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EXECUTIVE SUMMARY

The present inventory of military obscuration smokes includes the oil
fogs generated by the thermal evaporation and condensaticn of SGF-2 hydro-
carbon oils. The field operation employs a gasoline powered M3-A3 fog gen-
erator which uses about 1 gallon of oil per minute to generate a dense aerosol
cloud. The present study has been concerned with the characterization of the
fog 0il and the product fogs to determine the particle size and physical sta-
bility of the product fog and also to identify both oil and oil fog compo-
sition of possible biological significance.

Fog 0ils from three different sources and three fog generators were used
in the tests. 0il1 fogs were generated with all nine oil-generator combina-
tions and samples were collected for particle size determination, aercsol
aging and chemical composition.

The physical appearances of the three o0ils varied considerably from clear
light amber to dark black-brown. All three oils contained very small traces
of copper and zinc at the parts per billion level, 40 ppb of finc and 20-100
ppb of copper. The o0il densities were in the 0.89-0.93 g-m1~ range.

The o0il fogs were generated using the recommended military procedure. A
fraction of the aerosol in the exhaust was collected for chemical analysis. A
second fraction was led into a 14 cu.m. (512 cf) cubical holding tank for
aging studies. The remainder of the aerosol was incinerated.

Varying the generators appeared to have little effect on either the phys-
ical or chemical properties of the aerosols; additionaly the physical proper-
ties of the aerosols were not greatly altered from one 0il to the next. An
average initial mass diameter for all o0il fogs was 1.16 um with a standard de-
viation of 0.14 ym. The size distributions were all close to log normal and
the particle content above the 10 um size was negligible. A number count ass-
essment indicated a bimodal distribution caused by a high level of very small

ii

——y




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY. ‘




IR g e

cun GEN BN MR B omw ey ey e

093 4 05
4. TITFE (-\d Submh) R . . ER'OD_EE.VERED
@} BHYSICAL AND Q—iEMICAL CHARACTERIZATION OF Final Re

MILITARY SMOKESs = - Octelwr ¥78-Feb @80
E RTTI E GQILS AND OIL FOGS
Y RRée) S‘\dne_y atzm.@ A.[anm—é‘ﬁ ‘ G./-SB.NTRACT OR GRANT NUMBER(s)
ut]er:—/‘éalm ﬁgr]ow)’koger delk er (?7
panatfRa eI Ph.D. S tephen MaThei DAVD17-78-C-8085/

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMEN QJECT, TASK

11T Research Institute REA °/ UNIT NUMBE RS

10 West 35th Street

Chicago, IL 60616 62777A-3E162777A846p 00+ 020
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE pErREAD INSTRUCTIONS
Y. REPORYT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

———

Army Medical Research and Development Command )
Fort Detrick TUNE 980

: 7D
Frederick, Maryland 21701 " "“"Ef ':?:%’m“ [_@_

4. MONITORING AGENCY NAME & ADDRESS(If ditlerent from Controlling Office) 15. SECURITY CL ASS. (of thias report)
U.S. Army Medical Bioengineering, R&D Laboratory
- SGRD-UBG
Fort Detrick 52, DECLASSIFICATION/ DOWNGRADING
SCHEDULE

Frederick, MD 21701

— e R ———
F————.___——_—.—.——.—.—_‘———-'——E——"
16. DISTRIBUTION STATEMENT (of thie Report)

~rproved for public release; distribution unlimited

17. DiSTRIBUTION STATEMENT (of the sbatract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

\

19. KEY WORDS (Continue on reverse gide if necessary and identify by block number)

smoke, screening smoke, obscuring smoke, oil fog, oil fog generation, foq oil
composition, oil fog composition, oil fog stability, gas chromatography,
analysis, mass spectrometry analysis.

20. A TRACT (Continue an reveres side f neceesary and /dentify by block riumber)

his report describes a study of U.S. Army SGF-2 Fog 0ils and the
corresponding 0i1 Fogs using the Army M3-A3 Fog Generator to produce the
fogs. The investigation included studies of the generation process, physical
and chemical analysis of the oils and their foqs, and observations of the
fog stability and persistence. It was noted that fog oil compositions varied
from source to source and that this was reflected in the fog compositions.
The generators did not appear to contribute significantly to fog variations.

—P M9<+

P

FORM
DD , 1473  EDIMION OF ! NOV 68 1S OBSOLETE L

JAN 7
-~
//"/ -
-

|

SECUMTY CLASSIFICATION OF THIS PAGE (When Date Entered) / .




UNCLASSIFIED

SECURITY CLASSIZFICATION OF THIS PAGE(Whan Dete Bntered)

conl-

—

- - “ '
ArAas !

é

Block 20 (cont.)

bThe fog oils and the fogs contained almost equal amounts of aljphatic and
aromatic hydrocarbons with acids, alcohols and esters at the l%ge«eeﬂt level
or less and nitrogen derivatives in the parts per million range. Both the
oils and their fogs proved to be too complex for complete chemical resolution
by gas chromatography and mass spectrometry. Of the several hundred identi-
fiable chemical species, aliphatic hydrocarbons were in the Cgp - Gzp range.
The observed aromatics included one- through four-membered ring structures:)

< The fogs were examined to determine size and stability. Size determin-
ations indicated a mass median diameter of 1.16mwith a standard deviation

_£ULJLJ£ngﬁ7'”On the basis of single particle counting, a bimodal distribution
T was observed with high levels of submicron particles. The aerosols were

relatively stable; after aging for one hour, typical systems showed median
particle size increases of the order ofglg’ééfeent with a decrease in the
mass of suspended particles of about 30”p€reent.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Deta Entered)




particles in the low submicron region. Aerosol aging consistently involved
particle growth caused by collision, accompanied by a decrease in particle
concentration, although median particle growths rarely exceeded 10% over a
one-hour interval.

Chemical analysis of the oil fogs was based or liquid and gas chroma-
tography fractionation and gas chromatography and mass spectrometry identifi-
cation. The gas chromatography traces consistently indicated the presence of
very large numbers of unresolved components with a relatively small number of
identifiable structures. Initially the oils and 0il fogs were separated into
class fractions of aliphatics, aromatics, alcohols, acids and esters. The
aliphatic and aromatic fractions predominated in both the oils and the fogs,
at 95-99% of the total,with aromatics and aliphatics in near equal amounts.

In general, the aliphatic, aromatic and ester fractions of the oil fogs appear
to paraliel the parent 0il compositions, suggesting only moderate alteraticn
in the fog-forming processes, with however, a tendency toward a slightly in-
creased aromatic content in the oil fogs.

The aliphatic fractions contain identifiable straight and branched chain
saturated hydrocarbons in the C;,-C;, range, The aromatic fractions were in
a similar molecular weight range but many more species were identified in-
cluding substituted benzenes, naphthalenes, anthracenes, phenanthrenes,
fluorenes, phenalenes, ionols and others. No cyclic structures beyond tetra-
cyclic groups were observed ameng the identifiable compounds.

A considerable number of nitrogen base materials was identified in the
0ils and o0il fogs, including quinoline, benzoquincline and indole derivatives.
It should be noted that these nitrogen compounds are present at parts per mil-
lion levels.

It must again be stated that the several hundred species identified with
reasonable assurance are only a small fraction of the total number which were
resolved but not identified or which could not be detected against the mas-
sive background of unresolved material.

The high aromatics contents of both oils and oil fogs, approximately 50%
of the total, may represent a potential hazard.
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FOREWORD

This report on the physical and chemical characterization of o0il fogs
and their precursor 0ils is the second in a serjes of investigations of mili-
tary smokes. This investigation was started on October 1, 1978 and the ex-
perimental work was completed on February 29, 1980.

Other studies in the series include the Physical and Chemical Character- -
ization of Hexachloroethane Smokes, completed on May 31, 1979 and the Physical ‘
and Chemical Characterization of White Phosphorus Smoke, presently in progress.
These studies are phases of a program titled "Physical and Chemical Character- [
ization of Military Smokes," U.S. Army Contract No. DAMD-17-78-C-8085 .

Citation of trade names in this report does not constitute an official
Department of the Army endorsement or approval of the use of such items.

The close cooperation of Mr. Jesse J. Barkiey, Jr. of the U.S. Army Med-
ical Bioengineering Research and Development Laboratory is gratefully acknow-

ledged.
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1. INTRODUCTION

This investigation is a study of a number of military obscuration smokes
currently in the inventory of the U.S. Army. The investigation consisted of
the examination of the generating materials, the generating process and the
physical and chemical properties of the product smokes. Since physiological
consequences of smoke exposure are believed to be primarily a result of in-
halation, interest in the product smoke has been Timited to particle sizes
below 10 um.

—

s .")

{Part 1 of this serjes, dated January 1, 1980, was a report on smokes pro-
duced by the Army HC smoke generator in a process involving the thermal inter-
action of hexachloroethane, zinc oxide and aluminum.

The preseht report, Part 2 of the series, describes an investigation of
0il fogs.

0il fogs are formed by the thermal evaporation of hydrocarbon o0ils and
the subsequent condensation of the vapor to form a fog. Physical character-
ization of the fog involved its generation followed by successive sampling to
determine the size distribution and the number concentration of the smoke par-
ticles as well as the effects of aging, concentration and variations in the
generation process. Chemical studies were used in attempts to identify repre-
sentative members of the vast number of constituents of both the o0il and the
fog and where possible, to identify possible hazardous matarials. As noted
above, sampling was limited to particle sizes below 10 um.

The standard oil fog generator yields a very large volume of oil fog.
Initial experiments were conducted in a remote rural area. Several probliems
arose including the severe environmental consequences of the generation even
far from the urban environment. 1In addition, the heated vapor and smoke rose
rapidly in a manner that made sampling very difficult and almost certainly




of dubious reproducibility. It was therefore decided to conduct all subse-
quent experiments in a controllable laboratory environmenrt,

2. CONCLUSIONS

2.1 Fog 0i1 Compositions

The fog oils were all almost pure hydrocarbons, predominantly mixtures
of aliphatic and aromatic components in almost equal amounts with small amounts
of alcohols, organic acids and esters and very small traces of organic nitrogen
derivatives. Aliphatic hydrocarbons were in the C,,-C,» range and aromatics
consisted of one- through four-member rings, also in the Cy,-C,, range. A1l

oils contained traces of copper and zinc, the former near 40 ppb and the lat-
ter varying between 20 and 100 ppb.

The oils were physically distinct ranging from 1ight yellow to almost [
black with densities between 0.89 and 0.93 g ml.

2.2 Reaction Products

The generated aerosols were very similar in composition to their parent
oils and indicated very little dependence on the different generators.

The aerosols from all sources and generators were closely similar on a
" weight distribution basis with a 1og normal distribution and a mass mean size
of 1.16 um and a standard deviation of 0.14 ym. Over a period of about ore
hour, the median sizes increased very slightly, ranging from virtually no
increase to as much as 50%, and averaging about 12%.

On a number basis, the size distributions were bimodal with very large
numbers of particles in the submicron range below 0.08 um, the Tower limit
% of the counter. These large numbers represented a very small fraction of the [
total aerosol weight.




3. OIL FOG GENERATION

3.1 Fog Qils
The fog o0ils used in this study are designated as “petroleum oil for use
jn mechanical smoke generators" of the class Type SGF-2. Thev are described
i in Military Specification MIL-F-12070A*, The chemical and physical standards
are given in Table 1.

Three lots of fog 0il were used in the investigation. Each Tot was de-
livered in two steel drums, They were jdentified initially as SGF-No. 2 Lots
No. 1, 2 and 3. Initially each drum in a Tot was characterized by the desig-
nation 1-1, 1-2, etc., but this differentiation was discontinued when the oils
from each source were found to be indistinguishable in all tests. The oils
are identified by producer and identification code in Table 2.

3.2 011 Fog Generators and Fog Generation

Three U.S. Army M3A3 fog generators were supplied to IIT Research Insti-
tute. They are listed and described by serial number in Table 3. Each gen-
erator was equipped with a tool kit and spare parts, principally replacement
butterfly valves. Figure 1 shows the fog generator and Figure 2 shows the
generator controls and the three exhaust nozzles from which the smoke
emerges.

The M3A3 smoke generator consists of a small gasoline powered ram jet
engine. The fog oil is metered into the exhaust manifold of this engine at a
predetermined rate partially controlled by a manually operated valve. The
heat of the exhaust vaporizes the o0il and ejects it through the three nozzles
shown in Figure 2 into the atmosphere where rapid condensation of the cil to
dense fog occurs. The U.S. Army demonstrated the operation of the smcke gen-
erator to IITRI personnel and provided copies of the "Operator and Organiza-
tional Maintenance Manual Generator, Smoke, Mechanical, Pulse Jet, M3A3,"

*Appendix 1. Fog 0il Military Specifications
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TABLE 1. PHYSICAL AND CHEMICAL REQUIREMENTS FOR
TYPE SGF-2 FOG OIL

Property Max imum Minimum
Flash point, °F (°C) - 320 (160)
Viscosity, Saybolt Universal,
at 100°F (38°C), sec. 110 100
Carbon residue, Conradson, ¥ 0.1 -
Neutralization number 0.1 -
Pour point, °F (°C) -40 (-40) -

TABLE 2. SGF-2 FOG OIL SOURCE IDENTIFICATION

ITTRI Lot No.

1 2 3

Source

Source Lot No.

Batch

Date

Delta Petroleum Co. Witco Chemical Co. Phipps Product Corp.

- DLA 600-78-C1088 DLA 800-78-C-1087
3580 8050 78208
May 1978 May 1978 May 1978

TABLE 3. M3A3 OIL FOG GENERATORS

IITRI Identification Government Identity Number
Generator Serial No. Tag Serial No.

A Us 1500 4 M3A3-1722 EUR 800 535

B uS 150G 5 M3A3-1305 EUR 800 364

C Us 1500 6 M3A3-1278 LUR 800 472
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Department of the Army Technical Manual, TM-3-1040-202-12. Except where othor-
wise noted in this report, the M3A3 generators were operated in the desianated
"“normal mode", usina about 40 gallons of fog oil and 3 gallons of gasoline per
hour.

3.3 Experiment Designation

The experimental program required a comparison of the oil fogs Fformed by
each 01l in conjunction with each generator. Thus a minimum of 9 cil-fog qen-
erator combinations were required. Each run was designated by a sequential
run number and was further identified by the oil batch number and the gener-
ator letter. For example, the run designated No. 1 (B-2) was the first run of
the series, and invelved Fog 0il No. 2 and Generator B.

0il Fog Generation Field Test

Preliminary field tests were conducted at IIT Research Institute's Kinas-
bury "field" facility to evaluate equipment performance, to study tnhe smoke
cloud and, hooefully, to obtain some preliminary data.

The field tests were made using Fog 0il Lot No. 1 and Generator B. The
first test was on December 18, 1979, a winter day with overcast sky and 2°C
temperature. The cloud was very large but it lifted rapidly and attempts to
sauple at a station about 200 yards downwind failed.

The following day the test was repeated and the cloud was sampiea with

a Royco ootical particle counter and an Anderson impactor. A small amount of
5 .y foa nateria) was detected but nothing larger. It was evident that the
particle content of the foa in the 10 .m and larger range was negligible.

The 011 fog cloud formed during the December 16 field test, is shown in

Figqura 3.

0il Fog Dispersed

It was not considered feasible to conduct the experimental program in
open terrain because of the instability of the field environment, both for
srobe generation and sampling. The large quantities of fog produced in the
“ield smphasized the maonitude of the fog disposal problem that would be en-
reuntered in the laboratory.




Figure 3.

(i1 Fog Generation




Urnder normal operatinu conditions the M3AJ generator converts about 2/2
9allon of 0il fog per minute into a highly visible dense wnite cloud. Ir
arder to sample a tvpical foc for analytical purposes., it was deemed desirshle
ré allow the smoke generators to attain thermal equilibrium. Preliminary
tests in which a thermocouple was inserted a distance of about 2 in. into one
ot the fog generating nozzles indicated steady temperature conditions after
approximately 10 minutes of operation. Assuming that an analvtical samplinc
period of 10 to 15 minutes was necessar-, a minimum of about 13 gallons of ¢il
would be converted to fog and would have to be dispcsed of in an acceptable
manner.,

The 0il foq disposal problem was the subject of a detailed study. The
preliminary particle size measurements made on the 0il fog generated at the
Kingszbury Ordnance facility indicated a mean particle size considerably less

than 5 .m and theoretical considerations led to similar conclusions.

The possibility that a filter/impaction coilection technique mioht he
suitable was considered even thaugh the sheer volume of material involvec

might present a problem. Discussions with several ingustrial sunpliers of

narticle air filtration systems indicated that this approach mignt bhe viable.
Arranacements were made %o obtain on loan, pending proof of satisfactory oper-
2tion. ot a large capacity industrial 8alston Filter Unit. A few short dur-

ation trial runs with this unit connected to the smoke gererator showed less

than satisfactory operation and after a total rurning time of less than 5

minutes the filter units were plugged, restricting air flow through the unit
adlmost completely. !

In 1ight of the above experience the filtering concept was abandoned and
a decision was made to burn off the excess o0il fag in a iarge incinerator
rated at 7 x 10" BTU/hr situated in an open area 30 meters from the aerascl
chamber lahoratory. The room air conditionina ducting system was modified to
carvy the oil fog from the aenerator to the incinerator. Some preliminary
tests involving abeut 2 minutes of generator operation indicated that the in-

cirerator was able to burn off completely the smoke generator's outout.

dUntortunately, on the ¥irst full scale test an axplosioa occurred causing

noderate damaae to the ducting sys:iem and blowers. The cause of the exnlnsicn




was nct ascertained with certainty but considerahle fog was observed swirling

around the heated parts of the smoke generator and it seemed possible that the
exhaust blower capacity may have been inadequate for its remcval, and that the
ignition might have started in this way. It was established that ignition had

not occurred at the incinerator with the flawe front traveiling back down the
ducting to the generator area,

Although the incineration approach itself was feasible,modification of
the building's air conditioning system to increase its bleower capacity to en-
sure that no 0il fog would contact the hot parts of the smoke generator would
have been a substantial undertaking. Based on cost and safety considerations
it was deemed preferable to move the smoke generator with its own bicwer and
ducting system as close tc the incinerator as possible. A blower of 450 cu
ft min"! was found adequate to handle the generator's smoke output. This ap-
proach was implemented successfully. A schematic drawing of the arrangement
is shown in Figure 4.

Fog Collection for Analytical Procedures

a. General

With the arrangement feor disposal of the oi% fog aerosol frem the M3A2
generator rescived, it was possibie to run the generators for an indefinite
period of time. Tc collect 0il fog samples for the chemical and physicai
characterization of the aerosol, the generators were run under standard onar-
ating conditions until steady temperature conditions were at:taired in the ex-
havst manifold of the generators as indicated by a thermocoupls inserted into
one of the three fog exhaust nozzles. A total of twelve ruprs were made. In
all experiments but cre, Experiment il, thermal equilibrium was attained in
less than 10 minutes with a mean operating tempereture of 375°C. A1l temp-
eratures are included in the tabulation of all runs in Table 4.

In Experiment MNo. 11, a generator was deliberately run under conditions
designed to increase the normal operating temperature. This was done with
the object of magnifying any effects that the generator operating temperature
might have on oil degradation or arrosol size characteristics. The increase
in operating temperature was achieved bv reducing the rate of fog oil feed to

10
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TABLE 4. AEROSOL GENERATOR EXHAUST TEMPERATURES. THERMOCOUPLE
PROBE INSERTED ABOUT 6 IN INTO GENERATOR EXHAUST

Experiment Generater Time to Average
No. - 011 equilibrium, min. temperature, C
1 B-2 7% 350
2 E-1 8 375
{ 3 B-3 9 360
! 4 8-z 6 359
5 -2 4 390
6 c-1 3% 371
7 C-3 4 37C
g A-3 6% 399
9 A-2 6 380
10 A-1 6 366
11* B-1 5 572
12 B-1 5 410

* High temperature experiment
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the generator, and reducing the gasoline supply to the ram jet motor. The re-
sulting operating temperature was 572°C, almost 200> higher than the average
of the other 11 "normal” runs.

b. Sampling for Chemical Analysis

To obtain analytical sampies, the oil fog was collected using a simple
impaction filter technique. A "high volume" filter pump (approximately 50 cu
ft min ~!) was used to draw a sample of oil fog from the manifold on the low
pressure side of the blower connected to the incinerator, (Fig. 4) through a
5 1iter glass flask packed with glass wool. To keep the collection fiask cool
it was set in a bucket filled with ice. With this arranagement, between 50 and
100 cm® of the 0il was collected in 10 minutes. The o0il in the flask was tnen
subjected to the analytical procedures to be described shortly.

c¢. Sampling for Aerosol Analyses

The original intent in the program was to use IITRI's 6 meter (18 ft)
diameter spherical chamber to contain the o0il fog aerosol for particle size
measurements. However, the arrangements necessary for disposal of the excess
0i1 fog precluded use of this facility. Instead a "mobile" aercsol holding
tank was constructed, consisting essentially of a 2 meter cubic wooden stric-
ture mounted on casters. This holding tan¥ was moved close to the smoke gen-
erator and was connected to the up stream side of the plower unit for collec-
tion of the aerosol sample via a valved duct of 5 cm diameter. A small suc-
tion blower attached to the chamber provided the necessary negative pressure
required for sample collection. As in sample colliection for chemical anal-
ysis, aerosol was sampied after attainment of thermal eguilibrium in the
smoke generator exhaust manifold. An aerosol sample was collected by orening
the sampling valve for about 1 sec. The holding tank was then disconnected
from the generator and was moved into an adjacent building for eserosol par-
ticle size analyses. Elapsed time from sample collection *o0 the start of
aerosol measurement was approximately 3 minutes.

Table 5 is & generator-fog oil matrix correlating the experiments with
the corresponding M343 generator and fog oil.
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TABLE 5. FOG OIL EXPERIMENTS

M3A3 B Fog 0i1 _
Generator 1 2 3 :
A 410 49 #8
B 425 #11; #12 #1, 44 #3 ] :
C 46 #5 47
|
14
1,
— g e i
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4. CHEMICAL ANALYSIS

4.1 Discussion

The chemical analysis of natural hydrocarbqp 0ils is a problem of extreme
complexity. Even relatively simple 0il fractions may be composed of many
thousands of species. In the present investigation it was of interest to iden-
tify potentially toxic or hazardous constituents. These might be, for example,
polycyclic aromatic hydrocarbons or their derivatives.

The analytical procedures were similar for both the o0ils and their deriv-
ative fogs. The methods used are described as follows:

1) separate the 0il or oil fog sample into classes using either

chemical separation or liquid chromatography or a combination
of both,

2) analyze the resulting fractions using high resolution gas
chromatography,

3) analyze selected fractions by gas chromatography/mass spec-
trometry, and

4) subject the oils and fogs to gel permeation liquid chroma-
tography to determine size distribution.

This method is summarized as a flow chart in Figure 5. The details of the
chemical analysis are presented in the following sections.

4.2 Sample Preparation

The 0ils were withdrawn from their metal containers and were delivered
to the laboratory with no prior preparation.

The 0il fogs were received for analysis as liquid condensates on glass
wool in 5 Titer glass round bottom flasks. Each oil fog was separated from
the glass wool by three successive extractions with 300 ml alicuots of methylene
dichloride, CH2Cl,. The extracts ware combined and the solvents were removed
with a rotary evaporator. Prior to liquid chromatographic fracticnation the

oils and oil fogs were filtered using a Millipore Corporation filter with
0.2 um pore size.

15

g m s




SISAIVNY TVIIW3IHZ 30 LMVHD MO1s 6§ bBig

(s3/0wWog Pairvag)
AJidwo01329dS SSOWN

Aydosbojpwosy) soD uosinjosay ybiH
. w * a Yy
“ - e oL _||_||ilu‘|hhu..:.‘: e ———— _ !
! - .o ( 0 _ X K
. ﬁ — I == S ‘ ! - i
- ]
uoIjon1y JOI42DI - , uoi§zo0u uctyotu= VoI j2DL4
ueNIDIs _ uoiia044 U001y Jtjpwoly J1pWwoYy i :v;um“.u 21pWwouy Jubwoay sasog
LIEL | utouedny, RLLEN 3PP isig _ doudiiv 1531403 K Aroan | JahoadIN
i

L il  S— e B f

_r .Ill‘lll_ — _ 1 T —l i 122
_ ; _ ki
UOHiDUOI D044 $SOY) Aydoboiowosy) '
Aydo.ibosowoiyd pinbil pinbey
AJ0|1DiDdd4yd
—2 1
bo 4
10 uo1}304 4
21 pwo.sy
¥
1
uoaaioD H ﬁ
q toy
s uotjpsoda s o
a — > 1921weyd
AydouBojowoiy) -_o_.%h“:so
uolDeWIRYg

189 4

¢ 1

o
6o 4




4.3 High Pressure Liquid Chromatography Class Fractionation

Compound class fractionation was performed by normal phase high pressure
liquid chromatography (HPLC). This was accomplished by utilizing the Waters
Associates Liquid Chromatograph, described in Table 6. The mobile phase
flow rate was 2 ml/min at ambient temperature. The mobile phase, Burdick
and Jackson solvent, was initially n-hexane but after 8 minutes a linear
gradient was established with the second solvent consisting of ethyl acetate/
methanol/benzene in the volume ratio 50/25/25. The gradient was set so as to
achieve 80% of the second solvent in 1 hour, however, after 31.5 minutes the
gradient was interrupted and the mobile phase was switched to 100% of the
second solvent.

For each run 200 ul of oil or 0il fog were injected into the HPLC using
a 250 i:1 Precision Sampling Pressure Lock syringe. 2 pl fractions of the
elutant were continually collected up to a total of 30 fractions. The 3lst
fraction was collected until it totalled 20 m1. At that point each run was
terminated.  During the run, the elutant was monitored by both the absorbance
detector (set at 254 nm) and the refractometer. The detectors were connected
in series, with the absorbance detector being the first to "see" the elutant.
Using this system the chemical classes were separated and given initial
classification as foilows:

Fraction Class
4-6 Aliphatic
4-10 Aromatic

19-22 Ester
26-28 Alcoho?
31 Acid

After fractionation and collection, each fraction was blown down with
a nitrogen stream until all of the solvent was evaporated. At thic point the
fractions were weighed using the following method. First, the fractions were
examined visually and those containing the largest amounts of material were

17




TABLE 6. HIGH PRESSURE LIQUID CHROMATOGRAPH (HPLC)

Units: Waters Associates Model 244 HP Liquid Chromatograph,

Modules: Model 6000A Solvent Delivery System (2 units).
Model 660 Solvent Programmer.
Model 440 Absorbance Detector.
Model R401 Differential Refractometer.

Columns: 25 ¢m x 6.2 mm I.D., 10 um particle size and '
60 A pore size Lichtrosorb column,




——

diluted with 1.0 m1 of CH, Cl,. The remaining fractions were diluted with

100 111 of CH,C1,. Second, weighing pans were constructed cut of one inch

square sections of aluminum foil The pans were rinsed with CH.Cl. and dried
thoroughly before use. Third, a pan was selected and weighed on a Mettler
balance. Immediately after weighing, one quarter of the volume (either 25 or
250 ul) of the fraction to be weighed was removed with a Hamilton syringe

and placed in the pan. The CH,C1, was allowed to evaporate, the pan was
weighed again and the weight was determined by differences. Lastly, the
measured weight was multiplied by four to give the total weight of the fraction.

In Tractions 4, 5 and 6 both the aliphatic and aromatic components eluted.
In order to separate the two classes it was necessary to repeat the separation.
To accomplish this the Tiquid chromatograph was set up as before with the
foliowing two exceptions: First, no gradient was necessary and the separation
was accomplished isocratically using hexane as the mobile phase. Second, the
chromatograph was operated in the recycle mode in order to pass the components
through the column as many times as necessary to achieve separation. For
these runs 20 -ul volumes were injected using a 100 ul Precision Sampling syringe.
In the case of Fraction 6, not enough materia® was present to proviae for a

20 ul injection so the fraction was diluted to 20 ul using hexane. 7o achieve
separation of the aliphatic and aromatic components it was never necessary

to recycle the samples through the column more than twice. Once the components
were deemed separated they were collected, blown down, and weighed as described
previously. The aliphatic and aromatic components of Fractions 4-6 were
designated -A and -8B, respectively {(e.g., 4-A, 4-B).

4.4 Chemical Separation, Liquid Chromatography - Heavy Aromatics

The 1iquid chromatography technique described previously did not yield
a large eriough quantity of heavy aromatics to provide for good chemical char- 3
acterization. To correct this situation it was necessary to extract the :
aromatics chemically from a comparatively large volume of o0ii or condensed
0il fog, and then separate the heavy aromatics using preparatory liquid
chromatography.

To initiate the chemical separation, 30 ml of the oil or condensed ojl
fog was dissolvea in 75 ml of n-pentane and then extracted three times with

19




105 ml portions of dimethyl sulfoxide. The dimethyl sulfoxide extracts were
then combined in a large separating funnel followed by the addition of 300 =1
of Millipore Milli-Q purified H.0. The aromatics were then extracted twice
from the dimethyl sulfoxide/aqueous mixture using two 600 ml portions of n-
hexane. The extracts were combined, concentrated tc ~5 ml using a rotary
evaporator, washed three times with 5 ml portions of Milli-Q water and dried
over anhydrous Na.S0,. The resulting aromatic fraction was then blown down
with nitrogen to remove the solvent and filtered with a Millipore 0.2 Lm pore
filter. This extraction procedure would typically yield an aromatic extract
with a volume of 1 to 3 ml, the volume depending on both initial aromatic
content and extraction efficiency.

At this point, the extract was subjected to preparatory liquid chroma-
tography in which two late fractions were collected to obtain the heavy aro-
matics. For this purpose the Dupont Liquid Chromatograph described in
Table 7 was used. The chromatograph was run isocratically witnh n-hexane
as the mobile phase. The flow rate was 28 mi/min. For each run

400 ul1 ot extract was injected using a Precision Sarpling 1.0 ml syringe.
Collection was begun 21 minutes into the run. At an elapsed time of 27
minutes collection of the first fraction was terminated and collection of

the second fraction was initiated. Collection was stopped at the end vf the
run which was allowed to proceed until the detector trace showed a flat base-
Tine (usually about 60 min elapsed time). The collected fractions were
concentrated using a rotary evaporator and were then blown down with nitrogen
to evaporate the remaining solvent. Unlike previous fractions, these fractions
were nol weighed as uncertainties in both extraction efficiency and reproduc-
ibility precluded meaningful quantitative significance. The first fraction
in eazh run was designated DMSO-1 and the second fraction DMSO-2.

A mixture of henzene/napthalene/anthracene in the approximate ratio of
1:1:1 was injected into the chromatograph under the same conditions as 'he
0ils and o0il fogs. Anthracene was the last component to elute with a retentien
time of 19.5 minutes. This indicated that fraction DMSG-1 contained aromatics
with more than three rings with DMSO-? containing even larger aromatic aroups.

20
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TABLE 7. PREPARATORY LIQUID CHROMATOGRAPH

Unit:

Modules:

DuPont Model 830 Liquid Chromatograph.

254 ym UV absorbance detector.

Columns: 50 cm x 20 mm i.d. packed
with 10 um Spherosil. (2
columns in series)

21




4.5 Chemical Separation - Nitroyen Bases

Chemical separation of the nitrogen bases was achieved using the following
extraction technique. 10 ml of o0il or condensad 0il fog ware dissolved in
250 m1 of CHC1; and were extracted three times with 200 m! of 0.5 N HC1. The
extracts were combined and washed once with 250 ml of CHCl;. The aqueous
acidic extracts were then made basic to pH 11 with 2.5 N NaOH and extracted
three times with 250 ml of CH,Cl.. The combined extracts were dried over
Na.CO,, filtered, concentrated with a rotary evaporator and finally the solvent
was evaporated using a stream of dry nitrogen. As with the heavy aromatics
these fractions were not weighed because of the many uncertainties in separation
reproducibility.

4.6 High Resolution Gas Chromatography

A1l fractions obtained from liquid chromatographic and chemical separaiions
were analyzed using high resolution capillary column gas chromatography. This
was accomplished with a Hewlett-Packard Model 5840 A chromatograpn equipped
with a flame ionization detector and a capillary column carrier gas inrlet
system described in Table 8. The inlet system was operated in the "splitless”
mode for greater sensitivity. 1In this mode the ~issolved sample is injected
intc a hot (180°C) injector block from which the column protrudes into a ccol
(30°C) column oven. After injection the components of the zample with high
boiling points condense into the column while most of the sclvent remains in
the vapor phase in the injector block. After a designated time perind valves
are switched to allow the vaporized solvent to be flashed from the injector
into the atmosphere. During this time the carrier gas pressure is maintained
at the head of the column to insure that carrier gas flow down the column re- I
mains continuous and stable. With this system virtually all of the scmpie ends
up in the column while a large portion of the solvent is purged away. The ! L
"splitless" system was particularly suitable for the oil/fog analysis as all i
of the components were high boiling o0ils.

The aromatic, aliphatic, nitrogen base and ester fractions were analyzed

under the conditions described in Table 8-A and the polar aicohols and acids L
as described in Table 8-B.




TABLE 8. HIGH RESOLUTION GAS CHROMATOGRAPHY UNIT
HEWLETT-PACKARD MODEL 5840 CAS CHROMATOGRAPH

A.

Analytical Procedures for Aliphatics, Aromatics, Nitrogen Base and Ester Fractions

Column = 12 wmeter x 0.2% mm I.0. glass capillary column
coated with SE-30 {chrompak)

Carrier Flow = 1.0 ml/min (He)

Purge Flow = 30 mi/min {He)

Make-up Flow = 24 ml/min (He)

Injector Temp. = 180°C

Detector Temp. = 280°C

Oven Temp. = 30°C for 7 min, program at 30°C/min for 3 mins,

then program at 6°C/min to 270°C, nold until
elapsed time reaches 60 mins.

Purge Initiation = 2 mins after injection

8. Analytical Procedures for Polar Alcohnl and Acid Fractions

Column = 25 meter x 0.2 mm 1.D. fused quartz capilliary
column coated with Carbowax 20M (Hewlett-Packard)

Carrier Flow = 1.0 mi/min (He)

Purge Flow = 30 ml/min (He)

Make-up Flow = 24 m1/min (He)

injector Temp. = 180°C
Detector Temp. = 275°C
Oven Temp. = 30°C for 7 mins, program at 30°C for 3 mins then

program at 5°C/min to 225°C, hcid until elapsed
time reaches 60 mins.

Purge Initiation = 1 min after injection

Three standard mixtures were prepared for the purpose of determining
the retention times of characteristic compounds under the analytica’l conditions
empioyed. These standards also served the purpose of periodically checking
instrument performance and reporducibility. The compositicns of these stan-
dards are listed in Table 9. The normal hydrocarbon standard was used in
conjunction with the SE-30 column while the alcohel and acid standards were
used with the Carbcwax 20M column.

Before gas chromatographic analysis, the ester fractions were combined
into one fraction as were the alcohol fractions. Althougn both the esters
and aicchois were collected over several fractions, no resolution was observed
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TABLE 9. COMPOSITIONS OF STANDARD MIXTURES
USED IN GC INSTRUMENT CALIBRATION

Standard Hydrocarbon Mixture in n-hexane

n-CioHa2> 104 wug/m?
n-Ciz2H26 101 vaq/ml
n-CiuHig 104 yig/ml
n-CieHay 103 ug/ml
n-CigHss 78 va/mi
n-CzoHu 2 95 wug/ml
n-C.oHy o 104 ng/ml
r-CauyHey 100 vg/ml
n-C.gHes 100 ug/m}
n-CzoHso 94 ug/ml
n-(s:Hes 101 ug/mi

r

Standard Alconol Mixture in Cid-Cl.

C11Hz 30H 84.5 ug/m
Cy2H, sOH 73.5 uqg/ml
CiuH240H 74.0 ug/mi
CisHq30H 89.5 ug/m!
C1gH370H 101.5 pg/m
Standard Acid Mixture in CH.0H
C-H; ;CO0H 71.5 yg/m
CH; 4COOH 54.5 pa/m f
C1:H,5COOH 46.5 ug/m' :
Cy+Hz 7COOH 85.5 ug/ml :
CysHsy COOH 88.0 L/l i
Cy7HasCOOH 107.9 po/mil
CigH;2C00H 70.0 pg/ml
24 '
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among fractions of the same class. Therefcre, the fractions were combined
to provide a larger amount of material for analysis.

Pricr to injection, the fractions were diluted with solvent. The aliphatic
and aromatic fracticns were diluted with n-hexane while the remaining fractions
were diluted with CH.Cl,. The fractions obtained from the liquid chromatographic

separations were diluted with either 50 or 100 ul of solvent depending on the
amount of material collected in the fraction. Those fractions collected

i

during chemical separation required up to 3 ml of solvent as some of those 1
fractions contained considerably larger amounts of material. !
I

i

Injection was accomplished using a 1.0 p1 Hamilton syringe. The size of
each irnjection varied from 0.1 to 0.5 ul depending on the concentration of |
material in the fraction being analyzed. In some cases two or three injec-
tions were necessary before the gas chromatogram was acceptable for visual !
inspection and comparison with chromatograms of other oils and 0il fogs. 7o i
ke acceptable, the chromatogram had to exhibit peaks weil above the basaline !
but nct run off the ton of the chart.

In addition to flame ionization detection, the nitrogen bases were s:ih-
Jjected to GC analysis using a nitrogen/phosphc:us selective detector. Con-
version to the N/P mode’required only replacement of the F/D collector with
the N/P collector and an adjustment in the hydrogen and air flow rates. All
other run parameters were retained.

3 4.7 Gel Permeation Chromatography

Gel permeation chromatography was utilized to determine the size-molecular

weight distribution of the components making up the unfractionated oils and

0il fogs. The Waters Associates HPLC described in Table € was used for this

purpose. The chromatograph was fitted with aWaters 30 cux 0.78 cm ILD.

Styragel column with a particle size of 10 um and a pore size of 109 K.

Analysis was performed isocratically with CH,Ci, used as the mobile phase.

Flow rate was 1.0 ml/min at anbient temperature. Prior to injection the

sample was filtered through the 0,2 um filter previousiy described. A

Precision Sampling 1.0 pl syrince wac used to inject from 3.1 to 0.4 .1 of

sample. The actual volume of injectinn was adjusted s that the peak U.V. ,

™~y
w,
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absorbance had a value between one and two absorbance units. Refore each
analysis 10 ul of a standard test mixture was injected. The standard mixture
had the cemposition listed in Table 10 and it also was usec¢ with CH,C1, as the
solvent phase.

TABLE 10. GEL PERMEATION STANDARD TEST MIXTURE

Component Molecular Weight Concentration
polyethylene 23 iauryl etner 1200 10 mg/ml
cholesteryl stearate 653 10 mg/ml’
eicosanoic acid 313 10 mg/ml
cholesterol 386 10 mg/mi
eiccsane 285 10 mg/mi
decane 142 10 mg/ml
anthracene i78 1 mg/ml

4.8 Gas Chromatography/Mass Spectrometry

For GC/MS analysis of selected fractions, the following system was used.
A varian MAT 311A mass spectrometer was used featuring a double-focusina anal-
yzer system with Nier-Johnson geometry and a differentially puninea vacuum
system utilizing two high-speed turbomolecular pumps. For sample introduction
the system used a Varian Aerograph Model 2740 gas chromatograph equipped with
a Hewlett-Packard Model 18835A injection system for splitless capillary cotumn
analysis. The capillary column was directly interfaced with the mass spec-
trometer via a microneedle valve regulator and glass lined tube.

Thae ion source of the mass spectrometer consisted of a combined electron
impact/electron impact ionization detector for simultaneous registration of
electron impact mass spectra and total ion current (T1C) gas chromatograms.
The TIC signal was fed to an electronic inteqrator to monitor the progress of
the chromatogram in real time.

The capillary column and the gas chromatcgraphic parameters were identical
to those usad earlier in the high resoiution cas chvomatographic analysis.
Az in the earlier analysis, the column and parameters w2re matched to the
particular class being analyzed.

e ; .
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In a typical analysis run, the magnet o7V the mass spectrometer was set
to scan repetitively over a preset imass range. Data were acquired on a disk
by the data system and stored on magnetic tape for subsequent é;amination.
The raw GC/MS data was then routinely processed through a data-enhancement
algorithm. Program 'Clean-up"* automatically extracted mass spectra free of
background and of contributions of unresolved (overlapping) GC peaks by the
application of a tabular peak-modeling technigue to mass chromatograms in
the data file (Rindfleisch deconvolution). The resolved spectra were then
jdentified by means of a library-matching search algorithm. Compounds which
did not yield acceptable identifications in this way were sought manrually
by comparison of their spectra with published compendia of mass spectral data.

Developed at Stanford University Medical School and
medified at TITRI
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5. RESULTS

5.1 Class Fractionation

A representation of a typical HPLC class fractionation run is shown in
Figure 6. The severe overlap of the aromatic and aliphatic fractions is auite
clear and demonstrates the need of the recycling technique used to separate
these two classes. For completeness, the mobile phase gradient profile is
presented at the top of the page.

The complete results of the HPLC class fractionation are presented in
Table ll. The calculated percentages are based on the total amount of material
eluted from the HPLC. For 0il1 #2, three identical runs were periormed to
determine the reproducibility. From these three runs the means and Standard
deviations were calculated. The error quoted in Tahle 11 represents one

TABLE 11. RESULTS OF HPLC CLASS FRACTIONATION

Sample % Aliphatics % Aromatics % Esters % Alcohols 7 Ecrds
i1 #1 58.2 40.0 0.7 1.1 0.0
Run #10 {1-A) 55.1 42 .0 1.1 1.2 .6
Run #2 (1-B) 59.7 37.5 0.9 1.0 0.8
Pun #6 (1-C) 57.8 39.4 1.0 1.3 G.6
Run #11 (1-BHT) 57.7 39.8 n.9 1.1 0.4
011 #2 42.7 + 5.7 50.C + 6.4 4.1 0.7 2.7+ 1.2 0.5+0.1
Run #9 (2-A) 43.1 52.5 2.8 1.3 0.4
Run #4 (2-B) 54.6 341.0 2.0 1.1 2.3
Run #5 (2-C) 44 .4 50.9 3.3 1.0 0.4
Qi1 #3 54.1 43.5 0.9 0.7 a.7
Run #8 (3-A) 42.4 55.2 1.4 0.6 0.4
Run #3 (3-B) 47.5 50.4 1.0 0.6 N.s
Run #7 (3-C) 54.5 43.8 1.1 ¢.3 0.2

28 .
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standard deviation. The primary source of error in the aliphatic and aromatics
fractions was probably the faiiure to separate absolutely the two classes.

] Although the three oils vary in composition, the production of the fogs

seemed to have very 1ittle significance on the 0ils'class compositions.

5.2 Gel Permeation Liquid Chromatography

The results of the gel permeation chromatography are presented in Table 1Z.
The results are presented in two ways, as a ratio between absorbance units
and refractive index units and as the retention time of the peak maximum
using the refractive index detector. The data presented as a ratio give
an indication of the relative quantities of U.V. absorbing materials (aromatics)
in the o0ils and fogs. An increase in the value of the ratio could indicate a

real increase in the relative concentration of aromatics or it could indicate
an increase in the sizes of the aromatics or both. The peak maximum column
is an indication of the average size of the compounds contained in the oils.
For comparison, the retention times of decane and eicosane are presented at
the bottom of thg table. As with the HPLC fractionation, 0i1 #2 was run

TABLE 12. RESULTS OF GEL PERMEATION LI:4ID CHROMATOGRAPHY

Absorbance/Refractive Peak Maximum for
Index Units Refractive Index
Sample (minutes)
0il #1 1.96 + 0.09 x 10* 7.7
Run #10 (1-A) 2.26 x 10% 7.7
Run #2 (1-B) 2.31 x 10¢ 7.8
Pun ¢ (1-C) 2.33 x 104 7.8
Run #11 (1-BHT) 7.54 x 10* 7.6
il #2 3.88 + 0.02 x 10" 8.4 + 0.1
Run 49 {2-A) 3.95 x 10% 8.3
Run £4 (2-B) 4.08 x 10 8.3
Run #4 (2-C) 2.94 x 10° &.4
011 #3 2.56 x 10" 3.1
Rur #8 (3-A) 3.16 x 1C* 3.1
Pun #3 (3-A) 2 97 x 10¢ 8.1
Rurn 47 (3-C) 2.98 x 10¢ 8.1

Eicosane (M.W.2%5) 7.
Decane  (M.W.142) 9.

O
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three times to determine the reproducibility with the quoted errcr being
equal to one standard deviation.

A1l of the oil fog runs show a slight increase in the ratio column over
the values for the corresponding oils with the exception of run #11 which
shows a dramatic increase. These increases are not reflected in the peak
maximum column.

5.3 Metal Analysis

Trace metals in the 0ils were determined by atomic absorption using a
Perkin Elmer Model 403 Spectrometer. The analysis is summarized in Table 13
which includes the detection limits for each metal.

TABLE 13. RESULTS OF METAL ANALYSIS

0il1 #1 0i1 #2 011 #3 Detection Limit
(PPB) (PPB) (PPB) (PPB)

Cd ND NG ND 9
Cr ND ND ND 9
Co " ND ND KD 9
Cu 46 (£ 25%) 46 48

Pb ND ND ND 93
Mn ND ND ND 9
Mo ND ND ND 95
Ni ND ND ND 9
Sr ND ND ND 9
Sn ND ND ND 93
v ND ND ND 95
In 55 {+ 25%) 19 104

As ND ND ND a5
Hg ND ND ND 2

ND - Not Detected
5.4 High Resolution Gas Chromatography

The gas chromatographic data are presented in Appendix B in Charts No.
2-31. Charts No. 2-23 present gas chromatograms of each class fraction of
each o0il along with those of the corresponding oil foas. [n most cases three
0il1 fog chromatograms appear with each 0il chromatogram, corresponding to
the three generators used in the study. In the case of the heavy aromatics,
heaviest aromatics, and nitrogen bases, only one cil tog chromatogram appears

31
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with that of the oil. This results from the fact that the chemical extraction
techniques were applied to only one fog from each oil. In the case of the
heavy and heaviest aromatics, the fog from generator B was used and in the
case of the nitrogen bases only the fog from generator A was used. For the
nitroger bases fraction only the chromatogram from 0il #2 is included in the
data as it was the only one of the three 0ils to contain enough nitrogen bases
to produce a meaningful chromatogram.

The second section of Appendix B, Charts No. 24 to 31, contains chroma-
tograms of oil fogs obtained from high temperature Run #11. Along with each
of these chromatograms is a chromatogram obtained from a normal run (#2) and
a chromatogram obtained from the starting oil. No nitrogen bases fractions
were included in the section because of the lack of material {condensed oi}
fog) to make the necessary chemical extraction.

Preceding the two sections is Chart No. 1 containing three typicai
qualitative calibration runs, one for each of the calibration standards
described previously.

Portions of the class fractions from each oil and many of the oi! fogs were
selected for gas chromatograph/mass spectrometry (CC/MS) analysis. Where osossible
the results were used to make positive identification of some of the larger
peaks present in the chromatograms. Complete matching of mass spectrometric
data to gas chromatographic data was not possible because ot sample compiexity
and some loss of resolution in the GC/MS interface. However, where identifi-

cation was positive it is indicated with alphabetically labelled peaks and
accompanying compound listings.

In the section of Appendix B containing the normal runs it is clear that
the chromatogram of the aliphatic, aromatic and ester fractions of the cil fogs
differ very little if any from their corresponding o1l chromatograms. The
chromategrams of the alcohol and acid fractions of the oil fogs show some
difference from those of the starting oils, particularly in the early section
of the chromatograms. To a large degree these differences are characterized
by sharpo individual peaks rather than a gross change in chromatographic
pattern. Because of this it is probable that these peaks represent innurities
concentrated from the solvents used in separation ratner than representing
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real differences. The acid and alcohol fractions were particularly vulnerable
to contamination because of their relatively small masses compared to the other
fractions. The nitrogen base fraction from the fog shows some difference

from the 0il and can be presumed to be real.

In the section of Appendix B devoted to the high temperature run {#11)
many differences appear in comparing the aromatic fractions to the corresponding
0il and the corresponding normal run (#2). These differences are almost
certainly real and may represent changes in concentrations, composition or
both.

5.5 Gas Chromatography/Mass Spectrometry

The 17 Tables presented in Appendix C are summaries of all the GC/MS
data for the aliphatic, aromatic and nitrogen bases fractions selected for
analysis. Several ester, alcohol and acid fractions were selected and
analyzed, but failed to provide useful data. The class identification of
these three groups must still be regarded as tentative.

The tables themselves ccntain an arbitrarv peak number (PK#), an arbitrary
spectrum number (SPEC), ine compound identification (ID), the total icn
current (TIC) which is equivalent to peak height in gas chromatography, the
area under each peak in arbitrary units (AREA) (this column is not aiways
inciuded), and the percentage of each peak remaining afler computer subtrac-
tion of the background (TICRAT). The last three columns (RELCON, RETIND, and
TYPE) were not used in this study.

The ID column contains both the formula and the compound name of peaks
which have been positively identified. Identifications enclosed in parenthesis
indicate tentative identificaticn. Those compounds identified as "silanated"
are the result of GC cclumn bleed and are not components of the samplie itself.
In some cases broad obvious peaks are missed by the clean-up program as they
fail to meet peak model criteria. These compounds identified as "silanated"
are noted at the end of each Table. Additional explanations of some of the
data are also noted at the ends of the correcponding Table.

i
i
! ‘




It should be stressed that the absence of any compound in the Tables dnes
not preclude its presence in the sample. Low concentrations or lack of GC
separation may mask a peak and make its identification impossible.




6. OIL FOG AEROSOL CHARACTERIZATION

6.1 Procedure and Instrumentation

0i1 fog generation and collection were described in Section 3 with tab-
ulations of the experimental runs in Tables 4 and 5. During both Experiments
No. 1 and 2, aerosol collection was prolonged for 2 to 3 minutes, resulting
in an excessively dense aerosol in the holding chamber. Experiment No. 11
was run at a low 0il feed rate to observe the effects of high temperatures

on the chemical and physical characteristics of the aerosol.

The aerosol was drawn from the holding chamber with dilution at successive
intervals to observe particle size and concentration and the effacts of aging
on the aerosols. The aerosol dilution system is shown in Figure 7. An
important function of this system was the reducticn of the rhamber aerosci
concentration to a level suitable for measurecnt. by the twd aeroso! monitors.
A dilution of 1000(r10):1 was used with a total transit time from chamber to
detector of somewhat less than 1 min. A feature of the system is the use of
recirculated air for dilution to nreserve the physical characteristics of
the sample. The aerosol particles were analyzed using ihe two instruments
described below.

A California Measurements, Inc. Piezo Electric (P/Z) Particle Cascade
Impactor Model PC-Z was used for the direct measuremenmt of the mass concentra-
tion of air-suspended particles between 0.05 and 25 um. T7he aerosol-laden air
stream, sampled at 240 ml/min, is impacted sequentially on 10 guartz crystal
impactor stages. The mass accumulated by each stage causes a proportional
frequency shift on each impactor crystal, which iz electronically compared to
2 matching clean reference crystal. Table 14 licts the 537 cutef7 sizes (DDSO)
for the ten stages for a narticle den<ity of 2 a cm™". The values of ME are
the between-stage midpoint diameiers used to zomput2 the cerodynam®c ecuivalent
mass median diameters for each distrinution.
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TABLE 14. PIEZOELECTRIC COUNTER STAGES

D_50 M

Stage P i
m um
i 25.0 -
2 12.5 18.75
3 £.4 9.6
4 3.2 4.8
5 1.6 2.4
6 0.80 1.2¢
7 0.40 G.60
8 0.20 0.30
9 0.10 0.15
10 0.05 Nn.075

After passinc through the 10th, Towest, stage, the air flows through a
flowmeter to a pump where it is exhausted to the atmcsphere. The rate of fre-
quency shift in each stage is related to the mass corncentraticn of aerosol
particies captured in that stage, and can be expressed by the following
equation:

Af. = frequency shift for stage i, Hz
‘ At = sample time, min

il

g, = sensitivity factor for stage i
V = volume flow rate of air sample, 24C ml/min
C. = aerosol mass concentration in stage i, ug/m’

The sensitivity factor, i deperds on the resonant frequency of the crystal
and the area of the sensitive portion of the crystal compared to the area of
the impinging air jet, but is ctherwise a constant for each stage. The con-
centration may therefore be calculated from the measured frequency shift by
the equation:




where

k_i = stage constant
The data reported from the P/Z cascade impactor arae the total cuspenced
particles {TSP) in mg/m’ and the mass median diameter, dm. in um.  The TSP i;
determined by adding the masses per stage and mu)tiplying by the diluticn
factor:

TSP = 1000 iCi

The dm are computed by summing the products of the mass fractions 2er stzge,
Xi’ times the midpoint cutoff size between stages, Mi:

dm = inMi

where

i

X,
i

M.
i

Ci/ZCi
as indicated in Table 14

3}

The Particle Measuring Systems, Inc. Active Scatteriny Rerosol Spectrimeter
(ASAS) Model ASAS-30G-PMT was used for sizing particles within the size rarge
0of 0.083 to 2.00 um. Particles passing through the laser cavity of a contin-
uous He-Ne laser produce pulses of Yight proportional only tc their size and
position in the beam. A pair of photomultiplier detectors image the light
impulses and select pulses produced by particles in the corr=ct sample space.
A pulse height analyzer then determines the particle sizes.

The output of the ASAS {s grouped into size classes as shown in Table 15,




TABLE 15.

ASAS SIZE RANGE DATA

Size Interval

Interval Width

dij. Midrange

Range Channel um {m Diameter, um
3 -7 - 0.088-0.144 $.056 0.116
3 8-15 0.144-0.208 3.364 0.17¢
2 4-15 0.210-0.390 0.180 0.300
1 4-8 0.388-0.503 0.115 0.445
1 9-15 0.508-0.676 0.168 0.592
0 2 0.690-0.855 0.165 0.772
0 3 0.855-1.020 0.165 0.938
0 4 1.020-1.185 0.165 1.102
0 15 2.835-3.000 0.165 2.918
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7. RESULTS AND D1SCUSSION

A summary of the analysis data is given in Table 16. In experiments 1 and !
2 the dense smoke concentrations overioaded beth the P/Z cascade impactor and
the aerosol spectrometer and the data are not reliable. Even with a dilution
0* approximately 10,000 to 1 the smoke samples were still ton cencentrated for
the aerosol spectrometer, making the number concentration measurements erroneous.
Since large numbers of particles are present in the lower range, Range 3, of
the spectromeler, counting errors are most severe in the lower channels. How-
ever the mass contribution from particles in lower ranges to the total mass
distribution is small and the error is also minimal, Therefore the data from
the aeroscl spectrometer are presented as a mass distribution. From the rest
of the data the following conclusions can be made:

1) The use of different generators or different 0ils does rot affect the
particle size characteristics of the oil fogs. 7ae average mass mean ciameter
as determined by the P/Z cascade impactor for Runs o, 2 through 10 and 12 is
1.16 ym with a standard deviation of 0.14 um.

2]

2) Running the oil fog generator at the low oil feed rate of 0.5 gpm,
helf the normal rate (Experiment No. 11) decreases the TSP and alse the parti-
¢ie size. Reduction in TSP is attributed simply to the reduction in oil feed
rate and is in approximately the same ratio to 0il feed as in the TSP of cil
fogs generated under normal operating conditions (Experiment No. 12). The
smaller particle size is probably due to less agglomeration at the reduced
particle concentration.

3) Very little effect on the fog characteristics seems attributable to
the oil. For a given generator, for example gereratvr B, chanying the oil from
0il 3 to 0il 1 changed the TSP from 0.52 gu/w® t¢ 0.70 gn/m?® and the mcan dia-
meter from 1,42 vm to 1.05 um.

4) Generator C produces fewer Lo compared to th2 other two generators

for all three oils. The particle size uoes nol shuw any trend.

4¢
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5) The mass mean diameter dm, calcuiated from light scattering measure-
3 ments by the ASAS is consistently Tower than tie measured value by the P/ cascade

impactor.

The following assumptions involved in the transformation of number dis-
tribution to mass distribution may be the causes of the difference.

- The particles are assumed to be spherical.
» The refractive index of the o0jl fog particles is presumed to be uniform.
« A1l the particles are of uniform density. The coarseness in
the cutpoints of the impactor stages also may contribute tc
error in mass mean diameter measurements.
Fiocures 8 and 9 show typical histogram and cumulative log probability
plots of the particle size distritution obtained in Exveriment 6. Except for the
extreme ends of the distribution the data follow log normal behavior very

g well. This was true for all experimental runs.

1 Figure 10 shows the cumulative nlot for the high temperature run
(Experiment 11), The mass median diameter for this run (0.70 pm) is
smalier than the mass median diameter obtained under normal operating
conditions.

Time histories of mass mean diameter and TSP were obtained for Experiments
: 3 thirough 12. As an exampie. the complete data obtained up to one hour after the
generation of smoke in Cxperiment 4 are given in Table 17. The decrease in
mass concentration and the growth in particle mass mean diameter are plotied
versus time in Figure 11, The mean diameter increases and the mass concen-
tration decreases linearly. Table 17 also gives the slope, m, intercept b,
and correlation coefficient R for the equation

y=mt+b

where

y = d_in umor TSP in mg/m’ as arpropriate

t=time

Vs
Table 14 and the correspondiny data for Experiments i-14 are given in
Appendix D.
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TABLE 17. DEPENDENCE OF TSP, dm AND n ON TIME t.

EXPERIMENT NO. 4

i P/Z Impactor ASAS
o Time (t) TSP dm Time (t)  dm No. of
; min mg/m? (um) min pmo Particles (n)
- 2 144 -686 2 774 45622
: 10 739 .842 4 .853 523682
f 18 667 .876 10 .813 46597 ;
' 36 634 .324 15 .823 42884 ‘

44 566 .831 36 .846 33718

2 598 .878 44 .850 31352
66 506 1.00 52 .888 22506
60 .293 13774 ¥

STATISTICAL ANALYSIS: FOR STATISTICAL /NALYSIS: FOR

LINEAR REGRESSION: CURVE n = noe-kt
1) TSP vs t _ e
slope = - 3.9 ng = 958zf
intercept = 763 K= .0164
correlation coef. = -.943 [correlation coef. = -0.93
2) dm vs t Equation:
slope = .00313 - D184t
intercept = .749 n = 55826 e "7
correiation coef. = 743

i

_ Inn = 10.93 - 0184t |
fquation: 25% significance level

y =mt + ¢

m = slope and ¢ = intercept {

46
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The number concentration n of the aerosols irn the holding chamber will
decrease exponentially due to coagulation. The rate of change of n is governed
by the equation

dn _

a'—-—-Kn (])
where K is the effective agglomeration coefficient. Integration of Equation 1
yields

Inn=1nn_ - Kt
0

where Ny is the number concentration at time t = 0. Use of regression equations
of the above type to correlate the data obtained from the aerosol spectrometer
provided good correlation coefficients. The regression coefficient, K, has a
physical significance and denoties the effective agglomeration constant of the
polydispersed aerosol under study. In order to compare the aggiomeration conr-
stants obtained from various experiments it is necessary to normalize K with
respect to initial concentration. The normalized constant K*, determined by

K*¥ = vol « n~t « t71
is given for all experimerts in Table 18.

Figure 12 shows the particle concentration change with tine for

Expzriment 4,




TABLE 18. CALCULATED VALUES OF
AGGLOMERATION COEFFICIENT

Agglomeration Coefficient, K*

Experiment em n ! x 1677
3 1.4
4 3.29
6 4,38
7 5.98&
8 12.0
9 3.37
10 12.0
11 1.03
12 5.82

Because of the overloading of the aerosol spectrometer the fine details

of the number distribution were not observed. From those experimental ruus
which involved aercso! concentrations within the operating 1imit of the zpectro-
meter it appears that the size distribution s bimodal with fine and coarse
modas. The fine mode extends below the lTow limit of the spectrometer. Figures
3 and 14 show the number distributions of fog in Experiments 5 and 11. The
bimodal nature of the aerosol is due to the dual fog forming processes of com-
busion and condensation. The fine mode corresponds to the excess condensation
nuclei and the coarse mode corresponds to the nucleated aerosol. Under normal
qenerator operation the modal value of the coarse mode is approximately 0.93 um.
For high temperature runs the modal diameter of the coarse mode decreases to
0.4%5 um.
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MIL-F-12070A

5§ JANUARY 1954

SUPERSEDING
MIL-F-12076(CmalC)
§ Jane 1952

Navy 14F8

1 Juhe 1946

MILITARY SPECIFICATION

FOG OIL

This speotfication Ras deen approved dy the Depiriment of Defenie
for use by ihe Departments of the Army, the Navy, and ths Air Foroe

1. SCOPE

1.1 Scope.—This specification covers petro-
leum oil for use in mechanical smoke gen-
erators.

1.2 Classification.—Fog oil shall be of the
following types, as specified (see 6.1) :

Type SGF1—For use at temperatures
above 40° F.
Type SGF2—For v.e at 40° F. or lower.

2. APPLICABLE DOQCUMENTS

2.1 The following specifications and stand-
ard, of the issue in effect or date of invitation
for bids, form a part of this specification:

SPECIFICATIONS

Feoerar
FF-W-556—Wool ; Steel.
VV-L-791—Lubricants, Liquid Fuels, and
Related Products; Methods of Sampling
and Testing.

STANDARDS

Mourrany
MIL-STD-129—Maerking of Shipments.

(Coples of specificatious, standards, drawings, sad
publications required by contractors In connection with
specific procurement functions should be obtalned
from the procuring agency or as directed by the cox-
tracting officer.)

22 Other publications.—The foliowing
document forms a part of this specification;
unless otherwise indicated, the issue in effect on
date of invitation for bids shall apply.

InTereTATE COMMrn—p CouMissioN

Regulations for Transportation of Fx-
plosives and Other Dangerous Articles.
ete.

(Applicatior for copfes ehcuid be addressed to the
Buperintendent of Documents, Govermment Priuting
Office, Washington 25, D. C.)

3. REQUIREMENTS

3.1 Material.—The material ghall be an
overhead petroleum fraction and shall coniain
no additives. The masterial shall be free from
water, sediment, grit, or other foreign matcer.

3.2 Chemica! and physical.—Tha material
shall cozform to Table 1.

4 QUALITY ASSURANCE PROVI.
SIONS

4.1 Lot.—A lot shall congist of the fog oil
produced by one menufacturer with no change
in process or materials in no more than 24 con-
secutive hours.

42 Sampling.—7Vhe Government inspector
shall take a representative one-liter specimen
from each of 5 containers selacted at random or
5 representative one-liter specimens during the

filiing operations, Tho specimens shall be

placed in clean, dry containers and labeled to
identify the container with the lot represented.
Each specimen shall be separately tested as
specified in 4.4.

4.3 Inspection.

43.1 Packing cnd marking.—The inspector
shall inspect the packing and marking for com-
pliance with Section 5.

4.3.2 Certificate—The inspector shall ascer-
tain by cerzification or other approved means
that the oi! is an overhead petrolevm fraction
containing no additivas.

433 [Impurities—The inspector shall in-
spect the materin: for the presenca of water,
sediment, grit, ov other foreign 1uatter.




MIL-F-12070A
Tadls 1.—Chemical and physical
Type 8GF1 Type 8GF2
Property
Maximurn: Minimum Maximum Minimum

Flaah point, *F o iiiiiiciciececcececccaca]iareccnccrea)iiacircinnaafonaaianniins 320
Yigenaity, Saybolt Universal

At 100° F. (secondd) ... oo iiiiicaincicea]iaii i ca et aas 110 100

At 2]10° F. (seconde) ... ... .. iiiaaaiaan .7t I RSN DR [ormmmmas
Carbon residue {Couradson), percent. .. ...ococeacuan. [+ 9 U 01 [cueeennn an
Neutralizativn number. .. ... ..o ciiiiiiiiiaaaanaan (1100 O S, 0.1 l ............
Pour point, *F . i iiciiaaiccacaana . [/ P —40 e .
Vapor tempersture, °F. at:

10 percent distillation. ... .. ... i 390 (.. ..o

50 percent distillation:. . .. .o 490 | e

90 percent distillation. ... .. .ceeiiiminiiaans (3 (1 I RN DS SN

)

*A viscosity of 65 sec., at 210° F. will be the max
more,

44 Tests.

4.4.1 Methods—The following tests shall be
conducted in accordance with the applicable
method of Specification VV-L-791 specified in
Tabie II.

Table [[.~Test methods

Test Method
Flash poibt. oo oiie et 110. 3. 4
Viscosity, Saybolt Universal _..__.._..... 30.4.5
Carbon residue (Conradson) ... .......... 500.1. 8
Neutralization pumber. .. ... . L aaao.. 510.4 1
Pour point . . ceeeieiiiiiaaiaiaaaans 20.1.7
342 Distillation.

44.21 A4pparatus.—The apparatus shall
conform to this paragraph and igures 1 and 2.

4.4.21.1 Distillation flask—The distillation
flask shall be a 250-milliliter (ml.), Saybolt
flask, of borosilicats glass, conforming te
Specification VV-L-781, Method 100.2.1, ex-
cept that the outlet tube internal diameter shall
be 8.0 = 0.5 millimeter (mm.).

4.42.12 Shield.—The flask shall be encased
i a shield censtructed of #Sil-0-Cel” brick as
shown in figure 2 (see 8.3).

44.2.13 Board or support.—The flask shall
resc on a transite or hard asbestos board. 5

2

imum permissible for oils having a viscosity izdex of 30 or

inches by 5 inches by 14 inch, having a hole 1n
the center 234 inches in diameter.

44214 Condenger~—Tha condenser (a
Friederichs- or Hopkins-type condenser is sat-
isfactory) shall be as shown in figure 2.

44215 Receiver.~The receiver shall bs &
100-ml. graduated cylinder constricted at the
top to receive a stopper. The cylinder shall be
calibrated at all points to within = 0.3 ml.

44.21.6 Suction fAask.~The suction flask
shall be & 1000-ml., borcsilicate glass fiask.

44.2L7 Pressure 7augc—~The pressure
gauge shall be 8 Dubrovin Vacuum Gaugs, or
equivalent.

44218 Vacuum pump.—The vacuum pump
may be of any design capable of securing and
maintaining the raduced pressure desired.

44219 Vacwwmn contrsl apparatus.—An
automatic vacuum ccntrol apparatus or a tand-
contrelled bleeder velve shall be used to mairn-
tain a steady pressura.

442110 7'hermometer.~The thermometer
shall be an ASTM High Distillation Thermom.
eter, 30° to 760° F. or 0° to 400° C.

4.4.2.1.11 Heater.~An electric heater shall
be used for the distillation (see 6.4).

4.4.2.1.12 Cynnectione.— T h : connections
shall be made by means of .netal or glass tubing
having an inside dinmeter of 3 to 9 mm. Al
joints shall bhe tight and sinll be sealed with a

A-3
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Thermometer
Water okt
-~ Wafter Outiet )
—
}"‘820.5 mm.1D.
I AN -Cyli
b < ~ gz — ylinder r-"-T° pomp
vooovovu | Lkctric - ~Il |
Q0CO0Q00 | Heater = - To manometer
-y-7-v-t ¥-v-} - )
A } 1000 . Suction
- L\ D Flask confaining
VI .
= « .g 8 Cotton oe Glass Woch
| IR
srTITETYTEY E e
- - ? k ’

s s,

Figure 1. Distillation appa: atus.

cerient such as water glass (sodium silicate) ov
& mixture of 75 percent collodion and 25 percent
castor oil.

4.4.22 Precedure.—Place approximately 10
graum (gm.) of dry, clean, grade No. 1 steel wool
cunforming to Specification FF-W-3:i6 in the
bulb of the distillation flask, and spread to near-
ly fill the bulb. Measure exactly 100 ml. of the
specimen into the graduated cvlinder. Pour
the specimen from the graduated cylinder into
the distillation flask. Allow the specimen to
drain from the eylinder into the flask until nat
more than 1 mi .of oil remains in the cylinder.
The same graduated cylinder, without being
cleaned, shall be used fur receiving the distil-
late. Assemble the apparatus as shown on tHg-
ure 1. Fit the thermomeicr tightly into the
flu-k, center properly in the neck with the lower
end of the capillary tube on a level with the in-
~ude of the bottom of the vapor outiet tube wheve

it joins *he neck of the flusk.  Evacuate the ap-
paratus and maintain the absclute pressure at
10+ 2 mm. by means of the vacuum control ap-
paratus. Apply heat to the distillation flask
at a rate sufficient to stait the distillation with-
in 20 to 30 minates. Thereafter distillation
should proceed at a un:form rate of 4 to 5 ml.
per minute. Record the temperatures regis-
tered by the distillation thermometer when the
quantity of distillate in the receiving flask
amounts tc 10, 39, and 90 percent respectively
of the charge (see 6.5). With proper care and
attention to detail, duplicate results should
¢heek within 1062 F.

45 Rejection and resubmission.—If any
~pecimen fails to conforn to this specifi ation,
the loi shall be rejected. The contractor, at
aoexpensze to the Government, shall have the op-
tion of having 1noanalveis made en each con-
tainer b e renaevivg che notconforimng

3
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Shield
Block A or B Assembly
Fromt €End Blochs Aad ®
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Plate Glass ‘lf ;
_ 5" z." Window “- =
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L :Li”:L Assembly

Blocks A Bend C

front End Bottom
Block C
Condenser
l_
Copper Tubing LD 3" o fatt
&
Copper Tubing OO 2™ Pyrex Gloss
Cooling Tube Jacket

Flgure 2. Shidld and condenzer,




material, and resubmitting the remaining por-
tion of the lot for acceptance testing. 1f any
specimen taken from the resubmitted portion
of the lot fails to confurm to this specitication,
the lot shall be finally rejected.

5. PREPARATION FOR DELIVERY

5.1 Packing.

5.1.1 For domestic shipnirnt—TFog oil shall
be packed in drums conforming to Specification
37E of the Interstate Commerce Commission
Regulations for Transportation of Explosives
and Other Dangerous Articles, etc.

5.1.2 For overseas shipments=TFog oil shall
be packed in drums conforming to Specilication
37D of the Interstate Commerce Commission
Regulations for Transportation of Esplosives
and Other Dangerous Articles. ete.

52 Marking.—In addition to any special
niarking required by the contract or order, all
shipping containers shall be marked in accord-
ance with Standard MIL-STD-129.

6. NOTES

6.1 Ordering data.—Procurement docu-
ments should speeify the following:
(a) Title, number, and date of this speci-
fication.
() Type of material required (see 1.2 and
3.2).
{c} Type of packing required (see 3.1).
6.2 Sampling and testing.—Wlhen the con-
teactor consistently produces high-quality ma-
tertal and operates under a system of quality
control acceptable tu the Governmmuent, the trov-
ernment, &t its diseretion, may modify, in whole
arin part, the smopling and testing procedutes
specified hercin. However, the &0 criment re-
serves the right to return at any tie, without.
previous notice to the enntractor, to the <un-

A-6
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pling and testing procedures specified in this
spectfication,

6.3 Shield brick.—The brick is obtainable
from Johns Manville Co., New York,

6.4 Electric heater.—The 500-watt electric
lieater of (ke Precision Scientific Co., or equiva-
lent, is satisfactory.

6.5 Distillation.—The distillgtion should
not be continued beyond 620° F. because of the
danger involved to the apparatus and the op-
vrator due to the possible softening of the bct-
tory of the distillation flask and the eXxisting
low pressure in the apparatus.

6.6 Stock numbers.—SGF1 and SGF2 are
Quartermaster Corps items of supply and carry
the following Quartermaster Corps stock num-
vers:

i
Type ‘ 16-Gage dram | 18-CGage drum
Sl e . ‘ 14-0-877--00 ‘ 14~-8705--00
SOF2 oL 0 ol | 14-0--880-50 14~0-884-355

Notice.—When Government drawinges, specifications,
o oofhter dat are gscd for any purpese sther thanan
conueccon with a detimitely relited Governmeut pro-
curement operdiion, the United States Governnent
thereby inenrs no responsibiliy oo any oliligation
whatsoever: and the fact that the Govermeut may
have formulated, furnisned, or in any way supplied
the waid drawings, soeaficition. o other data is aot
ta be reirded oy Bnpheat.on o0 otherwise as in avy
anner liceasing the Lodder or any other person or
eorporationn. or couveyins acy rights cr permission to
manufacture, use, o sell any patented nveniion that
taty in any way he related thereto,

Custodians:
Army—Chemical Corps
Navy—DBureau of Ordnance
Air Force

Nthar interest:
Army—M
Navy—Sh S.




MIL-F-12070A

AMENDMENT 1
10 MAY 1956

‘..-vv PN TPy 1‘1

MILITARY SPECIFICATION

FOG OIL

This amerdyent forms a port of Militury Specification MIL-F-12076A, 8 Janu-
ary (854, and has been approved by the Department! of Defense and is man-
datory for use by the Deperiments of the Army, the Nuvy, und the Air Force.

Page 3, paragraph 4.4.2.2, line 20: Delete 10 = 2 mm.” and substitute *“16 = 0.2 mm.”

Custodians:

Army—Chemical Corps
Navy—Bureau of Ordnance
Air Force

Other interests:

L Army—M
Navy—Shs

FED. SUP. CLASS.
RHY




APPENDIX B
GAS CHROMATOGRAPHY DATA
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GAS ChROMATOGRAPHY DATA

Gas chromatograms of 27 oil fractions and their related 0il fogs
are included in this section. Preceding the cil/oil fog charts is a
“Chromatographic Standard," chart, obtained with synthetic mixtures of
alcohols, acids and hydrocarbons.

The standard chart is preceded by a Table describing the compositions
of the three mixtures.

0il/0il fog Chart Nos. 2-23 show the GC's of the o0il fractions
together with charts of the corresponding oil fog fraction. Where com-
positions have been identified, they are indicated on the chart and 1isted
on the accompanying Table.

Chart Nos. 24-31 show representative oil fractions compared with
corresponding normal and high temperature generated 0il fog fractions.




CHART 1,

Alcohol Standard

A.

8
C
D.
E

C11H250H
Ci2H,50H
C14Hz90H
C16H330H
C1gH370H

Acid Standard

Hydrocarbon Standard
A.

o=

T MmO Om >

<G = T CO M M o O o

C,H15sCOOH
CoH, oCO0H
C1H, sCO0H
€1 34, 7COOH
CysH31CO0H
C,7H35COOH

CioMaz
Ci2Hzs
Crutizg
CieHsy
CivH3e
CraHie
CrqHuo
CaoHuz
€y Hux
C22Hus
C23Hyg
CauHsy
CogHan
C1aHeo

Key

1-undecarnol
1-dodecanol
1-tetradecanol
1-hexadecanol
1-octadecanol

octanoic acid
decanoic acid
dodecanoic acid
tetradecanoic acid
hexadecancic acid
octadecanoic acid

n-decane
n-dodecane
n-tetradecane
n-hexadecane
n-heptadecane
n-octadecane
n-nonadecane
n-eicosane
n-heneicasane
n-docosane
n-tricosane
n-tetracosane

n-octacc:ene

n-nonacosaneg

GAS CHROMATOGRAPHY STANDARDS

(caprylic acid)
(capric acid)
(lauric acid)
{myristic acid)
{palmitic acid)
(stearic acid)
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CHART 2. ALIPHATIC FRACTION; OIL NO. 1 AND CORRESPONDING OIL FOGS

Key

CiuHap n-tetradecane
CieHay n-hexadecane

C17H3w  branched alkane

CigHig n-gctadecane

CiaHuyg n-nonadecane
CsoHu2 n-eicosane
C21Hyy  branched alkane
C,1Hus n-heneicosane

— T O M MmO O o >

CooHug branched alkane
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5 “NT TIRPESPONDING OIL FOGS

O1L Foc Run No. 10 (A-1)

O1L Fos Run No. 6 (C-1)
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n-Cquuo

Key

ALIPHATIC FRACTION; OIL NO. 2 AND CORRESPONDING OTL FOGS

n-nonadecane
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CHART 3. ALIPHATIC FRACTION: OIL NO. 2 AN
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O1L Fosc Run No. 9 (A-2)
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CHART 4, ALIPHATIC FRACTION; OIL NG. 3 AND CORRESPONDING DIL FOGS

Key

Civhsg n-tetradecane
Ci/Hse n-heptadecarne

REEAN G A /b aen e i it L SUEAENRREREA I . o SRR

CogHys n-eicosane

O O ® >

C,1Hyy n-heneicosane
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ALIPHATIC FRACTION: OIL NO
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01 Fos Run No. 8 (A-3)

O1L Fos Run No. 7 (C-3)

JTION: OIL NO. 3 AND CORRESPONDING OIL FOGS
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l CHART 5. FIRST AROMATIC FRACTION: OIL NO. 1 AND CORRESPONDING OIL FOGS E'

Key f

CisHie 2,6«dimethy1-1,2,3,4-tetrahydronaphthalene
C13H16
Ciskyy + CiyHag + CysHyy

C13H160 or Clqu()

o O m X
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| O1L Fos Run No. 2 (B-1)
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CHART 5. FIRST AROMATIC FRACTION:
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O1L Foc Run No. 10 (A-1)

OiL Foc Run No. 6 (C-1)

ON: OIL NO. 1 AND CORRESPONDING OIL FOGS
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CHART 6. FIRST AROMATIC FRACTION: OIL NO. 2 AND CORRESPONDING GIL FUOS

Key
A. CaoH2. 3,6,9,9,10,10-hexamethyl-9,10-dj hydrophenanthrene
B. CaoHs2
C. CieHys
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01L No. 2
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FIRST AROMATIC FRACTION; OIL NO. 3 AND CORKESPONDING OIL FOGS

Key
A. CISHQQ

B. C,<Hys dimethyl isopropylaaphthalene
C. CiyHis
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. 01L Fos Run No. 8 (A-3)

01L Fos Run No. 7 (C-3)
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OIL NO. 3 AND CORRESPONDING OIL FOGS
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CHART 8. MIDDLE ARQMATIC FRACTION; OIL NO. 1 AND CORRESPONDING OIL FOAS

Key

C,5H240  methyl-di-tert-butylphenol

Ci6H3s  n-hexadecane

CiuHyy dimethylbiphenyl + C,sH,s dimethylbenzylbenzene
CiuHi2 methylfluorene

CisHi dimethylfluorene

CisHiz methylphenanthrene

C,sH120  9-methoxyanthracene or C,gH;¢

CieHiy dimethylphenanthrene

CaoHs2 n-butyl-n-hexyl tetrahydronaphthalene
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OIL N0,

B-18

MIDDLE AROMATIC FRACTION:

CHART 8,

O1L Fo Run No. 2 (B-1)
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L NO. 1 AND CORRESPONDING OIL FOGS

O1L Fos Run No, 10 (A-1)

01t Fos Run No. 6 (C-1)




CHART 9. MIDDLE AROMATIC FRACTION; OIL NO. 2 AND CORRESPONDING OIL FOGS

Key

A. C,¢Hiu  dimethylphenanthrene + C,sH,, dimethylfluorene
| B. C;sH;¢ trimethylphenanthrene
C. C,gHs alkylphenanthrene
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CHART 10. MIDDLE AROMATIC FRACTION; GIL ®O. 3 AND CORRESPONDING OIL FOCS

-

Key

CyyHy2  methylfluorene

CixH;s  phenanthrene or anthracene

CisHys  dimethylfluorene

CisHi2  methylphenanthrene or methylanthracene

CisHy2  methylphenanthrene or methylanthracene
C1sH120 9-methoxyanthracene

CisHis  1-methyl-7-isopropylphenanthrene

C2oH32  probably n-butyl-n-hexyltetrahydronaphthalene
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01 Fos Run No. 3 (B-3)
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CHART 11.

HEAVY AND HEAVIEST AROMATIC FRACTIONS: OIL NO. 1 AND CURRESPUNUIRG UIL Fuus

DD 0 v O 2 R MM X = L O M MmoOoo w

Ci2Hy2
Ci2Hs
CysH240
Cr3H1s
CisHio
CiuHy2
CiuHig
CiuHip
CisHiy
CisHyy
CisHiz
CisHie
CysHy,0
CieHiy
CieHyy
Cietrs
CisMie
C1oHso

Key

dimethylnaphthalene

acenaphthalene
2,6-di-t-butyl-4-methylphenol (ionol)
trimethylnaphthalene

fluorene or phenalene

1-methyl fluorene

C,-alkyIinaphthalene

anthracene or phenanthrene

dimethyl fluorene

alkenyl dibenzene

methylphenanthrene or methylanthracene
methylphenanthrene or methylanthracene
methoxyanthracene or C,gH;s isomer
dimethylphenanthrene

ethyl or dimethylanthricene
C,-alkyliphenanthrene or C,-alkylanthtrezcene
Cy-alkylphenanthrene or C,-alkylanthracene
2-n-butyl-5-hexylindan

B-23




01 No. 1 Heavy Fraction

1) Heaviest FracTion

2 (B-

01t Foc Run No,

CHART 11.

HEAVY AND HEAVIEST AROMATIC FRACTIONS:
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: OIL NO. 1 AND CORRESPONDING OIL FOGS
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[ CHART 12. HEAVY AND HEAVIEST AROMATIC FRACTIONS; OIL NO. 2 AND CORRESPONDING OIL FNGRS

Key

Ci3Hio fluorene or phenalene i
CiuHy2 1-methylfluorene
CiuHio phenanthrene or anthracene f
CisHis dimethylfluorene |
CisHi2 methylphenathrene or methylanthracene

CisH120 methoxyanthracene or C,,H,; trimethylphenanthrene
CisH120  methoxyanthracene or other isomer

CioH1n C.-alkylphenanthrene or C,-alkylanthracene

CiH6 Cs;-alkyphenanthrene or C;-alkylanthracene ‘
CisH1y 2-benzyinaphthalene or C,gH;sCy-alkylphenanthrene
CigHis C4-alkylphenanthrene or C,-alkylanthracene

R Cw = I H M MO OO




2 Heavy FRAacTION

01t No.

01t Foc Run No. 4 (B-2) Heavy FRacTiON

CHART 12.

HEAVY AND HEAVIEST AROMATIC FRACTION:
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O1L No. 2 Heaviest Fraction

01L Foc Ruw No. 4 (B-2) HeaviesT FRacTiow

oy !

OIL NO. 2 AND CORRESPONDING OIL FOGS

FRACTION

8-26
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HEAVY AND HEAVIEST AROMATIC FRACTIONS

CHART 13,

OiL Mo. 3 Heavy FRACTION

anda,

051 Foc Run No. 3 (B-3) Heavy FracTion
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D1t No. 3 Heaviest FRAaCTION

O1L Foc Run No. 3 (B-3) HeaviesT FRACTION

JONS: OIL MO. 3 AND CORRESPONDING O1L FOGS
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CHART 14. ESTER FRACTION: OIL MO. l;
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01t Foe Run No. 10 (A-1)

O1L Foe Ruw No. 6 (C-1)
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OIL NO. 2 AN
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ESTER FRACTION:

CHART 1S,

2
4 (B-2)

O1L No.
01L Foc Run No.
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0iL Foc Run No. 9 (A-2)
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01 Foc Run No. 5 (C-2)
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O1L Foc Rux No. 3 (B-3)

CHART 16, ESTER FRACTION: OIL NO.
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CHART 17, ALCOHOL FRACTION: ~OIL MO, 1}
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011 Foc Run No

ALCOHOL FRACTION: OIL NO. 2.

CHART 18,
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O1L Foc Run No. 9 (A-2)
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O1L Fos Run No

0. 2 AND CORRESPONDING OIL F0GS
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CHART 19. ALCOHOL FRACTION: OIL NO,
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11.79

12,79
13.89

O1L No. 1

11.31

12.32

a.9
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0iL Fos Ruw No. 2 (B-1)

/ CHART 20, ACID FRACTION: OIL NO. 1 A
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/ | CHART 21, ACID FRACTION: OIL M0, 2 N
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0iL Foc Ruw No. 3 (B-3)

' CHART 22. ACID FRACTION: OIL N0, 3
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CHART 23.

A.
B.
C.
D.
E.
F.
G.
H.
1.
J.
K.
L.

CyoHsN

CiiH1N
CyHiaN
CiaHysN
CyqHysN
C13HysN
CiuHyoN
CisHyoN
CysHyoN
CisHisN
CisHisN
CisHisN

NITROGEN BASE FRACTION; OIL NO. 2 AND CORRESPONDING OIL FOGS

Key

methylquinoline

dimethylquinoline

dimethylquinoline

trimethyiquinoline

probably tetramethylquinoline

probably tetramethylquinoline

probably pentamethylguinoline

probably hexamethylquinoline

probably C6-alkylquinoline with at least one ethyl group
probably dimethyl1-9,10-dimethylbenzoquinoline
methylphenylindole or dimethylbenzoquinoline
or C;5Hy,NO

8-37
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0il1 No. 2

0i1 Fog Rur No. 9

1

CORRESPONDTING CIL ¥N2e

4]
.

2 AN

NITROGEN BASE FRACTION: OIL 0.

CHART 23.
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CHART 24.

ALIPHATIC FRACTION: OIL NO. 1, NORMAL RUN, HIGH TEMPERATURE RIN

- T O M MmO O e >

CiuHsg
Creflay
Ci7H36
CisHse
CroHuo
CooHuz
CayHyy
Co1Huy
C22Hys

Key

n-tetradecane
n-hexadecane
branched alkane
n-octadecane
n-nonadecane
n-eicosane
branched alkane
n-heneicosane
branched alkane
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CHART 24.  ALIPHATIC FRACTION: OIL NO. 1, NORMAL
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CHART 25,

FIRST AROMATIC FRACTION; OIL NO. 1, NORMAL RUN,

O O o >»

Key

2,6-dimethyl-l,2,3,4-tetrahydronaphtha]ene
CiaH;s
Cis + CiyHyg + CysHyy

Ci3H160 or CyyHyy

B-41
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HIGH TEMPERATURE RUN




O1L No, 1

OiL Foe Run No. 11

FIRST AROMATIC FRACTION: OIL N0,

CHART 25,
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O1L Foc Run No. 2 (B-1)

IL N0, 1, NORMAL RUN, HIGH TEMPERATURE RUN

No. 11 (B-1(HT))




CHART 26,

.—-:cmﬂmoﬁw>

MIDDLE AROMATIC FRACTION; OIL NO. 1, NORMAL RUN, HIGH TEMPERATURE RUN

C1sH240
CieHay
CiyHis
CiuHa:
CisHiy
CisHi,
CisHy20
CreHin
CaqHs2

Key

methyl-di-tert-butylphenol

n-hexadecane

dimethylbiphenyl + C1sH1g dimethylbenzylbenzene
methyl fluorene

dimethylfluorene

methylphenanthrene

9-methoxyanthracene or CieH;a
dimethylphenanthrene
n-butyl-n-hexyltetrahydronaphthalene?

5-43
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OIL NO. 1, NORMAL
/

01 Fos Ruw No. 11 (B-1(MT

HEAVY AROMATIC FRACTION:

CHART 27,
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NORPAL RUN, H16H TEMPERATURE RUN
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O1L FOG'RUN No. Z (B-1)




’ CHART 27.
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HEAVY AROMATIC FRACTION; OIL NO. 1, NORMAL RUN, HIGH TEMPERATURE RUN

-— U XV LO vV O Z2 22 R C = O MM OoO O W >

Ci2Hr2
Ci2He
CisH240
Ci3His
CisHio
CiuHy2
CiuHis
CiuHio
CisHiy
CisHiy
CisHi2
CisHiz
CicH120,
CieHiy
CisHin
CizHis
Ci7Hi2
CisH1e
CisHis
CioH30

Key

dimethylnaphthalene

acenaphthalene

2,6-di-t-butyl-4-methyl phenol (ionol)
trimethylnaphthalene

fluorene or phenalene

1-methylfluorene

Cs-alkylnaphthalene

anthracene or phenanthrene

dimethyl tluorene

alkenyl dibenzene

methylphenanthrene or methylanthracene
methylphenanthrene or methylanthracene
methoxyanthracene or C;¢H;¢ isomer
dimethylphenanthrene

ethyl or dimethylanthracenre
C,-alkylphenanthrene or C,-alkylanthracene
methylpyrene or bernz {a] anthracene
C.-alkylphenanthrene or C,-alkylanthracene
C.-alkylphenanthrene or C,-2lkylanthracene
2-n-butyl-5-n-hexyl indan?

B-45
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CHART 28. HEAVIEST AROMATIC FRACTION: OIL NO. 1
' B-46
| /




O1L Fos Run No. 2 (B-1)
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CHART 28. HEAVIEST AROMATIC FRACTION; OIL NO. T, NORMAL RUN, HIGH TEMPERATURE RUN

m O OO xR >

CioHse

CiaHyo
Ci1H1o
Ci2H12
CiuHio

Key

naphthalene
methylnaphthalene

me thylnaphthalene
dimethylnaphthalene
phenanthrene or anthracene
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CHART 26, MIDDLE AROMATIC FRACTIBN;~ OIL NO. 1,
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CHART 31, ACID FRACTION: OIL NO. 1, NORMAL
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APPENDIX C
MASS SPECTROMETRY DATA




MASS SPECTROMETRY DATA

. Seventeen oil and 0il fog fractions were analyzed using gas chromatography
separation followed by mass spectrometry (GC/MS). The fractions are listed be-
low and are followed by the MS tabulations of the identifiable components.

As noted in the text, the tables show the followirg headings, an arbitrary
peak number (PK#), an arbitrary spectrum number (SPEC), the compound identifi-
cation (ID), the total ion current (TIC) which corresponds to the peak height
in gas chromatography and is a qualitative indication of relative concentration,

e e

the area under each peak (AREA) (this column is not always included) and the i
percentage of each peak remaining after computer subtraction of the background
(TICRAT). The last three columns of the table were not used in this study. '

“Silanated" compounds are of column origin rather thar from the compound.

Where additional compounds were identified by further processing of the data, ’
they are listed on data sheets accompanying many of the charts.

A number of characteristic families of ion peaks whose identities ware not
established are also listed on the data sheets.




Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Tabte
Table
Table
Table
Table

OIL AND OIL FOG FRACTIONS SELECTED FOR MASS SPECTKOMETRY

C-1
C-2
C-3
C-4
€-5
C-6
c-7
C-8
€-9
C-10
C-11
C-12
C-13
C-14
C-15
C-16
c-17

0il
0i1
011
0il
0i1
Qi1
011
0il
011
011
0il
011
0i1
011
0il
0il
011

i — — i gy W - — T

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
Fog
Fog
No.
Fog
Fog
No.
Fog

1, Aliphatic Fraction

2, Aliphatic Fraction

3, Aliphatic Fraction

1, First Aromatic Fraction

2, First Aromatic Fraction

3, First Aromatic Fraction

1, Middle Aromatic fFraction

2, Middle Aromatic Fraction

3, Middle Aromatic Fraction

1, Heavy Aromatic Fraction

Run No. 2 (B-1), Heavy Aromatic Fraction

Run No. 11 (B-1[HT]), Heavy Aromatic Fracticn
2, Heavy Aromatic Fraction

Run No. 4 {B-2), Heavy Aromatic Fraction

Run No. 11 (B-1[HT]), Heaviest Aromatic Fraction
2, Nitrogen Bases Fraction

Run No. 9 (A-2), Nitrogen Bases fraction

C-3




e
e
o e
S
e e

¢06Z
6E9

3dAl  NOIJTIY

— e e

&E9T &

[4 ] Pl
I9¢t 2
2851 €

24T 4
-2 201 t

0L~ g6
£E€L~ 8z

aNITL3H 1vHOIL

| A8

ecte

BBersl

vE

vic

LT9606

€0C671

HERE NS

' [
PALONT b
‘ G2V

ANYATYCIDAD AR CEas w2 s uZduququ N oth Y172

o T T wz<w.4¢ 48 vir 7.0
T e ono e e 9t
T T .wy.lv..}.l..w...ywrdiwud M v 910
_ WIAKIHGIIAI10 OEH SID + NIVOIIAI AT ZEHIID + Yv aE rewS 1)
...................................  annoawod amwsing

INYAIY HO i 910

(EZT1) + INVATWIANTVOGIDADIA BEH 21D + 3INYISUVINIG 1 2EH &1D

UILUNYILS + INVAO¥STAXIHUTOAIIA BN 415
lllllllllll T T QW~M—waer) 4
T T T T ey v e 6
T swosavain oen 91

(E21 ‘Eel) + uZ<hUDJ>quDJU>U 8CH ¥1J0 + HNYMIV 88 Oth w1

+ WZ(«_J(..;waDJU)u-Q EZHS I -4 B

(601 "LET 'E21 'Ee)

LEET 'ESL) « INUYNIW o6 OtH vil

0T LB .Nr,u ‘Coel)

hZ(IhNJ)xWIDaU>U[m!W.r Qw;
.......................... T INYRIIAXINOTOAD1G AR B 92 B0
T e  emsumsamn
T WZ<141
.......... T assnmsan
T T e T J:(MJC
o '1|x||‘|||||::|.ru.»;ul\lll.ltu,».|v|11-l:l|||mwayuwbwc~23.
e

NOILOWYS JIIVMAIW ‘T "ON 110 40 W

‘1-0 Navi

6l

[41°Yed

rect
tegt
tecl

- ,w.wﬂ i
e
||',0.|NO~ o
) :nhm~ -

v
34
- - mm, -

oz
(3]
al

€1
21
11

€
z
1

SN 909 T

C-4




00
Te6t
(el
BoHl
VBT
nmm_

£oult

wt ol
MV

60T

€ ezeet

€ rL6817

H TC6e

o] 65601

1 Ll

I'd Y¥.901

208

i [R49Y
G vied
0 Orrh

ZELLE

T ce\m

< m:‘nrﬂ

] b lG

1 RS 4

ANVA IV IAX D

3NUNIV

w2(.11_<

T T  qaiewrs
T T T e
T T e
T sy waem e
T T ez
O e e e 1
o T T GNPQZ(l:U
T anwaw uE ven 12
T T uQI.C.“vuz
T T o ,.rn.wWI &H&1D-N
(L _.T,w:‘ﬂ .Mur.h_ 13 40 us_d,;JtGva‘/.an)xJ‘(‘ m:.I..niL
o T ) ) T Dh»(Zdy.:
S T T T ymwr(ZG s
T awvomaviooes sen et

Qn:u:»7wo—z_.

ANV 3HIAX JHU 10ADTA bEH 81D 80 INUATVGIDADIIAMTY SEH BI1D

INVMTIY N8 GEe 810

17y :. i37100

£cal
22g!

€-5

-2
3 |qe) r




Qo | 2R H

T e ene e
....... 0wz o

T o = o
T e T oz o
o o veoz 9
T o viez o
o et s
o o  es1 o
T 0 ke o
D o ovei o
o o e o
- o owar o
........ o vau o
T
o o ezt o
T o st o
D o et e
........ o emm €
T e Govr 1
D o covt v
T o vez- ¢
T o vae- v
T o cee- g
D o cov- e
T o e €
o o s0s- 8
o o eve e

J 3 aliN3AING

byH 1ZD-N

Q3T ALLNSAING

‘AV3d INUAY HC iMvd

CyH OCD-N

3141 IN3TINN

*#WNN + QILWYNCIIS

(INVHTIVOIDADTIANTIY QZE) ¢ 9EH LID-N

TILYNVIIS + (INWHTIVOIIAITAMTIV GZ1) + (S1D-N) INYRIV

NP A iTIYRAE Y T2 TuN 10

20 1wyl

Teree e
ey 2
e sz
ey e
e e
Y ez
e e
T T
o oz
T eeer a1
ewr @1
ey o
eeer e
ey s
ey v
" oeer e
T eees e
T
Y
eeer e
T evar 8
Cwer L
T eor e
T ezoy e
T zee v
,,,,, siov £
e z
..... oov 1
...... 5248 @ wead

Svid UMW

C-6




()

o~ neaen

IANYM WY Cigv bt o
T o e T T A ST e ee a6
,,,,,,, T T T i s T T
...... o oz o ewr T T T e e e T T

et LS o e . -
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TABLE C-2. OIL NO. 2, ALIPHATIC FRACTION

Key

Spectra with this designation contain some or all
of the runs of the followings masses whose parent
structures have not been resolved: 41, 42, 54, 67,
69, 81, 83, 95, 109, 123, 137, 165, 179, 193.
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TABLE C-3. OIL NO. 3, ALIPHATIC FRACTION

Key

UNK* Spectra with this designation contain some or all
the runs of the following masses whose parent
structures have not been resolved: 41, 43, 55,
67, 69, 81, 83, 95, 109, 123, 137, 165, 179, 193.

Additional alkanes (not found by the cleanup) were
present at spectra numbers 5352 and 5417.
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k- TABLE C-4, MS OF OIL NO. 1, FIRST AROMATIC FRACTION
] Key
E @ ir the ID column are identified below by the Spectrum No.
Structures shown are compounds with similar spectra
10233 Cy3Hie (such as 2-heptynyl benzene)
t H3C CH,
10234 C12H16 \@Y 1,7-d1methy‘l tetralin
e
or 0
; !
Cy1H120 O 3-methy1-3,4-dihydro
CHa naphthalenone
and
: Ciafiis Trimethyl tetralin
{
10242 CisHie (similar to 10233)
10243 Ciatie Dimethyl tetralin
and

CizHyo Dimethyl naphthalene

and Bu-t
CiuH20

or CH; CH;

H,C ' ]
E Ci3H160 O

3 H3C 0
' 10244 Ci12H160 Cyclohexyl phenol

10249 CizH12 Dimethy1 naphthalene
and

CivHzg or Cy3Hye0 (sce 10243)




- ,-1

10254

10258

16267

10233

10296

10301

TABLE C-4 (cont.)

CisHys Trimethyl tetralin

CHy CHy4
and
CisHas o g,
CH; CH,
or H,C
C1uHy50
H,C 0

CH,
CisHay or Cy,H,40 {see 10254)

and
CyiuHy, Alkylbenzene

and

Alkene or alkylcycloalkane

' H,C CH,CH,CH(CH; ),
Cquz O
H,C

CH,
CISHZZ
HsC
Pr-;
CH, 0
I
Ci . H O ]
1M, 50 CHaor
H4C CH,
H,C \/L\( CH,C(CH, ),
Crelys O*
H;C T H,
CH,
CisHys (simitar to 10274)

J----------------'-"""'"""""""""""‘!

e 255
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TABLE C-5. MS CF OIL NQ, 2, FIRST AKROMATIC FRACTION

KEY
1)} Numbers in parentheses indicate ions which seew to veak simultaneously.

2) @ in the ID column are explainad below according to Spectrum Nuiber. Tne

structures shown are compounds which exhibit similar spectra.
11332, alkane + C,.H1s(171,186) or CysHao (186,200) + C1yH16(169,164) +

CisHas, (227.242)

11335. C.-H.¢(209,224) + CycH10(195,210) + Cr.4y5(171,186) + CyeH:»(195.210) +
M

- ~Me
Ceatis 7\6)'* CHy - CHy @ (223,232,193)
e

Me

11356. C1sH15(135,210) + Cy,H;, ’

Me - (CHQ)’
:I:gé:]::::] (145,119,146,258) + (228) I
Me - (cHz);
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TABLE C-6. MS OF OIL NO. 3, FIRST AROMATIC FRACTION

KEY

T Rt AT

: 1) UNK* These spectra contain some or all of the following ions: 41, 43, 55,
; 67, 69, 81, 83, 95, 109, 123, 137, 165, 179, 193, 207 structures have not
been determined.

2) Numbers in brackets [ ] indicate the correspsnding spectra numbers in
Table C-4, 0il No. 1, First Aromatic Fraction.

3) Numbers in parentheses indicate ions which seem to peak together.

4) Additional peaks not included by the Cleanup program are:

12243 C12H1; or CllHlZO [10234]
12347 CysHys
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Peaks not included by

1246
7247
1257
7258
7267
7287
7419

7479

[f the "Identification” slot is empty, then no specific compound could

TABLE C-7.

Ci1 Hio
Ci2 His
Ci12 Hio
Ci3 Hi2
Ciz Hi2
Cis Hiy
Cis the

Ci1v His

MS OF OIL NO. 1, MIDDLE AROMATIC FRACTION

or

KEY

CLEANUP program:

Methylnaphthalene

Biphenyl

Methyibiphenyl + Cy, His
Dimethylnaphthalene
Trimethylnaphthalene

Cis His

Trimethylphenanthrene

be identified, although a definite peak exists,




Ja-d

N

MR I

1ve ol

NOTIOWY) 2I.VWOeY 11GGIW ¢

"ON 710 49 I EREERT:I'TY

¥ o Y jajit =04 AJCZ:JJJ: [e334] -
c 1,41 g ,.?\.M.m:i? . Eua:pzqzwxr._::_« mo..fzb‘,zauh 31 001H R0 .wwmc i nw g
. il m; :.Z..ru ..... , .z.w.p,‘nzw:.?‘_»:.&,.-mc wz,;rﬁ.{(z, :.:_.)Em_r_,w_x (5 8e] r-nmwmm o \om
o ‘rim_ .m uree h , - B o “‘.yu_.zwb_,v,.n.mz, o.,..u.u .:mmm T |ww||
s aer e surz T T T T T W gstwe s vees ve
¢ emt oz cze . T
) v etst 1 soar s T T T T T g aeive e a2
e T T e ,:;:,w.@:;amx?.fss sk 13 gees 1e
v om0 oves o T ees T Tom
B st w sssez . ?z;%f,?._W&J; G1D v WAMAINONIHATHIINID LIk P10 woed 61
B T T cves T T IERERRee v 8
R sty T NGueiNvNIRd AHLIWL AL Bk 15 pees 1
o a1 e sov T T snaaminenana zrz.u Cives 91
.o et gt - T T T T T e ek 10 seee ar
. e %:,z S ::,--w,m&,?.;,_‘w,.,m_?_,u..,,s-:x oty oees  wr
.- o . J PR .. . - R =
B o2 ‘p;q_ o vmﬁww o . o o . o .‘E.ﬂqm.(”:m .mwmm«’v‘ .I.m:f\ ﬁw
- + [ S i 0u2 ANINCD TETIAHL S CiH vl czes 1!
i o LR v .,.Lm? - ) , o S u:qquoqx I-N D qu m?.wm o nw-
‘ . R B RSN 3 Iiw s LORUS \n“agcﬁ.cf:uuiiywr;, (ISR SIS B Ir.‘omm o ‘m. ‘
° ’ - N oy - - N ) \qumm.w. h cynmn )
Ka - 1! i Tt ‘ ‘ . ) ‘ ‘ ‘ ‘Mcnm ........ m
e HET R e ilen s ) o - ANVIIAVH L N OuH B ‘ mmmw o m ‘
e K , ‘ ‘ ) ur@‘,uaao N v IH ,L J ‘ M'N..wmy,-., ‘ lw
‘v vl . A S ) ANV OGN 20 _.\:u ) ,,u;,w, N «m. ‘
oot ol iy broy,, ) o G371 411M3IAINN L0 o ) m-
W ,uﬂm =Y n_.‘;.\”m \ ‘ ANVHL AW0EaDTIHY T S WI.(, ‘.Mrmmy.:i ) ” i




i
12 SN SR S 101 @BUEIRA: 1IN ) - R - R ¥
TN Tever 2 sme T T T T amannaan - etce - 09 4
T el e e ugoe T N3 ANLEM 80 3NIHONTJOINGE ZIW L12  00GE e |
..... e iz o ¢ ke T T T amannainn . oeve e
TR ek w0 v TINIUAGIAMIIM WO INIWONIIOINIE ZTH 10 vere ¢ &
T .|Mli|¢ |MMMM1 | ¥ Yer T ) Qm—u:.vl“WM—M.“mll | umﬂm 96
T ez v eser C T aaankaaien c e ¢ &6
T & sotz : 1 . iser T o T INIWHINWNBHATAMLIWINL 9TH £33 oive ¢ #E
T o1 ootz 2 eee T - VWY veH 1200 zove ¢ €s
T tMIlbl lmmmml : J ‘10¥1 T T N nw~u~hzwm.~.-umll c9v8 z¢ )
TS Teser £ovs T T - a3r4liNaINn - o8 16
T e es0z 2 2 ewe T aannavidan0Naala 2in 915 cera | i 0%
T 0 esoz 1 - eem T ) QILALINIGING © zeve | ey
T |h 14 o1 1 kvt ¢ T a3rdl ._..uwmﬂ.umll ”lllMMﬂMnllli “.lllMUl..n
|||||| ‘nmwllr ..MMMM- ' .81z T T wzwx.t.ZQZW.UMwaJ( mmx m~u.” (24 4:] iy =
T e emozr v uzer T aaraLNzame - twve ¢ ey O
T lh- 102 -4 ‘669€ ST ) ¢ "AN3L) WM.W....Z,Z(E:JH. muz oaum LEVYB Wlll.n.ﬂlll .
|«~ .Wlwooa 13 ‘90€Z “..l.. T - vIH 91D +|WN~M¢IFZ(ZWIQJ>SJ( m-ﬂ.lmﬂw 9EYe L 44
-8 mlnoon ¥ ‘1€t T o nmnk—._.zmmMyltm CEYD (4 ] ) '
|||||| iMllll |MMMMI o izt ) G3IJTANIAINN } yeEVva - Zy .
4 0LeT 1 ‘CEST nmnkmbmwnng + INVMIV mmﬂ.lmmm (224 -] —vl..l
] L967% 3 ‘€61E ) nwmumkzwmﬂ-ﬁmllw Nm'w 14 - !
||.iv|.|n (4124 ¥ eee T 914 B1D 41%.—.1 o-uhllr aive &€ ) ,
ot iyl z ‘¥66E Q—MIMMW Sive ) (- ) ,.
Tie iezst i 1 ovor IIH 912°  60¥e L ae !
T et v e 31ALINIGING G cove i %€
L . oZs1 : z : ‘TYIE (S)¥3W0ST 9TH h«um 90v8 WllMMiu
T Mlmnlll : L1613 : o : ‘1azt omﬂ.IMMw Sove »E
T L 8061 A "I62 A3TJIINIAINN + Mlux o-uw zZ0v8 [ i
T 9z (o134 L : ‘CLECOT SNIYHANYNIHIVAHLIWINL 9TH h-u.m 10v@ [ )
'3 6681 - ‘oLeT #0738 Wvad nxlulwuﬂ“ 66€8 —nlll
) |n 8881 . ‘€0z uzw..(x._.xm(zozn>xun._>x...<|mMmlewW Co6E8 o€
.-!.-l}mﬂ!.-.m zee! v ‘8L19 INIUHINYNIHA TAHL W mﬂm-mﬂw! “cecs o2 .ﬂw.- }

T



ezt ANIYHINYNIHATAONJOSITAHLIW ¥O 3INIFUHINYNIMJIAHLIWYELIL BIH 819 1vca )
................................................ T e e e el 82
zcze viH 810 PeT) 29 aqy

PSP Y




e e

s B N S oo 2
R e matr H T AT A LA AT -

TABLE C-8. MS OF OIL NO. 2, MIDDLE AROMATIC FRACTION

KEY

Peaks not included by CLEANUP program

343) Cie Hia Dimethylphenanthrene

8563 C.q9 Hy: Isomer

If the "Identification" slot is empty, then no specific compound
could be identified, although a definite peak exists.
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TABLE C-9. MS OF MIDDLE AROMATIC FRACTION, OIL NO. 3

Key

Peaks not included by CLEANUP program

9253 Ci2H;2 Dimethylnaphthalene
9252 CysH12  (2)Methylbiphenyl

If the "identification” slot is empty, then no specific
compound could be identified from the data.
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TABLE C-11. MS OF OIL FOG RUN NO. 2 (B-1), HEAVY AROMATIC FRACTION
Key
CHs
S
CH,
23 ** 30287 CisHi: methylbiphenyl
C-24
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TABLE C-13. MS OF OIL NO. 2, HEAVY AROMATIC FRACTION

OeR0
OwalaOas

l
Molecule with a CH;— Ph — CH,— or Ph —CH — moiety
or CisH240 with 2 Ph = C — moiety

Key

CHs
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TABLE C-14.

*1

~.

*3

MS OF OIL FOG RUN NO. 4 (B-2), HEAVY AROMATIC FRACTION

Key
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TABLE C-16. MS OF OIL NO. 2, NITROGEN BASES FRACTION

Key

» Ci3HisN Type A (184,185,157,156) -loss of H
: probably tetramethylquinoline

]

| Type B (185,170,186) -loss of CHj

% probably Cs-alkylquinoline with at least
! one ethyl group

CiuHy 9N Type A (198,199,171,200,172) -loss of H
3 probably pentamethylquinoline

Type B (184,199,200) ~loss of CH:
probably Cs-alkylquinoline with at least
one ethyl group

-y

CisHisN Type A (212,213,185,198,214) -loss of H
probably hexamethylquinoline i

Type B (198,185,213,212,199) -1nss of CHs
probably Ce-alkylquinoline with at ieast
one ethyl group

CieH2 N Type B (212,227,226) -loss of CHs
probably C,-alkylquincline with at least
one ethyl group

CisHysN (207,208,206,165)
Methy1phenylindole or
dimethylbenzoquinoline

CyeHysN (221,222,220,178,206) ~
Dimethylphenylindole or
trimethylbenzoquinoline or
C:sH;1NO as diphenyloxazole or

phenylquinoline oxide
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TABLE C-17. MS OF OIL FOG RUN NO. 9(A-2) NITROGEN BASES FRACTION

Key

CiasHysN Type A (184,185,157,156) -loss of H
probably tetramethylquinoline

" Type B (185,170,186) -loss of CHs
probably Cs-alkylquiroline with at least
one ethyl group

CiaHioN Type A (198,199,171,200,172) -loss of H
probably pentamethylquinoiine

" Type B (184,199,200) -loss of CHj
probably Cs-alkylquinoline with at least
one ethyl group

CisHyoN Type A (212,213,185,198,214) -loss of H
probably hexamethylquinoline

" Type B (198,185,213,212,199) -loss of CH;
probably Ce-alkylquinoline with at least
one ethyl group

CieH2iN Type B (212,227,226) -loss of CH;
probably C;-alkylquinoline with at least
one ethyl group

CisHyiaN (207,208,206,165)
Methyliphenylindole or
dimethylbenzoquinoline

CigHisN (221,222,220,178,206)
Dimethylphenylindole or
trimethylbenzoquinoline or
CisHyiNO as diphenyloxazole or

Phenylquinoline oxide
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APPENDIX D
AEROSOL DATA FROM EXPERIMENTS 3 THROUGH 12

D-1




AERQSOL EXPERIMENTAL DATA

The following Tables D-1 to D-10 1ive the complete experimental data
on aerosol aging as measured with the P/Z impactor and the ASAS particle spectro-
meter, including data anmalysis and correlations for Experiment Nos. 3-12. Table
17 in +he body of the report appears here as Table D-2.

Figures D-1 to D-10 are histograms of the particle size distribution in
Zxperiments 3 to 12 as measured at the initiated time after ty. Note the change
in distribution in Experiment No. 6, from 9 min in Figure D-4 to 16 min in
Figure 8 in the body of the report.

0-2

—

|
|
i




TABLE D-1
EXPERIMENT NO. 3

P/Z Impactor ASAS

Time (t) TSP dm Time (t) dm No. of
min mg/m3 (um) min pm Particles (n)

30 616 .960 5 1.21 37222

9 1.27 30886

40 536 1.35 15 1.25 27956

20 1.25 22985

50 664 1.33 26 1.26 31380

29 1.24 30318

60 854 1.343 43 1.37 25874

56 1.28 26954

STATISTICAL ANALYSIS: FOR STATISTICAL ANALYSIS: FOR

LINEAR REGRESSION CURVE 1 = noe-kt
1) TSP vs t -
slope = 8.4 R, = 33860
intercept = 289, K= .005
correlation coef. = .805 correlation coef. = 0.747
2) dm vs t Equation:
slope = .0113 - 005t
intercept = .7377 n=33869%9e "7
correlation coef. = .764
) Tnn = 10.43 - .005t
Equation: 95% significance level
3 y=m+c

m = slope and ¢ = intercept
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TAGLE D-2

EXPERIMENT NO. 4

P/Z Tmpactor ASAS

Time {t) TSP dm Time (t) dm No. of
min ma/m? (um) min um Particles (n)

2 144 .686 2 .776 45622

] 10 739 .842 4 853 52368

18 667 .876 10 .813 46992

36 634 .324 15 .823 42884

44 566 .831 36 .846 33718

52 598 .878 44 .850 31352

50 506  1.00 52 .888 22506

60 .893 13774

STATISTICAL ANALYS1S: FOR STATISTICAL ANALYSIS: FOR i

LINEAR REGRESSION: CURVE n = noe-kt ;
1) TSP vs t _ 5
slope = - 3.9 n, = 55826
intercept = 763 K= .0184
correlation coef. = -.944 |correlation coef., = -0.93 i
2) dmvs t Equation:
slope = .00313
intercept = .749 n = 55826 ¢ 0184t
correlation coef. = .744
_ Inn = 10.93 - .0184¢t
Equation: 95% significance level

y =mt+ ¢

m = slope and ¢ = intercept
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TABLE D-3

EXPERIMENT NO. 5

P/Z Impactor ASAS
i Time (t) TSP dn | Time (t)  dn No. of
| min mg/m? (um) min pm Particles (n)
! 13 236.7 .821 2 . 899 4907
F ! 17 184.2 .73 7 .880 4436
! 28 303 .734 14 .947 4622
37 372 773 26 .926 5129
46 262.8 .790 36 .900 5432
56 283 .702 45 .906 5179
54 .916 5527
STATISTICAL ANALYSIS: FOR STATISTICAL ANALYSIS: FOR
LINEAR REGRESSION CURVE n = noe-kt
1) TSP vs t -
slope = 1.786 n, = 4582
intercept = 214.98 K= 0.0034
correlation coef. = 0.47 correlation coef. = .8294
b 2) dm vs t Equation:
' ' slope = -0.0011 0034t
intercept = 0.795 n = 4582 e’
correlation coef. = -.425
' Tnn = 8.43 + .0034t
Equation: 95% significance level
y=mt+c
m = slope and ¢ = intercept
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TABLE D-4
EXPERIMENT NO. 6

P/Z Impactor ASAS
Time (t) TSP dm Time (t) dm No. of
min mg/m? (um) min pm Particles (n)
2 359 .6675 4 .888 32737
9 432 .6585 .870 21418
16 340 .7020 13 .872 33053
26 449 .7060 23 .873 26424
35 476 .724 32 .875 20506
44 489 L7712 41 .895 18356
51 440 .7607 58 .935 13532
60 450 .8270

STATISTICAL ANALYSIS: FOR
LINEAK REGRESSION

1) TSP vs t
slope = 1.3
intercept = 394,
correlation coef. = ,5049
2) dm vs t
siope = .00262
intercept = .6576
correlation coef. = .958

Equation:

y=mt+c

m = slope and ¢ = intercept

STATISTICAL ANALYSIS: FOR

CURVE n = noe‘kt
n, = 34200
K= .015
correlation coef. = -.9212
Equation:
n = 34200 e 01t

Tnn = 1n.44 - 015t
99% significance level




i TABLE D-5
‘ EXPERIMENT NO. 7
P/1 Impactor ASAS
Time (t) TSP dm Time (t) dm No. of
min mg/m?3 {um) min pm Particles {n)
; 2 384 .796 1.158 6283
462 .767 1.113 6354
4 10 558 .7847 10 1.185 6810
{ 16 605 .8235 16 1.168 6366
. 28 529 .834 24 1.185 5646
3 34 503 8512 34 1.171 5480
. 44 567 .8167 44 1.071 5746
1 52 597 .8374 52 1.069 5480
60 514 .883 60 1.053 £326
STATISTICAL ANALYSIS: FOR STATISTICAL ANALYSIS: FOR
LINEAR REGRESSION CURVE n = noe'kt
1) TSP vs t = 7
siope = 0.5 o 668
intercept = 570 K= .304
correlation coef. = -.2272 |correlation coef. = -0.848
2) dm vs t Equation:
slope = .0014 -.G04t
jntercept = .7821 n = 6687 e °
correlation coef. = -.2272
Inn = 8.802 - 0004t
[Equation: 99% sianificance level

y=mt+c

m = slope and ¢ = intercept
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TABLE D-6
EXPERIMENT NO. 8

P/Z Impactor ASAS
Time (t) TSP dm Time (t)  dm No. of
min mg/m® (um) min pm Particles (n)
> 12 748.2 .7726 2 .990 9046
20 778.9 .7%¢ 6 .987 9425
28 729.6 .792 12 .961 8116
38 714.6 .795 19 .900 6502
48 602.4 .792 27 .932 6677 l
58 604.2 .828 36 1.00 5668
45 0.928 5640 ‘
54 0.944 5423
STATISTICAL ANALYSIS: FOR STATISTICAL ANALYSIS: FOR
LINEAR REGRESSION CURVE n = noe-kt
1) TSP vs t _
slope = 3.947 n, = 9118
intercept = 830.34 K= .01l
correlation coef. = -.913 correlation coef. = -0.941 .
- f
2) dm vs t Equation: 1
slope = .00083 -.011t
intercept = .768 n=29118e -
correlation coef. = -.913
Inn = 9.118 - 011t
Equation: 99% significance Tevel

y=mt +c
m = slope and ¢ = intercert
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TAGLE D-7

EXPERIMENT NO. 9

y=mt+c¢
m = slope and ¢ = intercept

P/Z7 Impactor ASAS
Time.(t) TSP3 dm Time (t) dm No. of
min mg/m (um) min um Particles (n)
9 £86.8 .739
17 791.4 .863
27 849.3 .799 17 .919 37207
35 621.9 .834 26 .934 31712
44 698.4 .797 35 .920 28020
59 736.2 .810 44 .933 25129
54 .917 19551
STATISTICAL ANALYSIS: FOR STATISTICAL ANALYSIS: FOR
LINEAR REGRESSION CURVE 1 = noe-kt
1) TSP vs t -
slope = .7894 n, = 49662
intercept = 689.53 K = .0166
correlation coef. = .133 correlation coef. = .991
2) dm vs t Equation:
slope = .00056 .. 0166t
intercept = .790 n = 49662 e °
correlation coef. = .226
Tnn = 10.813 - .0166t
Equation: 99% significance level

R $he o <1 G T 48 et 5 . T AP P [t
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TABLE D-8
EXPERIMENT NO. 10
P/Z Impactor ASAS
Time (t) TSP dm Time (t) dm No. of
min mg/m? (um) min um  Particles {(n)
14 550.2 .7604 4 .928 12857
22 580.5 .761 8 .932 14037
32 543.9 .737 14 .921 11516
42 538.5 742 22 .933 2058
51 542.7 .776 32 .936 8320
60 629.7 .798 42 .937 5957
51 .933 5931
60 .944 5770

STATISTICAL ANALYSIS: FOR STATISTICAL ANALYSIS: FQR *

LINEAR REGRESSION CURVE n = noe-kt
1) TSP vs t = =
slope = .8216 ny = 14186 3
; intercept = 534.0 K = .017
: correlation coef. = .405 correlation coef. = -0.9656
H
1 2) dmvs t Equation:
i slope = .00072 -.017t
intercept = .736 n= 14186 e ’ -
correlation coef. = .561 ]
Inn = 9.56 - .017¢
Equation: 99% significance level

y=mt + ¢

m = slope and ¢ = intercept




TABLE D-9
EXPERIMENT NO. 11

P/Z Impactor ASAS
Time (t) TSP dm Time (t) dm No. of
min mg/m’  (um) min um  Particles (n)
14 377.7 .535 5 .748 5950 g
22 299.1 .576 11 .754 5687 :
32 328.8 .563 18 .763 5627
41 345 .642 28 .767 5751 i
51 381 .629 37 .759 5713 i
60 327.6 .611 45 .797 5676
54 774 5638
STATISTICAL ANALYSIS: FOR STATISTICAL ANALYSIS: FOR
| LINEAR REGRESSION CURVE n = noe-kt
1) TSP vs t _ ras
slope = .0774 ny = 826
intercept = 340.4 K = .0006
correlation coef. = .0426 correlation coef. = -0.643
2) dmvs t Equation: l
, slope = .0019 i
» intercept = .524 n = 5826 o= 0006t

correlation coef. .790

" Inn = 8.67 - .0006t
, quation:

y=mt+c
m = slope and ¢ = intercept
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TABLE-D-10
EXPERIMENT NO. 12

P/Z Impactor ASAS
Time (t) TSP dm Time (t) dm No. of
min mg/m? (um) min um Particles (n)
12 805.2 L7481 3 .8840 21870
20 867 .776 8 .8815 23754
30 888.3 .749 16 .8900 20126
40 811.5 777 25 .8762 18160
50 673.8 .778 34 912 141061
60 797.1 .795 44 .8823 14309
55 .8920 10671

¥

STATISTICAL ANALYSIS: FOR STATISTICAL ANALYSIS: FOR

LINEAR REGRESSION CURVE n = n e-kt
0
1) TSP vs t -
slope = -2.11 n, = 25084
intercept = .738 K= .0146
correlation coef. = -.512 |correlation coef. = -.966
2) dm vs t Equation:
slope = .0009 -.0146t
intercept = ,738 n = 25084 e °
correlation coef. = ,794
_ Tnn = 10.13 - ,0146t
Equation: 99% significance level

y=m+c¢
m = slope and ¢ = intercept
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