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DIESEL EXHAUST COMPOSITION and ODOR. Studies™

R. H, LINNELL, Senior Chamisi, W. E. SCOTT, President,
Scorr Research loborataries, Inc., Purkasie, Pennsylyanig

Wi’th increascd igterast in emnig.
sions contributing to air pollution
further siudics on diese! exhaust ame
deairuble. The well known diesel ex-
hoaust odor hos not as yot been satis-
factorily explained. This odor remaing
as & problem in the minds of the goneral
public and more informaticn in this area
is the major goul of our research.:

Previous Investigations

Masi of the lnforcaation svailable on
the eompusition of diesel exhauat is con-
tsiced in the following pubbications,
Ax early stindy® by the Burean of Mines
gives some data on diesel exhanst com-

sition. and later work® gives data an

0, CO., oxides of nitrugen, sulfur
oxides, aldehydes, and CH, togethor
with some correlations with odor and
eye irritation. Davisshay studied alje-
hyde ramoval from diewel cxhapat. A
sompiaison of exhaust geao: from diese],
ghaoline, a4 propene powered vehicles
has been made by Elliott, ct als  Total
aldehydes, formsldehyde, snd oxides of
nitrogen weore meashred and eorredated
with odor in-a General Motory ressarch
report.® Rewcolly a study has been
made of the effoct of diesel Jooomotives
on the atmosphere of & railway tunnel?
in which NO,, wial oxides of nitrogen,
CO, OO0y, S0y, aldehydos, sod O were
determined Polynuclesr sromaties
were klso determined in & railway tunee)
and it wae concluded thet the lovels
found wore ne grester than those to be
expacted from the vensilating aiv alope.
Fuel injection and smoke from » dicsel
were discusaed in & French roport?
Tracen of several polycyelie aromatics
were found in diesel wxhaust by Eng-
lish workera.®  Dieasl smoke was
studicd as & fonetion of fuel and addi-
tives, rond speed, and cogine size by
Howe!’ uurl a contivuous measurement
instrument for amoke ruported 3t the
same mecting.’®  Aaother report op
diescl smoke was given by Hobson
Little, i any, benso(a)pyrene was found
in dicsel exhsust by Commins, ot ali¢
Infrared emission was wsed to study

O —

* Prescnted at the 35th Annual Meeting
of APCA, Shemiton-Clirago Hotdl, May
20-24, 1862, Chicago, Ilinais,
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dicael vombustion by Lyn.1® A toxieity
study™ reports serolein and NO. to &
lesser oxtert as tho most importast
irritants n dicsel exhaust under Tight
lond, and NO. the most importsnt
irritant wnder modarate load. Bailey,
et al,” have anplysed cxhanst for
sverul compounds; formic acid, form-
aldehyde, oxone, oxides of nitrogun,
carbon monoxide, acetaldehyde, azce-
tone, polycyelies, etc.

A good review of carlier work was
given af the Iiret International Con-
gcn on Air Pollution, New York City,

&rch 1-2, 105514

Experimental
Sources of Exhouvet

A two-tydle, six-cylindar enging typi-
eal of equipment for moter eonches in
city or interurban use was used in all
this wark. It is supercharged snd hag
a ruting of 220 hp, Engine data are as
follows: 4.35 in. bore, 5.00 in. stralx,
425.6 cu in, tatal duplacement, and 17:)
compression. ratio, Total exhsust vol-
ume will be very closely cqual to tatal
air intake which i& a function of rpm;
500 rpm, 160 eu it per min; 800 rpm,
260 cu ft per min; 1100 rpm, 350 cu f
per min; 1 rpm, 385 cu it per min:
1800 rpm, 300 cu fi per min, and 2000
rpma, 810 cu ft per mm. The engine is
loaded with 3 Genera]l Eleetric $00-hp
induction dyngmometer. Speed and
Ioad ¢an be varied independently.

A No. 2, 50-cetane fuel wus used.
This fuel is 70.0% satorstes, 8.7%
clefins, 20.4%, aromatics {(all by ASTM
D-1319 fuorescent indieator method),
and 0.1109, sulfur.

instrumentotion

Infrared spectrs wers run on s Perkia-
Elmer Model 2 jnstrument which was
equipped with NaCl opties. For low
coneontration gas samples dual 40-
meter long path oolls (57-iter volume)
were used.  Bolution speetra were run
in NaCl cavity cells compenssted by a
wedpe cell.

Colurimetry was done with 2 Bausch
and Lormb Speetronic 20 instrument.

Gas chromatography was done with a
Perkin-Elmer Maodel 153 Vapor Frae-

tometer equipped with hvdrogen Bame
and thermpl vonductivity devectors, ang
on 4 temsperature programmed F and M
Model 809 flame icuization instrument,

Flooresrence and sctivation spectrs
were run on am Aminco-Kiers Epotro-
phosphorimeter with fluoresccace 4t-
taehment,

Sompling

Since diesel exbavst contsins some
higher molecular weight compounds,
loaves on srrfaees of ssmpling condeinnds |
can be serious.  High water contont’
tends to aggravate this problem. After
condsiderahle experimentyl work with
both glass and stainlees steel sampling
lines (heated and unheated) and asm-
pling fasky, we have adopted the follow.
ing teohnique. Samples were talen
from e 3/, in. alotted (Y in. X 3 i,
slot) stainlems steel pipe welded into the
8 in. exhaust pipe about 6 in, from the
exhaust maniiodd. A standard taper
glass ball was sttached directly to the
/¢ in. stainless pipe and all sympling,
flasks were eqnipgod with the proper.’
glass socket to fit, thus elimingting -
sampling Yines. el

For direct gns phase wnalysis &€ ghi
exhaust by infrarod spectroscopy, st
appropriate glass flask (2.0-8.8 liters
depending on the diese]l operstiopal
mode) waz evacusted and attached %o
the glass sample ball and the sample
taken. The sample was then fushed
into the S7Hter infraved coll with
purified, dry, end CO; free #ir or Ns
Extensive tesia of this method showed it
was reproducible and thar ahernative
nonflushing techniques yielded lower
hydroesrbon vaines,

For gas chromatography, samples
were taken ip evaruated ope-liter glass
flasks cquipped with Teflon stopeocks.
These samples wors flushed by pre-
purified Nj inta a stuinless stee! ssmple
loep of shout 8 ml volume with an 8 in.
aration of !/ in. stainless paslked with
209, polyglyeol 600 on C-22 firvbrick at
the outlet end, the whok trup baing
rooled in liquid oxygen. For introdue-
tica izto the chromatography column
the trap was placed in boiling water.

Oxides of nitrogen were determined
eclorisnetrically as well as by infrared.
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ladbie F—iesel Exhoust mm-Laad Shudy latex paint {whieh seema to be odorless
Tom Uy Volar) ry Hasis S Boun, aud 4 sotal st o estos
1
Hpm Toad HO CY, CHe O NO NGO, 80, CH, C.H. it. me!ist:s Rre seated_at a beneh
S0 ¢ 1330 16,900 2 RE B P35 68 8K 15 partitioned into three units and con-
Ve 26400 31,400 4.8 181 120 189 13.7 5.18 2.8 structed next to the wall of an ajoining
g 38,300 56,060 521 105 64 298 5.56  10.4 2.2 room with three small entrance ports for
1, 43,700 3,5 7.3 175 4B 308 13.95  13.7 ar : - ' i
Pul 62,400 74,700 116 4300 56 548 R1.2 831 g introdueing samples. Air st 160 cu fe
1200 9 g?& é;ggg g&lg ‘1,?; mﬁ‘a-} “;2,6 ﬁ_; 2 13".50 3.2 per min s bl;wu tl::)ugh a Cambridge
2, 37, . 2 ¥ . K. 7. No. 431385 et, through a
};: %gggg ;}% »ns 17 g’fg ﬁ 1‘-’-57 }g-g Qé-l-: gimi LSI:dc]D;ZFN chmu;x%::;‘;i‘d
+3,: . . 270 7. B.% . .2 - 2
e 30,300 97,500 &8.5 4580 S5 M0 $5.2 637 131 unit, and thence ioto the Topm. A
1800 ?/ }38%38 5% ﬁg ;ﬁg m 16:!&.‘1 l:t.%:z 15,5‘{’ 1‘3'% mhcpmasucxl'eoftgﬂ:im. v;atcrmtw‘e
2, 37, ' - 263 .’ :. 17. b4 i 1 i o i l I
GBS R oEr B A o HD Ny 4] jnevcidnoombyebom
* 7 ¥ \- & K &3 1 .-. - .5
Fall 500500 00)300 €2.0 20 oBs 2y 254 Ll 23 For the threshold odor wurk, all
2000 ?x ;gasog gg,% 6:7)2 333 gg ].r;.o 1’11).2 %‘;"{ lg.: samp!eﬁwemt!g:%eupbydduhonusmgl
. 25, 77. 22 7 215 4. . thezon puri ir, ¢ i
Vi W0 BN %1 16 ®3 e e s 198 oxhecson purificd dry ai, dilmer .
i 44,800 YT 614 241 80 g #.8 232 108 b ne th
ull §,600 42,000 53.8 1430 085  2ng —t 7.5 —<  factorof 10t 15 by Aushing the sumples
into & larger flask with prepurified

= Caleulared from 3.4 a3 heoane.
* High B.0 preventy mesasurement.
= High CO, preveats messurement,

One-liter evaruated colletion fasks
were used for the phenoldisulfonio arid
method, following the procedure of
Ellis."* [n some cases NO. was Jeter-
mined indepeadeatly, especially on
dilutad somples, by using the Saltzman®
method.  For the Balxman method
- samples were sither flushed through the
reagent in 3 coarsc Iritted bubbler or the
reagent wus used in 2 glass syringe into
which the gus saraple wag drawn,
Particviats Motier

Particulate was rollected on Millipare
type AA filters using sn Aarosol Uai-
versal Filter Holder with a 10.0 Titer/
min orifite, Since the Millipors filter ia
dightly soluble in organie solvent, glasa
fiber filters owre wsod when solvent
exirartions were performed. A Gelosn
Hurrivne Air Bsmpler, Model 16003,
with 8 in. x 10 in. Type A gluss fibor
filters was used when subsequent
orgenie extraction work was planoed.
1n some work, using a filter holder of our
own design, wé used No. 88%¢H Ulira
Filters (giass fiber migr. by Hurlbut
Paper Company). Isokinetic sampling

canditions werc not always achieved dua
to difficulties in pulsating flow of exhaust
gudes and widely differcnt velocitios at

i engine modes of operation.
We heve done 0o particle sise distriba-
tioa work but some microseopic exami-
pations icdicate shut the particles are
mainly submieron; if this is &me noo-
isokinetic sampling will not introduce &
SCrius errar,

Odor Pans!

The idesl experimental environment
for odar reserrch might be considered ae
& noom, completely odor free, with con-
stant temperature and humidity, into
which cdorsnts sy be introduced with
precise control of conceniration, The
Olfactoriura developed at Cornell Unj-
versity is ¢lose to this idoal 2t Such a
faeility is extromely expensive and it is
nit clear that the vesults from sueh an
olfactorium juscify the expense. We
have construeted a room enabling w to
maintain a constunt very low odor Je®a]
with contral of temperators and hg.
midity. Our odor panel room has
plaster board walls painted with white

Table H—Diosel Exhaust Used for Odor Panel
Al Values Ppor (by Volume) Dry Basiz

300 rpm=
0 Load
HO 15,900 == 3050
COx 9260 = 3065
CHY AN, 1% 126
€O 261 * 414
NO 93.3 & 19,8
X0, .8+ 8.26
S0, 8.8l & 2.0
CaH: 155+ 36
X o 65222
4 in 1.01 =0.71
Formaldehyde  4.87 x 0.47

HH F BB H
&
o

15.4

_* Values given are averuge of (0 devecminations on differat days; wvorage deviation

| Values given are avernge of 3 determinations on diferent duvs; average deviution

gvEn.
¢ Calenlated from 3.4 4 band as husane,

November 1982 { Yolume 12, No. 11

nitrogen. Subsequent further dijution
was done by partial pressure methada
using &ir. Al pyrox glass cquipment is
used. Twenty-milliliter glass syringes
were uicd for the gaseous odor samples.
Each pynetist received three syringes in
an sluminum tray, one syringe o0~
tained the odm;t Andmthe other two
coutaincd air oaly. After preliminary
wark to establish rough threshalds,
dilutions were computed using inerens-
ing coucentrations on & logarithwmie
scale. For_eaeh threshold determina-
tioa » veres of concentrutions was given
10 the panelist, always starting with a
conceatration below the threshald.
When a perslist carrectly solected the
syruge cantuining the odaorant in two
mccessive samples the threshold was
considered to have been resched.

Because of the very low conventra-
tions used, extreme precautions to avoid
contemination need to be taken. The
NO. diluticns were checked by the
Balizman® method, Oxidation of NO
to NOs wus shown to be negligihle over
the tine of the experistents. In gther
eaxs the muster gus solutions were
ehevked by infrared, but the dilutions in
the syringes were not.

Resulis and Discussion

load-RPM Studies

Table I shows the results of an infra-
rod study of rpm-load relatioaships,
Table I{ shows results for the diesel
exhaust osed in the odor pancl work.
The CH abaorption has heen reported as
total hydraearbon as hexane using the
34 micran infrared ghsorption. From
# standpsint of ppm by volumno, the
values do not ehange much with rpiw-
load.

The oxides of nitrogen wvalues re-
ported in Tablez I uand I are of the
sume ordar of magnitwde as tvhose
teport] by other workers,t 7. u At
low rpm, low load eonditions, tempera-
tores in the diesc] are Jow and formation
of oxides of nitrogen is not favored. As
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P Volume Basi Formsldchyde and acrolein have pe

7m (by we) Dry Basis prominently ssaociatod with both od
T oTOky o S SR L0 X0 NG 50 G G and aye initeton in ar el
M 6 (Coldy 67550 <H00 K4 B2 9 < <1 T& g studics, We have determined aerole
00 O (Hoc) 15,800 <4000 & 382 56.5 3.4 55 <« <1 by the d-hexyl-resoreinol method™ gp
1600  Full 13,500 4250 63 234 2.4 153 <1 3 <}

= Flow messiremeuts indieatn shact 0.4 (13 hiowby as 800 rpm sand 2.4 113 blowby at

1600 rpmy.
. Can nted a3 hexano.

¢ Ssaple taken on cokl engine afier starving, .
* Rample zﬂ‘sen an hot engine whieb hug been run wuder load prior to the idle (500 rpo,
Lm.

0 load) eon

the rpm and load inerease, teraperature
also increascs, 30 that uxides of nitrugen
strongly increase, At full throttle the
€xcess Oxygen, over thut requiced for
complete combustion of the fuc), is at o
minimum, This limits the formation of
oxirles of nitrogm,

Our finding of substantial amounta of
both aitric oxide anil nitrogen dioxide
might at first thought sem rather
surpriging. In sutemobile exbuust pi.
trie oxide is the prineipal oxide of nitro-
& presert.  Nitric oxide 3s the only
oxide of nftrogen whith posesses 5
eufficiently large equilibrium constant of

. forimation at combustion tompematures
to be formed in significant quantities,™
Exerss alr will oxidize nitrie oxide to
nitrogen dioxide, according to the
reaction: -

2RO + 0y = 2NO, (n

At parls per million levels of nitric
oxide, in air, the rate of reaction (1) is
very slow and the reaction has a nogan
tive temperature coefficient ® At rocm
temperature, 200 ppm of nitric oxide in

ation will greutly accelerate reaction n
and this probably explains the high

due to the relatively high cancentrations
of nitrie oxide, nitrogen dioxide, and
water,

NO + X0, + H0 = ZHNO. (3)

Absorption at 11.5%5 and 1173 & iz
substantially free of interfurence (small
nitrogen dioxide interference) and chsr-
scteristic for nitrous arid.  The nitruus
scid band system at 12.65 x suffers from
more nitrogen  dioxide Interfersnce.
Weak ahsorption at 2.95, 3.02 and 3.90
%, which disuppears when sumnples are
passed thiough s dry jee trap, iz al-
wost cortainly due to water, For the
nitrous acid equilibrium in equation (2)
the equilibeivm eanstant, K, has been
determined as 1,74 2tmos—! by Wayne
and Yost.** It can be computed from
the valuce in Tables [ and 1 that nitrous
aeid should be prosent in guantities Bp
W several parts per milfion in ruw dicsel
exhaust,

Both acetylene and ethylene incresse
with foad but the very large increase in
ethylene concentration at full losd s
striking,

olaain oo a reproducible basis without
claborate instrumentation. Table ¥

formaldebyde by the chrumotropic ac
method. ™  In both methods we calle
diver} exhauit directly ot the resgo;
in u frittod glass hubbler. Sample og
lection should be made: as elose 38 po
sible to the dicse] and no cold sammplic
lines are jurmissible. For avrolein, ty
bubblers in series were usad at first be
when over 9397, oollection efficioncy we
found in the first bubbler the secoy
bubbler was discontinged. There ;
some iuterference from the high 3
dioxide eoncentrations but at the go
my absorption maximum of the aerolein
thexylrosoreinol produt the NO.4
hexylresoreinol produet sbsorbg ver
weakly

In owr original formaldchyde work
dicsel exhaust was colleoted in 30 ml o
95% ethyl alechol in the MSaA reddge
bubblers (eoaroe frits) at dry iee tempes
‘atyre. There was 8 serions interferune
from nitrogen dioxide sad s eorrpation
was worked out niimg knowns anc
measwemont at 500 gnd 580 mu. This
method did not work well sinee it wit
found that the ndtrogen diaxide imter.
ferenive was time dependent snd that
uvitrogen dioxide not only formed &
colored product with the chromotropic
acid but appeared to alsa rexat with the
Tormaldehyde-chrometropic 2eid. Sam.
ple coliection at mom temperamure
directly into reagent: (20 mi of 0,19,

Bt o A 3 . : tisfactory. N
S & will require about 30 rfbutas to be Dome voncentrations foand in blowhy proved most sa g "
g snohalf convested to nitrogen dioxide.  are given in Tubke IIL The saly e spparently ot ey fombie in
458 At higher temperatures or lower concen- significant componsat appears to be the fc s § L Emd' A de i el
2 trations It will take longsr. Atthebigh CH. Since blowby valume i very bl Collourimrogns dioxide is negligs-
e compresiion ratio of diesel engines, eax-  small compsred to exhaust vohime, it ] allec b ‘“'“i:n"3 ."mdw high
L5 ¢entrations will be very high. This would appesr that there is no important MI c"f},ygl“.‘}‘ h “q‘::)u‘ c‘ued the
Yo, coneentration effeet coupled with the  coatribution from blowby., tormaldchyde sog ams aluns 1
?.% excess air normally ud io diesel opr. *Acoeleration samples sre difficuls 10 Grmatichyde feroleln valyes found

Toble V—Formaldehyde and
Acrolein in Diesal Exhaus)

in nitrogen dioxide valyex found. Spark-  givos typies] results cbtained withou Pom (by Volume) Raete
e ignition ¢nginas  usually nogorau A% the use of automatic sampling deviees, (% Velume) Dry
< lower compression ratios &nd without The signifieant finding here uppeurs 10 Formal-
84 exeess air o that high convenirations of ~ be the substantially inerensed OH and Bpm  Loed debyde  Acroluin
nitrogen dioxide ure not found. cthylene; sher: does not seem Ly be sny Ao o 3 3 4'3
Nitrous aeid forms tu diesel exhanst latge increast in cither formaldehyde or :,{.‘ j 5 §:8
A 2.4 1.2
. fal 281 1pq
. Table IV—Disiel Exhaust Acceleration Anaolysis 1200 ¢ 5.3 5.2
Pom (by Volunr) Py Boagis .'{: :;'-,_3 gg
a A7 0
HO _.._Co, _ca _€o TR S S 3
55,0003, 500 15, 000-131, 000 65-248 FigaTh 1700 0 9.2 3.6
Yo Ny 30: _GH,_ LoH. "’ i i
8657 =340 i1 130-363 5.3-38 s AT 4
Acrulein Formankdahyde Full W2 1006
3843 1 2400 0 1.9 4.3
‘ 2.2 2.8
* Acceleration irom 1100 mm-83 hp o 2200 prr—77 bp.  Pecsuss of difficuby in uf; TR i?
obtaining a ssmple. minimom and maximum valyee for 4 differont sumpler, taken on i, 3.3 1.6
different days, sre given, Foll 13.7 7.k
* Caloulated from 3.4 » as hexune, .
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Table Vi—Odor Thresholds for
Nirogen Diexida

FPpie (by Volume)

Thrish-  Srandand

Subjeet Trials _old- Deviutloa
A ] L3 0,38
B Y 2 8 0.67
¢ 5 3.05 0.33
D 8 7.5 0.70
E 3 4.40 0.12
F 7 8.18 .96

¢ Arithmetie mcen of the individual
thresholds.

in an rpro-loud study. Higher values
far biuth compnuads at zero and fall lond
eonditions appear to be charaeteristio.
Bimilar resulta have been reported by
other workers?  The same effest i
soted for varbon mmonoxide (Table I).
At moderste rpm-loads, more complete
camcbustion results.  Ar maximam rpm-
Joad, we are approaching the stoichio-
-metric fuelair ratio and local regions
deficient in air ceuss incomplete eqin-
Dustion sod thus increased sldehyde and
;_clrbon monoxide,
Porticolate Motter Studias
i« Particulate matter loading has been
Ppeeviously reported: for the diess]
‘ngiee used in the present study, Values
of 50200 g/ liter of exhaust (dry basis)
were reportad, Roughly 0%, (by
weight) of the particelste wus ash
{major componenta: Cu, Fo, Zn: mionr
components: Al, Ca, Cr, Ph, Mg, Mn,
Ny, Ag, Sn, T4, Mo).
. Purticylute matter was collecied on
glass fiber filters, extracted with ethanol
in & Soxhlet, made o known volume and
then analysed for formaldehyds aud
wrolin, Known ethanol-formaldelyde
and ethanol-acroleio solutions subjected
© the same procedure did pot lose
ormsidehyde or aerolsin valurs. No
wrolein was found in any of the samples.
%or three operating conditions of the
liesel, formmddchyde waz found as

ollows:

Ppin
{Vol./Vol.}
tmn load % by Wt of Exhairst
600 0 0. 50 0.085
100 3Hp .18 0.1
Odxi Wiy 1.3 0.35

‘urified N: was blown through the
articulate on 3 glass Aber fleor and
acoce into the formuklehyde reagnng
ut nn formaldehyds rould be removed;
hunol extraction,  snd  colorimetric
wmaliehwde  determdination  mubse-
;ntly yiehid the sormsl formaldn-
yde valie, Partigdute matter on
ass fiber filters in pvacuated flasks will
fease brown NO, furaes on heating to
0°C bur che fumes disappear on
wling.

Thest: results indicate that oo appre
able mas phase concentration changes
r aerolein or formaldehyde will nesult

vember 1942 7 Volumy 12, No. 1}
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Yable Vil——Odor Thresholds of Diluted Dicsel Exhoust end Computad
Concentrationz at Odor Thresholds

P
Air/ p Ppm P Formal-
Subjorr  Traly  Exbeuss  NGFe R e g
e _L 530 Fpm, 0 Load _ .
A 35 .20 0.y 0.614 0.0
B 4 385 0.1 0.15 2.010 0.012
C 3 205 0.21 0.2% 0.0 0.092
D 4 14y 0.3; §.42 0.024 4.033
E B 190 G.23 6.3 0.¢21 0.024
F ] 360 0,12 9.16 0.011 0013
- ) . 1800 Bpim, Full Toad T
A T 430 0.7 0.10 0.0 [ X T
B 8 475 .82 0.00 0.017 0.032
¢ 4 215 1.85 0.2 0.038 D.072
h) 1 175 2 9% 0.26 0.048 0.0RS
E 6 195 208 .28 (.042 0.079
F 3 3N 1.95 0.14 0.025 0.048

» Yolume of ditution uir per velurme of ruw dicac]

at the odor threshold.

exhaust o
Computod by dividing eoncentration valuey in Tuble II by tha threshold ais/axhaust

dilutiog ratic.
¢ Culeulatad from 3.4 x band ns hexune,

from particulste removal, The impli-
cations {n terms of eye irritation and
odor leveks are not ¢lear.  These experi-
ments were performed in preparalin
for eye irritatinn and odor work which
hai not yet boen done,

Further analytical work was dove on
the particulyte matter by beénzene
exiraction (Soxhiot) of the plass fikor
filters and ovaparstion of the bengene ot
room temperature under vaeuum with 2
gentle tream of prepurified N.. An
olly yeBow residne with a heavy “diesel”
odor remained, Infraved spectra of
CCL and CHCL, solutions of this residus
were very aimilar te diesel fuel with
strong bands in the 8.4 4 region, 6.1-6,2
#6885 72, 114 s, and 181 5 A
broad band in the 3.0 2 2egion, a shonl-
der 3t 3.65 4, & strong 5.8 band, a weak
§.4band, and & broad weak band at 78 x
indicate different compounds than are
preseat in diesel fuel. Treatment of
the extructs with NaOH produces a
fdark color and some pracipitation:
infrared then showed removsl of the
bands ut 3.0 4, 3.63 4, 5.8 4, 6.4 5, and
©.8 u. Trentment of the extracts with
solid NayCO;y redaced the bands at 3.0 "
580,844 and 7.8z and 2QULOuS Niw
CO, extruction semoved these hands as
will as the 3,63 » shouliber. When the
CHChL sotutinos of the extracts were
treated with PCl the 5.8 4 band split
into 5.62 and 5.80 4 bands while (C-
Hs}sNH treatment gave a €.22 & band;
these results are stroag svidenre for thy
prescave of eirhoxylic acid.®  Bince we
are dealing with & complex misture no
final conclusions ean br drawm but the
nfrared results indicate the extracts an:
mainly hydrocurbon, buth aliphatic and
aromatie, similar to diesel fuel, with
somxe ovidear: for the presence of aldy-
hydes and carboxylic aeids.  Due to the
callection techanique, higher molocular
weight vompounds are indiented,

Gas chromatugraphy on the oily rgie

due, uiing a temperture programmed
silicone gum rubber column (50—
275°C) gave peaks identic) with those
from the diesel fuel used; the higher
boiling peaks were increased relative to
the Jow boilors in the particnlate extrart
sample as eompared to dicsel fuel.
Colmur chrematography and fuores-
tence Jpeciroscopy were also used to
further separate and identify the ben-
seoe soluble extracts from diesel ex-
haust particulate. For this work the
oily residue was dissolved in CHCly.
Alter investigating severs) types of
alymins, C (obtained from A, H
Thomss Co.) acidie {pH 4.5) chromato-
graphic grade ALO: wai used. The
wrler cantent iy criticw! for proper
séparations and wase adjusted to the
values indicated. The column was
L6 em inside diameter, 25 em loug,
equipped with & Teflon stopesck, and
waler cooled with tap wafer (12-15°0),
In aach eolumn separation 18 g of the
appropriete HiO content ALOy way put
in the column, 0.50 g ethor washed
8i0: was added to the top, and the
sample was introduecd on 1,00 g of the
s ALO; (samples aare used con-
taining 50150 mg solids, in CHCL, sol-
vent which was added to the 1.00 ¢
ALDs and gently warmed to remove the
CHCly. Elution was made with pen-
tane and pentane-cther solvents with 10
ml sample colleetions. With 3.4%
H,0 eontent in the ALD, and collection
of some 30 to 60 fractions using in-
creasing polarity of solvent from peo-
tane to 3047 ether to 709 pencane,
the Bunrcsceace and activation Spectey
for the benzene solubles from diesel
perticulate  extract arc very much
like the diese! fuel itself. No serious
Attempt hxs been made to identify the
comipounds presenty but naphthalene,
acensphtholens, terphenyls, and Py~
Tene we probably prearnt along with
several ather fluoreseent moleculis,
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senea v el 70 MIEAET IOIECUIAE Wyght
polyeyelics onn be sepamted and eluted,
Thistechnique is similar to that reparted
by Sawicki® and eo-workers. The de-
tails of our methads ani analytical data
on the composition of the particulate will
bepublished later when this phase of the
work is eounpleted.

Gas Chromatography

We have reported some Jow moleenar
weight hydrocarbony {propanp, pro-
pylene, n-butene, iso-butylenc, i
tane, 2-butane, w-pontane, 1,3Duta-
diene, and l-pentene) previoualy.!
These can be determined by gns chroma.
tography with & DMS column. The
total contribution of these low molkeeular
weight hydrucarbons to the 34 , C-H
found in the infrared ean be eomputed to
be 10 t0 25%. The Lalunce of the C-H
absarption in the mirazed must be due t
other compounds. Toetalolofins (exelnd-
ing scetylene, ethylenc, and propylene)
smount o 1 0 2 ppay by volume in dleael
exhaust. The odar thresholdz for these
low molecular weight hydrocarbons are
Quite large so that they do pot make an
important coutribytion t0 diesel ex-

The dicsel exhaust samples condensad
with liquid oxypen were tmpeniture
programmed {rora 30 to 125°C on g four-
metor polygiycol £-800 (on C-22 fire.-
brick) column. Diese] fuel WAS run
throegh the sume eolumn under com-
parable conditions. Of 47 compounds
fonod in the diesel exhgust, 34 were
shown 5 rome from the diese! fuel. Fx-
tept for the lighe hydroentbons, usro-
lein and one other unidentified peak
{probshly . an oxygenate, orighoally
thought ta be propionsidehyde), all
major peaks in the diese) exhepst are
found in diesel fuel The ritios of
heighes or areas in dicsed fool tomyared
to diess] exhuust are not all the same;
benzene is o striking example since thero
is much more bemtene in the €x-
haust than in the fye) ccinpared io
# hydrocarbon such as nonane or
octane, In general howover, the rely.
tive peak heights or areas are the
same in the exhaust snd the fuel e the
sirilarities ars striking, A number of
minor components hase heen identified
but all ame present in very low coneen-
trutions.  In some cyuses exhaust ¢on-
deneates {muinly water) have been
used to obtain larger quintitiey, and z
puinber of simple slechols and alde.
hydes have been found. When exhsust
condensates are ysed it is not cRYiain
whether chemical reactions have taken
place which would change the exhanst
tomposition,  Subitractive techriques
(ascarite, which removes aldehydes and
mercuric perchlorate, whieh removes
olefing) on diesel exhayst buve shown
that neither aldebydes nor olofing 5re
IMporant components of the exbanst,
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Threshold  values for six female
pancliete are given for NO:in Toble VI.
Sex has been reported as not & fsctor of
impaortance in odor napel seleetion. ™
For ather odorants wn have Jess evien-
sive results, but the aume panelisis have
shown thresholds for acralein trom 0.4 1o
8.62 ppm snd for formaldehyde some-
what higher,

The same 1anel was used for diesol
exhaust odor studies using two dicsel
operation modea to yield widely dif-
ferent oxide of nitrogen valuey, Ex-
haust eomposition duty sre given in
Table II. in Table VII we have sum-
marized the odor panel work on diesol
‘xhavst, If we calculate the diffcrence
between the average tlireshold dilitions
for diesel exhouyt resulting from the two

.tiesel operating modes and apply tha
-tcit at the 89% ocovfidence Kmit,»
we fod thut the pull hypathesis ¢csn-
not be rejected. In other words the
differéoces in average thresholi were tao
emall to justify a elaim that the two dif-
ferunt exhaust compoitions lead 16 dif
ferent duteetion thresholds,

In Table VII wy have also compntod
the concentrations of NO,, CH, acro-
lein, and formaldehyde prestot in the
dieacl exhaust at the threshold ditution,
These data show thas, (a} woder the
1600 rpm, foll Joud condition, the aver
age coneentration of NO. present in the
threshold ditution of dicsel exbaust is
85% of the avernge threshald for pure
NOs, (4) under the 500 rpm, no load
vondition, the a coneuntration of
NO, present in the threshold diluion of
diesel exhaust is 1.9% of the average
threshold for pure NOy, (c) for both
types of exhaust the avcrige concentra-
tion of serolein and formaldehyde pres-
ont at the threshold ditution of the ex-
havst iz oaly ane-tenth to ave-ban-
dredth of the thresholds for the pure
Sompounds, (4} the average concentra-
tion of CH et the threshald dilution of
500 rpm, so load, diese! evhaust is
Yirger than for the 1600 rpm, full load
exhanit, 3ome tentative cunelusioms
ean be made from these findings:

(1) Av the threshald dilutiva of
iesel exhaust acrolein and formslde-
hyde are present io such small eancen-
trations relative to the threshold con-

ccotration for the pore compounds that
1t is unlikely that they are major fsctors
in the detectability of diese! exhayst.

(2) Uuder load conditions, with
high NO, values, the amount of NO.
prosent i the threshold dilution of
diesel exhaust iy large «nough, relative
to the (hreshold for pure NO: that it is
mare likely % be & major factor in the
detectability of dicsel exhxust than are
acrokin and formaldehyde, Sgme other
fuctora must be operating, bowever,

(3) At idle conditions dicsel fuel as
measnred by the 8.4 » CH absorption is

T-531 P.06/08  F-645

Irasnc in 3uh jarge concchirati
relative to NO, acrolein, and fory
debyde that it is s likely suspeet ag -
major faclor in the detectubility
diesel exhaust produced under sh
conditions,

It may seem surprising that 500 n
=10 load dinsel exhaust hss an uvers
thyeshold fur our penel which eanngt
distinguished from the threshold of ¢
1600 rpm—ull Joad exhayst. For j
dividual panclists this is not, aecessar
true, This suggests that throsholds §
NO: for cur panelists may not yield ¢
same ranking order as for some oth
adorants such ag the eompounds makh
up the CH hyurocarbon band, )

These findings ure the first results of
serjes of paychophysical experimend
The verifiestion of the im .
NO.and CH in the detectability of diey
exhaust requires.cxtensive further ad,
studies 0o pure compounds and mj:
tures. This is the planned aext phas
in ouy work.
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SPOTLIGHTING THE SUSTAINER

Phillips Petroleum Cowmpuny stacted in 1917 23 4 producer of erude oil and natwral
gesaline, with nasts of ouly three million dollers and 27 employees. [t becamne a
refiner of erude oil and marketer of refined pruductsin 1927.

Today, with assets of moes than o hillion and e half dollars aud 23,000 employers,
Phillips ie exploring for crude oil and natural B8 om six contiaents; it is a ieading
producer, refiner, aad marketcr of crode ail, naturs! gas, yatural gas Liquids, and

their products;

u utilizes all forr: of trapsportation in & widespread network o
gather its raw materials and distribute finis

petcaleum products throughout a

largo, growing marketing territory: its research organization i@ outstanding in the

researck~minded oil industry
products, processes, and methods; and
it i3 one of the largest suppliers of pe-
troleum chemiculs.

The eighth largeat U. S, oi] campaay,
Phillips is in first place in the petrolewy
industry a2 a producer of natoral gas
liquids, acller of natural gas, producer-
marketer of liquefied pewoleum gases,
manufacturer of polyolefn plestics and
of nitrogen fervilizers, supplicr of zaw
mgterinls to the rubber industry, and in
atomic enorgy setivitios.

Phillipa refined peteoleum products
aze sold under the miﬂips 64 shield ac
22,000 matketing outlets in 40 SIATes,
the District of Columbis, and Canada.

Phillips Controls Ajr Pollufion

: Phillips chisf problems snd accome
plishments in the fiald of air pollution
sontrol have bcmkﬁmlts camn hsck
dperations, As u leading supplier of car-
bon black, used ﬁrimsrily in tire manu-
facture, Phillipshius the free world"s kurg-
3t oit furoace carbon blask plant, lo-
sated near Borger, Texas. In late 1960

the company wompleted a new earbon

slack plant uwor Orange Texas, Phillips
8 part-owner of companies which have
sampleted or are boilding earbon biaek
dants in five forvign eountries. The
;ompany’s proeess for manofacturing
wurbon black is Neensed by thew com.
ranies as well a5 by companies in the
J. 8. and thre¢ other astiony.

At the company’s new Philblack Plant
war Orunge, Texas, a largo amount of
nti-poflution  oquipment was incer.
weated to completely eliminate air pal-
ation. Included In this equipment uee
orme 2385 glaay fiter hags, and an ex-
ensive vicuum cleaning system which,
nhuvantdaearki:onbl%c:clfnkhme

sucks the k futo the
m;:;m untll repairs ean be
rmade,

Each of the five overseas earbon black
lants in whicl Philips has an interost
nploys designs $0 reduce air poilution
>R MUDITDUm.

Phillips begaa 2 smoke abutement
rogram at its huge Philblack Plant gesr
orger in 1953. The Brut smoke sbato-
ient unit at thiz mant was plnced in
seration in Febroary of that year,
his aait was follawed hy & second aait
. December 1983 aod lator units in Feb-
wry 1954 and July 1081, The fingl

wvember 1962 J Vehama 12, No, §1

foc the devoloprent of many new and improved

unit was placed ia operation in Decem.
ber 1960,

All of the units are squipped with
bags made of Bber glass. Combustion
guves from all wnits of the plant are
virtually fitered and free from smoke
when they are released into the sir.

As 8 part of the amoke abatoment
progmim, sl of the earlier filters have
been enlarged and modernised and are jn
continuouys operation. Qtber improve-
ments huve bevn made throughout the
plant to eliminate leaks and spills.

This eatire program elmiusted the
problem of air pollution from the Phil-
black Mans.

Upor eompletion of this program the
editor of the losal newapaper made this
statement in his calumas

“Fully appreciating the cost gnd the
difficultics that had to be overcome in
order for the Phillips Petrolewn Com-
paoy to eonvert their o2l burning carbon
black plants to white amoke, we join in
the eomenunity-wide axpression of grati-
tude a5 we huppily abserve this evidence
of progress.”

The newest filter is an example of the
type of units Phillips has installed, It
consists of & strncture approvimately 25
feec by 100 feet, and is compurable in
height to a six-story bullding,

It contains 1120 begs, 35 foet Jong
and 11': in. in diam. The bags are
nade of & keavy slass cloth and all of the
combistion gases from the unit puss
theough these before being released into
the atmesphere.

The bags effectively filter out all
carbon, releasing ouly clean gases,
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AIRKEM TRANSFERS
EASTERN OPERATIONS

Airkern, Ine, mabnufactoner of Air
wiek eod Airkem sanitation and afor
eoatrol prosduets for business and indus.
try. has vransforred its principal eastorg
manufacturiag operations 1o 4 new plant
located on Commerce Road, Carlseadr,
New Jerwy, effective Outober 1, 1962,
it ha3 been appounced by Frank W,
Conkling, pregdent.

Cost of the new facility, which
supersedes Airkem’s present plant ie T'he
Brone, New York, Is $500,000, All
personnel st the company’s previous
plant have been transferred to the now
facility, ’

Completion of the Carlstade plant
marks the first phase in 2 plaaned
national expansion of Airkem’s zany-
facturing and warehousing operations,
Mpr, Conkling safd. Yaitially, it doubles
Airkem'z peoduction capacity snd re-
#ulta in economies through eonsoli-
dation of bottfing operations and iu.
¢rensed afficiency of new oquipment
installed in the building, .

Situated on 2 two and a half pere
plant, the Carletadt plant bas an iitial
floor arew of 27,000 squae feet. Pro-
visions for fuftve expaasion to twice
this area were incorpuruted into the
building’s hasic design. Principal con-
struetion materials are white brick and
block, and prefabricated golden colored
metal paneling.

Functionz  performed by Airkem
at the Carlstadt faeifity include the
miving of odor eounteractants, diine
fectantz dnd ather produets, bottling
and packing, wrrehousing and shipping.

The plant was designod by Enginoers
Incorporated, Newark, New J eciqy, and
bullt by Joseph L. Muscarelle, generul
contretors, Maywood, Sew Jersey.
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félr %Dmn‘nmcmhou of Acrolein in

ol n 4
phore,” Anal Chem., 33: 734, ( 1961).

6. A. P, Alshalier, D. L. Miller, and
3. F, Bleva, "Determination of Form.
aldebyde o Gas Mixtures Ly the
Chromotsopic Aeid Method,” _tanf,
Chom., 33 621 (1061).

¥7. ¥, Sawicki and T. B, Hauscr, “nfo-
Tud Spuetral Degection of Carboxylie
Acide and ydes i Air-Borae
angs'rnfe)nlam," Anal. Chem,, 31: 323

23, Eugene Sawickl, Walrer Elbert, T. W,
Stanley, T, ﬂuuatr. and F. T, Fox,
;?iepuntm sad Chargeterization of

. ormanee Evnl-
witiong and Stability Testing of Per.
funie and Bunnr.i:f Ol Materials,'*
Awm. Perfumar, 77: 3, 39 (1962).

W. J. Dixoa and F. J. Masuy, “In-
troduetion  to  Statistigal Aaalysis
McGraw-Hill, 2ud od. p. 126 (1057

545

F-695




