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ABSTRACT

A loop has been constructed to study the removal of water and highly vola-

tile materials from Organic Moderated Reactor coolant by vacuum degasification.

An analysis of the process was made to determine the most important para-

meters for study during the experimental program. Experimental results show-

ing the effects of various parameters on the rate of degasification of nitrogen

from monoisopropyl diphenyl and from Santowax R are given.

V





I. INTRODUCTION

Highly volatile organic compounds will be continuously formed in the Piqua

Organic Moderated Reactor as a result of the radiolytic and pyrolytic decompo-

sition of the organic fluid. In addition, a small but continual inleakage of water

from the steam generator is anticipated during normal operating conditions and

allowance must also be made for a steam generator tube failure which would

introduce a large quantity of water into the organic coolant. The presence of

low-boiling compounds could result in vapor formation at points of low pressure

or low temperature in the reactor. Gas bubbles, in turn, could lead to pump

cavitation, changes in moderating characteristics and corrosion problems.

This report contains a description of the experimental degasifier and associ-

ated equipment together with operating procedures and experimental results per-

taining to the nitrogen-Santowax R system. Nitrogen was used to simulate radio-

lytic gases. During the construction and operating period of this project, water

analysis instrumentation was being developed which would furnish continuous

analysis. Unfortunately this equipment was not available to permit investigation

of the water-Santowax R system; however, an analytical evaluation of the degas-

ification process for the water-Santowax R system is included (in the Appendix).

Experimental evaluation will take place in a quarter-scale prototype degasifica-

tion system constructed in conjunction with the organic moderated reactor to be

built for the city of Piqua, Ohio. Description of the prototype and its experimen-

tal results will be published in a separate report.

The degasification process is a modification of the commercial procedure

used to remove oxygen and other dissolved gases from water. Necessary changes

were made in the design of equipment and operating procedures to permit high

temperature organic service.
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It. DESCRIPTION OF THE PROCESS AND EQUIPMENT

A schematic diagram of the experimental loop system is shown in Figure 1.

Components of this system can be divided into three sections: the primary loop,

the degasification train, and the control panel.

A. PRIMARY LOOP

The function of the primary loop was to provide an organic stream of con-

trolled gas content. Components of this section included a canned-rotor centrif-

ugal pump (Chempump), a surge tank, a dump tank, and a steam generator. See

Figures 2 and 3. Other equipment was incorporated into this portion of the sys-

tem to allow additional technical data to be collected from the experiment. This

included a corrosion spool (containing an assembly of coupons) and a test section

to determine the effect of dissolved gas and water vapor on the heat-transfer

characteristics of the organic fluid.

The liquid level in the organic surge tank was controlled to maintain a vapor

space which was packed with metallic Raschig rings. Admitting steam or light

gases into this tank, and circulating the organic over the packing, resulted in

gas absorption. Gas concentration in the primary loop was determined by the

quantity of the organic stream circulated through the surge tank. Light gases

were bled into the surge tank directly from cylinders, and a steam generator

supplied the water vapor. Pressure fluctuations of the primary loop and the

expansion of the organic fluid were absorbed in this tank.

The dump tank served to fill and drain the system. It was positioned at the

lowest point in the system, directly on the discharge of the pump, arranged to

quickly receive the contents of the system in the event of an emergency shutdown.

B. DEGASIFICATION TRAIN

The degasification train consisted of a degasifier tank, two entrainment

separators, three condensers (one organic, two water) a repressurizing pump

(not shown), a water ejector, and a cooling tower. See Figures 4, 5, and 6.

The feed coming directly from the primary loop was sprayed into the degasifier

tank. Vapors from the degasifier were drawn into the first entrainment separa-

tor to remove the entrained organic fluid which was returned to the bottom of the

2
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degasifier tank; the vapors from the separator passed to the organic condenser

which was cooled with Dowtherm A. (The Dowtherm A was cooled by boiling

xylene in an auxiliary reflux cooler, Figure 7). Effluent from the organic con-

denser passed to the second entrainment separator. Liquid from this second

separator was returned to the degasifier tank, while the vapors were drawn off

to the water condenser. Condensate was collected in a trap which permitted

measurement of this stream.

In order to allow for the possibility of a condenser plugging with solidified

organic coolant during operations, two condensers were installed in parallel.

Thus one condenser could be chemically cleaned with xylene while the other was

in operation. Vacuum for the degasifier train was supplied by a water ejector

located on the cooling tower. The degree of vacuum was controlled by bleeding

air into the system. Figure 8 shows the complete loop, and Figure 9 is a repro-

duction of the P & I Diagram of the system.

C. CONTROL PANEL

The entire operation of the loop was monitored from a control panel, shown

in Figures 10 and 11. This panel was located inside a building adjacent to the

process area containing the experimental equipment. The panel displayed the

following information:

1) Primary loop flow rate

2) Primary loop pressure

3) Degasifier tank pressure

4) Degasifier tank feed rate

5) Temperatures at points of interest throughout the loop

6) High and low liquid level alarms

7) Water content of the primary loop and the degasifier tank bottoms

Figure 1 delineates information which was recorded and information which was

only indicated. The panel contained all the switches necessary for electrical

control of the loop and for operation of the electrical tracings. Pressure of the

degasifier was automatically controlled by inleakage of air to the vacuum system.

Temperatures of the degasifier tank, steam generator, organic surge tank, and

Dowtherm A surge tank (not shown in Figure 1) were automatically controlled

using electrical heaters.
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III. OPERATING PROCEDURES

A. STARTUP

After filling the dump and fill tank with solid Santowax-R, all heaters and

tracings were turned on to bring the entire system to operating temperature.

As soon as every point in the system was above 310*F (the melting point of

Santowax R), the system was filled by pressurizing the dump and fill tank with

nitrogen from a cylinder. At this time the Dowtherm pump was started to insure

cooling of the Chempump, after which the main loop was pressurized to at least

75 psig with nitrogen. Then the Chempump was started (after it had been bled of

any gas). When the main loop was operating properly and the degasifier system

had been brought to the desired pressure with the water-jet ejector, the feed to

the degasifier system was started. As soon as the liquid in the degasifier tank

had reached the desired level, the repressurizing pump was started to return the

degasified Santowax R to the organic surge tank. The degasifier feed valves

could then be adjusted to keep a constant level in the organic surge tank. Once

the main loop and degasifier section were operating properly, the introduction

of nitrogen into the main loop was initiated by starting a flow of organic from the

main loop through a packed bed in the vapor space of the organic surge tank. The

nitrogen concentration in the main loop was controlled by the flow rate of this

stream.

The degasifier loop was then in complete operation

B. SHUTDOWN

To shut down the degasifier loop, the degasifier feed valves were closed,

leaving the repressurizer pump running to drain the degasifier tank. The air

ejector was shut off after the vacuum had been broken by bleeding in nitrogen.

The organic material was then dumped into the dump and fill tank by opening the

system filling valve and the dump and fill tank vent. When the system had been

completely drained of organic coolant, the rest of the loop was shut down.

Emergency shutdown procedure called for the loop to be "scrammed" immedi-

ately; followed by closing the nitrogen feed valve, with the dump and fill tank-

vent to be opened as soon as possible. "Scramming" consisted of shutting off

all electrical power to the system.

15



IV. EXPERIMENTAL WORK

The rate of degasification of nitrogen from mono-isopropyl diphenyl and

from Santowax R was studied to determine the effects of various parameters on

the process. The effects of pressure, temperature, feed rate, and spray nozzle

type and size were studied. Experiments using isopropyl diphenyl enabled a

rapid parameter survey and simultaneous familiarization with the equipment

since heating and temperature problems were non-existent.

A. METHOD

A rotameter was used to measure the flow of pressurizing nitrogen neces-

sary to maintain a constant pressure on a circulating loop of the organic mate-

rial. The nitrogen was absorbed into the organic material in a packed bed in the

vapor space of the surge tank. A side stream from the main loop was circulated

through the surge tank continuously. Another side stream was taken from the

main loop to the degasifier tank and returned to the main loop with the stream

from the organic surge tank.

For all runs the main loop was pressurized to 100 psig. Degasifier pres-

sures ranged from 1.5 to 8.0 psia. With isopropyl diphenyl the degasifier tem-

perature was between 370 and 450*F, and with Santowax R the temperature was

between 475 and 575* F.

B. RESULTS AND DISCUSSION

The results are shown in Figures 1Z - 17 which show the degasification rate

in standard cubic feet per gallon of degasifier feed as a function of degasifier

pressure. When using isopropyl diphenyl, degassing rates obtained during the

first day the loop was operated and the first day after a complete shutdown

(which included depressurization of the main loop), were lower than on subse-

quent days. Reproducible results were obtained after these startup days. (Data

from these startup days are not shown in the figures.) This behavior was prob-

ably caused by unsteady state conditions in the main loop on the first day; that is,

the concentration of nitrogen in the main loop was increasing to its steady-state

value. This difficulty was not observed when using Santowax R, probably

because of the longer time required to reach the desired operating temperature,

during which time the Santowax R was picking up nitrogen to the steady-state

concentration.

16



Data in some cases are fairly scattered; prirnarilybecause of difficulties

encountered in matching the degasifier feed rate with the output of the repres-

surizing pump. A small discrepancy here caused the liquid level in the organic

surge tank to rise or fall, thus affecting the pressure and the flow of pressurizing

nitrogen into the tank. The difficulty in matching flows was caused by variations

in the output of the repressurizing pump and also by random changes of flow

through the degasifier feed valves.

The degasification rates from the first nozzle used with isopropyl diphenyl

were significantly higher than those obtained with any of the other nozzles used.

This is shown in Figures 12 and 13. This nozzle (FF-8, Spraying Systems Com-

pany T11008) produced a flat, fan-shaped spray pattern and operated with a low

pressure drop of about 5 psi. It was assumed that a considerable amount of

degassing took place in the line between the degasifier feed valve and the spray

nozzle due to the low pressure in this line. However, the liquid distributor

(DC-9) used with Santowax R had a very low pressure drop but gave the same

degassing rates as the other nozzles. A smaller nozzle of the same type (FF-4,

Spraying Systems Company T11004) and all the other nozzles used gave much

lower degassing rates.

Figures 14 and 15 show the results of the tests with Santowax R using a full-

cone nozzle (FC-2, Spraying Systems Company GG-2) at two different flow rates

through the nozzle, 0.30 and 0.48 gpm. By comparing the two figures it can be

seen that the degasification rates at 2 to 3 psia are about the same, but at higher

pressures the use of the increased flow rate improved the rate of degas ification.

Figure 16 represents the data taken from fog-jet nozzles with 2, 4, and 7

openings (Spraying Stystems Companys 2, 4, and 7G1), and a liquid distributor

(DC-9), fabricated from a pipe cap by drilling nine 0.060-in. holes at a 450 angle

to the pipe axis. All these nozzles gave similar results, thus indicating that the

feed rate to a nozzle did not affect the degasification rate. All fog-jet openings

were identical and the same flow rate was used for the three combinations. This

figure also shows that the degree of atomization does not have a significant effect

upon degasification since the liquid distributor (DC-9) gave a fairly coarse spray.

Figure 17 shows data obtained with Santowax R using a flat fan spray nozzle (FF-4,

Spraying Systems Company T11004) at a feed rate of 0.30 gpm. These results are

similar to those obtained with the FC-2 nozzle at the same flow rate.
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If it is assumed that the organic was saturated with nitrogen, the general

efficiency of degasification ranged from about 25% at 2 psia degasifier pressure

to 12% at 8 psia. These efficiencies are probably conservative since it is not

likely that the organic was saturated with nitrogen; however, these numbers do

illustrate the vacuum-degasification efficiency relationship.

C. CONCLUSIONS

1) The rate of degasification is quite sensitive to pressure, decreasing as

the pressure increases.

2) Feed rate, nozzle pressure drop, and temperature have a minor effect

upon degasification efficiency. The data were not accurate enough to

determine the actual characteristics.

3) The results of the nozzle study indicate the degree of atomization has

only a minor effect upon degasification efficiency.
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APPENDIX

FUNDAMENTAL CONSIDERATIONS

The principal objective of the degasifier experiment was to study the effec-

tiveness of vacuum flashing as a means of removing gaseous components (pri-

marily steam) from the organic coolant. The experimental program written

for the loop details a method for determining the degasifier characteristics from

measurable physical properties of the system.

A basic sketch of the degasifier loop is shown below:

F, (x1 )F, T F

TDIP

LR, (X1)E
I LD,

VD, ( lD

Organic Condenser

VC (y 1 )C
T P

C
E 

m-

Degas ifie r
Tank

(x1)D

LCD (xl)C

A. PHASE EQUILIBRIA

An analytical study of the system is hampered by uncertainty of the equili-

brium properties of steam in terphenyl. At the low pressure and high tempera-

tures encountered in the degasifier, the vapor phase behaves like an ideal gas.

However, the solution of steam in liquid terphenyl is probably not ideal, and the

activity coefficient of the steam will likely be considerably smaller than unity.

On the other hand, the solvent (terphenyl), since it is in large excess, should

have an activity coefficient very near to unity and thus follow Raoult's Law.

Appendix 25
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The basic equation of vapor-liquid equilibrium is:

-L -Vf. = f.
1 1

0.. (1)

where the bar denotes a mixture. For component 1, steam, Equation 1 becomes

ylxlf 1 L =- 1y 1 P - y 1 P ( 2)

The vapor phase fugacity coefficient 0 is unity since the vapor phase is assumed

to be ideal.

Similarly for component 2, terphenyl, Equation 1 becomes

y 2 xf 2 L = x 2 2 y 2 P

In this case it is assumed that the fugacity of pure liquid terphenyl is the same

as its saturated vapor pressure, since the vapor pressure is low. and the tem-

perature high, and also that Y2 = 1.0 since the liquid is predominantly ter-

phenyl.

Since the vapor is assumed to be ideal, Dalton's Law is valid and:

1 + P2 y 1 P+y 2 P=P'(4)

Substituting Equations 2 and 3 into Equation 4:

S. (5)y x f L + x 2 P 2
0 = P

Thus

P - x2P 0
y _ 1

1 1L

P - P 2
0 (l-x1 )

_ ( 1 )

~fL
1 1

Appendix

. .. 1(3)
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The only remaining quantity required is the fugacity of pure liquid water, f L

at the temperature and pressure of the system. The fugacity can be calculated

from the following relation: 3

L P

RTIn = V - - 1 dP .. .(7)
P 0

1 0

The integration may be done graphically or through the use of a suitable equation

of state, such as the virial equation

RT B C

V V V

where B, C,...... are the second, third, ..... virial coefficients. The virial

coefficients are functions of temperature only, and at densities less than half

the critical density only the second virial coefficient is necessary. The virial

equation of state may also be written in another form:

RT 2V = P (1 + B'P + C'P +.......)...(9)

As a result it may be shown to a close approximation that B = B'RT. Making

this substitution into Equation 9:

RTV = --T+ B ... (10)P

If Equation 10 is substituted into Equation 7

L

In =.BP"..(11)
o RT

P1

The second virial coefficient can be calculated using Equation 8 and published

properties of steam.
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The activity coefficient of the steam in terphenyl can now be calculated from

properties of pure terphenyl and water and the measured composition of the

liquid leaving the degasifier. Once ey has been determined at several tempera-

tures and compositions (the most important variable being composition) it will

then be possible to make accurate design calculations.

B. MATERIAL AND ENERGY BALANCES

The variable of primary interest is the composition of the return stream to

the main loop. From a material balance:

LC(x 1)C + LD(xl)D.(12)
1 R ~ L +L.

C D

The compositions in Equation 12 may be obtained from Equations 2 and 6, and

material and energy balances will yield the stream flow rates.

From Equation 6:

P-P2
(x )D fL PO atT D. . . (13)

From Equation 2:

L

() l xl)DfL at T ... (14)
1)D P D

In order to determine the amount of vapor leaving the degasifier tank, the fol-

lowing equations must be solved:

1) Material balance (on water around the degasifier tank)

F (x1)F -(x1 .. (15)
D (yV)D x ~ 1D

LD = F-VD ... (16)
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2) Energy Balance

T = T - D( F)D + (D...(17)D F M CF[(L (X19DXZ]
2

Equation 17 must be solved by trial and error since VD 1 D' X, and X.
are all functions of TD; however, the solutions are rapidly convergent to the

correct value of TD.

A material balance around the organic condenser along with the phase

equilibrium equations gives:

P - P 0
C 2

(x )C= L P 2at TC1 CL oC
()C- - P2

L

=y C1 atT
1 iC ~ P a C

VD [(y1D - (x 1)C
VC (y)C - (xl)C

LC D C

Note the similarity between these equations and Equations 13, 14, 15, and 16.

All the variables necessary for the solution of Equation 12 are now available.

C. DEGASIFIER FEED RATE

The amount of feed to the degasifier necessary to maintain a given water

concentration in the main loop will be dependent upon the concentration of water

in the main loop and the water inleakage rate into the main loop as well as the

conditions of temperature and pressure in the degasifier system. A material

balance on the water about the main loop yields:
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W = F(xl)F - LR(x1)R

and .. .(18)

W + LR(x1)R
F = (x)F

A less exact solution for the degasifier feed rate can be made if it is assumed

that LR = F, which is usually true within at least 1/2% under the conditions

anticipated. This simplifies Equation 18 to give:

W
F = W...(19)

This equation shows that for a given water inleakage rate, lower water concen-

trations in the main loop require higher degasifier feed rates.

D. PRELIMINARY CALCULATIONS

Since information was not available concerning the activity coefficient of

steam in terphenyl, preliminary calculations were made using the assumptions

of Raoult's and Dalton's Laws. Although these calculations obviously will not

be accurate quantitatively, they should show the importance of various

parameters in the operation of the degasifier system.

Calculations were made using a feed composition of 200 ppm water

(xF = 0.0025) in terphenyl and an organic condenser temperature of 450 F.

The degasifier feed temperature and pressure were varied, and the fraction of

feed vaporized in the degasifier tank and the return coolant composition were

calculated.

Figure 18 shows the fraction of degasifier feed vaporized as a function of

the degasifier pressure for feed temperatures between 475 and 575*F and also

for return liquid compositions between 20 to 80 ppm (xR between 0.00025 and

0.00100).
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E. SAMPLE CALCULATIONS

Parameters:

TF = 575 F

= 0.00250

- 450*F

(200 ppm)

PD C = 4.1 psia

F = 100 lb moles

1) Degasifier Calculation: (Assume TD = 575*F)

P -P 0

(X1)D= D 2

1 2

VD (X)F (x)D
F (y)D- 1 )D

P2 = 3.3 psia6

(xl)DP From Raoult's and
Dalton's Laws

(Equation 15)

. 5Pi = 1275.4 psia

4.1 - 3.3 = 0.8 00
( 1)D 1275.4 - 3.3 1272.1

- (0.000629) (1275) = 0.1
(yiD 4.1= 95

V
D _0.00250 - 0.000629

F - 0.195 - 0.000629 -
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r
s . /:.... .. : ... .....f
K' .rI

2) Condenser Calculation:

P -P 0
C 2

(x)C P - P
1 2

VD [Y1C -y1 D]
C (yC - (x1)C

P 2o

6

=0.5 psia P 0
P1

0
(xl)CP1

~ C PG

.5
= 422.6 psia

4.1 - 0.5 3.6
(X1IC 422.6 - 0.5 422.1 = 0.00856

- (0.00856) (422.6) = 0.882
()C 4.1

0.963 (0.882 - 0.195)
LC 0.882 - 0.00856

3) Return Composition Calculation:

LD(x1)D + LC(x1)C

(X1) R LD + LC

= 0.758 lb moles

(99.04) (0.000629) + (0.758) (0.00856)
99.04 + 0.758

0.0623 + 0.00649 = 0.000690 (55 ppm)
99.80
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NOMENCLATURE

B, C, ... , B', C', ... Second, Third, ... virial coefficients

Cp Specific heat, Btu/lb- OF

F Pound moles of feed per unit time

L Pound moles of liquid per unit time

M Molecular weight, lb/lb mole

P Pressure, psia

P0 Vapor pressure, psia

T Temperature, F

V Pound moles of vapor per unit time

W Water inleakage rate, pound moles per unit time

f Fugacity, psia

p Partial pressure, psia

x Mole fraction in liquid phase

y Mole fraction in vapor phase

y Liquid phase activity coefficient

4~ Vapor phase fugacity coefficient

X Latent heat of vaporization, Btu/lb

Subscripts

C Organic condenser

D Degasifier

F Feed

R Return steam to main loop

i Component i

1 Component 1, water

2 Component 2, terphenyl

Superscripts

L Liquid phase

V Vapor phase
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