressure at

the ESR cavity monitored until the background pressure due to HZO

4
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vaporization and H202 decamposition decreased below 0.1 torr. At this
point the temperature in the reaction mixture had dropped to -10°C to
-15°C (depending ucon the volume of solution used) due to evanorative
coolina. The pH. which had initiallv been at 79.3, had increased tc "11
due to the effect of the lowered temperature of the solution upon the pH
probe. This effect of cooling on the pH was confirmed by similar obser-
vations on cooled sblutions of ethanol and acueous NaOH. The Cl2 flow

was brought up to the desired rate and the Cl, injector nozzle was lowered

2
into the reaction mixture. This resulted in an increase in the tempera-
ture of the reaction mixture to approximately -5°C and a consequent
lowering of the oH reading. In approximately 2 minutes, flow and pressure
conditions were stable with the cavity pressure between 0.8 and 1.0 torr
and the 012 flow rate at 38 - 42 stdcc of air/min. ESR spectra were then

recorded.

III. RESULTS

Qualitative Observations

A group of low reactor temperature (-78°C)/concentration experiments
yielded no O2 dimol emission. This was most likely due to low 02(1Ag)
production caused by partial or total freezing of the reactants. At
higher reactor’ temperatures it was generally observed that increased flow
rate resulted in an increase in dimpl emission intensity. This indicated
an increased Oz(lAg) production. Similarly, increased system pressure
decreased the dimol intensity, implying an increased rate of collisional

deactivation of 02(1Ag).
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The major utility of the qualitative observations was the indication
of general pressure/flow rate regimes in which dimol and iodine emission
are probable, Figs. 5 and 6. Dimol emission was not observed at either
very low flow rates or system pressures. At large flow rates and system
pressures, dimol emission was generally observed. The low pressure thresh-
old for iodine emission appeared to be considerably higher than that for
the dimol emission.

Several additional observations included the independence of the dimol
and iodine emissions. It was possible to obtain either emission with or
without the presence of the other. Both types of emission tended to cease
abruptly, generally after “10 minutes of reactor operation. This last
observation may indicate a threshold reactant concentration or pH for

Oz(lAg) production or alternately, a minimum 0, (lAg) pressure for dimol

and/or iodine emission.

Quantitative Results

Standardization

Although the standardization of the doubly integrated ESR spectra with
O2 (3Zg) pressure is straightforward, a simple error was observed in several
early results. The plot of the double integral versus pressure should be
} j linear, whereas several standardization curves showed a distinct non-
| linearity at large pressure, Fig. 7. This decrease in the double integral _ ,‘
magnitude was observed to be caused by the relatively narrow ESR magnetic

sweep range. For large pressure, narrow sweeps tended to disregard too 5 o

much of the spectral wings, resulting in a decreased double integral. g
When a larger magnetic field sweep width was used at higher pressures, :




Sl

.;q
t

the double integral versus pressure plots became linear. This observation
indicates that in taking ESR spectra over various pressures, care should
always be exercised to guarantee that no significant signal is lost in
the spectral wings.

The slope and intercept of a linear least squares fit to the data in

Fig. 4 were found to be,

DI = 3.5664P + 0.0623 (2)
where DI is the double integral of the ESR spectrum and P is the O2
pressure.
Standard Run

A preliminary experiment to observe the general trends of the chemical
generator was performed. Plots of the various parameters observed and the
pressures and percentages generated from the ESR spectra are given in Figs.
8a - £. A slow increase in reactor temperature was observed throughout
the experiment. It is unclear if the corresponding decrease in pH during
the reaction is an accurate observation or a result of operational uncer-
tainties of the pH probe at the temperatures used. Scparate pH readings
of standard solutions showed anomalous behavior at temperatures at and
below -5°C. The pressure versus time plot illustrates an initial increase
in the 02(3zg)'pressure and .a very slight decrease in 02(1A g) pressure
over the entire reaction. These results are further accentuated by the
percent oxygen versus time plots which show a steady total percentage of
o2 and decreasing Oz(lAg) percentage after an initial increase in both
values. The majority of the gas flow leaving the chemical reactor is 02.

indicating near complete reaction of the Clz(g) at the flow rate of

7
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3 40 stdcc of air/min. This is supported by the lack of visible amounts of

E Cl2 condensed on the liquid nitrogen cold trap positioned downstream from

the ESR cavity. The drastic variation in all parameter plots after 160

min is due to an increase in the temperature of the in-reactor cold trap

which was allowed to warm. This result will be discussed below.

Cl, Flow Rate
Variations of (':12 flow rate was observed to significantly affect the

production of O Increasing Cl2 flow increased the O2 pressure slightly

P

but decreased the % O, in the total gas flow. This might possibly be due

2
to inclusion of unreacted Cl2 in the reactor output. A definite dependence
of reactor temperature upon the Cl2 flow rate was observed. Increased

flow rate caused an increase in the reactor temperature. In Figs. 9a - £

are shown the effects of decreasing the Cl2 flow rate by approximately 50%.

The data points at 52, 54.5, 73.5 and 77 minutes are at reduced Cl2 flows.

In agreement with the previous statement, the reactor temperature decreases

for decreased Cl2 flow rates. The pH data is suspect due to problems <
with the probe mentioned earlier. The pressures of 02(3)39) and 02(1Ag)

both decrease whereas the percentages of O2 in the gaseous product are |

essentially unaffected by the decreased Cl2 flow.

Trap Temperature
Several early experiments indicated a dependence of the O2 ESR signal

upon the temperature of the in-reactor cold trap. An increase in trap : ;

1 [ temperature appeared to increase the pressure and percentage of O2 (lAg)

} (last five points of Figs. 8e and f). Further warming above a trap

s

temperature of approximately -25°C caused a drop in Oz(lAg) pressure and

8
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percentages. In Figs. 1l0a - g, results using a series of different trap
temperatures are presented. The first (<20 min) and last (>100 min) groups
of points are for a standard Ewwmz(s) trap which has a temperature of
approximately -78°C. An EbOH/HZO(s) trap mixture maintains a temperature
of approximately -30°C. At this temperature a significant decrease in

02 (3Zg) pressure and total % 02 was observed. The 02 (lAg) pressure remains
fairly constant at this temperature which results in an increase in %
Oz(lAg) - For a trap temperature of approximately -45°C, the O, (329)

pressure and total % O, return to values expected for the standard trap

2
temperature of -78°C. When the trap temperature is decreased significantly,
-196°C, the Oz(lAg) signal is completely quenched. This is possibly due

to increased residence times and consequent deactivation of the Oz(lAg) on

the trap surface.

Nozzle Position and N, Agitation

A preliminary investigation of reactor nozzle position suggested that
the O2 product ratio depended upon the position of the Cl2 injection nozzle
relative to the fluid reactant/gas interface (Fig. 3). The results of a
further study of this effect are presented in Figs. lla - f. An insensi-
tive regulator valve resulted in considerable drift in the Cl2 flow rate
for this experiment. This makes interpretation of the results difficult.
Problems with the ESR spectrometer involved additional uncertainty for
several points (101.5 to 122 min). For t < 40 min the standard reactor
configuration was used. For 40 < t < 70 min a small flow of N2 was
bubbled through the reactant solution causing splashing of the reactants

onto the reactor walls. A slight decrease in both 02(329) and Oz(lAg)




pressures was observed. Although the total % 02 decreased, due to N, in

the gas flow, the % Oz(lAg) remained the same as for the standard condi-
tions. For the points at 74 and 76 min, the C12 nozzle was raised out of
the reactants to its maximum position. Both 02(32 g) and Oz(lA g) pressures
decreased but the % Oz(lAg) increased under these conditions. The decrease
in total 02 was evidently due to unreacted Cl2 flowing out of the reactor

chamber, as indicated by considerable Cl. formation on the N, (1) trap.

2
For the points at 81.5, 84.5, and 87 min the Cl2 nozzle was lowered to

1 am above the liquid reactant level. This decreased slightly the Cl2

excess as indicated by the slight increase in total % 02 and increased the

mean % Oz(lAg). For the points at 91.5, 96, and 99 min the H, flow was

stopped while maintaining the Cl, nozzle above the liquid interface. This

2

caused a drop in the total % O, to near zero, as the reaction was essen-

2
tially halted. The points at t > 122 min are for the standard reactor
configuration. The results agree well with what would be expected for
standard conditions.

Reactant Volumes

Two experiments were run with other than the standard 125 ml of both
reactants. For 85 ml of both reactants, the % Oz(lAg) was observed to be

unaffected. The total % O, was slightly decreased for the smaller volume,

2
campared to the standard volume. This possibly indicates incamplete
reaction of the Cl2 with the liquid reactants. The second experiment used
250 ml of 6M NaOH and 170 ml of 90% H202. A comparison of these results
with the standard volumes indicates a decreased 0, production. Oz(lbg)

pressure, 02(32g) pressure, % Oz(lAg) and total % O2 all decrease for the

unequal volume experiment.
10
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IV. CONCLUSIONS

It has been found that the present chemical generator is an easily

handled physical configuration which generates reproducible quantities of

O2 (lAg) . Although several minor variations need to be made, the present

generator should be satisfactory for most of the physical optimization

Sa

and mechanistic experiments run in the immediate future. Several general
conclusions which can be drawn fram the present work are briefly tabulated
below.

(1) From the ESR standardization experiments it is evident that care
must be exercised to guarantee that no significant ESR signal is lost to
the unrecorded spectral wings. This requires choice of appropriate mag-
netic field sweep widths for given O2 pressures.

(2) The standard reaction conditions indicate nearly complete reac-
tion of the Clz(g) . By increasing the C12 flow rate or decreasing reactant
volume, unreacted Cl2 can be observed downstream from the ESR cavity. This
implies an optimum Cl2 flow rate exists, for a given reactant volume, for
O2 production and minimization of unreacted Clz.

(3) The in-reactor cold trap temperature variation indicates an
optimum temperature for % 0, (lAg) between -20°C and -35°C. Liquid nitrogen
trap temperatures result in the loss of the 02(1Ag) ESR signal.

(4) The nozzle position and agitation studies indicate a definite
surface effect upon Oz(lAg) production. To optimize the % Oz(lAg) it is
necessary to decrease bulk fluid diffusion of the C12 (g) while increasing
the Clz/liquid reactant interface. This process not only increases the

%0, (lAg) but might economize on the usage of C12 (g).

11




(5) It is apparent from the present results that a better electrode
must be found for pH measurements in the reactant solution. Both the solu-
tion temperature and the general corrosive nature of the reactants makes
the present glass electrode unsatisfact:ory.

Several future investigations are evident from the present work.
Several of these are tabulated below.

(1) Further trap temperature studies, involving better control of the
trap temperature, need to be performed to determine the optimum value for
the present chemical generator.

(2) Further reactant volume and concentration analysis should be
carried out, possibly in conjunction with Cl2 flow rate considerations.

(3) The nozzle position and N2 agitation study needs to be repeated
with better control of the Cl2 flow rate.

(4) A better pH monitoring device needs to be found and used routinely
in these experiments.

(5) An attempt to optimize Cl, (g) /reactant surface interface should be
made.

(6) Control and variation of the reactant solution temperature is

presently being considered.

12




d————

i REFERENCES

1. W. E. McDermott, N. R. Pihelkin, D. J. Benard, and R. R. Bousek,

Appl. Phys. Lett., 32(8), 469 (1978).

2. W. E. McDermott and J. T. Viola, Efficient Chemical Production of

Singlet Delta Oxygen, FJSRL-TR-76-0005, January 1976.

3. W. E. McDermott, R. E. Iotz, M. L. Delong, and D. M. Thomas, New

Gas Lasers, FJSRL-TR-76-0011, Aucust 1976.
! 4. L. P. Davis and C. J. Dymek, Studies of OziAg) Production and

Deactivation, FJSRL-TR-78-0001, May 1978.
5. Matheson Chlorine, High Purity, Matheson Gas Products, Lyndhurst,

New Jersey.

T

6. M. Tinkham and W. P. Strandberg, Physical Review, 97, 951 (1955).

e

7. J. R. Kolczynski, E. M. Roth, and E. S. Shanley, J. Am. Chem. Soc.,

79, 531 (1957).

13




O Tl . Mkt ¥ 08

dvdl Q700
N3OO0YLIN QINDIN

dANd WNNJVA
&=
oL \

1144 SNOYOd—

HO1VH3IN3IO—

39nNvS GO371PW Ol

100M SSV9
3NIJOl

dOLO3MNI 3NIAO!

o

—-

!

N3IOOYLIN

oid

s

ANV 1
3NIHOTHO—

431 3W MO 4




¢ 9ld

H313W0HL1I3dS 3IONVNOS3H
NidS 21412313

HOLVHINIO
Vi

15

NOILN10S
HO®BN/“0*H

4313WMO14
SSYiN
dNNd €&

<)
¢

dvdl °N ainoil




T

MASS
FLOWMETER

IN-REACTOR
TRAP

THERMOCOUPLE

PORT
FOR INTRODUCING
N, OR REACTANTS

PH
ELECTRODE

H, 0, /NaOH
REACTION MIXTURE

A\

HEIGHT-ADJUSTABLE
Cl, INJECTOR

TOP VIEW OF REACTOR

3 PR PRSI 5T

| FIG. 3

16




g

.

. }l} J9PJIO PuUODIIS
: 41} ADAuUl|

A0 NOTINNRI ) | HEEe

J78noe

914




120 1

100

80 <

60 {

40 -

20 1

Fla: B

OXYGEN DIMOL EMISSION

TEMPERATURE = 11°C
NaOH = 6.3% w/w

H2 O2 = 400% ww
O = no emission (02)
Lo O2 emission

e = nol emission
% = | emission




L

ft

S I — = R

FIG. 6

C12
Flow
Rate
(Stdee/min) OXYGEN DIMOL EMISSION
126
TEMPERATURE = I8°C
NaQOH = 4.7 % ww
= )
H2 02 56.3% w/w
(9315, :
g =no Ozemlssion
= 02 emission
« =n | emission
80 + x = | emission
60+
40+
@
20 T
(< ]
®
O v L A J v
0 8 12 16 20

Pressure (Torr)

19




> v 7 R — ~ ——
S =% A = TR

. ~ 4801138055380 ~ »

_ (] ORI RGNS __.s,‘._.-milllli-.}.i-_l.m e ‘B g
| X&.

:}1} J8pIO puUODDS s

e & it A M S0
.
~N

c\'

- —— - : }1} ADdU| :
jor
\&n\\ THNT3LNI “
. s TANMD NOTLHNE! HD T 318000 |
# : _ |
\\ .
s
| . : q




L
e

P

=

1.8 1 =
s R: PRESSURE V5. TIME
STORR)
1.54 4
1.38 1 ;
1.22 ] .
|.B6 J'I’ Proing . 3 :
a.a s e g - —— — — 4
B 2P -1} 1 1) 1MB T1I1ME ep
CMIN.?
ya.8 T
FLON RATE B: FLOW RRTE Vv5. TIME
(51pCC/
HIN) (X
yi.2 1 :
up.y | .
3.5 1 ¢ 0 X * o2 o ”»
i w8 )
36.8
LI G e iba T T8 Tinccnin, o 188
21

T Y S e e AR T (P Sl Rt

GRS T g

AL 1 =
. B FS AT o
TR i A I e £ B ot ity A e . 3

}37 A

e e e

e




SR TR
.

F . i B

]| C: PH V5. TIME
u.zq."a..
8.4 1 . .',.
8.8 ’l T *,
2.8 . X
™ 28 b . T 120 g um TINES(HIN.? leB
2B T :
TenpERRTURE D: TEMPERRTURE V5. TIME :
"-?Jr .
-2.4% »
* § A\
-3.81 ..oa°"'.... B
-y.8l '0'.. ¢
?l o'.
i. ""Jn : 20 : ™ v T 4B TINECHIN. y188




Fie. 8

PRESSURE ¢
CTORR) E: PRESSURE V5. TIME
3: TRIPLET 5)EMA
It SINBLET DELTR
e
33 3
¥ gud . x? 3 i .
: 3 3 33 2 313
tau? 3 33 3 4 3
333 3
3
B.5T 3
i
11
l'l"llglllll ll‘lllll'lllllll i i "I
|
1
2.2 = S " % o e 2 e &
5 = o = i b & 0 1
a 28 4] 148 ya TIMECHIN.)

140 7
T F: PERCENT OXYGEEN VS. TIME
X ' T+ TOTAL OXYBEN
120 ¢+ 1: SINBLET DELTR
. 1 . SHE S & *
100 } L i, 55 Ty T
'r'r"ﬂ_r‘r +? e iy 4
@ .L" T
: T
6 ¢ 2
40 |} "
|
FRENE! 1l u' v
zoj*' LSy B BLGRT ET R G E ST N L e S
.D

8 2B i B8 T e g5 T48  TINECHIN.) lea




R

1.8

PR E
CTORR)

1.3

FLOK
RATE

ya.

M.

M - —— S £

FIG. 9

T

H: PRESS5URE V5. TIME
i
!
J""'.'inoo'o ae *%s 5 0o ‘0,
1
. ] ir 3 : 1"‘[("!;.) I;
I B PLOW ®HTE V5. TIME
%
. 5 ; » = Tlﬂt(ﬂ;‘.) —;;l




A5 i -

1.e 7 C: PH V5. TIME
AH
18.2 4 LY
..... '.
0.. >

J s LI

3.y ¢ .
Q..
®
8. T "
.l
...

7.8 ﬂ .'c
7.

g g ug il 88 TINECHMIN.) 128 .

e.s T D: TEMPERRATURE V5. TIME
TEMRERRTURE

£ '1 .......QQ

Y ot

-B. Jr.o...... :

8. % .

8, S s . : B TINECAIN.) 2m
25

e I SR, T
bt

= ASRIRIER 3
BT B N I T TP, T (RATSe




——

PRESSURE
C(TORR)

120

80

40

=

E: PRESSLURE V5. TIME
3: TRIPLET SIEMA
l: SINBLET DELTR
+
3 3 3
3. 33 33233
543 358 SO i 33 3 3 .
3 34
% 3
3
P 3:
3
S R S FRE :
I Ey i I
" ety
Ji—-——-—--— - — — + — l—‘ﬁl 2
2 ua BE  TIMECMIN.?
F: RFERCENT OXYLEN V5. TIME
T: TOTAL OXYSEN
g ¥ 1+ SINBLET DELTR
T gl T
. , ik '
T 9% b T s Ty T t
N ¥
< T T TT
T T
1L \‘
+ -
-
4
|
.i'lls,',llnn'lg!, ||lll|ll ‘
t Y T L
+— -4 —t— — Se— .
] ug 88  TINECMIN.) 128
26




FiIG. 18
1.58 V
CToRRD H: PRESSURE VS. TIME
; 1.42 t . £
1.au 4 =
: 1.2 1 s ¥
1 ansn ) as & .
1.18 4 .o &b
1.18 b oy 7 b ¢ - — ~
g [ ] g Bl | I; TIMEIMIN.)? 128 :
"lz.luv
‘s““ﬂi?gj B: FLOW RRTE V5. TIME
1 . ‘ll.?l* "
ua.u? 2
:s.s{. .« o0 @ . ') ;
waf ‘
¥
: 3".J>--——— e - — A e e e )
' R 88 yimEciIn.D 128




e e S St i . e A . ¥ 100 0 ettt e

Pk, 18

HJ{ C: PH V5. TIME

o ———

] “a 82 TIMECMIN.? 128 .

a.a 2 L]

oegewel p: TEMPERATURE
¥a. TiNfe

-1.2%

-W..w
L J
L ]

. -4.81

a ys a8 TIMECHIN.) 1am




{

FilG.

%

we - E: TRAP TEMPERATURE V5.
IeRRCRATURE TIME
L 0' - : .,.GQ
g, 1 g "’. .
“AE. T hmeeg e e
-128. 1
-|6d. 4
TN S C———— - - - IR :
# va B8 TIMECMIN.) 120 3
F . PRESSLURE VS. TIME
CgRR" T INELE S ‘
4 : -
t.a 1 : ¢
3
3 33 y :
i 3 33: \
3
e.s | 254 ;
3
pry ,l,ll HaET 3 L . v
2.9 - - NI e . S
) ue 98 TINECHMIN.) 120




T

Ui
>
<
LJ
g
Y
x
O
T
P
L
o
5 4
LJ
4

B e S e e |

TIMECMIN.)




Fedlal 1

S : FRESGSURE V5.

PRESSURE
CTORR) <

®
.42 T

1

1.2y

R

U S S

e
e TINECHING) 148

, FLOW RATE ¥5.0TINME

CETCCC/MIN.)

4S.6

— -

TIMECHIN. Y the




T R & '
1.4 o PH. NGB, TiIHE
PH
u.:JT : " ‘
an l ; * @ ) |
0.5 T S
7.8 j y e L -
|
8 -L-—- e e Ry WUV W S S ; ;
] 22 52 182 TIMECHIN.) M@ .
Tﬁ
{ D: TEMPENM ILIRE Y5, TIME f
Tcnrcamun: . B ﬁ
l‘l 0'. . e te o'...bi. ’
i ) . 3
-3.2% . o I
-q..JL K
'? -6.44
a‘% :
-.'.JLM e e e B . am e
e m -1} IR TIKECMIN.) 14e
32




—
i 2t St A

— e =

PRESSURE
(TORRJ

1.8 |

3

3 3

3
3 3

(R 33 3!
3
kg 3:!31 :
e

18 TIMECMIN.)

PERCENT BXYREN VS. TimEb

T: TYOTAL OXYGRK
I: SINBLET DELTA

e o e s+ ol < e e i - Ay “—
28 EP 1] TIMECHIN.

33




