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WhatWhat 
A liquid condensatioA liquid condensatio
A suspension of a fi
Liquid aerosols form
Can be complexp

is a mist?is a mist?
on particulateon particulate
inely divided liquid in gas

med by mechanical means



GeneralGeneral 
Suspended liqu
b d tiby condensatio
the liquid state
li id i t diliquid into a dis
splashing, foam
i f d his formed when
suspended in a

http://www.utexas.edu/s

DefinitionDefinition
uid droplets generated 

f th ton from the gaseous to 
, or by breaking up a 

d t t hspersed state, such as 
ming or atomizing. Mist 

fi l di id d li id in a finely divided liquid is 
air.

safety/ehs/msds/msdsgloss2.html



Generation of MGeneration of M

During machining severDuring machining, sever
mechanisms of aerosol 
formation operate 
simultaneously:simultaneously:

Elevated temperatures
Mechanical motion
B bbli f th hi iBubbling of the machining
fluid

Component distribution 
air is dependent on mistair is dependent on mist 
formation mechanisms

MWF MistsMWF Mists

ralral 

g 

in 



Fatty Acids inFatty Acids in 
Short chain carboxylic ay
compounds
Certain components are

i i irespiratory irritants
Anecdotal evidence of p
short chain fatty acids pshort chain fatty acids p
studies
Comparisons of  fatty aCo pa so s o atty a
(TEA), particulate conc.

Laboratory conditions
Work place environment

MWFMWF
acids, normally benign , y g

e potential human 

potential irritation from 
prompted lab and fieldprompted lab and field 

acids and triethanolamine ac ds a d t et a o a e
.:



Fatt AcFatty Ac
Saturated Fatty AcidSaturated Fatty Acid

DODECANEDIOIC
ISONONANOICISONONANOIC:
CH3C(CH3)2CH2CH(
NEO DECANOIC:NEO-DECANOIC: 
NONANOIC: CH3(C
OCTANOIC CH (COCTANOIC: CH3(C

cids Utili edcids Utilized
ds:ds:
: HOOC(CH2)10COOH

(CH3)CH2COOH

CH2)7COOH
CH ) COOHCH2)6COOH



Aerosol Gener
Experiments: N

Laboratory simulatio
generation mechanis
Utili d t d d ASTUtilized standard AST
exposure.
Small glass exposureSmall glass exposure
Synthetic MWF conce
Total particulate concTotal particulate conc
mg/m3.

ration 
Nebulization
ons, field MWF mist 
sms.
TM th d i lTM method, animal 

e chamber Pitt 1 nebulizere chamber, Pitt 1 nebulizer.
entrates.
centration 0 19 to 1 3centration, 0.19 to 1.3 



Aerosol Gener
Experiments: B

Mechanisms of aerosMechanisms of aeros
their effects on chem
generated particulateg p
Experiments perform
Sparged synthetic M
Total particulate conc
mg/m3.
L th i tLengthy experiments

ration 
Bubbler
sol formation investigatesol formation, investigate 

mical distributions in 
es, vapors.p

med in glove bag.
WF, diluted.
centrations, 0.05 to 0.26 
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Mist SampliMist Sampli

Particulate phase coParticulate phase,  co
filters.
Vapor phase, XAD-2p p
In series, in air samp
liters/minute.
Particle size distribut
to 4.6   µ meters.
Methanol and ethyl aMethanol and ethyl a
Fatty acid derivatizat
N,O bis(trimethylsilylN,O bis(trimethylsilyl
(BSTFA).

ng and Analysisng and Analysis

oated glass fiber absoluteoated glass fiber absolute 

resin cartridges.g
ling stream, 0.9 to 3.5 

tion, cascade impactor, 0.33 

acetate sample extractionacetate sample extraction.
tion, on line GC,                         
l)trifluoroacetamidel)trifluoroacetamide 



Nebulized MWFNebulized MWF

For three acids aFor three acids, a 
significant portion is 
not captured by the p y
filter
Actual workplace p
exposures will be 
higher than estimated
b i l i t iby simple gravimetric
analysis

F MistsF Mists
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Bubbled MWF MBubbled MWF M

Losses from the filterLosses from the filter
are even greater, 
reflecting longer 

l ll tisample collection 
times
The distribution ofThe distribution of 
acids in the air is 
significantly different
than found for 
nebulized mist

MistsMists
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Nebulized MWFNebulized MWF
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Bubbled MWF MBubbled MWF M

40

45

50

25

30

35

Pa
rt

ic
ul

at
es

15

20

25

%
 o

f T
ot

al
 P

0

5

10

%

Isononanoic Octanoic Neo-

MistsMists

Particulate Phase
Vapor  Phase

-Decanoic Nonanoic Dodecanedioic



Effect of Mech
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Particle Siz
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Particle Siz
Bubble
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TEA Particle Siz
Laboratory
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TEA Particle Siz
Work Place
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MIST HYPOTHESIS:MIST HYPOTHESIS:

MIST LEVEL DEPENDS ON T
BETWEEN GENERATION FORBETWEEN GENERATION FOR
THE  MACHINING PROCESS
THAT RESULT FROM THE PR
METALWORKING FLUID

MIST
100%

MIST

MWFMWF

E1E0 E2

HE BALANCE 
RCES SUPPLIED BYRCES SUPPLIED BY 
 AND THE COHESIVE FORCES 

ROPERTIES OF  THE 

MIST REGIMES:

E0 - E1( no mist )

E1 - E2( fluid dependent )

> E2 ( just mist ) 
ENERGY



Comparison of GComparison of G
Generato

2.5

3

Grinder tests

Lab Tests

1.5

2.0

1.6
1 5

2

m
g/

m
3

Lab. Tests

1

1.5

M
is

t, 
m

0

0.5

0

Synthetic Semi s

Grinder and MistGrinder and Mist 
r Results

2.5
2.3

1.9

synthetic Soluble oil



MIST PROPERTIMIST PROPERTI
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EFFECT OF TRAMP OILEFFECT OF TRAMP OIL 
IN SYNTHETIC 
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