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Of That 97%...

Metals - 6%

Acids - 4%
Chlorinated Volatile
organics Organic
and Compounds
chlorine 3500
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Impacts
Impacts Ground level
Stratospheric ozone

ozone

Compromise ozone formation and depletion



URGENCY

- 1990 Clean Air Act -

200 new regulations
and guidance documents

They impact our missions!



m Sources of Pollution s

Paints .
Thinners E‘Q\
Solvents
Combustion
Exhausts

New replacements affect these sources



Purpose

GOAL: Prevent pollution intelligently while maintaining performance

Achieved by addressing:

1. What is being emitted?
2. What happens to emitted chemicals?

Tech Need: 1940 - Replacement of chlorinated
cleaners for engines (High)



m Pertinent Radical Formation @
Reactions

’m OH Radical
O; + hv ~ O('D) + O,
O(*D) + H,O —— 2 OH (0.04 ppt!)
RH + OH * R + H,0

NO. Radical

NO, + O, » NO, + O,
RH + NO, - R + HNO,




Atmospheric Transformation
Processes

RH + OH - R+ H,0
R+ O, " RO,

RO, + NO " NO, + RO
NO, + hv " NO+O
O+0,+M ~ O;+ M

RH + OH' + 20, . RO + H,0+ O,




Experimental Apparatus
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Aluminum Cup
for cryogenics

Aluminum Core
with heaters

Top View

Holes for heaters I!







Compare unknown hydroxyl reaction rate to one that is
known:

1) Reference + OH— Products
2) Unknown + OH™ Products

Dividing differential equations to remove OH concentration
and time and integrating vyields:

In[Unknown], _ Kyu... IN[Reference],
In[Unknown].  Keeee IN[Reference]




Hydroxyl Radical Rate Constant for EEP
CH;CH,0CH,CH,C(=0)OCH,CH,

1.2

In ((EEPJo/[EEP])
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{In([Ref] o/[Refl)/Kre}*10 *’cm *molec ' s™




Hydroxyl Radical Rate Constants

Rate constants and chemical structures are variable

Compound/Structure koy(10-2cm3moleculeist)/lifetime (hr)
Ethyl 3-ethoxypropionate 23/12
CH;CH,OCH,CH,C(=0)OCH,CH,

Hexyl Acetate 9.3/30
CH;(CH,)0C(=0)CH,

2-Butoxyethanol 22.5/12
CH;(CH,);0CH,CH,(OH)

2-Butanol 8.1/34

CH,CH,CH(OH)CH,



Unknown + OH— Products

Must correct for transformation product/OH reaction to
determine vyield:

[Unknown],

1
Kunkoonn = Keroduct
F — X [Uknknown]0

Kuaour [Unknown], - [Unknown],
[Unknown], [Unknown],
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CH,-CH-0O-CH,-CH,-C(=0)O-CH,-CH,
0,. NO NO,

decompose
HC(=0)-O-CH,-CH,-C(=0)0O-CH,-CH,
Ethyl (3- formyloxy ) propionate (EFP )

CH,-CH,-O-CH-CH,-C(=0)O-CH,-CH,

\4

\4
CH,-CH,-O-CH,-CH-C(=0)O-CH,-CH,

O,. NO NO, 0., NO > NO,
- decompose N decompose
v CH(=0)-C(=0)O-CH,-CH,

HC(=0)-CH,-C(=0)O-CH,-CH,
Ethyl (2- formyl ) acetate (EFA)

v Y Ethyl Glyoxate (EG)
CH,-CH,-O-C(=O)H
Ethyl Formate (EF)

+ v
CH,-C(=O)H CH,-CH,-O-C(=0)-CH,-C(=0)O-CH,-CH,
Acetaldehyde Diethyl Malonate (DM)




2-Butanol

? Where did oxygen come from in methyl ethylketone product?

?1s this major transformation pathway a source of ozone?

Experiment to reveal mechanism:
CH;CH,CH(*®*OH)CH; + OH —%»—»—>» CH;CH,C(=180)CH;

Experiment reveals that major transformation pathway & not
a source of ozone.



Reaction Product Identification

Experimental Spectrum

Pure 1,2 Ethanediol acetate formate

Absorbance (arb. units)
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3000 2000 1000
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Corrected Ethyl Formate Product Yield
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eReactivity(ozone forming potential) of individual chemicals requires
knowledge of atmospheric kinetics and mechanisms.

eReactivity of emissions is based on summation of reactivity of
individual chemicals.

eReactivity values for each formulation are used to assess impact
on air quality and minimize regulatory impact.
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Evaporation!
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Emissions NOT content !




TIC for MIL-P-23377F

Methyl benzene

1,3 DMe benzene
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4-methyl-2-pentanone ”

|

1,4 DMBZ
Ethyl benzene
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E Air Quality Impact

Coating A = 0.27 g O 4/g paint

Coating B 0.27 g O ,/g paint

MIL-P-23377F = 0.75 g O,/g paint

gram O j/gram paint = 2 (gram emitted VOC/gram paint)* Factor o



Materials Benefits

e Reduce regulatory burden.

e Green chemistry.




