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ABSTRACT

In the summer of 1991, an experimental program was conducted to determine the amount
of equilibrium sulfuric acid that would pool, or fall to the ground, when the acid, both alone
and asan emulsion with akylation hydrocarbons, wasreleased to the atmosphere. Theacid/
hydrocarbon emulsion was prepared in a highly agitated vessel and held at conditions that
encompassed the normal range of alkylation unit operating conditions. The fluid was
released to the atmosphere through square-edged circular orificesfrom 0.032 to 0.50 inches
in diameter, circular tubes 0.25 and 0.5 inches in diameter, and a simulated flange gasket
failure.

Thirty-six release runs were made, three runs using alkylation equilibrium acid (obtained
from an operating commercial akylation unit) and thirty-three runs using an acid/
hydrocarbon emulsion. Usable data were obtained from thirty-one emulsion runs. The
releases of equilibrium acid alone gaverecoveriesbetween 100.3 and 100.9 percent, indicat-
ing asmall bias of recovery over release. Of the twenty-eight runs made by releasing an
equilibrium acid/hydrocarbon emulsion, an average of 97.6 percent of the acid released was
recovered (i.e., would have fallen to the ground). The capture percentages were grouped
closely around the average, ranging from 92.5 to 100.4 with a standard deviation of 1.6.

Changesin release geometry, storage temperature, storage pressure, ratio of acid to hydro-
carbon (for hydrocarbon/equilibrium acid emulsion releases), or the propane content of the
hydrocarbon did not change the amount of acid recovered by more than the estimated exper-
imental error of the measurements.

Small bubbles were observed to float above the capture equipment during al of the acid/
hydrocarbon releases. These bubbleswere suspected to be composed of athin layer of equi-
librium acid surrounding an inner core of hydrocarbon vapor.

INTRODUCTION

Refinery alkylation unitsemploy fluidsthat are both flammable and toxic. Althoughthereleaseandignition
of flammablefluidsisaconcernfor the refinery operator, the rel ease of toxic materialsis often the event that
poses the greatest threat to the general public. For this reason, toxic releases are the events in which
regulators have a keen interest. Both sulfuric acid and hydrofluoric (HF) acid are used as catalysts for the
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akylation reaction. Each material is toxic and each presents somewhat comparable dangers if finely dis-
persed in the air.

A series of large-scale HF release tests was conducted at the Liquefied Gaseous Fuels Spill Test Facility
(LGFSTF) in Nevada during the summer of 1986 [1]. The releases were performed to determine how much
of the released HF would fall to the ground. The superheated, pressurized HF formed a vapor and aerosol
mixture uponitsrelease. Very littleliquid pooling was observed; almost all of the released material traveled
downwind in the airstream. Although the results surprised some observers, earlier releases of superheated,
pressurized LPG and ammonia[2, 3] resulted in similar experimental findings.

In 1990, a comparison of HF and sulfuric acid alkylation risks[4] estimated that arelease of a sulfuric acid/
akylation hydrocarbon emulsion could result in 10 to 65 percent of the sulfuric acid becoming airborne.
Based on operating experience, users of the sulfuric acid alkylation processfelt that the estimate of airborne
material washigh. However, experimental datafor arelease stream consisting of two immiscible emulsified
liquids, one superheated and one subcooled, were not available. Theliquid release modelsavailablein 1991
were not capable of accurately predicting the available one-component data, et alone the more complicated
hydrocarbon/sulfuric acid system. A group of interested companies operating under the Petroleum Environ-
mental Research Forum (PERF) agreed to fund atest program. Exxon Research and Engineering Company
acted as the test sponsor and coordinator. Other participating companies were Stratco, Mobil, Chevron,
Texaco, Amoco, Unocal, and British Petroleum. The primary purpose of the program was to determine the
percentage of equilibrium sulfuric acid that would fall to the ground when ahydrocarbon/sulfuric acid emul-
sion wasreleased from storage. The design and procurement of test equipment were done during the spring
of 1991, equipment construction occurred May through July, and the experimental program was performed
between September and October of 1991.

EXPERIMENTAL EQUIPMENT
The experimental equipment used in the test program was designed to perform three functions:

» Simulate the operating environment found in a“typical” sulfuric alkylation unit.

* Release both acid and an acid/hydrocarbon emul sion from pressuri zed storagein acontrolled manner
and accurately measure the amount of acid and hydrocarbon released.

« Collect and accurately measure the amount of acid falling to the ground.

During theinitial design stage, engineering choices were made regarding the size and duration of the tests.
The design parameter ranges and design parameters used in the equipment design are summarized in Table
1. The process flow diagram for the equipment used in the testsis shown in Figure 1.

In order to accommodate the design parameters, arelease vessel volume of 35 ft* was selected. Thisvolume
alowed a 17 ft3 working volume with the tank 80 percent liquid full and a 1 ft freeboard above the level of
thereleaseline. Therelease linewas chosen to be 2 inchesin diameter, allowing low pressure drop without
excessiveresidencetime. A 1/4-inch orifice size was selected for the majority of thetests asthisorifice size
has been used in other release tests [5, 6] and has been shown to be large enough to avoid scale-up effects.
Provision was made to allow larger and smaller orifice diameters.

Accurate measurement of the weight of released liquid required the use of high accuracy load cellsto weigh
the release tank. Commercial load cell units of 0.03 percent accuracy were specified for the support of the
release tank, and flexible couplings were used on all piping and electrical connections in order to minimize
theinfluence of external forces. Figures2 and 3 show thefinal design of the rel easetank and support system.
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Tablel
Design Parameters

Parameter Design Operating Design Values Comments
Description Range
Temperature 40to 70°F 150°F L)épé(;?lld?![ |i<3/rl12tlon unit operat-
Pressure 15to 85 psig 150 psig Typical alkylation unit operat-

ing conditions

Consistent with other aerosol
Orifice diameter 1/16to 1/2inch 14 inch release tests and large enough
to provide full scale results

Provides most severe design
0.2t01.0 1.0 conditions for pumps and cap-
ture system

Volume fraction
acid in emulsion

C, 0.05-0.10( C; 0.05
i-C, 0.66| i-C, 0.66
n-C, 0.11| n-C, 011
Alkylate 0.18( Alkylate 0.18

Composition of
hydrocarbon
(weight fraction)

Simulates typical hydro-
carbon stock found in
akylation unit

Concentration of
released acid 90to 95 20
(weight percent)

Typical of operating alkylation
units

Tota release consistent with
1/4-inch orifice at 85 psig stor-
age pressure and capture equip-
ment capacities

Duration of test 1 minute to 1 hour 4 minutes

Release vessel height-to- Required for efficient mixing

diameter ratio Lessthan 1.2 of acid and hydrocarbon

Number of tests Anticipated maximum number
1to4 4

per day of tests per day

Distance between
release orifice 4 ft 4ft
and capture surface

Consistent with other release
testing

Thereleasetank mixer wasrequired to: (1) produce astabl e acid/hydrocarbon emul sion with acid volumetric
fractions between 1.0 and 0.1, and (2) have variable speed operation. Basic design information, such as
release tank dimensions, liquid properties, and names of testing fluids, was supplied to several mixer manu-
facturers, and their quoteswere eval uated by sponsor company mixing specialists. All companiesresponding
to the request for quotation provided acceptable mixer designs. The mixer used in the testing was equipped
with a 10 hp variable speed motor and 15-inch flat paddle turbine impeller. The turbine rpm was adjustable
between 30 and 275 rpm and the rpm could be maintained to within 1 percent.

The release tank was maintained at constant temperature by circulating the emulsion stream through an
external plate and frame heat exchanger that was cool ed by aremotewater/glycol refrigeration system. Heat-
ing requirements were provided by the normal heat input due to the circulation pump, the mixer, and vessel
heat leaks. The external exchanger kept release vessel connectionsto a minimum, allowed vigorous mixing
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in the release tank (no obstructions), and minimized the weight of the release tank. The water/glycol heat
transfer fluid was kept above 30°F to prevent the solidification of sulfuric acid. The acid and hydrocarbon
charge tanks were sized so that a complete release vessel charge could be made, regardless of the acid-to-
hydrocarbon ratio. The hydrocarbon storage tank was sized to make up and store enough hydrocarbon for
the entire test series.

Accuratetemperature measurementsin therel easetank were made using two resi stance temperature detectors
(RTDs). Each RTD was calibrated before use. Release tank pressure was measured using high accuracy
strain gauge type pressure transducers. Each pressure transducer was calibrated against a pressure gauge of
known accuracy (0.25 percent).

Theacid recovery systemwasdesigned to cover the anticipated throw of theacid or emulsionfromtherel ease
tank. Based on an orifice-to-capture pan vertical drop of 4 ft and a discharge pressure of 100 psig, the
computed throw of liquid was less than 50 ft. From previous release testing, a capture width of 15 ft was
deemed sufficient to contain the released material. The capture pans were designed to stand at a height of
approximately 4 ft above grade so the weighing vessels could be easily moved under the pans. The final
design of the capture system required a capture surface 50 ft in length, 15 ft in width, and with a minimum
underpan clearance of 48 inches. Figure 4 showsthe genera detail of a capture pan.

Three release fittings were used during the tests. The mgjority of tests were conducted using a sharp-edged
orifice. The orifice was constructed of 316 stainless steel and machined from a 2-inch 150 Ib blind flange.
Four orifice sizes were used in the tests, a 1/4-inch orifice, a 1/2-inch orifice, a 1/16-inch orifice, and an
orifice consisting of five 1/32-inch holes. A flangeleak was simulated by cutting a passageway ina1/8-inch
metal spacer held between two 2-inch 150 |b flanges. Theflow areaof thisrel easefitting was approximately
thesameasal/4-inch orifice. Releaseswerealso made using either 1/4- or 1/2-inch stainlesstubing attached
to a2-inch blind flange that was drilled and tapped to hold either a 1/4-or 1/2-inch Parker tube fitting. The
tubing length was set to give alength-to-diameter ratio of 28. Figures5 and 6 are sketches of the flange and
tube fittings.

A wind buffer system was installed around three sides of the release equipment. The purpose of the buffer
was to reduce the velocity and turbulencein thewind field. By reducing these variables, the release stream
would be less likely to be pushed outside the capture pan area; noise in the release tank and capture vessel
weighing systemswould also be significantly reduced by lowering both the wind speed and turbulence. The
buffer system surrounded an area approximately 5 ft from the release pad on the south, east, and west sides.
Thenorthside, i.e., thedirection of release, wasleft open. Polypropylene greenhouse shade cloth was placed
over awire support and provided the major wind resistance. During typical weather conditions, the wind
buffer system would reduce both the absol ute wind velocity and the wind vel ocity variation by afactor of 3
to 5.

To provide an estimate of the amount of airborne liquid remaining in the vapor stream, an airborne acid
sampling grid was placed 7 ft from the downwind end of the capture pans. The samplegrid consisted of six-
teen sampling and four wind speed monitoring points. The sampling locations were positioned as shownin
Figure 7. Each sampling point consisted of animpingement sampler with afitted nozzleand aremotely locat-
ed constant flow sample pump.

Thedataacquisition system consisted of an |BM PC-type computer using an Intel 486 processor, ahigh speed
analog-to-digital convertor, and several signal multiplexers. Current loop signals were convertedto 1to 5
volt signals at the multiplexer using precision 250 ohm resistors. The DAS interface board and multiplexer
boards had amaximum sampling rate of 50,000 scans per second, with aresolution of 12 bits(1 part in 4096).
The DAS software used to log the data could simultaneously scan and display 570 channels of data per
second. Nineteen channels of datawere logged during the test program at arate of 95 channels per second.
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Safety showers and eye wash stations were placed at convenient locations near the testing area. Water from
the process water tank was continuously circulated through the saf ety shower system so that hot spotswould
not occur.

Figure8, aplot plan of thetest site, locatesthe position of major piecesof equipment, thewind buffer system,
and the safety water system.

TEST PLAN

The preliminary test plan, as outlined in the original project proposal, projected atest program consisting of
50 releases covering atemperature range of 40 to 70°F, pressures from saturation to 100 psia, orifice diam-
etersof 1/16 and 1/4-inch, and acid-to-hydrocarbon volumetric ratiosfrom 100/0 to 10/90. Littlewasknown
about the conditions where acid airborne material might be formed, so the preliminary test matrix was
designed to cover awide range of operating conditions.

Theinitial acid/hydrocarbon releaseswere at conditions conduciveto theformation of airborne material, i.e.,
maximum temperaturesand moderate acid-to-hydrocarbonratios. Theresultsfromthefirst acid/hydrocarbon
emulsion release yielding valid data (TR-05) indicated that acid capture near 98 percent was likely. Two
additional releases were made at these conditions, TR-06 and TR-07, giving confirmation to the high acid
captures. Because captures were high under the conditions originally felt favorable to airborne material
formation, the test plan was revised to: (1) include test conditions even more favorable to the production of
airbornematerial, such asrel easesintubeswith high length-to-diameter ratiosand rel easesusing hydrocarbon
with more volatile components; (2) gain information as to the disposition of the acid that was not captured;
and (3) run multiple tests at a set of “base case” conditions to provide a standard of comparison and an
estimate of experimental uncertainty. The base case conditions selected were 70°F, 42 psig storage pressure,
50/50 acid/hydrocarbon charge volume, and 1/4-inch orifice release geometry. As the testing progressed,
additional equipment and mini-experiments were added in an effort to understand the method of acid loss.
The mini-experiments performed included the placement of an array of glass platesin a 100 by 100 ft grid
downwind of the capture pans, the use of white paper impingement surfaces to catch acid drops, and
nighttimeteststo allow the use of high intensity light beams and high speed flash photography. Becausethe
amount of acid lost during a rel ease was approximately the same as the estimated experimental uncertainty,
theamount of information that coul d be gained from any of these experimentswaslimited. During the course
of the test program, each of the mini-experiments yielded a small measure of insight into the disposition of
the uncaptured acid.

The information gained during prior rel eases was used to guide the planning of the remaining releases. As
aresult, the experimental program did not follow a pre-set plan; rather, it evolved in responseto prior results
and input from the sponsoring companies.

TEST PROCEDURE

Alkylation equilibrium acid and hydrocarbon were charged from their respective storage tanksusing nitrogen
pressure to displace each liquid. Acid was transferred first in order to produce an acid continuous phase.
When the required volume of acid wastransferred, the rel ease tank agitator was started and adjusted to give
an agitator speed of about 150 rpm. Hydrocarbon wasthen transferred to thereleasetank. After therequired
hydrocarbon volume was transferred, the refrigeration loop was placed in operation. Several attemptswere
made to produce an emul sion with hydrocarbon asthe continuous phase by introducing the hydrocarbon first,
followed by the acid. The attempts were unsuccessful and hydrocarbon continuous emulsion releases were
not made.
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While the temperature control was being established, the acid recovery system was readied for thefirst run.
Each of the five capture pans was inspected to verify the drain valves were closed and no residual acid or
water remained in the pan. Theindividual weighing vesselswereinspected and the recovered acid load cells
checked to ensure proper operation. During thistime, emulsion samplesweretrapped inthe circulation sight
glassand allowed to separate. Thevolumetric ratio of each phase could be determined by theliquidinterface
position. Several samplesweretaken before each runto ensure that the emulsion in the rel ease tank contents
had reached a steady state condition.

About one hour before the start of atest, the video cameraswere placed in position and titlesrecorded. One-
half hour beforethetest, theimpinger water level swere checked and distilled water added, fresh paper placed
intheimpinger support, and theglassplates (if used) positionedinthefield. At approximately thesametime,
the impinger pumps were checked for proper operation.

Just before the start of each test, the pressure in the release tank was brought up to the desired level and the
pressure control system placed in automatic operation. When the rel ease tank pressure reached the set point,
the pressure controller was placed in automatic operation, with therel easetank vent valve slightly open. This
allowed the pressure controller to maintain pressurein an active mode, minimizing any pressure disturbance
when the release valve was opened. Simultaneously with establishing pressure control, a final emulsion
sample was caught in the sight glass. This sample was used to determine the volume fraction of acid and
hydrocarbon in the released liquid.

About one minute before atest, the video recorderswere started and confirmed to bein operation; 30 seconds
before the start, data acquisition commenced. After the release was completed, a period of 30 minutes was
alowed before personnel entered the test area. This time period allowed the captured acid/hydrocarbon to
separate, hydrocarbon to evaporate, and flammabl e and/or toxic vapor to be swept from the immediate area.
At the end of the 30-minute period, personnel would enter the test area and begin draining each capture pan
intoitsassigned weighing vessel. Aseach capture panwasdrained of concentrated acid, theweighing vessel
was moved to one of the three load cell weigh stations and weighed. After weighing, an acid sample was
taken from each vessel. While the weighing vessels were being weighed, 30 gal plastic containers were
placed under each capture pan, and the capture pans were water washed. The dilute acid wash solution was
weighed and samples were taken for later analysis. The recovered concentrated acid was placed in high
density polyethylene drums and the wash acid emptied into a2,000 gal holding tank for later neutralization.

While the acid weighing was being compl eted, the rel ease tank was prepared for the next run, i.e., changing
the release fitting, the release tank temperature, or the acid-to-hydrocarbon ratio in the release tank. When
possible, runswere schedul ed so that the required between-run changes could be made asrapidly aspossible.

ANALYTICAL PROCEDURE

During the course of the experimental program, considerabl e time and effort were spent on sample analysis.
During each releasetest, between 24 and 56 acid sampleswere collected for analysis. Periodic sampleswere
also collected from the equilibrium acid storage tanks. These samples were analyzed as rapidly as possible
in order to provide up-to-date test results to the participating sponsors. Samples of the hydrocarbon stock
were a so analyzed from time to time during the course of the experimental program.

Concentrated acid samples were analyzed by titrating with a standard sodium hydroxide solution. All
titrations were conducted to an end point shown by the color change of phenolphthalein in the solution. End
pointswere easily visible with hydroxide volume additions of lessthan 0.05 ml. The acid sampleswere pre-
pared by weight, and a minimum of three analyses of each acid sample were made. The deviation between
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individual analysis and the average was seldom larger than 0.5 percent. The error in the concentrated acid
analysisis estimated to be less than 0.5 percent.

The sodium hydroxide solution used to titrate the concentrated acid samples was prepared using chemically
pure sodium hydroxide and distilled water. The resulting solution was standardized using potassium acid
phthalate primary standard (Fisher P243-100). The phthal ate solution wastitrated using the prepared sodium
hydroxide with phenolphthalein indicator. A minimum of three samples of hydroxide were analyzed during
each standardization. Typically, the variation of any titration from the average was less than 0.15 percent.

Wash acid samples were analyzed using the same equipment as concentrated acid samples. Their acid
strength wastypically 1/40th that of the concentrated acid samples. For thisreason, larger wash acid samples
wereweighed and titrated. The sodium hydroxidetitrant solution used for this analysis was 1/20th as strong
asthe hydroxide used for concentrated acid analysis, but was standardized inasimilar manner. Thedeviation
of the wash acid titration about the average seldom exceeded 0.75 percent. Typical wash acid samples
contained visible amounts of rust rinsed from the capture pans. Occasionally, the turbidity of the sample
would make end point detection difficult. If thiswasthe case, apH meter was used as an alternate end point
indicator (end point used wasapH of 9.0). Blanks of wash water were periodically titrated to determine any
residual acid or baseinthewater. The blanks showed that the wash water had negligible effect on thewash
acid calculations. The estimated error in the wash acid analysiswas 1.5 percent. This error was acceptable
because the wash acid contained less than 5 percent of the total acid captured.

The hydrocarbon used in the experimental program was prepared by mixing pure propane, pure isobutane,
and pure normal butane with debutanized alkylate from a sulfuric acid alkylation unit. 1t was expected that
the hydrocarbon concentration would change over the course of the program due to venting of hydrocarbon
vapors, etc. Inorder to accurately determinethehydrocarbon physical properties, hydrocarbon liquid samples
were collected and analyzed using gas chromatography. The estimated precision of thehydrocarbon analysis
was 5 percent.

Thevolumefraction of acid and hydrocarbon composing each emul sion was determined by trapping asample
of the emulsion in a tubular sight glass, allowing the emulsion to separate, and reading the level of the
acid/hydrocarbon interface. The sight glass was volumetrically calibrated in place by pipetting known
volumes of distilled water into the top of the sight glass and measuring the changein liquid level. Thesight
glass was mounted on the outlet of the release tank, just ahead of the circulation pump suction. Several
measurements of a continuously circulating emulsion showed that the repeatability of the measurement was
0.5 percent.

QUANTITATIVE RESULTS

Table 2 presents a summary of all runs made during the experimental program. Based on an error analysis
that took into account thelaboratory uncertainty aswell asthe uncertaintiesin the measured processvariabl es,
the expected range of error in the resultsis+1.5 points.

The results will be compared to a“base” case release. Runs TR-05, 06, 07, 18, 22, and 32 comprised the
“base” case set of data. Theserunswere made at astorage temperature of 70°F, astorage pressure of 42 psig,
and a 1/4-inch diameter orifice. The base case releases were at conditions considered favorable to airborne
particle formation. The average acid recovery for these runs was 98.1 percent with a standard deviation of
1.1 percent. The recovery for these rel eases ranged from 99.2 to 96.5 percent.
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Thefirst threereleases (TR-01, 02, and 03) were made using equilibrium acid alone. These runswere made:
(1) totest the operation of the equipment and analytical procedures, (2) to provide aset of releasesthat should
give closeto 100 percent recovery, and (3) to determineif arelease of equilibrium acid would form airborne
particles. These runs gave an average acid recovery of 100.6 percent with astandard deviation of 0.3. The
runsindicate aslight bias of recovery over release.

The effect of release pressure was studied using runs TR-17, 25, 34, and 35. These runs were made at a
release pressure of 85 psig and consisted of both orifice and tube releases. The average recovery for these
runs was 97.4 percent (excluding TR-34) with a standard deviation of 1.0, indicating little effect of storage
pressure over the range of storage pressures. All high pressure acid recoveries fell within the experimental
range of the base case runs, with the exception of run TR-34. Thisrun, a 1/2-inch tube release, resulted in
acid falling on either side and just beyond the recovery pans. Because of the acid overspray observed during
this release, the measured recovery may be lower than what actually occurred.

Two storage temperatures were used in the testing, 70 (base case runs) and 40°F. Runs TR-11, 16, and 36
weremade at 40°F. Theaveragerecovery for the 40°F runswas 99.1 percent with astandard deviation of 0.6.
The 40°F recovery was dlightly higher than the base case runs, but within the range of the“base” caseresults
(99.6 to 96.6 percent).

Releases were made with several acid-to-hydrocarbon ratiosin theemulsion. Runs TR-14, 29, and 31, made
with emulsions having acid volume fractions of 0.329, 0.734, and 0.393, had an average recovery of 97.4
percent with a standard deviation of 0.8. There appears to be no correlation between acid volume fraction
and recovery for the acid/hydrocarbon emulsion releases over the range of acid volume fractions studied.

The effect of release geometry was investigated in runs TR-10, 15, 23, and 24. Runs TR-10 and 23 were
made with a geometry simulating aflange gasket partial failure, and runs TR-15 and 24 were rel eases made
through circular tubes. Thetubes had alength-to-diameter ratio of 28. The average recovery for these runs
was 97.4 percent with a standard deviation of 1.7. The recovery ranged from 99.2 to 95.1 percent.

Runs TR-08, 20, 21, and 33 illustrate the effect of releasing through orifice diameters from 1/32 to 1/2-inch.
These releases had an average recovery 98.1 percent with astandard deviation of 1.8. The lowest recovery
was 95.4 percent for a 1/32-inch diameter orifice, although an identical release (TR-20) gave arecovery of
98.3 percent (average recovery for both runswas 96.9 percent). The /16, 1/4, and 1/2-inch orifice runs had
recoveries ranging from 100.4 to 98.2.

Figure 9 plotsall usable acid recovery datapoints (including the acid only runs), aswell aslinesdefining one
and two experimental error bands. Figure 10 replots the data of Figure 9 on a range of 0 to 110 percent
recovery. Figure 10 shows the small deviation of the test data and the consistently high acid capture
measured during the testing.

QUALITATIVE RESULTS

During the testing, some semi-qualitative measurements were made in an effort to determine the disposition
of the unrecovered acid. The significance of these observationsis open to individual interpretation.

A cross section of the air stream at the rear of the capture pans was sampled using glass impingers. The
impingers drew air through a fritted glass bubbler immersed in distilled water. The acidity of the water
solution before and after each run, combined with the rate of air flow through the impinger, gave a semi-
guantitative measure of the amount of airborneacid. Runs TR-20, 24, 25, 34, 35, and 36 gave airborne read-
ingsinconsistent with the measured recovery. A material balance, acid recovered plusacid in the air, for all
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other runs gave an overall material balance of 100.6 percent with astandard deviation of 1.8. Data obtained
from the impinger array were downgraded in importance for several reasons. (1) the collection of asingle
large acid drop could change the results by as much asafactor of 10, (2) isokinetic sampling of the airstream
was not possible, (3) variations in wind direction could result in airborne material missing some of the
impinger array, and (4) impinger joint design made elimination of acid contamination during water collection
difficult.

During severa runs, flat glass squareswere placed on 25 foot centers over a 100 by 100 foot area downwind
of the capture pans. At the end of a run, the plates were observed and sometimes photographed. The
photographs were used to determine the quantity and size of drops falling to the ground. The glass plates
were carefully analyzed after run TR-23. For the plates on the release centerline, the mass mean particle
diameter of the settled droplets ranged from 32 to 65 microns. Thetotal mass deposited on the plates repre-
sented only a small portion of the material not collected in the capture pans.

Vertical white paper squares were placed at four locations on the impinger sample framework during most
runs, and horizontal squareswere placed on the back row of the glass plate array during selected runs(TR-31,
32, 33, 34, and 36). After each run, the paper was collected and assigned avalue for the amount of acid found
onthepaper. Thevaluesassigned ranged from"clear" meaning no observableacidto"very heavy" indicating
amost complete coverage of the paper with acid. Ingeneral, higher pressurerel easesresulted in heavier acid
spotting. Very few acid spots were found on the paper |ocated at the rear of the glass plate array (approxi-
mately 175 ft from therelease point). Drop size on this paper was considerably smaller than observed on the
impinger paper samples.

Five acid/hydrocarbon emulsion rel eases were made at night (TR-11, 18, 19, 32, 33). Theserunswere made
so that flash photography (TR-32, 33) and high intensity light beams (TR-11, 18, 19) could be used to deter-
mine the amount and content of any airborne materia in the immediate area of the release. The flash
photography showed areas downwind and above the release point that contained airborne material. These
particles were also observed during the daytime runs, although the extent of their travel could not be easily
determined. The particle density appears higher in the photograph of the 1/32-inch release (TR-33) thanin
the 1/4-inch release. Some of this airborne material is suspected to consist of acid film/hydrocarbon core
bubbles. These "acid bubbles’ may have been formed as the hydrocarbon in the emulsion flashed at the
surface of thereleasejet. Some bubbles may have been formed as the hydrocarbon in the captured emulsion
vaporized and formed a frothy acid/hydrocarbon vapor mixture. The acid/vapor froth lasted for several
minutes after each release.

DISCUSSION OF RESULTS

The range of temperature, pressure, and acid-to-hydrocarbon ratio studied in these tests encompassed the
operating range found in sulfuric acid alkylation units. Within these conditions, the average recovery of
released acid was 97.6 percent. The range of acid recovery was 92.5 to 100.4 percent. The variation in
recovery caused by changesintemperature, pressure, acid-to-hydrocarbonratio, orificesize, or rel ease geom-
etry wassmall and generally within the experimental error of the measurements. Run TR-34, thereleasewith
the lowest measured acid recovery, had considerable acid loss due to overspray. The acid recovery results
of this release should be considered suspect for that reason.

Small bubbles thought to be composed of athin layer of acid covering a core of hydrocarbon vapor were
observed during many of the releases. These bubbles floated freely in the ambient air and, upon their
collapse, could form asmall liquid particle of acid. The existence of the acid bubblesisclearly showninthe
flash photographs taken during the night runs TR-32 and 33. The 1/32-inch release resulted in an airborne
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cloud of higher particle density than the release using a 1/4-inch orifice. This is most likely due to the
increased surface area-to-volume ratio present in the smaller diameter release.

The disposition of the unrecovered acid was difficult to measure. Possible explanations for the acid loss
were: (1) splashing of acid drops outside of the capture area, (2) formation of acid/hydrocarbon bubbles,
and/or (3) formation of liquid airborne acid particles.
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DISCLAIMER

Care should beusedininterpreting the results of thisproject (PERF 91-09). Theseresultshave been obtained
using an experimental setup and may not be entirely applicable to all possible conditions that may be
encountered in an industrial facility.

Theinformation inthispaper should beinterpreted carefully, and each reader isresponsiblefor drawing their
own conclusions regarding the results contained within the paper.

Neither the sponsorsfor thiswork nor their contractors accept any legal liability or responsibility whatsoever
for the consequences of its use or misuse.
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