ol S &~ m—

(< Cansde
KIA

NOTICE AVIS

of this micwolonmis n e
L
MMMMbMUQWﬁd

mewnmmg—n
e e v e e e
S T TS




UNIVERSITY OF ALBERTA

CHENICAL CHARACTERISATION OF COORS FROM LASER
CUTTING OF WOOL

BY

A THESIS
SUBNITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL PFULFILLNENT OF THE REQUIRENENTS PFOR
THE DEGREE OF MASTER OF SCIRENCE

DEPARTNENT OF CIVIL ENGINEERING

EDMONTON, ALBERTA
FALL 1990



B o Coate du Cam
N

-ﬂﬁﬁﬁ“ﬁﬁt_v
of Canada 90 raproduce, loan, disbibute or soll
coples of Ma/er thesls by eny means end i
“ﬁcﬁ.ﬂﬁﬁ-ﬁ

substantisl esdracts from & may be printed or
m reproduced without Na/her per-

“ ‘éu Canada @0 reprodule, @
mnﬂnﬁlﬂﬁnﬁ

Lsuteur conserve s propriitd du drolk St
qui prothge sa thiee. M i thies al des exdvelle
substantiels de osllec ne dolvent &re

imprimés ou autrement reproduils SEns SOR
sstorisation.

ISBN ©-315-64956-9



Ball R.D.,Kulik B.F., Stoncel R.J. and Tan S.L. 1986.
Waste gas and iculate control measures for
laser cutters automotive cloth indus
Laser processing : fundamentals lgpliatim and
systems onqinuriag Bnl-y '. i. and Weeks R.
(eds). § PX - 2 g O Y

"02”-2150
Ball R.D.,Kulik B.F., and Tan S.L. 1989. The assessment

and control of hasardous g
material processing with m di.axid- lnm

Belforte D. and Levitt N. (di). mn
m11.h1lﬂ COo, hl“. ml 154-162.

2c City, Vol.668




UNIVERSITY OF ALBERTA

NAME OF AUTHOR: SEET L. TAN

TITLE OF THESIS: CHNEMICAL

YEAR THIS DEGREE GRANTED: 1990

Permission is hereby granted to THE UNIVERSITY OF
ALBERTA LIBRARY to reproduce single copies of the thesis
and to lend or sell such copies for private, scholarly or
scientific research purposes only.

The author reserves other publication rights, and
miﬁrﬁﬁhmmgnm:ﬁﬁnyh
printed or othervise reproduced without the author’s

4314 76 Strest

el /0, 1990

m‘! !iliii!iii,ﬂiiliiiiéii



THE UNIVERSITY OF ALBERTA
FACULTY OF GRADURTE STUDIES AND RESEARCH

recommend to the Faculty of Graduate Studies and Research
for acceptance, a thesis entitled Chemical Characterisation
Tan in partial fulfillment of the requirements for the
degree of Master of Science in Environmental Science.

QL 4/
m‘ [ EEAE R EEEREREEERENERNENNNR]



mmmtmmmmtmotmxm
offensive and potentially harmful by-products. The odors
are given off during the laser cutting operations and also
aftervard from the cut material. The chemical composition
ottmm-mmmmtmmumux
health hasards and methods of avoiding such hasards were
impossible to determine. This project wvas initiated to
evaluate the chemical composition of these odors.

In order to analyse the odors, it vas necessary to
develop appropriate msthods of sampling and analysis. such
methods were developed for two types of samples which are
doundum-qlummw“m. A source
mlommwuauwumutronthom
effluent during the laser cutting operations. An cut-gas
-upummmtmmmmm-uw
from the cloth cut by the laser. Pre-concentration vwith
Tenax and Nolecular Sieve SA followed by gas
chromatography mass spectrometry (GC/NS) and gas
chromatography flame photometric detection (ec/7PD)
aralysis. Also, whole gas sampling followed by Pourier
transfora infrared spectrometry (FTIR) vas used to anslyse
the scurce sasple.

iv



The gqualitative analysis of the source sample with

hydrogen sulfide, carbonyl sulfide, methyl mercaptan,
carbon disulfide, N-metylmethamine, and ammonia. Other
compounds found can be grouped under alkyl-bensenes,
aliphatic hydrocarbons and nitriles.

The Gqualitative results of out-gas sample indicated
. The specific mal-

butyraldehyde. Quantitative msasurements were attempted
but the results were desmed to be insufficient to be

oconclusive.

by an odorgram techn 2 that gave a descriptive quality
to the peaks analysed by a gas chromatograph vith an flame
ionization detector (GC/FID). The odors have a combined
cyclochexans. Specific chemical idemtification of all theee
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A laser is a device that creates a situation in vhich
light wvaves amplifies itself by draving directly upon
energy stored in atoms. In 1984, C.H. Towns, J.P. Gordan
and H.J. Zeiger laid the foundation for laser technology
by creating the first maser (microwave amplification by
simulated emission of radiatiom). The first ruby laser wvas
developed by H. Maimon of Hughes Corporatiom in 1960
(Brotherton 1964).

since C.H. Towns, many types of lasers and laser
applications have been developed. The two major
classifications of laser are gas and solid state lasar.
Table 1.1-1 lists a number of ocommon industrial lasers
(Coherent 1980) . Laser applications can be broadly
categorised as laser instrumentations and measurements,
material proocessing, holography, chemical applications and
communications. In 1988, it vas estimated that 3538 of all
ummuuummamummmea
majority of these lasers verse used in material processing
(belforte and Levitt 1989). In material processing, carbon
ummnnmw:umm. velding,
arilling, scribing, merking and many thermal surface
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CARBON-DIOXIDE

SYNTHETIC RUBY
GALLIUN-ALUNINUM-ARSENIDE

° Mapted after Coherent 1980



3

modifications of many metallic and non-metallic materials.
The laser processing of these materials have generated
mwmmmlma:mm;mm
it’s applications yet little ressarch have been carried
mtmmlmimmitiﬁnmmat
vhich are odorous. These odorous C 3 are at the
vmlmtmlnmtmnthii:ﬁrni-ywtgﬁ

This project was initiated due to the lack of
information available on the possible decomposition
products generated from the laser cutting of most natural
materials such as wool, leather and cotton. These
mtmaiﬁlmlﬁlimmmtmiam
given off from the cut fabric. This project was initiated
to investigate the chemical nature of the odors given off

1.2 OBJECTIVES




laser. While the proc es developed apply to all such
operations, the results of this work were focused

specifically on the cutting of wool material. Hence, the
specific objectives were:

a) To attempt a quantitative gas sampling procedure

for trace contaminants;
b) To develop the chemical analysis procedures to
process and from the cut fabric;

d) To identify gases which contribute to odors during

e) To estimate the concentration of the odors and
mii?i



2.1 BACKGROUND

sector for material-processing. New laser applications are
continually being developed to process a vide range of
with the use of lasers. The ocular, electrical and
Benderson (1983) and Rockwell (1986). The potential of
éﬁ!.enhgmmﬁhmmimﬁynémﬁgl as
early as 1968. However only four groups have reported
investigations into chemical composition of gasecus
effluents generated in laser cutting operations. There has
generated from the laser cutting of wool material.
original work on sampling and analysis of these odorous

;umnumummmm
sethods, laser pyrolysis studies, composition of woel,



An extensive investigation into laser-induced
decomposition of polyvinyl chloride polymer (PVC) wvas
first reported by Lum (1976). He used a continucus wvave
(cw) argon-ion laser to vaporize samples of unplasticized
PVC directly into the source cell of a mass spectromete:
system. He found the decomposition products generated from
laser cutting of unplasticized PVC were hydrogen chloride,
bensene and toluens in the ratios of 100:10:1. Lum also
discovered that irradiation of PVC with either the
plasticiser, 2-ethylhexyl phthalate or antimony oxide, a
flame retardant, would change the amocunt of toluens and
hydrogen chloride evolved respectively. Van Cleave in 1979
reported that organic fumes produced by laser cutting of
Kevlar-epoxy laminate were analysed using a mass
spectrometez. The laminate was cut with a carbon dicxide
laser and the compounds found in the effluent were
hydrocarbons, carbon dioxide, toluens, xylemns, bansens,
wvater and phenol.

In 198S, Doyle and Kokoso investigated the formation
of PVC and polymsthyl methacrylate (MIBRA). Irradiatiom of
mmmmcuu.mnym




by a Sylvania 973 carbon dioxide (C0,) laser run

1.6 k¥ power for a duration of 0.2 seconds. The gaseous
effluents were vithdrawn through a septum in the chamber
and were analyzed by gas-chromatograph with a mass
analyzed by GC/NS and high pressure liquid chromatography
(HPLIC) . Mujummu!mrﬂ:mﬂﬂ
methyl methacrylate, benzene and tolusne. Rydrogen
chloride, carbon dioxide, toluens, xylene, benzene, vinyl
chloride, propene, toluens and styrene were major products

bons) in the

found that PAlls (polycyclic aromatic hyd:
flue from laser cutting of PVC and FIMNA. They also
simulate sampling of fumes generated by plastic in a vork
environment by pumping air into an enclosed cutting
chamber and sampling vith first a Teflom
(polytetraglucroethens) pretilter followed by styrens-
divinyl copolymer adsorbent and a charcoal adsorbent.
Doyle and Kokosa discovered that this result correlated
wvell vith their earlier experiments.

Research concentrated on collecting data on the
physical and chemical nature of gasecus effluent generated
mmmznmmmﬁewﬁnnu; from
1984 to 1990. Specific referemces to their work were
reported in Ball et al. (1986), malik and Ball (1909) and



Ball et al. (1989). In these studies, a laboratory

and Stoncel as shown in Pigure 2.2-1. The material tested
vere cut by either a fast axial flow continuocus wave (ow)
carbon dioxide laser or a slow flow continuous wave CO,
laser. A TENyo (Gaussian shaped transverse electromagne
field) mode of operation at 200 to 500 watts wvas used for

either laser. The fumes were sampled isokinetically with
spectrometer (FTIR). The particulates were trapped by
electroprecipitation of the dust particulates onto
aluminum foil or trapped with glass fiber filters.
Inorganic analyses of the dust were performed using ICP
(Inductively Coupled Plasma). They studied the effluents
generated from the laser cutting of polyester, leather,
polyethylense material (Spectra). Their results are
reported in Table 2.2-1.

project, a brief description of this project is provided
below.

The purpose of this
the chemical cemposition of odors gemerated by laser



FIGURE 2.2-1 LABORATORY EFFLUENT TESTING STATION -

VAGUUM PAN —\ i SAMPLING
FUMES | n AIR POLLUTION

*After Ball et al. 1906
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TABLE 2.2-1%* NAIN DEGRADATION PRODUCTS IDENTIFIED FROM
THE LASER CUTTING OF NON-METALLIC MATERIALS

Oscenpesition Naterfsls, W(X)
Preducts Polyssters Lesther PC’S Keviar Kevier Epany
Conpunite
£a) FIIR ANNLYRIS
Acetylens 0.3-0.9 4.0 0.1-0.2 0S8 1.0
Carben Nernexide 1.5-4.8 6.7 0.5-0.6 3.7 S.8
tthytens 1.6-3.4 &3 07 - 0.3
Rethane 0.2-0.4 0.8 0.0-0.1 - 0.3
Wydregen Chleride - . 9.7-10.9 - -
Wydregen Cyenide - . - 1.0 1.3
C8~C8 albhenss - . .7-6.8 - -
)0 seaivais
Seraene 3.0-7.2 2.2 1.0-1.3 4.8 1.8
Sensenitrile - - . 0.3 0.7
Sighenyt . - 0.01-0.00 0.0 -
Chlerchonnene - - .00 - -
Ethyl -boneene 0.1-0.4 0.1 0.01-0.06 0.1 -
Naghthelene - - 0.00-0.00 - -
#itric Onide - - . . 0.2
witric Dienide . . . 0.6 0.5
Phenyl-scetylens 0.2-0.4 trece . 0.1 .
Styrene 0.1-1.1 0.3 0.01-0.05 0.3 .
Tolusne 0.3-0.9 0.1 0.086-0.1 0.2 0.2
vieyt chleride . - 0.0 . -
1-Sscone - . . - .
1-Saptene . - . - -
1-Nenane - . - - .
1-Cstone - - . - -

* Adapted after Ball et al. (1989)
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cutting of wool in a laser cutting operation. It is also
important to determine the chemical composition of the
odors emitted from the laser cut fabric. To stimulate a
real wvork environment, the laser used for this experiment
aust be a continuous wave (cw) carbon dioxide laser
qcmrati:\gapontinthcungiagzaﬂvtgitﬁ
irradiating in the infrared region of 10.6 um. The laser
beam should be focused onto the work piece with a nozzle
assembly. The focussing lens should be cooled with an
inert gas. The laser beam should be in a THiyo mode. In
addition, it is desirable to identify as many of the
degradation products as possible and not only the major
products. This is because the intensity of the odors is
not proportional to the relative proportion of the
chemical that causes it. A compound present in minute
quantities can contribute in a major wvay to the
characteristic odor of the sample.

The study conducted by Lum (1976) is not applicable
to this work because he used an argon laser irradiating in
the near UV (0.35 um) spectrua. The carbon dioxide laser
irradiates in the infrared region of 10.6 um. Ne also
conditions and not under typical laser cutting operatioms.

Van Cleave (1979) used a carbon dioxide laser but
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experimental details of the study on determination of the
Doyle and Kokosa (1986) conducted his experiment under
laboratory conditions and stimulated typical laser cutting

analysis of the very volatile compounds. He reported only
6 major gaseous decomposition products from PVC while Ball
et al. (1989) reported a total of 14 emnd- from laser
cutting of PVC. Sampling with charcoal adsorbents with
solvent desorption were used both by Ball et al. (1986,
1989) and Doyle and Kokosa (1985). There are two
limitations in this technique. The desorption efficiencies

adsorbent and the desorbed species are diluted by the

solvent.

The purpose of all of the above studies were not
directed to identification of the chemical composition of

fumes from materials cut by laser. Finally, none of these
studies were performed with wool.

The testing station employed by Ball’s group vas used
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in this study. The sampling method had to be modified.
Adsorbents such as Tenax (2,6 diphenyl-p-phenylene oxide),
chromosordb 102 (hydrophobic cross-linked polystyrene
resin) and molecular sieve 5A will be used for sampling
the laser effluent. Thermal desorption of the Tenax and
molecular sieve 5SA was used to obtain a sample 1000 times
more concentrated than those obtained from solvent
desorption. A method suitable for sampling the ocut-gas
effluent was also developed.

2.3 SAMPLING OF ODORS

The human nose is the organ for the detection of
chemical substances in the human environment. The first
indication of the presence of a chemical compound in the
auis«wwmmum.m-lutm
are generally a mixture of many compounds. At ambient
temperature and pressure, these compounds are in the
gasecus state and are usually mixed with particulates and
moisture. The species responsible for the odors are the
vaporised organic compounds and not the particulates, (NRC
1979). Thus in the sampling of odors, the particulates are
removed with filters. Katz (1977) describes a variety of
filter media available in air sampling. Noisture is often
removed during sampling. Once the particulates and
-outurommatdtmmmm. the odors may
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be sampled by a variety of analytical techniques. The
simplest method of sampling is to collect a grab sample in

are in very low concentration. It has been reported that
as little as 10’ molecules (a mole of gas contains
6.02*102 molecules) can be detected by the olfactory
system (NRC 1979). In order to sample sufficient
quantities of these odorants, pre-concentration techniques
for gas sampling must normally be used. The types of
enrichment sampling that have been used in odors are
cryogenic trapping, solid adsorbent and absorption
collection vith impingers.

2.3.1 COLLECTION OF GRAB SANPLES

Collection of grab samples may be achieved by using
either rigid er flexible samplers. Flexible samplers
include plastic bags made of either Tedlar (polyvinyl
fluoride), Teflon (polytetraflucoroethens), Nylar
(polyethylene terephthalate foil) or polyethylens.
Schuetszle et al (1973) found that polyethylens, Saran
(vinyl-vinylidene chloride co-polymer) and Nylar bags were
not suitable for storing odorous stack emissions of paint
spray and bake oven. They also found 7.3 to 38.2% loss of
hydrocarbons over several days and as much as 82% loss of
some odors. The amount of loss of odors was found to be
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highly dependent upon the original sample concentrations.
These losses may be minimized by pre-dilution. Leonardos
et al. (1980) concluded that sampling with Tedlar bags can
be a valid method for the evaluation of source sampling,
if it was known that the volatile species were the primary
odorants. He also stated that sufficient pre=dilution must
be used for the above method.

Rigid devices such as glass bulbs, gas-tight syringes
and stainless steel canisters may be used to store samples
for periods from several days to months. The sampling may
be accomplished by first evacuating the sampler in advance
and allowving the sample to enter the container.
Alternately, the sampling device may also be eguipped with
inlet and outlet valves. The sampling is accomplished by
flushing the sample into the canister until an equilibrium
wvas achieved prior to sealing the vessel. Glass bulbs are
frequently used for sampling odorous emissions (Benforado
et 2l.1969). The disadvantage of this type of sampling is
walls of the containsr. To overcome these losses,
preconditioned container surfaces vith sumtA® polishing.
stetR polishing is a proprietary electrochemical process
would cocur. Nolectrics Corporation is licenced to sell
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method is suitable for sampling relatively stable,
volatile compounds such as low molecular weight
hydrocarbons and chlorinated hydrocarbons with boiling
points less than 150 °C.

2.3.2 CRYOGENIC TRAPPING

Cryogenic trapping of air borne vapors can be
accomplished by condensing the analyte onto a suitable
trap such as stainless steel, nickel or glass tubing. The
length of the trap should allow enocugh residence time for
the organic vapors to cool and condense. The cooling
ligquids that have been used include dry ice and acetone
(=78 °C), ligquid oxygen (-183 °C), liquid argon (-186 °C)
and 1iquid nitrogen (=196 °C) (Weast et al. 1986).

Dry ice and acetone should be used with caution
because the temperature (-78 °C) may not be cold enough to
trap volatile organics. Also the probability of
contamination vith the large gquantity of solvent is high.
Liquid nitrogen is not acceptable because it also
condenses oxygen from the air. Liguid oxygen will react
vith many condensibles and the resultant reactions may be
explosive. For the same reasons, liquid oxygen, as a

hasards involved. Liguid Argon is a preferred coolant. The
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samples collected may be recovered by flash heating into

snic trapping is an attractive alternative to

other enrichment methods because of the following
advantages summarised by Riggin (1983) :

1) Many types of organic material can be collected
including low molecular weight contaminant.

2) Mo sample workup is required prior to analysis.

ration should result fiom adsorbents or

3) WMo
solvents.
4) Recoveries should be consistent.

The major difficu: .les encountered vith this
technique have been the trapping of water and formation of
analysis. Asrosol formation will reduce trapping
efticiency. (Bertsh et al. 1974a) . Drying agents such as
sodium hydroxide pellets, phosphorus pentoxide and calcium
carbonates were reported to be NON-aasc stive of organics
(Schlitt et al. 1979). The type of drying agents should be
agents such as magnesiua perchlorate vill adsord
carbonyls, ethers, nitriles and nitro compounds.
ted sulpburic acid will adsord unsaturated
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hydrocarbons, sulfides and some carbony
Parrington et al. 1939.).

2.3.3 SOLID ADSORBENT TECHNIQUES

Trapping of air-borne organics using solid adsorbent
is a commonly used air sampling technique. This method is
very effective for sampling large volumes of air
containing ppbv levels of volatiles. The type of
adsorption of the organics are either physical adsorption
or chemisorption or both. It is preferable to have
physical adsorption for trace sampling. Physical
adsorption is characterised by fast adsorption without
electron transfer and good recoveries by thermal or
solvent desorption. Chemisorption involves specific
chemical interactions with electron transfer. Desorption
may or may not be possible with thermal or solvent
volume of the adsorbate V and the saturation vapor
pressure, PO is known. This is a plot of log volume
adecrbed vs. T/V logP0/P, vhere T is the experimsntal
in the experiment. (Ballou,1976).
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In this technique sampling is achieved by draving the
volatiles into a cartridge containing solid sorbents. The
adsorbed volatiles can than be recovered by solvent
extraction or by thermal desorption. Thermal desorption is
normally used if the compounds have a boiling point range
of 80 °C to 200 °C. Solvent extraction is used for boiling
points above 150 °C. Thermal desorption is preferable in
analytical instrument and automation is ne
extraction is attractive when thermally unstable species

replicate analysis of the sample is required.

Adsorbents are packed in cartridges which are usually
made of tubular pyrex glass vith I.D. ranging from § mm to
1s-m1mmtmiﬁmcosealw;.
(Bertsch et al. 1974a).

solid sorbents are either organic polymers, inorganic
or carbon adsorbents. Adsorbents such as Tenax GC, XAD-2,
Chromosorb 102, mqmmrmmm
polymers. These material are hydrophobic and generally
tor air sampling (Pellissari et al.1978).

Adeorbents such as silica gel, alumina, florisil and



molecular sieves are inorganic adsom
adsorbents which vill effectively retain polar oo
is that large amounts of wvater are

The main disadvantag
also retained. Activated carbon
inorganic adsorbents and exhibit much stronger

than the polymeric sorben
used to trap very volatile species such as vinyl chloride.

of this strong adsorption property (Riggin. 1983).

Adsorbents commonly used in odor sampling have been
the organic polymeric type. Chromosorb 102, hydrophobic
cross-1linked polystyrene resin vas used to sample diesel

with weord 102 and desorbed with cyclochexans were
described as kercesne, oily, smoky burnt and irritating
(Levins et al. 1974, Hames et al. 1980 and Partridge et

al. 1987).

Tenax GC (2,6 diphenyl-p-phenylens oxide) have also
been used to sample for diesel odors (Daudel et al. 1979).
°C (Parsons and Mitsner 1973). Tenax GC shows selectivity
towvards certain classes of compounds. Alkanes, aloohols
and amines are more efficiently trapped than aldshydes,
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Wmmu.mxccumywicmm
presence of an aromatic moiety greatly increases the
affinity of Tenax for organic vapors (Bertch et al.
1974b).

The cleaning and conditioning of virgin Tenax vas
cxpllin.dinmu.bykm.tll. (1982) . The Tenax
resin should be extracted in a Soxhlet apparatus for a
minizsum of 18 hours with acetons and hexane, dried in a
nc\nnomatloowtor:tosm.at'lm.m
mzmocm:actouncycxu.mmmu
mmmnumummmw
extracted vith hexane.

odorous emissions comprising of sulfur compounds may
be sampled vith adsorbents such as XAD-2 and molecular
sieve SA. XAD-2 resin was used for sampling malodorous
-uuuw-dttdtmmmu 1iguor recovery
process and semi-alkaline pulping process (Nimberg et al.
1986) . Black et al. (1978) evaluated the possibility of
using Tenax GC (60/80), Carbopek B, Porapak Q, Porapak P,
Chromosord 102, molecular sieve 13X and molecular sieve SA
for sampling sulfur compounds. They found that molecular
-1mummmtm¢uuxmmm
wmmum-otc.nttyotmaﬂ
recoveries in descrption. A comparison of break through



volumes for sulfur dioxide and hydrogen sulfide evaluated
on different adsorbent is as shown in Table 2.3.3-1. The
recoveries using molecular sieve 13X and molecular sieve

SA are listed in Table 2.3.3-2.

2.3.4 ABSORPTION COLLECTION

Absorption collection can defined as trapping the
gases in a medium in wvhich they are soluble . This
collection involves passing the gas stream through an
aguecus solution or organic solvent. The solvent is
generally cocoled at temperatures above it’s freeszing point
to decrease the amount of solvent lost through
evaporation. This technique is not suitable for sampling
trace organics as large volume of air cannot be sampled
because of solvent evaporation during sampling. Inorganic
gases are quite successfully sampled by this procedure
(Axelrod and Lodge 1976).

2.4 ODOR IDENTIFICATION

There are tvo common approaches for measuring odors.
One is generally referred to as the sensory method and the
other is the amalytical method. The semsory method involve
neasuring the principal semsory properties of odors such
as odor intemsity, change in intemsity with dilutionm,



TABLE 2.3.3-1

23
BREAK-THROUGH VOLUMES FOR SULFUR DIOXIDE
AND HYDROGEN SULFIDE EVALUATED ON DIFFERENT

ADSORBENTS®
Breakthrough volume
Adsorbent L/q*

80, u,s
Carbopack B 0.1 0.1
Chromosorb 102 (60/80) 3.6 0.1
Molecular Sieve SA (60/70) >28 22.5
Nolecular Sieve 13X (60/70) >28 >2%
Porapak Q (80/100) 1.3 0.1
Porapak P (80/100) 0.1 0.1

0.1 0.1

Tenax (60/80)

® velum reguired to elute SIK of adserbed conpaund ot 23°C.

* Adapted after Black et al. 1978
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TABLE 2.3.3-2 COLLECTION EFFICIENCY OF SULPFUR GASES
EXAMINED FOR MOLECULAR SIEVE 13X AND
NOLECULAR SIEVE SA°

Sulfur adsorbed Racovered (%)

w

Sulfur dioxide S0 22 £ 6 4
Sulfur dioxide 22 10 £+ S %
Hydrogen Sulfide 55 45 + 6 82 %

6 4

[ ] 5]

fydrogen Sulfide 20 326

8 aversge srd staruiard devistion of 3 separaste determinations.

° Adapted after Black et al. 1978



threshold, quality or character and hedonic tone.
Analytical methods involve the determination of the
principal chemicals and their concentrations that causes
the odors. The latter is a more precise method that will
provide information on the origin and composition of the
odors. The analytical method will be discussed because it
is the method that is most suited to achieve the

objectives of this investigation.

The selection of sampling and analytical method is
dependent on the physical and chemical properties of the
species to be measured. An odor is usually a result of a
aixture of odorants. Two approaches are available to
identify a specific compound or group of col 3. The
other alternative is to separate the mixture into a single
component that can be identified. The type and
concentrations of chemical component for odors are
rous and often unknown. Therefore, it is unlikely that

any single sampling technique and analysis vill be useful
for all odor assessaent problems. Often a ocombinations of
sampling and analytical methods are used. The sampling

(NRC, 1979).

A mathod that combines a ocryogenic pr



concentrating trace gases such as fluorocarbons,
halogenated carbons and carbonyl sulfide and FTIR with
cell path length of 120 m vas described by Hanst et al.
(1975) . Their analytical method involved cryogenic
condensation of the ambient air sample and then
distillation of it’s individual components into long path
infrared cells. This combination of sampling and analysis
wvas capable of measuring carbonyl sulfide, carbon
fluorocarbon-12 (dichlorodifluoro methane) with partial

pressures down to 10-" atam.

Morimoto et al.(1976) reported gquantitative
measurements of the composition of gaseous combustion
products of polymers by IR measurement. The gaseous
component consisting of hydrogen chloride, carbon dioxide,
nitrous oxide, carbon monoxide, carbonyl sulfide, sulfur
dioxide, ammonia, hydrogen cyanide, methane, ethylens and
acetylens were collected in a cylindrical gas cell with a
path length of 100 mm. Grassie and Jenkins (1973) also use
IR (Infra red spectrometry) to study the photothermal

butyl acrylate. Chatfield et al.(1979) also used a
combination of IR and GC/NS to analyse for the thermal
decomposition products of polyamide fabric under
conditions of pyrolysis, oxidative degradations and
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flaming combustions at temperatures of 450 °C and 5350 °C.
A total of 28 compounds were identified in the pyrolysis
experiments vith the major products being water, carbon
dioxide, carbon monoxide, bengonitrile, benzene and

methane. Oxidative degadations yield 19 volatile

vith the major products being water, carbon dioxide and

carbon monoxide.

FTIR spectroscopy can be used to identify and
quantify gas mixtures. Almost all organic compounds and
some inorganic compound show characteristic absorption
bands in the infrared region. A mixture of these compounds
vill have overlapping spectras. Fortunately, Bany
compounds have characteristic bands in different parts of
mm.mmammﬁﬁnﬂmmﬂmt
ismtmkodbyammﬂm:.Innh-udeﬂ
identify and gquantify the compound. Thus, tv major issues
in this techniques are the choice of the pr. "ar vavelength
region for quantification and the spectral resolution. The
resolution of the FTIR is defined by strang et al. (1989)
u'thoimruottulmthotnﬁfﬁftﬂﬁimtﬁ
sero path difference, which is expressed in reciprocal
centimeters (ca’') or wavenumber."” Strang et al. (1989)
mtarwmlmmeéghﬁmgmn
appropriate for quantitative air monitoring at a
semiconductor sanufacturing facility. They deternined the



optimal wvavelength region for quantitative measurements.
It was also reported that decreasing the resolution from
0.5 to 8 cm’! did not significantly =ffect the separation
and quantitative analysis of the overlapping organic
compounds. Lishi et al. (1989%a) concluded that FTIR can be
used to detect and quantitate individual gases and vapors
in air at concentrations at or below their TLVs (threshold
limit values). They also determine the limit of detection
(LOD) and optimal spectral region for quantitating 38
organic compounds. With these optimal operating
conditions, the LOD for 32 of the compounds tested were
belov 50 ppbv. The highest LOD was for acetonitrile with a
LOD of 1500 ppbv and the lowest LOD was for ethyl ether
with a LOD of 6 ppbv. They also demonstrated that the FTIR
ts of individual

can be used for quantitative
components in a simulated 12 component paint solvent
mixture (Li-shi and Levine 1989b). Table 2.4-1 gives a
summary of some of their results.

The other approach to handling mixtures uses either
GILC (gas-ligquid chromatography), GSC (gas-solid
chromatography), IC (liquid chromatography) or HPLC (high
pressure ligquid chromatography) to separate the myriad of
ands into a series of discretes compounds. After the
separation, a multitude of detectors such as the FID
(flame ionisation detactor), ECD (electron capture
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TABLE 2.4-1 LINITS OF DETECTION (LOD) AND ABSORPTIVITY
FOR PAINT SOLVENT NIXTURE TAKEN INDIVIDUALLY
AND IN A NIXTURE AT RESOLUTION OF 2 CN'™

nv LD (ppm-v/v) Absarptivity

sSolvart (pgm-v/v) Intividesl In Rixture (x¥8-4)

Totusne 10 0.0 0.2 6.2
a~Xylaw e 6047 0.1 4.3

'\
g
:
i
.

.n 0.1 4.8

o
2
i
3

o.09 0.5 4.1

:
!
8

14

i |

(X ] 0.2 4.8

A Linser te the LOD. n!_ﬂmﬁ-jﬁlﬁm—rﬂvﬁm!ﬁamﬁﬁﬂ

poing, questions of well adeerption mat e sdiresend.

* Adapted after Li-shi and Levine (1989 b)
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detector), FPD (flame photometric detector), IR (infra-red
detector) and NS (mass spectrometer detector) can be used.
The type of detector used will depend on the chemical
characteristic of the odors. The FID is used to measure
the hydrocarbons while the ECD is sensitive to halogenated
compounds. The FPD is good for analysis of sulfur
compounds. The NS and IR can identify the chemical
compounds by their inonized molecular fragmentation
patterns and adsorption spectra. Riggin (1983) gives an
excellent review of all the methods and their
sensitivities for the measursement of organic compounds in

ambient air.

A major weakness of the analytical methods is that
they do not indicate wvhich of the sample components cause
the odor of the complete sample. To overcome this
disadvantage, the analytical method can be coupled with a
partial sensory method known as chromatographic sniffing
or the odorgram method. This approach uses a GC to
separate the odorous mixture. The flowv of the separated
component coming out of the gas chromatograph is then
split into two flows, one going to the FID detector of the
GC and the other going to the nose. In this wvay, the
analyst can evaluate the odor simultansously as a peak is
detected by the FID detector. A description of the
odorgran method wes reported by Dravaieks (1978).



2.5 SANPLING AND ANALYSIS OF SULFUR COMPOUNDS

A large number of instrumental and wet chemistry
techniques have been used to sample and analyze sulfur
with impingers or impregnated filters and analysis with
spectrophotometry (Jacobs et al. 1937), ion chromatography
(Hansen et al. 1979, Margeson et al. 1983a) or titrimetry
(Margeson et al. 1983Db). These wet technigques are only
suited to measure single inorganic sulfur compound or
gm;mmwm“mmaf-nm
organosulfur as TRS (Total Reduced Sulfur). The method
developed by Jacobs et al. (1957) can only be used to
analyse hydrogen sulfide while the techniques used by
e TRS.

Nargeson et al. (1983b) can only be used to meas
Another limitation of these wet chemistry techniques is
that it cannot identify the unknown sulfur compound

ﬁmmm:@mmw:ﬂmm
identitied, ;tumnmﬂmﬂmm
individual components ﬁmﬂc:ﬂmcm-ﬁﬁuh
mﬂ“ﬂﬂﬂﬁthlimﬁli“

mlﬂhﬂ;mdnlmmhﬁﬂﬁn
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FPD detector. The FPD detector is specific for either
compounds in a hydrogen-air flame of the FPD will emit
light of a certain frequency. The FPD consists of a
photomultiplier. A filter is positioned in front of the
photomultiplier to allow only light emitted from one of
the slements (either sulfur or phosphorus) to be detected.
The limit of detection have been reported to be from 2 ppdb
to 50 ppb for sulfur (Adams 1976).

There are two major difficulties in measuring sulfur

compounds at ultra trace levels. The GC/FPD equipment
to be adjusted to achieve optimal sensitivity. The other
problem arises from the nature of these sulfur compounds.
stainless steel or glass columns as well as many packing
system is at optimum sensitivity when the "dead volume® in
to the FPFD are in the ratio of 1:1.5. The high affinity of
sulfur can be greatly reduced by deactivating column walls
and packing material vith any of the materials reported by
Farwell et al. (1979). A variety of packed columns have
been used for the separation of ppm (parts per milliom)
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successful columns have been developed by De Souza et al.
(1975) . De Sousa used a GC with a FPD detector. The column
used was an acetone-washed Teflon tube 3.17%5 mm O.D. and
0.46 m long, packed with 80/100 mesh acetone-vashed
Porapak QS. It wvas necessary to condition the columm vwith
several injections of concentrated sulfur gases.

Farwvell et al. (1979) proposed the use of a
deactivated glass capillary column. The cryogenic sampling
traps were also deactivated vwith polysiloxane and -1
methyl silicon, dimethyliichlorosilane, triethanolamine,
bensyltriphenyl-phosphoniua chloride and 1-
aziridineethancl. Two sampling traps were used in the
process. The sample vas first trapped in a large trap and
re-cryofocus (re-condensed) into a capillary trap before
being flushed into the capillary columns. The capillary
column tested were 30m X 0.25 mm i.d. coated with SE 30,
Carbowax 208, OV-17 and deactivated 30 to 38 meter columns
coated with OV-101 and SE-354. The temperature progran vas
from =10 °C to 100 °C at the rate of 16 °C/min. It vas
found with this system, the guantitative repeatability for
hydrogen sulfide, carbonyl sulfide, methyl sultide,
dimethyl sulfide, carbon disulfide and dimethyldisutide
wes vithin the limits of £ 25 § vhen working in the

ppb/ppt (part per trillion) range.
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Barinaga et al. (1987) reported that it wvas possible
to separate low molecular weight reactive sulfur gases

without any cryogenics in the GC oven. In their
investigation, they used a combination of:

1) a cryogenic sampler, attached to the injector port
of the GC with flows which were compatible with a
wide-bore FSOT (fused silica open tubular) column.

2) a thick fila DB-1/DB-wvax, megabore PFSOT
combination column.

3) a reduced dead volume FPD.

The mixed phase column consisted of a 30 m x 0.53 mm
DB-1 with Af(film thickness)=S um coupled to 3m x 0.353 mm
DB~Wax, df=1 un. The temperature program used wvas 30 °C
for 1.2 min, then 30 °C/min to 140 °C. They manage to
separate hydrogen sulfide, carbonyl sulfide, methyl
sulfide, dimethyl sulfide, carbon disulfide and
dimethyldisulfide in S min without the use of any
cryogenics. In this study they were successful in
elininating the disadvantage inherent in both the packed
column system and thin fila cepillary column. Packed
ocolumn gas-s0lid chromatographic technigues are usually
limited by inadeguats resclution and detection limits due
to band broadening, by column conditioning and memory
effects. The disadvantages of thin-film cepillary columns
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was that the volume and flow rate of the pre-concentration
device were not compatible with those in the capillary

column.

2.6 COMPOSITION OF WOOL

wool keratin is composed of amino acids. The number
of moles of each of these amino acids in 10 g of protein
is shown in Table 2.6-1 (Bolker 1974). The elemental
composition of wool is carbom, 49.3 s, hydrogen 7.6 %,
nitrogen 15.9 §, oxygen 24 § and sulfur 3.6 $.( Napperley
and Sewell 1973). The amino acid, cystine vith its
disulfide groups, makes wool very reactive. The wool fiber
has both helical alpha-keratin and sheet-1ike S~-keratin
conformations. Its adjacent molecular chains are cross-
1inked through the S-S bonds of cystine units. (Bolker
1974).

2.7 THERMAL DECOMNPOSITION PRODUCTS OF WOOL

Thersal decomposition of wool begins vith dehydration
followved by a sort of melting at 240 oC (Nenefes and Yes
1963) . At about 247 °C the disulfide bond breaks releasing
mainly carbon disulfide and carbon dioxide (Carrol-
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TABLE 2.6-=1 AMINO ACID COMPOSITION OF WOOL KERATIN®

AMINO ACID PER 105 GRANS OF PROTEIN

Alanine 46
Arginine 60
Aspartic acid + asparagine 54
Cystine 49
Glutamic acid + glutamine 96
Glycine ¥
Histidine 7
Leucine 86
Lysine 19
Methionine L
phenylalanine 22
Proline 83
Serine 1]

54

9
Tyrosine 26
Valine 40

* AMapted after Bolker 1974
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Porcsnski 1971). Pyrolysis-gas chromatography of wool at
temperatures of 600 °C to 923 °C yields hydrogen cyanide,
benzene, toluene and carbon oxides (Cullis and Hirschler
1981) . Several researchers have reported the presence of
carbon monoxide, hydrogen cyanide and nitrogen oxides. The
amount of hydrogen cyanide, carbon monoxide and nitrogen
oxides released during thermal decompositions is
temperature dependent. The amount of carbon monoxide will
increase vith temperature and the amount of hydrogen
cyanide will increase steadily until a maximum at 727 °C
and decrease slovly to about 927 °C (Bapperley et al.
1973) . The amount of nitrogen oxides will decrease to a
minimus at about 527 °C and increase slowly to about 727
ec. (Skidmore and Sewell. 1974).

A more complete analysis of the thermal decomposition
products was done by Chaigneau and Le Noan (1976) . They
analysed the gaseous, liquid and solid products of
pyrolysis by mass spectrometry. They found that the
quantity and ocomposition of the pyrolysis products were
dependent on the temperature at wvhich it was pyrolysed.
Najor decomposition products of vool pyrolysed at 500 °C
were carbon dioxide, hydrogen sulfide, carbon monoxide,
WWNW. pPyrolysis of wool at
1000 °C produced the following major decomposition
products: hydrogea, hydrogen cyanide, carbon sonoxide and
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hydrocarbons. Hydrogen sulfide, carbon disulfide, carbonyl
sulfide and methyl mercaptan were found for pyrolysis at
500 °C and 1000° C. Traces of sulfur dioxide was also
evolved at 500 °C but not at 1000 °C. Signficantly larger
quantities of hydrogen sulfide and carbon dioxide and
smaller quantities of hydrogen cyanide were found at 500
°C than at 1000°C. Table 2.7-2 shows the thermal
decomposition products from the pyrolysis of wool at 500
°C and 1000 °C under vacuum.

In the same study by Chaigneau and Le Moan, they also
studied the amount of hydrogen cyanide and hydrogen
sulfide released from the combustion of wool. They found
that the quantities of both gases were highly depend
the temperature, rate of introducing the sample in the
furnace, and rate of delivery of air to the sample. The
saxisum amount, 92.8 L of ECN per kilogram of wool and 101
L of K8 per kilogram wool, was obtained at a temperature
of 1200 °C, rate of delivery of air of 6 L/hr and rapid
introduction of wool into the furnace. The minimum amount,
0 L of NCN per kilogram of wool and 0.8 L of H,8 per
kilogram of wool were obtained at 1200 °C, an air flow
rate of SL/hr and slov sample intro

uction.
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TABLE 2.7-2 THERMAL DECOMPOSITION PRODUCTS FROM THE
PYROLYSIS OF WOOL AT 500°C and 1000 °C

UNDER VACUUM'

PRODUCT YIELD AT 500°C YIELD AT 1000°C
(MOL PER CENT) (MOL PER CENT)
HCN 7.7 — 20.0
H 1.1 16.0
cﬁ 7.2 13.8
CaH 6.0 0.2
ciago 0.5 TRACE
CyH, 0.8 0.6
C3Hg 2.9 0.1
c‘ll. ;;9 1-_5
Csp1o gig 1.0
2“2 D‘ ‘ e
g’:‘ Tﬁiézs 5
cﬁissns 0.1 TRACES
e 1.9 13
cS, 30.9 7.7
co 11.3 16.4
H,S 17.7 1.7
ss TRACES -
mg 4-! g-l
CS: g-; D-E
Cﬂ:“ Q-l -

* AMdapted after Chaigneau and Le Moan, 1976.
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2.8 TECHNIQUES USED TO STUDY THE THERMAL DEGRADATION OF

There are two areas of concern in researching the
thermal degradation of polymers. One concern is the
toxicity of fumes evolved from polymers in a fire and the
other, is to use the degradation pro
“fingerprint® to identify the original polymer. In the
first, the techniques used involve heating the sample from

achieved with electrically heated filament or an
electrically heated tube furnace. Gases such as air,
helium or nitrogen can be introduced into the furnace. The
duced are collected with a cooled trap, an
evacuated buld or a trap containing an inorganic solution.
The identification of inorganic snents is usually
achieved with colorimetric methods and organics using
either IR or a combination of IR, GC/NS and NPLC
(Chatfield et al. 1979).

Those that are intere 1 in "tingerprinting®
Pyrolysis is defined generally as the subjection of
organic materials to elevated temperatures in the absence
of oxygen. Nild pyrolysis ooccurs in the tesperature range

of 300 °C to 3500 °C, normal pyrolysis at 500 °C to 800 °C
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and vigorous pyrolysis occurs at temperatures above 800 °C
. A pulse ruby laser is the most commonly used source of
pyrolyzing polymers over 800 °C. The first reported study
of laser degradation of aromatic compound vas done by
Wiley and Veeraga in 1968. He reported that laser beam
interaction with a solid and liquid substance is a more
complex affair than merely thermal degradation. The first
pulse ruby laser pyrolyszer on-1line vith a GC vas
demonstrated by PFolmer and Azsarraga in 1969. They also
wmmtmmmmimw:m;m
exhibited simple patterns and allowed greater distinction
betveen similar types of substances than achievable
through conventional pyrolysers.

Lasers produce a beam of focus !
beamn and it is difficult to determine the temperature at
which the material is vaporised. The exact temperatures at
wvhich the material is pyrolysed cannot be measured
directly. Estimates of this temperature can be obtained by
Wotmmugagnuhmmmm
UhicthMMﬂ.ﬂlintmmm&
be in the ranges of 927 °C to 7727 °C (Ristau and
vanderborgh 1971). mmﬁthﬁat-tmtmm
mmumlnubgpmﬂbyhjﬂﬂﬁmlm
mmuicaotmﬁpeijgeﬂby:tmdm
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bean. Berkowitz and Chupka (1964) used the above method
and estimated that a pulse ruby laser emitting 3J/pulse
would interact with matter at about 3727 °C .
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3.1 SAMPLING METHODS

Tvo kinds of sampling systea were required. The first
proce-ses and the second involved sampling for the vapors
emitted from the laser-cut fabric. The first type of
sampling would be referred to as source sampling and the

Factors to be considered in the selectiomn of sampling
and analysis methods are outlined in Table 3.1-1. The
girst four items were unknown at that stage. Therefore
some intuitive assumptions based on literature reviews
physical nature of the ocompounds targeted for analysis may
be surmised from the literature reviews of section 2.6,
2.7, and 2.8. From the composition of wool studies it wvas
vith nitrogen, sulfur and oxygea. Pyrolysis studies
mﬂmgﬁhLm“MLﬂﬂiﬂlpﬂ.m
oocurred at temperatures of 927 °C and 7727 °C.

Table 2.7-2 lists the degradation products from the
combustion of wool at 500 °C and 1000 °C. It vas therefore
Lqmgmmgmmmuﬂuh
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TABLE 3.1-1 FACTORS TO BE CONSIDERED IN THE SELECTION OF
SANPLING AND ANALYSIS METHODS#*

1) Physical and chemical properties of compounds

2) Concentrations of compounds

3) Relative importance of various chemicals to program
objectives

4) Nethod performance characteristics

6) Budget restraints

* Adapted after Riggin (1983)
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similar to some of the compounds outlined in Table 2.7-2.
These included sulfur compounds, hydrocarbons and
nitrogenated inorganic gases.

The concentrations of the source samples should be in
the ppm range. This information was obtained from the
author’s own unpublished results carried ocut for the
papers by Ball et al. (1986, 1989) . The concentrations of
thowt-qasuwlovinbomchlmthmn-rmg They
were assumed to be in the ppb range.

The above assumptions led to the following

conclusions:

a) Pre-concentration techniques may not be necessary
tummmlommuviultﬁrm

b) Cryogenic pre-concentration techniques wvere not

o) Mﬂwuianacdﬁi

mmu.ﬂhtuw.
ocarbonyls, uwmmmmg
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3.1.1 SOURCE SANPLING

first, (81), vas developed to cbtain a whole sample in a
Tedlar bag. The second, (82), was designed to obtain a
more concentrated sample vith an adsorption tube. The last
type of sampling, (83), wvas devised to obtain a
quantitative sample wvith an adsorption tube.

effluent testing station built by Kulik and Stoncel shown
in Pigure 2.2-1 and described in Appendix A.

Prior to sampling, the acrylic box and metal vacuum
pan vers vacuumed to remove pieces of cut fabric. The
honeycomb cutting bed was also cleanad by using the laser
ocontinuously evacuated.

The first source sampling method, System $1 is shown
in Pigure 3.1.1-1 and is defined in Appendix A. This vas
used for obtaining a gas sample in a Tedlar beg which
could be subjected to direct FTIR analysis.

The second sampling system (System 82) was similar to



FIGURE 3.1.1-1 SOURCE SANPLING NETHOD S1

AIR POLLUTION
CONTROL SYSTEM




48

System 81 as shown in Pigure 3.1.1-2. This wvas used to

System 83 is shown in Pigure 3.1.1-3. System 81 vas
modified to allow sampling to be obtained through an
adsorption tube instead of a Tedlar bag.

3.1.2 OUT-GAS SANFLING

experimented vith. The first two systems (described in
designed for. Their respective problems will be discussed
in section 4.1. The third system, 0G~3 (shown in PFigure
3.1.2-1), performed mmu and vas used to sample
out-gas vapors. The operation of System 0G-3 is described
n Appendix A.

3.1.3 PREPARATION OF ADSORPTION TUBES

adsorbent tubes. These tubes had to be carefully prepared
are described in Appendix A.
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IGURE 3.1.1-2 SOURCE SAMPLING METHOD S2
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FIGURE 3.1.1-) SOURCE SANPLING NETHOD S3
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FIGURE 3.1.2-1 SYSTEM 0G-3 OUT-GAS SAMPLING SYSTEM




3.2 THERMAL~DESORPTION GC/FID ANALYSIS

Preliminary tests for sampling methods 82, 83, and
0G-3 were achieved through thermal desorption of the
samples adsorbed into Tenax and desorbed into the GC with
an FID. The purpose of these tests wvere to examine
vhether:

a) the blank adsorbent tubes were cleaned;

b) the controls were relatively free of
interferences; and

c) the sample wvas concentrated enough to be det
by the GC/FID detector.

Two gas chromatographs, each with a flame ioniszation

analysis. The first thermal desorber wvas an Envirochem 850

hooked up to a HP3890 GC. A flow rate of 7 mL/min of
helium flowing through the thermal desorber. This flow was
split in half to 3.5 ml/min prior to entering the injector
port of the GC. The samples were desorbed at 200 °C for 2
ain. The column used vas a 30 n P8-S capillary column. A
tesperature prograa of -30 °C for 2 minutes increasing at
20 °C/ain and a final temperature of 250 °C for 35 minutes
vas used. Detector temperature used was 2350 °C.
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A second portable thermal desorber had to be
developed (described in Appendix B). It vas attached to a
Vvarian 3300 GC. The samples were desorbed at 200 °C for 4
minutes, cryofocused for about 8 minutes and flash heated
to 200 °C for a minute. The column used in this GC vas a
60 m DB1 column. Temperature vas programed at 40 °C for 2
ainutes, increasing at 5 °C/min to a final temperature of
250 °C for 30 minutes.

3.3 QUALITATIVE AMALYSIS OF THE ODORS FROM SOURCE SANPLES

The overall strategy for the analysis of the odors
is summarized by the flowchart in Pigure 3.3-1.

mmmlummntnmmum
collected in a Tedlar bag and analysed on an FTIR (Fourier
transform infra-red spectrophotometer). The purpose of
thuutbodmtomnimmotmtmiem
such as ammonia, carbon monoxide and organic compounds
such as carbonyl sulfides and methane. FTIR also provided
an excellent gqualitative overview of the chemical species
in the whole air sample which have had no sample
manipulation.

sampling with chromosord 102 and solvent desorption
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FIGURE 3.3-1 FLOW CHART ILLUSTRATING THE STRATEGY FOR

SAMPLING AND ANALYSIS OF ODORS
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followed by GC/MS was also a successful method of
analysing source samples. Chromosorbd 102 wvas chosen
because it wvas used in many investigations into odors
generated from diesel exhausts. Laser exhausts exhibited
similar burnt-like odors as in diesel exhaust. This method
gave an insight into the chemical composition of the
heavier hydrocarbons.

The more volatile vapors can be sampled and analysed
using thermal desorption and GC/NS analysis. The
mormumtorthhproeodmmmm
molecular sieve SA. Tenax is reported in many papers as an
excellent general sorbent and the molecular sieve SA is
shwntob.th‘b‘ltud.orhonttormlt\n’w.

3.3.1 ANALYSIS BY FTIR

source samples from the laser cutting of 1008 wool
mommoanenmumxmwm. The gaseous
Wmeolloctoduma 10L Tedlar bag purchased
from Alltech Ltd. A Gilian Hi flow sampler pump vith a
mnodel number HFS 113A was used for sampling. The gas
sanple vas obtained at a pressure of 100.8 kPa. The sample
flov rate wvas 3 L/min and sampled for 3.78 min. A total of
10.0 g or 94 lines (each line being 440 =m long) of 100 §
wool material were cut. A ov Photon Source laser vith a



cutting speed of 90 mm/s wvas used to cut the fabric. The
Tedlar bag containing the odors was immediately
transported to the Spectral Services Department at the
University of Alberta for FTIR analysis. The procedure and

the rav data are summarized in Appendix C
3.3.2 SOLVENT DESORPTION GC/NS ANALYSIS

Source sampling of the laser cutting of wool vas
obtained with method 82. The fumes were adsorbed on
chromosord 102 and desorbed with cyclchexans. Solvent
desorption vas used instead of thersmal desorption because
of the following reasons:

a) compounds with boiling points above 150 °C can be
easily desorbed; and

b) the solvent desorption of chromosord 102 with
cyclohexans had been used successfully in the
study of diesel odors.

Details of this analysis are provided in Appendix D.
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3.3.3 THERMAL DESORPTION AND GC/NS AMALYSIS

A source sample, using the 82 sampling method vas
molecular sieve 5A and Tenax. A drying agent, sodium
sulfate, was used to dry the gasecus vapors prior to
adsorption onto the molecular sieves. Tvo types of samples
were obtained for each type of sorbent. A controlled
sample vas obtained for each sorbent. The flov rate used
vas 1 L/min. All samples were obtained at a tcwperature
between 22 °C and 22.3 eC. About 90 mg of wool was cut.
The sampling time vas 3 minutes.

AEMMI‘HW‘EL@CE!S@H&H@L
cutting speed of ‘miiimujﬂté@ttm!’nhla_ A
out-gas sample. The control experiments for source sasples
the surface vithout cloth samples. Details of the amalysis
are provided in Appendix D.

Atmﬁ!nﬂﬂmﬂ_lmmm.



SA and Tenax. A drying agent, sodium sulfate was used to

dry the gasecus vapors prior to adsorption onto the
molecular sieves. A controlled experiment was obtained for

each sorbent. The flow rate used vas 200 mL/min. The
pressure required to maintain a flow rate of 200 mL/min
for ocut-gas sample vas 14 to 28 kPa. All samples were
obtained at a temperatures between 22 °C and 22.5°C. The
amount of cut material used were between 6.2 5 to 6.3 g.
The sampling time for out-gas samples were from 43 minutes
to 48 minutes. All laser operating paramsters, egquipment
interface between desorber, GC and GC/NS and GC operating
conditions were as discussed in Appendix D. Controlled
experiments for ocut-gas samples were sampled in a similar
manner vith the exception of having a piece of un-cut
fabric (not cut by laser) in place of the usual laser cut
fabric in the sampling cannister.

An experiment was conducted where & source sample wvas
obtained from the laser cutting of pure wool. An §2 sample
vas obtained on Temax. The sample was desorbed into a GC
and split into two flows, one flow was directed to the
nose and the other was directed into an FID detector. This
vas carried out to correlate the odors perceived by the
hamen nose vith the peaks detected at the FID. A diagraa



of this experimental set-up is shown in Figure 3.5-1.

This experiment wvas carried out on a Varian 3300 GC
wvith an FID detector, and a 60 m DB1 capillary column. A
splitter purchased from Nandel sclentific Ltd. vas used.
additional flow of szero air vas supplied as make-up gas to
the port monitored by the operator’s nose. The column in
the gas chromatograph was split into two transfer lines,

operator’s nose.

mmmmEﬂQMhBatﬁim
wvere followed by assigmnment of their charactaristics to
difficult to write the characteristics of the odors on the
peaks as they eluted. Instead, the retention time of the

are shown in FPigure 4.5-1 in sectiom 4.8.
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FIGURE 3.5-1 EXPERIMENTAL SET-UP FOR THE ODORGRAM
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mimtmulut-upmmtodummm
compounds. Duplicate runs were carried out for each
compound. The objective of this test wvas to ensure that
the time of elution of the peak coincided with the
detection of the odor. Each sample of ethanol vapor was
injected into the GC. The odor (ethanol) perceived by the
wathotholqummﬁe. A
similar experiment was conducted using carbon disulfide
vapor. The results confirmed the findings of the ethanol

experiment.
3.6 QUANTITATIVE ANALYSIS OF SOURCE AND OUT-GAS SANPLE

Quantitative analyses for source samples were carried
wtummmmoc/mm (gas
chromatograph vith a flame photometric detector). The out-
gas samples, however, werse quantified using only ac/rrm
mmmmmﬂmemtunmgam
the lower concemtration in the ocut-gas sample.

3.6.1 QUANTITATIVE ANALYSIS OF SOURCE SANPLE BY FTIR

The quantitative measuremsnt of the chamical
wmammlommwmmxym
.mtuuouumuuwc. All experisental
mmummmm-nm“



experimental conditions. Gas standards vere prepared using
a syringe technique. This involved cleaning a gas-tight
syringe vith the pure gas. A known quantity of gas wvas
cell. Quantitative analysis vas obtained by using a least
squares fit program. A set of digitized quantitative
reference spectra wvas created on the Nicolet 7199 FTIR

a standard curve of concentration versus absorbance.

Quantitative analysis of the sulfur gases from out-
gas and source sample were performed on a thermal desorber
detector is very sensitive towards the sulfur species, A
vere analysed. Details of sampling and analysis are
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3.7 VERIFICATION

and precision of the sampling and analysis procedures

of sulfur gases using GC/FPD and the source sampling using
the experimental laser testing station. In both of these
mm.-mmﬁyaﬂmmmmm
efmmmmmAwimagm

4 and the amount recovered would give an

indication of the performance of the particular method.

3.7.1 EVALUATION OF THE GC/FFD NETHOD

nm&mmzmmugycgm-m. the
following experiments were conducted:

s of known concentrations were

1) Authentic compou
prepared in a glass calibration buldb. This involved
Lnjﬂtmnﬂlmvalguafghnmtagﬂh:
1 L glass calibration bulb. All calibrations vere
carried out at atmospheric pressure and room




a) 10 ppm carbon disulfide
an and 10 ppm hydrogen

b) 10 ppm methyl mercapt
sulfide

c) 10,000 ppm of hydrogen sulfide.

d) 20,000 ppm of hydrogen sulfide and 10,000 ppm

2) Quantities of 1 mL of hydrogen sulfide were introduced
into adsorbant tubes filled vith molecular sieve SA.

2(a) The experimental set-up involved connection of the
adsorption tubs to one end of a calibration bulb
vhile the other end wvas attached to a tank of pre-
purified nitrogen. A stream of nitrogen was
allowed to flow through the sorbent tube. A known
the flov of nitrogen (see Pigure 3.7.1-1). Two
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FIGURE 3.7.1-1 METHOD OF INTRODUCING A CALIBRATION

SYRINGE WITH
CALIBRATION GAS




drying agent would adsorb any of the sulfur gases
and to test the desorption efficiencies of the

molecular sieve SA.

2(b) The calibration mixtures was spiked onto the

adsorbent via the valve system of a commercial
thermal desorber known as Dynatherm 850. The
calibration mixture consisted of 10,000 ppm
hydrogen sulfide, 10,000 ppm methyl
8 ppa carbon disulfide. The gas valves and
transfer lines of the thermal desorber were heated
to about 100 °C.

3.7.2 EVALUATION OF SOURCE SANPLING FRON THE LASER TESTING
STATION

The purpose of these experiments was to determine the
recovery of a known substance spiked into the laser
introducing a known gquantity of a known low boiling point
compounds were used to generate a vapor with less chance
of losses due to condensationm.

msthods, L1, L2, failed to produce a vapor concentrated
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enough to be detected by the samspling and analysis
protocol developed. The sampling msethod 82 for Method L3
was non-gquantitative and therefore was not suitable for
verification experiments. Methods L1, L2 and L3 are
described in Appendix F. Method, L4, was successful in
carrying out the verification experiments and the method

is as follows.

This method was similar to method L3 except the
mlmmmw A 83 sampling method wvas
used in this case. The experimental conditions for this
mMﬂmlﬂa:wa:mtﬂmm
in Table 3.7.2-1.

Acetone was found to be too reactive for these
experiments. Cyclohexane vas used in place of acetone. To
ensure that all the cyclochaxane Vapors were completely
removed, the sampling procedure had to be modified. This
rmirdmemwmmﬁdfﬁz 12 minmutes
sampling time is 24 minutes. The generation of the organic
ﬁmm-mﬂmteméﬂmﬂﬁﬂﬂrﬁm

Two types of comtrolled experiments were perforned.
In one, the samples were collected and analysed in an
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TABLE 3.7.2-1 EXPERIMENTAL CONDITIONS FOR RECOVERY TEST
USING METHOD L4 AND TWO TENAX TUBE

Acetone Used Qt Os Ts Recovery
(q)
0.4806 2 0.50 5.0 0.03
1.4152 2 0.50 5.0 0,01

Qt Purge rate through gas trap ggqtgining solvent
Qs Sampling flow rate
Ts Total sampling time



identical manner except no cyclochexane vas added during
allowed the cyclohexans to stay in the sampling chamber
for 12 minutes with all conditions equivalent to the above
experiments. The significant difference wvas that no air
wvas allowed to purge through the cyclohexane trap. The
weight of the cyclohexane was then datermined before and
after the 12 minutes. The experimental conditions for
these experiments are tabulated in Table 3.7.2-2 and the
results are reported and discussed in Section 4.7.2.



TABLE 3.7.2-2 EXPERIMENTAL CONDITIONS FOR RECOVERY TEST

Sample Cyclohexane Qt Qs Ts Tenax

—No —q)
0.37

0.5 12 + 12

-
L]
~N

0.5 12 + 12

-t
»

-
L ] [
© © © © © 0 © o

0.38

0.52 0.5 12 + 12

e
]

0.05 0.5 11 + 10

0.02 0.5 10 + 10

0.5 10 + 10

0.02

0.02 0.3 10 + 10

B N R e W N e
W W W oW W N

NN e
»

0.02 0.4 10 + 10

Qt Purge rate through gas trap containing solvent
Qs Sampling flow rate
Ts Total sampling time
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4. RESULTS AMD DISCUSSIONS

4.1 SAMPLING METHODS

The three source sampling procedures developed vere
designated 81, 82 and 83. Method S1 was designed to obtain
wvhole gas samples (a sample containing all the components
of the gas wvithout any sample manipulation) for FTIR
analysis. NMethod 82 was designed to obtain a very
concentrated but non-quantitative sample to be analysed by
GC/NS. Method 83 wvas developed to obtain a quantitative
sample to be analyszed by GC/PPD. The concentrations of the
organic vapors obtained by these sampling methods were all
significantly above the 1imit of detection of all the
analytical instruments for a substantial number of
componen:s. Thus all the three sampling methods provided
results vhich supplied useful information towards the
project objectives.

Three out-gas sampling methods were developed but
only systea 0G-3 was able to achieve the requirements for
out-gas sampling (i.e. to obtain a sample of the trace
quantities of odorous emissions of the materials cut by
laser). The sample obtained had to be concentrated enough
to be within the detection limits of the analytical
eguipment used. To accomplish this, the maxisum amount of
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the minute traces of odors must be captured
and stored until it can be analyszed.

a vacuum around the cut fabric and drawv the vapors onto an
adsorbent. The sampling system 0G-1 utilized this strategy
but did not work. The seal in the desiccator was achieved
wvith an vith an o-ring wvhich required a fast rate of
evacuation. The sampling flow rate used in system 0G-1 wvas
only 2 L/min which wvas too slow to create a pressure
differential in order to achieve an airtight seal. Instead
air was leaking through the O-ring seal. This flawv was
identified because only laboratory air and not the vapors
out-gassing from the fabric were apparently adsorbed onto
method 0G-1 was similar to that obtained from laboratory

air.

The second ocut-gas sampling method, 0G-2 sought to
transfer the odors onto the adsorbent by drawing a flow of
air through the cut fabric to purge out the odors. This
too long and many of the impurities in laboratory air wers
also concentrated. These impurities could not be removed
even though it wes pre-purified vith calcium sulfate,
granular activated carbon and molecular sieve. Calcium
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sulfate and molecular sieve were used to remove moisture

wvhile activated carbon was used to remove hydrocarbons.

The chromatogram of the controlled experiment where
pre-purified laboratory air was drawn into the cut fabric
in the canister and out of the adsorbent tubes via a pump
attached through the sorbent tubes is illustrated in
Figure 4.1-1. This chromatogram showed 10 large
impurities. One possible solution to the above dilemma vas
mmmwttmicuima:mqrmimttqnm
as nitrogen or helium. This modification did not succeed
because the diameter of the adsorbent tube was only 4 mm
and a fairly high pressure vas required to gain an
appreciable flow of helium through these tubes. The lia
securing the acrylic canister had a surface area of 194
ca? when a 70 kPa pressure vas applied, the resultant 13358
N force blew the 1id off the top.

The last sampling systea tested vas system 0G-3.
Three controlled experiments were carried out to test this
method. The tirst, wvas to check that the blank Tenax tubs
was clean. This axperiment is illustrated in Figure 4.1-2.

The second was designed to check the background
interferences when no sample wvas in the canister. Pigure
4.1-3 shows the chromatogram of helium being purged
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FIGURE 4.1-1 CHROMATOGRAM OF PRE-PURIFIED LABORATORY AIR
PURGED THROUGH THE SAMPLING APPARATUS OF

SYSTEM 0G-2
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Column = SPB S, 30 m long capillary column.
Temperature Program: Initial Temperature = -50 °C,
Initial Time = 4 mins
Rate = 20 °C/min
Final Teaperature = 250 °C
Final Time = 33 mins
Attenuation = 28
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FIGURE 4.1-2 CHROMATOGRAM OF BLANK TENAX TUB

0G-3
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Column = SPB 3, 30 m long capillary column.
Temperature Program: Initial Temperature = -50 °C,
Initial Time = 2 mnins
Rate = 20 °C/min
Final Temperature = 250 °C
Final Time = 33 mins
Attenuation = 28
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FPIGURE 4.1-3 CHROMATOGRAM OF HELIUM PURGED THROUGH
THE SAMPLING APPARATUS OF SYSTEM OG-3

Sampling Canister = acrylic canister obtained from Pierce
Chemical Co.
Column = SPB S, 30 a lot;g‘::puhq column.
Temperature Program: Init Teaperature = -350 °C,
Initial Time = 2 mnins
Rate = 20 °C/ain
PFinal Temperature = 250 °C
Final Time = 35 _ains
Attenuation = 28
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through the apparatus set-up of systea 0G-3. Figure 4.1-4
shows the chromatogram of the Tenax tube prior to the
sampling of the control experiment. This test wvas similar
to the second experiment except a piece of wool, un-cut by
laser vas placed in the canister. The canister used vas
the canister obtained from Pierce Chemical Company. The
chromatogram of this experiment is shown in rigure 4.1-3.
The chromatogram of a sample of compounds that have out-
gassed from laser-cut fabric is illustrated in Pigure 4.1-

The chromatograms from the control experiments are
very clean with just two contaminant peaks. The out-gas
sample of compound have retention times that fall in
between these two blank impurities allowing thea to be
«wwmnoormmwuemw.

The impurity peaks were not identified at this stage.
A control experiment carried out later vith the stainless
steel canister and GCMS under different chromatographic
conditions indicated the presence of many siloxane peaks
as impurities which likely arcee from the septum and
capillary column of the gas chromatograph.



SANPLING OF THE CONTROL EXPERIMENT

Column = SPB 5, 30 m long capillary column.
Temperature Program: Initial Temperature = -50 °C,
Initial Time = 2 mnins
Rate = 20 °C/min
Final Temperature = 250 °C
Final Time = 35 _nins
Attenuation = 28
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CHROMATOGRAM OF CONTROL EXPERIMENT WITH
WOOL UN-CUT BY LASER IN SAMPLE CANISTER OF

FIGURE 4.1-5

SYSTEM 0G-3
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Column = SPB 5, 30 m long capillary column.
Temperature Program: Initial Temperature = -30 °C,
Initial Time = 2 mins
Rate = 20 °C/min
Final Temperature = 250 °C
Final Time = 35 _mins
Attenuation = 2
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CHROMATOGRAN OF AN OUT-GAS SAMPLE OF ODORS

FIGURE 4.1-6

OBTAINED SYSTEM OG-3
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Column = SPB 7 30 m long capillary column.
Temperature Program: Initial Temperature = -50 °C,
Initial Time = 2 minutes
Rat~ = 20 °C/min
Final Temperature = 250 °C
Attenuation = 28



4.2 THERMAL DESORPTION AND GC/FID ANALYSIS

Preliminary tests to check the cleanliness of the
Tenax adsorbent and limit of detec.. ~n of thermal
desorption combined with GC/FID analysis indicated that
this method was satisfactory. The peaks obtained from
these preliminary experiments (not shown) were sharp and

large.

4.3 PROBLEMS ENCOUNTERED IN THE USE OF THE PORTABLE
THERMAL DESORBER

involved a substantial amount of experimental effort,
subsequent evaluation shoved that major problems occurred
with it’s use. These led to an initial erroneocus
sufficiently sensitive to measure the odors. The probles
was later found to be attributable to the back pressure
from the GC preventing the transfer of the sample desorbed
from the thermal desorber onto the GC. Details of the
extensive trouble shooting of these methods are discussed
in Appendix G.

once the trouble shooting of the portable thermal
desorber identified the source of the problems the



equipment was retested on the GC/FID system. The pressure
of the GC injector port wvas lowered to 14 kPa prior to
desorption. After desorption the needle connecting the
desorber to the GC vas removed from the GC and the
pressure vas increased to 70 kPa. The chromatograms of
these tests all showed many large peaks.

In the final analysis, it was the losses arising from
th‘mropcruuotthcporubhtmmlmmtm
the reason for not being able to identify the odors on the
first GC/MS experiment.

4.4 GC/NS RESULTS

Three types of GC/NS results were obtained. The first

type vas from solvent desorption of a 82 sample on
Chromosorb 102. The second set of results were obt-ined

from thermal desorption of a S2 sample on Tenax and
molecular sieve SA. The third set wvas from thermal
desorption of 0G-; sample on Tenax and molecular sieve SA.

4.4.1 GC/NS RESULTS OF SOLVENT DESORPTION OF CHRONOSORS
102

lolmtmicnmmedmmtmt:ﬂ
MMimothmzmu.MHB
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extracts were sniffed to assess the characteristics of the

and sulfurous odor. The back portion had a very faint
burnt and sulfur odor. The GC/NS analysis for the odor
sample is illustrated by the chromatograam in Pigure 4.4.1-
conditions is ~hown in Pigure 4.4.1-2. The compounds,
identified vith the assistance of library match, are
reported in Table 4.4.1-1. The is reported in this
table were not found in the control experiment except for
quantity vas more than 10 times greater in the wool

The results shows the presence of many aromatic and
ane. The presence of chlorcbenzene and
dibromopropans was not expected. Chlorinated and
such as wool. The control did not show the presence of
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FIGURE 4.4.1-1 CHROMATOGRAM FROM GCMS ANALYSIS OF
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FIGURE 4.4.1-2 CHROMATOGRAM OF CONTROL FOR THE
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Column: é0m long DBl capillary column

Temperature Program: Initial Temperature = 40 °C,
Initial Time = 2 nins

Rate = 5 °C/min
Temperature 2 = 100 *C
Rate 2 = 10 °C

Pinal Temperature =250 °C
Final Time = 30 nins
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TABLE 4.4.1-1 DECOMPOSITION PRODUCTS FROM THE LASER
CUTTING OF WOOL TENTATIVELY IDENTIFIED BY
SOLVENT DESORPTION GC/MS ANALYSIS

DECOMPOSITION PRODUCTS®

HYDROCARBOM (CgHjg)

HYDROCARBON (C7H;¢)

* mesuits fr : 8 single enperisent
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TABLE 4.4.1-2 COMPOUNDS TENTATIVELY IDENTIFIED FROM THE
EFFLUENT OF CONTROL EXPERIMENT OF THE
LASER CUTTING OF WOOL IDENTIFIED BY
SOLVENT DESORPTION GC/MS AMALYSIS'

'mum--womm



4.4.2 GC/NS RESULTS FROM THERMAL DESORPTION OF TENAX AND
MOLECULAR SIEVE SA

mtmotmlumm;mﬂmmmaf
adsorbents. Table 4.4.2-1 lists the types of chemical
compounds found in the laser effluent from source
sampling. The data obtained were tentatively identified
with library matches. Extra information were also obtained
from EPA/NIHE Nass Spectral Data Base book (Beller and
Nilner.1980; Heller et al.1983.).

The mass spectrum, #239 from the molecular sieve 3A
sample likely consists of three compounds coeluting
together. These were identified as hydrogen sulfide,
sulfide and carbonyl sulfide were identified because the
very characteristic parent peak of 34 for hydrogen sulfide
and 60 tuuﬂlﬂfbmmu&hm
Number 249 from the molecular sieve SA sample likely
thotzéﬁnugmmﬁaf:ﬁﬂmml-
gave an almost identical match to that of peak #249. Table
4.4.2-2 shows the chemical compounds identified in the



TABLE 4.4.2-1 VOLATILE CHNENICALS TENTATIVELY IDENTIFIED
AS GENERATED FROM THE LASER CUTTING OF
WOOL MATERIAL'

CHENICALS FROM TENAX CHEMICALS FROM MOLECULAR
SOURCE SANPLE SIEVE SA SOURCE SAMPLE
CARBON DIOXIDE CARBON DIOXIDE

CARBONYL SULFIDE HYDROGEN SULFIDE
N-NETHYLNETHANINE PROPENE

NETHYL-PROPENE CARBONYL SULFIDE
DINETHYL CYCLOPROPANE NETHYL MERCAPTAN
PROPANOCNE CARBON DISULFIDE
PENTADIENE BUTENE

PROPENENITRILE CYCLOPROPANE CARBONITRILE
METHYL~-PROPENOL ACETATE NETHYL PROPENOL ACETATE
TETRAHYDRO-DINETHYL 2H PYRANOWNE BUTENOIC ACID

UNKNOWNS BENZIENE

BENZIENE SULFUR DIOXIDE
DINETHYLBUTANENITRILE TOLURNE

ISOTHIAZOLE ETHYL BENZIENE
PENTADIENENITRILE BTHENYL BEWIRNE

TOLUERNE URKNOWNS

® nesuits frem @ single exporiaant
Cupnsh senpied on eatesier siove A ond Tenan usre temtatively (duntified by shermsl

Gserption and ECAB aratyets
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TABLE 4.4.2-2 THE VOLATILE CHENICALS TENTATIVELY
IDENTIFIED FROM THE CONTROL EXPERINENT

* nesults frem o single enperisamt
Conpourds senpled en aslecuior sieve SA ol Toran wore tentatively identified by thermsl
desarption ardl CAS melyeis
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deternining the retention times of appropriate standards.

vapors emitted from cut-wool are reported in Talle 4.4.2-
3. The control experiment are reported in Table 4.4.2-4.

There were many significant differences in the types
of compounds sampled onto Tenax and molecular sieve SA. In
general more nitriles were found from Tenax samples and
SA. These results are sonsistent with expectations from
the literature survey. For example, Black et al. (1978)
found empirically that molecular sieve 5A can retain
hydrogen sulfide and sulfur dioxide about 200 times more
efficiently than Tenax. These compounds could also be
recoversd to 80 § within 2 days of storage timse.
Consequently, each of these adsorbents should be selected

for the specific class of ocompound
the adsorbents capabilities.

Using authentic ethanol and carbon disulfide, tests
sensed by the FID detector confirmed that the odor semsed
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TABLE 4.4.2-3 VOLATILE CHENICALS TENTATIVELY IDENTIFIED

BEEN CUT BY LASER’

CARBONYL SULFIDE'
ULFUR DIOXIDE'
PROPANE'

*Conpounds sonpled on msleculer sieve 34 and Tenn were tentatively identified by thormal
desarption srul GC/ sraiyeis. The Torex saaple was frem o single onperiaant and the smiecwlor
siove SA sanples were fram twe onporimants.

1 {ndicotes conpeund presence en first apectrue
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TABLE 4.4.2-4 VOLATILE CHENICALS TENTATIVELY IDENTIFIED

stcamsmvLic Acte’ )
SI8(2-ETI. MEXVL) suraaaTe?

by thersnl daserption and GC/NS analysis. The Tenex sesple wes frem o single
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The results from the single experiment with odors
from source sampling indicated the presence of 11 basic
types of odors. These are identified by the author’s nose
test as being hydrogen sulfide, sulfurous ,sweet but
nauseous, burnt rubber, pleasant ester, almond, ether,
burnt, drug, petroleum and cyclohexane. Figure 4.5-1 shows
a chromatogram of odors obtained from source sampling.
Table 4.5-1 shows the retention time and corresponding
odors.

The odorgram results were compared vith results of
chemical compounds identified from thermal desorption in
Table 4.4.2-1. The results were recorded in order of
compounds elution from the column. It can be seen from
Table 4.4.2-1 that sulfurous compounds were eluted tirst
followed by n-methylamine, a series of hydrocarbons and
then nitiles. The literature review of diesel exhaust
had the following

indicated that arocmatic hydro
characteristic odors described as:

a) oily (petroleum -like odor)
b) burnt

c) pungent
d) unpleasant and burnt.
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TABLE 4.5-1 RETENTION TIME AND CORRESPONDING ODOR
CHARACTERISTICS OF THE ODORGRAM FROM FIGURE

!-5!1

(MIN)

ODOR CHARACTERISTICS

3

~w W
3
Ll
-
~J

SWEET

STRONG HYDROGEN SULFIDE
SWEET AND NAUSEOQUS
BURNT

PETROLEUNM

BURNT RUBBER
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It is also reported that nitriles and hydrogen cyanide
have an almond smell. The odorgram corresponded well with
the type of compounds found from GC/MS analysis.

observer. It is known that different observers may give
different descriptions to the same odors. There are great

onhe individual to another. The odorgram experiment wvas
conducted only as a check on the results of the analytical
experiment. Only an in depth study with a trained odor
panel, many duplicated experiments and varying conditions
can produce results with a high level of confidence.

The gquantitative results aoguired by FTIR analysis
were reported in Table 4.6-~1. There was no sample wvork-up
for the sample used in FTIR analysis. Therefore, all
artifacts froa sample manipulations were eliminated. The
drav backs of this method was in the possible loss of the
condensation of compounds on the wall of the bag. The
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TABLE 4.6-1 RESULTS FROM FTIR ANALYSIS OF SOURCE SAMPLE

COLLECTED IN A TEDLAR BAG'

COMPOUNDS IDENTIFIED QUANTITY WAVENUMBER
(PPM) (cx')
ACETYLENE TRACE 730
AMMNONIA 50 930/96%
CARBON DIOXIDE 1340* 2349
CARBON MONOXIDE 61 2142
CARBONYL SULFIDE S 2060
ETHYLENE o 957
HYDROGEN CHLORIDE 0 714
HYDROGEN CYANIDE 43 714
METHANE 11 3032
NITROUS OXIDE ] 2220
NITRIC OXIDE 0 1876
NITROGEN DIOXIDE 0 1618

® sesuits of o single eperiamnt

® included gpn of CO2 in oir (490 ppmd ond sesple (500 gpm)



performed within an hour of sampling. Since the FTIR wvas
carried out at room temperature and pressure, any vapor
that will condense out at room temperature cannot be
determined by this technique.

syringe injections of the source samples obtained as
vhole samples in Tedlar bags did not show any peaks.
Ordinarily, these concentrations were high enough that
gquantitative measurements could be acquired without pre-
concentrations if the GC/FPD wvas in a good working order.
Pre-concentration wvas necessary in this case. The results
obtained from source sampling and analyzed by GC/FPD are
detailed in Table 4.6-2. The results of samples obtained
from out-gas sampling System 0G-3 and analyses by GC/FPD
are presented in Table 4.6-3.

The results obtained from the GC/FPD analysis were
deemed ot accurate and should be viewed as only very
rough approximations of real concemtration of these
sulfur compounds. There is one major reason and a minor
reason for this. The major problem was that the FFD was
not working at it’s optimum sensitivity and autheatic
carbonyl sulfide was not available for calibration. The
calibration factor for calculatiom of the carbonyl sultide
vas assumed to be similar to methyl mercaptan. An in depth
discussion of this problem is provided in Appendi:
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TABLE 4.6-2 TYPES AND QUANTITIES OF SULFUR GASES FRON
SOURCE SAMPLES ANALYZED BY THERMAL

DESORPTION GC/FPD

SAMPLE NO. H2S cos CH3SH TOTAL SULFUR

(PPN) (PPN) (PPM) (PPN)

1 6.0 1.0 0.1

]
-

2 2.0 5.4 1.0

v @&
‘ » ‘

3 3.0 5.0 1.0

AVE 3.7%1.7 3.8£2.0 0.710.4 8.210.8

:dﬁﬂﬁ;ﬂiﬂﬁdﬁijﬁhﬂﬁiﬁrﬂﬁniiuﬁh

i:-E-EHﬂhnlfﬂi!!!iﬂhiﬁﬂﬂﬂﬁlﬂ:iﬂ“iﬁtﬁif.ﬂﬁ’ﬁiiﬂiﬂiﬁﬁiﬂﬂh
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TABLE 4.6-3 QUANTITY OF CARBONYL SULFIDE FROM OUT-GAS
SAMPLES ANALYZED BY THERMAL DESORPTION
GC/FPD

& denstes the stenerd devistion for & samples.
“ concentretion of COB wes estisuted uing the calibration fecter for
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4.7 RESULTS FRON QUANTITATIVE ANALYSES

A series of evaluations were conducted to determine
thoabuityotthcptmnmgulﬂﬁptwm
quantitative results. These results are described in
Appendix H. Overall quantitative results vere inconsistent
and the recovery of a spiked known compound, cycloheaxane
was extresely low, (average of 12.4 %) . Consequently the
results from this study must be considered strictly
qualitative with the exception of the single set of FTIR

results.

4.8 FINAL DISCUSSION

The sampling and analysis methods developed wvere able
to identify some of the chemical compounds generated in
the laser cutting of vool. These methods were also
successful in identifying some of the out-gas chemicals
corresponded extremely well vith the compounds identified
chemical species separated were odorous. Thus, the first
four objectives defined for this project vere achieved.
msssuring the chemicals acocurately.
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The poor results from the quantitative mesasurement
were attributed mainly to FPD detector. The portable
thermal desorber, although invaluable to this project,
s of this equipment in gquantitative
the instrument it interfaced with. Back pressure say be
This process may allov some of the vapors to be trapped in
wvith a capillary column, the back pressure problea could
transportable and easy to interface vith any GC systea.
These features were particularly useful for qualitative
analysis. However, for gquantitative analysis a commercial
thermal desorber permanently hooked up to a GC, vith the
give better guantitative results. The early stages of this
project would have been sccomplished much more effectively




A total of 46 different compounds wers tentatively
identified as present in the source sample. Table 4.3-1
presents a combined list of all different compounds .
Approximate concentrations of gas detected by FTIR are
rwﬁmthﬂilafmm-mLQMjﬁdﬁthh
analysis. Approximate concentrations of the gas detected
by GC/FPD were also reported.

sample on a Tenax adsorbent vas relatively clean,
containing mainly siloxane type of compounds. These
tmatmﬂﬂummﬂn kg
mxmmximmmlmmmMm
a molecular sieve SA adsorbent showed many siloxane

MﬂMﬂm&iélﬂljﬁrlﬂﬂ
the walls of the laser effluent stationm.

Atmldnmmﬁi;mulﬂﬁh
mmmm—mmngn_ummm
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TABLE 4.8-1

IDENTIFIED FROM THE LASER CUTTING OF PURE

WOOL MATERIAL

()

CONPOADS TENTATIVELY
enTIFIDD

NoomIA
ARGIATIC ALCONOL (Cqftyg0)
ALEYL BENZENE (Cogllyg)
LT

omuzem

GENZENE ACETENITRILE
vrom

SUTENDIC AC®

CARBON DIORISE

CARSON OIBALFIOE
CARSGNTL SWLFINE
CYCLOPROPANE CARBONITRILE
oecea

O {SRONOPROPARE

SICMOR0 eenIEN
OIETIVL CrCLOPROPANE
oINETVLOSNINNE
SINETHTLOVTANEN TRILE
cTon. emem
EYSRECARBEN (Cyqlyy)

1,009

q o moxy®

mmsery, msTY, oLy’
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TABLE 4.8-1 (CONTINUED)

COPOAMBS TENTATIVELY  CONCENTRATION o
envifil ) COARMCTERISTICS

YA & e
3.720.D ROTTEN E08(0.0005 te 0.032)°

T ne

NETHVL NERCAPTAN (0.7:0.4) SECAY CABBAGE(O.0021)°
NETHYL-1,2P000E8-1-0L ACETATE

N-NETHYLNETHANTNE FISWvY

renTA IO

SARR SI0KINE saamet & 1amiTATINS®

a) frem WRC, Y91V,

») tpringer ot 8., W73

d) combiration of OO, in air ani sample

) results frem FTIR ore fren o single enporioemt
9) esticated ssnesntrations frem FTIR awlysis
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TABLE 4.8-2 COMBINED LIST OF CHEMICALS REPORTED IN THE

BUTENOIC ACID
BUTYRALDEHYDE
CARBON DIOXIDE
CARBONYL SULFIDE
DINETHYL PROPANAL
NETHYL BUTANOL
PROPANE

SULFUR DIOXIDE

36£10°

® gpringer ot ol., W73

..ﬂ.m

¢ guntitstive analysis wes by 6C/790
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mtmairminmmfmmmm
capillary columns. It is uncertain vhere the phthalates
come from, however, phthalates are plasticizers commonly
present in fabrics and plastics.

The chemicals identified from source sampling can be
compared with Chaigneau and Le Noan (1976) pyrolysis
studies of wool in a vacuum and combustion of wool,
discussed in section 2.7. Only their results at 1000 °*C
(rather than those at 500 *c) will be used in this
comparison because the temperature at vhich lasers cut the
wool is expected to be higher than 1000 °C. Their results
were reported in Table 2.7.2. Nost of the products found
in their studies were also found in this study. Rydrogen,
nitrogen, ethylens, ethane and propane vhich wvere not
found in this study. Neither hydrogen nor nitrogen would
Mnmmnbymmmmgnum.

In this investigation many compounds wvere tentatively
jdentified which were not reported by Chaigneau and Le
Noan. A whole series of unsaturated h
nitriles, arcmatic hydrocarbons, & few aloochols and aclds
mamzﬁ-mmuﬂnmmm
Mlymlmatﬁﬂ;ﬁﬁ less than those found
in Chaignesu and Le MNoan (1976) studies and in FTIR
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analysis conducted in this investigation. Thus the

Chaigneau and Le Moan (1976) studies are best compared t¢
the FTIR results. In their study, the amount of compounds
which were identified by mass spectrometry in descending

order were hydrogen cyanide, carbon monoxide, methane and
carbon dioxide. In this investigation, however, the

were carbon dioxide, carbon monoxide, ammonia, hydrogen

wvas hydrogen sulfide in the pyrolysis study. They also
found that the amounts of hydrogen sulfide and hydrogen
cyanide found in their combustion study were dej '

temperature, air supply and rate of pyrolysis.

A considerable amount of ammonia vas found in this
(1976) . The laser cutting operation is neither a simple
complexity of degradation processes oocurring and the wide
range of temperatures involved, it was expected that there
may be some notable differences in the degradation

pducts compared with combustion and pyrolysis studies.
Nowever, the major degradation products of pyrolysis and
combustion were also cbtained in the laser operatiomn.




3.

A combination of air sampling and analytical methods
were devised and used in the characterisation of a
complex mixture of odorous compounds generated during
the laser cutting of wool and cut fabric. The sampling
methods used were whole gas sampling with a Tedlar bag
and pre-concentration with Molecular Sieve SA, Tenax
and Chromosorb 102. The samples were analyzed on
GC/NS, FTIR and GC/FPD systems.

A portable thermal desorber vas designed to provide an
easy interface vith a gas chromsatograph. It can be
used successfully only if the back pressure problea is
mainimized. The thermal desorber vas designed to be
used only for qualitative analysis and may not be
suitable for quantitative trace analysis in the ppb

described as having the "smell of burning hair®. The
and identified eleven basic odors in laser effluent.
rubber, pleasant ester, almond, burnt, drug, faint
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cyclohexane. The order of elution of the smells

corresponded to the compounds identified by the
analytical method.

The concentrations of the species identified by FTIR
are reasonably accurate but those obtained on the

GC/FPD are unreliable.

Only 12 § of a surrogate chemical (cyclochexane)
introduced into the laser testing station could be
recovered by the sampling and analysis method used.

A total of 46 compounds were tentatively identified to
be present in the source sample.

A teteal of nine compounds were identified to be
present in the out-gas cut fabric sample.

The results of this work are qualitative in nature and
they provide an insight into the likely by-products of
laser cutting of wool. This insight could fora the
basis for pursuing a quantitative evaluation of
enission by-products which could be necessary to
develop a reliadble understanding of occupational
health risks.



This investigation produced a useful insight into the
chemical composition of decomposition products and odors
generated and emitted from laser cutting of wool. However,
it was not possible to provide a good quantitative mesasure
of the odorous compounds due to instrument failure and
ginancial constraints. Nore consistent quantitative
ts of these odors are required to deteramine

gurther research are:

1. The quantitative me of the sulfur compounds
can be conducted on a GC/FPD analytical systea but this
mﬁ,nmmhﬂﬁtﬁhﬁdﬂiﬂﬁmmlm
1/DB-WAX) capillary column will probably give a better
separation and better quantitative results. This systea
was described in detail by Barinaga (1987). Mo pre-
concentration of sample will be required for this
instrument because it’s detection limits are only 40 to

2. Quantitative measurement of hydrocarbons, aldehydes and
mﬁllﬁmhmfmﬂm-mim
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attached to a GC/FID or GC/MS system.

3. The odorgram experiment should be conducted with a
trained odor panel.
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Al. DESCRIPTION OF LABORATORY EFFLUENT TESTING STATION
The laser cutting chamber consisted of an acrylic

a cutting bed, a nozzle assembly and a positioning systea.
The nozzle assembly consisted of a noszle, a 127 ma focal
length lens and an air supply. The cutting bed vas made
from a sheet of alumimm with numerocus holes in the shape
directed by a series of mir: ch neled the beanm
through a noszle. The nossle and lens aseembly focused the
beam onto the surface of the material to be cut by the

The nozszle wvas hooked up to a flow of air. As the
laser beam cut the fabric, the continuous stream of air
and directed the dusts and decomposition products awvay
from the lens in the noszle right into the cutting bed and
vacuum pan below. mmmﬂﬂmmm;
mttimmeahhlmimmvmmhlﬂ. ,
move in the X direction as the nossle moves in the Y
direction. This movement wvas controlled by a § sitioning
system known commercially as the ANORAD positionser. The
vacuum pan and nossle-air supply assembly were completely
enclosed in the acrylic saspling chamber. The sampling
the exhaust fan. The velocity pressure of the flue gas vas
measured vith a differential pressure gauge. The flow
rate, Q, could then be calculated from the velocity
pressure (Table Al-1)
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TABLE Al-1 CALCULATION OF FLOW RATE (Q) OF EXHAUST FROM

Vp = Tp- Sp
Vp = (vid)/2
v = (2vp/a)*
Q =v*aA

total pressure (Pa)

static pressure (Pa)

velocity pressure (Pa)
velocity of flow (m/s)

flov rate (m*/s)

cross section area of pipe ()
density of air = 1.2 Kg/n*

aro<38d
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A2. SOURCE SAMPLING SYSTEN Sl

A small sampling probe was inserted into the sxhaust
pipe (Figure 3.1.1-1). A sample of the vapors vas then
collected into a Tedlar bag by draving the sample through
a membrane filter with a diaphragas pusp vhile the exhaust
kept the entire sampling enclosure under negative
pressure. The pump could be adjusted to drav an air sample
_at a certain flow rate. short length of flexible Tygon
tuimmwtommmlmmmmm

A3. SOURCE SAMPLING SYSTEM 82

The vacuum pan and the corresponding acry
were identical to System S1 (Pigure 3.1.1-2). The
difference between 81 and S2 wvas in the method of ,
sampling. The vacuum pan was partitioned into 1/6 of it’s
original volume and the sampling enclosure was not kept

were made. Bach cut was 70 mm long. This wvas continued for
Ws-immatmmlmmnrmhthnﬁhm
turn off. In this wvay, a concentrated non=gquantitative
sample was obtained.

A4. SOURCE SANPLING SYSTEM 83
In this system, a sample of the sourcse effluent vas

obtained by drawing the effluent through a membrane filter
into adsorbent tubes with a diaphragm pump (rigure 3.1.1-

3). The entire 1ing chamber wvas kep under negative

effluent with a uniform concentration . i obtained.
Therefors, guantitative analysis could . conducted using
the measured flow quantities.

AS. SYSTEM 0G-1

In System 0G-1 (Pigure AS-1), the laser-cut material
mmm.mimmmmegmmem
mmummxuagmm,mmmm
other end was attached to a diaphraga pusp. Alr vas pumped
out of the desicoator through the Tenax tube.

AG. SYSTEM 0G-2

In System 0G-2 (Pigure Aé-1), the cut material wvas
placed into a special csnister. This canister ves mads of
an acryliec plpmldvtthmﬂs;r’ugng:glu at the
w.mmueewmmmanm
wwmmumming-mgggm
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FIGURE AS-1 SYSTEM OG-1 OUT-GAS SAMPLING

FILTER

DESICCATOR
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FIGURE A6-1 SYSTEM 0G-2 OUT-GAS SAMPLING SYSTEM

ACRYLIC SAMPLE CHAMBER TENAX TUBES
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permitted the attachment of tygon connections. Air wvas
drawvn from the bottom of the canister into the cut
material and then through a filter into two Tenax tubes.
The air drawn in, wvas purified by passing it through
calcium sulfate, gramilar activated carbon (GAC) and
molecular sieves. Control experiments with System 0G-2
wvithout any cut fabric were conducted at room temperature
and pressure. The sampling time wvas between 20 and 30
minutes. A modification of this experiment wvas carried out
by passing prepurified nitrogen rather than air.

A7. SYSTEM 0G-3

In System 0G~3 (Figure 3.1.2-1), helium gas wvas
connected to a J&W gas purifier that would remsove
hydrocarbons, oxygen and moisture. The gas purifier wvas
attached to a custom made stainless steel canister and
this in turn wvas connected to two Tenax tubes. The design
of the stainless steel canister wvas adapted from a
commercial canister from Pierce Chemical
Company. The commercial canister wvas constructed from an
acrylic tube vith aluminum fittings. These materials were
not sufficiently inert for sampling odors. A stainless
stesl canister was therefore constructed. The production
dravings of the canister used to construct it are
illustrated in Pigure A7-1. Preliminary tests on the
suitability for this type of sampling were performed with
the commercial version. Subseguent sampling for GC/NS and
GC/FPD were performed on the stainless steel canister.
Stainless stesl was used because it is very inert and an
inert surface wvas to prevent adsorption of odors

All fittings used after the stainless steel canister were
nade of stainless steel and all tubing wvas Teflon.

Pyrex glass tubing of O0.D. ¢ mm and I.D. 4 mm vere
into lengths of 12 mm vith a diamond sav. The tubes
cleaned in succession with soap,
cutting oil from the saw.

1
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FIGURE A7-1 DRAWING USED TO BUILD THE STAINLESS STEEL
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packed as shown Pigure AS-1.

The virgin Tenax was cleaned after the tubes were
packed by baking them in an oven at 200 °C ove n
then at 200 °C for 15 minutes to 1 hour in a flow of sero
mhliﬁ.mmLxmﬂmmn.ﬂllnﬂh
were baked mi.ﬁt at 200 °cC, iﬂkﬂ in methanol for an
hour, baked again overnight at 200 °C and then baked in a
flow of Helium for 20 minutes to an hour. After this
process a blank desorption was carried out to check if the
tubas were completealy cleaned. If the tubes wvare not
completely cleaned, it wvas heated in a flow of helium

again.

Chromosorb 102 wvas cleaned by ) in cyclobaxans
for 3 day .Itmtﬁ“viﬁmi!ﬂﬂnlm
vacuum filtered and dried in the ovem at about 100 °C for
an hour. After drying, about 0.5 g of Chromosord 102 wvas
desorbed wvith 1 =L of cyclochexans to check the cleanliness
of adsorbent. After this test, the rest of the adsorbent
wvas then packed as described in section 3.2.

Both new and used molecular sieve SA were cleaned by
baking overnight at 200 °C from 20 minutes to one hour. As
vith the Tenax tubes, a blank desorption was carried out.
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FIGURE As-1 GLASS TUBING PACKED WITH CHROMOSORB 102

102
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FIGURE B2-1 OVEN OF THE THERMAL DESORBER

——THERMAL DESORBER CASING rgﬂ .
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tuhmlnznmt;gnﬂmluyhmﬂﬂ.hgmur
6.4 mm (1/4%) end of the union vas embedded in the resin
disk and the 3.2 mm (1/8") connection was attached to a
Teflon tubing. The teflom tubing was in turn joined to the
permitted a flov of helium through the desorber tube into
the cryogenic coil and GC column whensver the ferrules in

the Svagelok fitting were tightenmed.
B3. SENSOR PROBE

A small hole vas drilled through the middle of the
over. casing. A brass tubing holder, 0.D. 8§ mm and 25 =mm

section of the oryogenic coil immediately next to the
Ldiﬂéﬁtﬁhmuﬁmmlmil—la

The cryogenic coil was made with a chromatographic
stainless steel tubing 3.2 sm (1/8%) O0.D. and about 835
™ - 3 obtained from Terochem. One end of

) T™he ves obtained by cutting a 6C septum
wvith a ssall

mﬂfﬁwﬁ:pﬂﬂmm
lece of tubing vith an 0.D of 4.3 =m and

. a Bamilton make with a part Wo. 80437 and 268

he cryogenio-heat *ﬁilmmuﬂ._ilﬂ
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PIGURE B3-1 DIAGRAM OF THE SENSOR PROBE

WIRES TO NICROCHIPS SENSOR

SENSOR NICROCHIP



136

FIGURE B4-1 DIAGRAM OF THE BRASS CAP-NEEDLE ASSEMBLY

BASE OF

// CRYOGENIC cOIL

BRASS CAP

TO THE NEEDLE

NEEDLE
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the coil into either an isopropanol dry-ice -.hrtm or
liquid nitrogen. It was then converted to a heat coll
by removing the cryogen and then electrically heat the

coil u.linq it’s resistivity.
BS. OPERATION OF THE THERMAL DESORBER

A diagram of the thermal desorber with all lights and
switches labeled is shown in Figure B5-1. The thermal
desorber was turned on by switching on the main switch.

The oven temperature is set by switches A, B and C. The
indicator light I, turns green, I2 and I3 lights wvhen A, B
and C are turned on. The green light, I1, indicates that
the temperature read-out was representing the temperature
set. The desired temperature wvas set by rotating the
temperature control knob. Lights I2 and I3 indicated that
S1 was activated and the heater was turned on. Conversely
when A,B,C are flipped downwvard, Il turned red,lights I4
and IS turned on. When Il is red, the indicator is showing
the actual temperature of eithar 81 or 82. IS indicates
that the heater is shut off. To supply a current to the
oven or cryogenic-heating coil the physical connection to
the heater must be plugged into either plugs Pl or P2

respectively.
Bé. DESORPTION PROCESS

Desorption can be achieved by following the
procedures:
1. Insert adsorbent tube into the oven barrel.
2. Pinger tighten the tube by turning D1 counter
clockwise and D2 clockwise.

3. Open Neliuam gas valve.
4. Check for leaks around needle insertion of the
brass cap-needle assembly into clean methanol and

check for bubbles.
tiﬁmﬂnm—g

: Foge il into the coolant.
container wvith the holder.
holder is held in mlﬂm by a small spring ﬁli.p

C.
7. Flip switoh A wward, green 1 cones OR and
Totate oomirol knop until the desired

temperature shows on the ugi.ﬂl display.



138
FIGURE BS-1 DIAGRAM OF THE THERMAL DESORBER

TEMPERATURE
OVEN SENSOR & CONTROLLER

TO HELIUM ‘ HEATING COIL

CRYOGENIC COIL

— 11 o0

INDICATOR /C::l ° I4..1S

LIGHTS Y 4 HOLDER PFOR
ABC . CRYOGENIC
TEMPERATURE CONTAINER
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11.
12.

13.
14.

18.
16.
17.

18.
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Flip switch A downwvard, red light comes on

rimatinq the actual temperature is nov being

Plug into P1

Plip swvitches B and C upwvard, 12 and I3 should

turn on.

An alarm timer should now be set and turned on.

After desorption is completed. PFlip swtich C down

to turn heater off. The needle is lowered into

the injection port of a GC by rotating the disc

03. This adjusts the jack to the desired height.
Plug into P2.

Plip switch A up, adjust the temperature control

knodb to the desired tqil‘!ﬁiﬂ. r:u.p svitch A

1
g
i
?
é

Flip svitch C upward to heat mie coil.

Set timer for 0.5 to 1 minute then flip C
downward to shut heater off.

Lift the needle out of injection port by rotating
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Cl. AMNALYSIS BY FTIR

James Hoyle in the Spectral Services Department at
the University of Albarta would transfer the sample from
the gas bag to a 20 m gas cell obtained from Wilks
Scientific Ltd. A Nicolet 7199 FTIR spectroj ter
equipped vwith a mercury cadmium telluride detector vas
used to collect the data. The FTIR spectrum wvas obtained
ltrﬂmtmm:lm The spectrum was run

vewmber to 400 vavemumber. A total of 100

and 32,000 transform pim;l wvith a mlﬁ:nt; lp-st:;.l
resolution of 1 cm’' before ﬂlntim. All the Pourier
transformations wvere Hapy ization. The p-
Genzel apodization is a :;Eh_ntiﬁl ‘manipulation of
spectral artifact of FrIR. The FTIR process effectively
adds many sine vaves known as lnt-rtm m
When only ummpmmm. Spec
artifacts in the for a!ilﬁydd:mvﬂ\qnmﬂ
11::11:26!:1 Lﬂplliqliﬁﬁlmldﬁ
observed. These do ) not oc vd to the information
previously -miﬂd but they influence the instrument line
shape function. Apodisation is therefore a mathematical
to truncate these side bands. Detailed

technique
description for NHapp-Genszel apodiszation may be obtained
from Herres (1987).
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RAW FTIR DATA FOR TABLE 4.4-1



143

r H - - T -
d T [
t o
T L .
" H,_“. .-
, i
LR '
[ - A | i
)
5 1
" " . il LE o
e | la o
§ . ] ] -
' . 1 ; !
- | : T J
1 ¥
. ¥ "
y ]
¥
T "
m t ] 4 ol
! : o 1 -2
d 1
N il [l 1,—,1,
+ e
i
Py
1
LI
RE4] Bn ol
el ’ MEENDE A a4
m... “mn . : L A8 3 AN
: Aot : . S
- B - o -f !
L4 I B a e
. e
: ik ey
M o
T o x4
! 3- " gt
: : Fihy
s by - b -y
9 g o} -..ﬂ
sfdsndy iEA L
- A d .- R N
Y P
-} b 0 ..:Z
N B 1
o it
1q1- ..mn
5 1 @ul
1! -1 ied g 4
g &b YRS




144

m,. Bl v & s Ldo PP " 1 b e " -
. ,, >
LA T |- I
u o 1 Luh o [ e e .
. pn ) . . I 1- ™ b
3 8 M . = pand » agi
523 se Y badte HHh3 78]
"y 1. T1y &gy )
ps “:1H - ..J hafes §9 i
vigs B - . 4 -] | B-* e M ] |
A3 id s -
oot ol
" " 4N ™
I I
L 1Ll i I o ” y
: T L 1 " 3 -
4 , u ,
g n i . a2 .- m
. ,
[ TELX | . n ,,-., ]
: , q gt
gl - ; . - [
I | : ! |
4 ' m
- - SR I
- r By N
L L H | |
i ey Tl [ =]
] . g.r... k
“ - - oy
Ppual b e 1 i ]
L . .u—..;v - )
- - I
" kol I " .
-7 1 _
(o e 1 N S
¥ F- '
! "]
r E »olf Y Y
z 3 g "
x| .
Y IR
" " Ik o - - |
Y ¥ p |4 & -




145

g [ .
il BN iled w ¥ ad g - -
- T i o Bk s AL WS TN :
1 ' T - ~I ITITIYIITE [ )
- b 1 .
- i i
' %
P o - 11" 11 ) T ELT] > . -
i AT . oy
N +4_1 m ( ) x ,p, e
. ,.,. - v el 1 ol w n
fofed-] 7 3| - .
e o1 gs
ook ¢ - 1 I
| ¥ - LN -
ol oMol | ,‘ s . ,
s w i
I . e
i & . — .
454 1t

— 1 A__ - 1_, TIEITR .
T . oy o :

. | m : ™ q - ﬁ_._. . g |
,,_-,_. : e I . |
T " | o - - -




146

= |

1 AR, ' soge g s "
ol A b = K ]
L % Ll —
- - & "
u ] %
¥ s )
rt b
1
¥
" T -
AR o e Wi 1.
Y
+ , n »
ol B p Y
,, *
" el ¥ :
¥ i 1
u u } i
¢ T [
- .
-e
] *T |4
- | ..
M | |
1
[
'] |
1
3
L - ..., . o » |

T

LA
i

ey

41




147

N L™
-
" ) " e .
. "
. H
. LI
. o
! '
HY | ,
" - -
' - ]
| b ,4. .
. oy n I .
¥ R
-
M
.
s ,.,
" L]
g - ]
|
- - ' _
. —
“
L u.L -
g o LT -
o)
]
-
FNT
¥ d :
H ]
2NN
- --
e
o
a1 4 Rt
H o |
e o .
T e -
v ffew wan o
T -
PRy N
TR R x
ey Ao st o |
L )
i} b e )
b n g |
e g o s
e BN

°
-y
*

i



148



149

D1. SOLVENT DESORPTION GC/NS AMALYSIS

Por this analysis 82 sampling method wvas used. All
Teflon mti.an- wvare pre-vashed in socap solution,
thoroughly vith vater, distilled wvater and dried at

f s honeycomb cutting surface wvas completely
elnnﬂpriﬁrﬁamuﬁg ’Lnjthllmhnta

cutting bed.

A Photon Source laser operating at 400 wvatts wvas
used. The cutting speed was 50 mm/s and the length of cut

vas 70 mm. The temperature at wvhich the sample vas
abtnimﬁm::.s *C. The sampling rate vas 1.2 L/min. The
mtaf:nk:leeutmzu?rm A similar sample vas
obtained with all conditions identical, except no wool
fabric vas cut. In othe: wvords, the laser was allowed to
m:w:hmialuﬁﬂ:hmluwtmviﬂﬁut

!ﬂth:ﬂ&:lﬁ&mﬁm-mﬂ“hm
49.2%5 ninutes and 59.23 ninutes respectively. The fumes
wveare sampled onto Chromosord 102. After the collection of
the organic vapors, the sorbents wes divide into 2
samples. The froat portion consisted of 240 mg of
chromosord vhich wvas extracted with 2 ml of Aldrich gold
label cyclohexane. Half a milliliter of cyclochexane wvas
used to desord the rest of the resins vhich was about 80
ng. The desorption wvas achieved by transferring the fromat
portion of the adsorbent into a clean culture tube. Two
millilitres of cyclohexane was pipetted into the tube. The
aixture vas then shaken vigorously by hand for about 3
mmmmxnmmgmmmf
cyclohaxane overnight. The cyclochexane was thean p

out and sent for ﬁ[ﬁmlﬁh.mﬁc[ﬁmly- vere
performed by Susan Daignault from Enviros 1
ﬁ;m;qmgmmmmeﬂehu
Engineering at the University of Alberta. The GC/NS
comprised of a Varian 6000 GC coupled to a VG 7070 mass
spectromster vith a 11250 data systea. mal:mm
temperature programed at 40 °C for 2 minutes, and
temperature vas increased at a rate of 3 °C/min to 100 °C
and then at a rate of 12 °C/min to 250 *C and maintained

at 280 °C for 30 mins.

To carry out the thermal desoeption of the samples
into the GC/NS, the thermal desorber wvas mounted on top of
the Varian 6000 GC vhich vas coupled to a V& 7070E mass
spectrometer vith a 112350 data system. The mass
spectromster vas operated in the electron impact mode of




150

flash heated to 200 °C in about a minute. The GC in the
&/mmdidmhiﬁ:mk;mkmm, to
improve separation, the oven’s temperature vas lovered by
adding dry ice. In this way, the oven temperaturs vas
maintained between -1 °C to 10 °C. The temperature program

COOV-mmlﬂmmﬂ;S“‘EfﬂrCm;ﬂ

vas set at an initial temperature of 1 °C for 4 minutes
with a rate of increase of 5 °C/min to 100°C and a second
rate of increase of 10 °C/min to 230 °*C.

To improve the separation of the peaks, approximately
100 mm of the capillary column was immersed in liquia
nitrogen for a duration of 2 to 4 min wvhile the thermal
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102 for Table 4.4.1-2

2. GCAB spectrum Labeled TANIC sentaire the raw dats frem tharanl deparption of melesuler siove
SA frem seurce eampls for Table 4.4.2-1

source sample for Table 4.4.2-1

4. GCAB spoctrun laheiel TANIC containg the ravw dats frem theorunl duserption of Terun frem out-
ooee semple for Table 4.4.2-3

$. 6CAB spectrud tabeied TARID santaine the rav date frem therenl degerption of asleculer sieve
SA frem out-gese smuple fer Table 4.4.2-4

SA fren out-gess sample for Table 4.4.2-4
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237
ANALYSIS BY QC/FFp

Ammﬂclmﬂtﬁdﬂ.ﬁlilﬂ—u:
! . | nlaal_lﬁl“ lmLm!'?

-c.mmmammmnewmw.muﬁ
rate of the hydrogen was usually set at 60 ml/min. The
mﬂa&nﬁm“ﬂﬂmnnem The
- flov wvas freguently adjusted to higher values in
order to light the flame. The GC temperature Progranms were
varied for different set of experiments.

of the sulfur species for the source samples
mmmﬂnln.mrmmmﬁm
wvhether direct injection into the GC/FPFD would be )

mmmgmmguﬁ e

The second experiment used thermal desorption
sampling and GC/FPD analysis. Type 0G-3 ocut-gas sampling
mﬁﬁﬂﬂm_llnn&ﬂm_mﬁ
ocllect les via sodium sulfate drying agent omte
molecular sieve SA adeochbent. The sasple flow rate was 730
aL/ain. mmm:mmmgiﬁi.s
ainutes The sbeolute amount of wool cut by laser varied
tm-ﬁhﬁ_hm:.sﬁs.zgttm
samples. The of cut wool used for out-gas sampling
mffﬂ].;ﬁjﬁlll‘iﬁﬂﬁ“m“
utntl?l.[!l.n A pressure of 32.35 to 173 kFa vas
nired achieve this flow rate.
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Fi. NETHOD L1

Two types of solvents were used in this procedure
namely acetone and dichloromethane. A small guantity of
dichloromethane wvas wveighed and transferred into a 2 =L

le glass vial. This vial was placed at the bottom
of the vacuum pan. Sampl vas achieved as described in
systea S2. A slight variation of this procedure was also
experimented vwith, which involved replacemsnt of the glass
wﬂu-qmm.mmxmwacg
above the cutting surface. The modification wvas
implemented in order to improve the efficiency of gas
collection.

. NETHOD L2

A modified approach to Method L1, involved
positioning the vial of solvent into a heated metal ring.
The heat from the metal ring would increase the
vaporiszation of the solvent in the vial. The metal ring

*C. This metal ring vas

vas heated




USING METHOD L3 AND ONE TENAX TUBE

260

EXPERINENTAL CONDITIONS FOR RECOVERY TEST

0.8287
1.0209
0.8016
0.2916
0.4042
0.4164
0.3136

0.75

0.7%
0.75%
1.00
2.00
2.00
2.00

Qs Sampling flowv rate
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TABLE F3-2 CALCULATION OF PERCENTAGE RECOVERY FROM
VERIFICATION EXPERIMENT USING METHOD L4

VE = v &Tg
SR = 100 * (VLsA) / (Vs*G)

Where:
VE = volume of total effluent exhausteu (L)

Vs = volume of sample collected (L)

v = velocity of flow (L/s)

Ts = sampling time (s)

SR = § of the vapor generated that was recovered
G = amount of compound generated (g)

A = amount of compound recovered (g)
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Appendix G
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Gl. TROUBLE SHOOTING THE THERMAL DESORBER

The portable thermal desorber wvas tested by
desorption chromatograms of empty adsorbent tubes and
blank Tenax tubes. Two problems were encountered:

a) The desorber contaminated the GC system.

b) A leak was found in the septum needle assembly
wvhich wvas connected to the cryogenic-heating coil.
This leak was difficult to find because it would
only occur vhen the coil wvas heated and not

before.

The first problem was solved by disassembl the
entire thermal desorber and GC system. All parts the
desorber were wvashed with methanol and baked at 230°C for
an hour. The injector parts of the GC were completely
cleaned with socap and vater and solvents, baked dry and
reassembled. In addition the GC systea was baked for
several days.

The second problem vas solved by adding a piece of 3
mm (0.D.=3.2 mm) copper tubing between the needle and the

base of the brass cap. This applied an upward pressure on
base of the cryogenic coil securing

step vas to interface it with the GC/MS and obtain
an analysis of the odors. Results from experiment
revealed the presence of carbon dioxide, silicone and

3
i
;
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i
;
e
i
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|
i
!
]
g
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chemical species found in the laser fumes.

Sanpling system 82, described in Appendix A, vas
developed to obtain a more concentrated sample. This
wmm.olvothomwlul.nmmu
check whether the odors were adsorbed in the iculates
wvas conducted. The particulates generated dur the laser

prefilter. A total of 0.01409 g of fine dust was then
transferred into a 2 aL vial containing 1 =L of HPLC grade
dichloromethane and shaken in an ultrasonic bath. To
wmwtmmm\mi.hmulmm
allowed to desord the odors from the particulates, the
vial wvas cooled in ary ice for about an hour. The sasmple
mttle«dmmmwtmmlyadwﬂnoc[m
system and no peaks were found. It wvas thus concluded that
ound in the particulate matter but was in
or

0.D. 6 sm and I.D. ¢ mm vas used as a c trap. This
wvas attached to the sampling system III us Teflon
:ubi.m. wictnpmi.u.dt:’l. nitrogen
or

type of gas was not cﬂlmly adsorbed. A literature
survey indicated the fo lowing:

a) Chromosorb 102 was used successfully in sampling
odors generated from diesel exhaust fumes;

b) activated charcosl wes good for sampling very
volatile T vith lov boiling points; and

c) XAD 2 resin been used successfully in sampling
of sulfurous odors in pulp =mill effluents.

mmuMMWWmm
mbzuumcumm-unmumm
desorption in cyclohexane. m.umwmmm



266

out using Chromosorb 102 In this investigation, the odors
were adsorbed onto Chromosord 102 by using sampling method
83. The results indicated that very fev peaks were
detected. However wvhen the sampling method 82 was used the
chromatogras showed the presence of many compounds. This
method was successful and a detailed acocount of it

reported in Appendix A.

Although 82 sampling with Chromosorb 102 was
successful, there were three major shortcomings:

a) It wvas unable to detect the volatile odors that
wvere masked under the lohexans solvent peak;

b) It could not be quantified using the 82 sampling
method; and

c) It could not be used on the ocut-gas type of

sampling.

Attempts to overcome these shortcomings were thought
to lie in using activated carbon and XAD 2 adsorbents.
Charcoal tubes obtained from SKC company were too large to
git the desorber. The charccal was removed and repacked in
tubes as described in Appendix A. When blank activated
charcoal adsorption tubes were desorbed into GC/FID, it
ocontaninated the entire system for about three weeks. The
contanination vas a result of some fine charcoal
particulates that went into the column and also block the
splitless valve. This type of experimentation wvas
therefore abandoned.
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Chromosorb 102 had the largest peak and XAD 2 had the
smallest. It vas concluded that XAD 2 wvas not a very
effective adsorbent for sulfur compounds and that Tenax
and Chromosorb 102 were better. Another inference made vas
that the odor samples vere simply not concentrated enough.

Nore experiments were conducted vith 82 sampling on
Tenax with GC/FID. The chromatograms showed no peaks. It
vas cbserved that odorous emissions were leaking out of
mtm-uafmmmhmmmml
desorption vas in . This wvas v:ry pussling because
one would expect h:h-tlﬁii an-!ﬁ the desorbed
aﬁ-tﬂﬂnmmaﬁﬁ;ﬁm One possible
explanation vas the pressure in the injector port of the
a:mmmmmm&mnm To verity
that a sample wvas de sd on the commercial thermal
desorber, Envirochem 850 that wvas permanently hooked up to
:ﬁ-mﬂ:mmmmmw
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Hi. PROBLENS ENCOUNTERED IN GC/FPD AMALYSIS

The retention times and areas from 3 syr
injections of the same calibration mixture comnsisting of
10 ppm of carbom disulfide are shown in Table Nl-1. The
results indicated that the retention times and areas are
inconsistent. The reason for this wvas the large sise of
the needle on the syringe and small leaks through the
injector port septum can change the results drastically.
After the septum was changed the results improved
dramatically as shown ion times and area counts
of sample 4 and 3 in Table Hil-1.

Results shoving the integration and retention times
of 10motuﬁylmmwm:mm
recorded in Table H1-2. Only one peak was obtained with
fairly consistent retention time and tion values.
Since only one peak was cbserved, it vas erred from the
long retention time that only methyl vas
detected. The FPD detector was more sensitive to methyl
mercaptan than sulfide. To verify the above
conclusion, syringe injection of a calibration containing
10,000 ppa of sulfide wvas carried ocut. The
results listed Table H1-3 confirmed this. The retention
tims of the hydrogen sulfide peak was 0.6 minutes
indicating that indeed the peak detected in earlier
experiment was methyl mercaptan. Reproducible retention
times and integration values were obtained.

Naving acoomplished obtaining reproducible results
from syringe injections, the next vas to spike these
calibration mixtures omto molecular s SA. A comparison
of the areas and retention times between syringe
injections and thermal desorption of the same calibration
aixture onto molecular sieve SA is reported in Table Ni-4.

|

onger by

ainutes because of 3 minutes of cryofocussing and 0.5 to 1
ain of flash heating. Thus, the reteation times were
wumms.gmu«‘um.m
Meimnlmmwuhmmimm
have a desorption efficiency of 87 § according to Black
al. (1978) . The desorption utummotaauma-
uwumt.umo.sommuarm th sodiwm
sulfate as 0.2 8. It vas initially thought that the way of
Wmmmmmam.
These samp were later spiked with a commercial therma
desorber. The cslibration mixture used this
10,000 ppm K8, 10,000 ppu CH,SH and & ppu CS,. The

]
!
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TABLE H1-1 RETENTION TINE AND AREAS VALURS FROM 1 ML

1 3.3 1027379
2 5.6 2282349
3 6.9 4094414
4 2.8 2145383
Se 2.7 2187054
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TABLE H1-2 RETENTION TINE AND AREAS VALUES FRON SYRINGE
INJECTION OF 10 PPM NMETHYL MERCAPTAN AND 10
PPN OF HYDROGEN SULFIDE

SANPLE NO RETENTION AREA OF PEAKS
TINE (MIN)

1 6.4 1120570
2 6.4 1154364
3 7.2 1293704
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TABLE H1-3 RETENTION TIMES AND AREAS OF 10,000 PPM OF

SAMPLE NO RETENTION AREA OF PEAKS INJECTION
TINE (MIN) VOLUNME

b § 0.6 120204 b §
2 0.6 127498 1
3 0.6 131191 1
4 0.6 59520 0.5
S 0.6 59353 0.5
6 0.7 62122 0.5




RETENTION
TINE (NIN)

-

N v e W

2.624*107
2.701#107
2.753%107
2.479%107
2.648%107
2.870%107
2.624*107

0.4
0.4
0.4
0.4
0.4
0.4

1.304*105
1.818*105
1.749%104
4.563%104
1.055%105
9.256*104
7.013%104
3.981+104
0

4.3
5.2
3.6
4.8
3.9
4.9

5.1
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"'itiﬁlli.qnidlt
mmmmmmmmmm
sensitive to it than gaseocus H,8, and CH,SH. The “-esults
are recorded in Table H1-5. These results were variable
mmammmmamnimiﬂdzmm

] h repancy between literature and

lolocu]_lr -1mﬂm1ﬁtalhek:§ll-mln ng. In
this study the spikes were with 14 mg of for one
experiment and a mixture of 7mg .S, 15mg and 25 ng
of Cs,. LlrglmtIBfmmmhﬂm
occurred. Concentrations of hydrogen sulfide and methyl
mercaptan in the nanograme range could not be detected by
the faulty FPD detector. However, in retrospect,
calibration of only carbon disulfide should have been used

The FPD detactor is a flov sensitive detector.
Optimum sensitivity can only be achieved by the correct
proportion of air and hydrogen. The amount of air should
be 1.3 times the amount of hydrogen. The detector was not
mkinzblt it’s most sensitive setting because it vas
impossible to light the flame of the FPD detector at the
correct setting. In order to light the flame, the flow of
air vas sometimes regulated to 3 times the hydrogen flow.
On occasions the flame would light at the optimum
conditi. .. but no compound would be detected. Calibrations
values of 10 ppm and 1000 ppm of hydrogen sulfide injected
would show no peaks detected. Finally 10,000 ppm
canhtaﬂmmﬂmtajmm-m It wvas known
from literature reviev that this type of GC/FPFD can
measure sulfur gases in 10 to 100 ppb conocentration. All
routine checks for leaks could not solve the sensitivity

lem. Pinally a diagnostic check was conducted and this

ica®ed that the photomultiplier tube may have buen
damage ngu-pamenmm-u-mm




TABLE H1-5

2753

COMPARISON OF RETENTION TIMES AND AREAS

)

'YRINGE AND ADSORBENT METHOD

4.862
6.885
6.990

6.021
8.240

7.900

4.75%3
5.973
5.704

Eé6

0.4
1.1

3.2

3.376
9.515
1.22%
4.017

3.480

1.673

2.304
6.028

2

5.3
6.9
8.4

4.0
5.5
8.0
5.9

9.4
13.5

5.5
8.4
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the sampling stopped at the same time as the vapor
generation wvas stopped.

m“ﬁrinmmmmmﬂﬂ-:;EMEm
vith Method L4 are re ad in Table H2-1. Only two

~bent m-mmmn-plu:;:m:umhm
adsorbent tubes were used to sample the rest. The average
puﬁntmyaflmhlzmamo:t.m
verage percant recovery of the last S samples vas 12.4 £
4,3. The discrepancies between these two results may be
caused by differsnt concentrations of cyclohaxane

rated. The concentrations of cyclchexane generated 1n
the first three samples range from 20 ug/L to 27 ug/L. The
concentrations of cyclochexane generated for the last five
sample was about 10 to 20 times smaller being 1 ug/L to 3
ug/L. It vas possible vhen the concentrations of the
generated vapor vas low, less condensation of vapors
occurs and more of the vapor can be recovered. Therefore,
the average percent recovery of 12.414.3 vas deemed as the
more relevant result.
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TABLE H2-1 RECOVERIES OF CYCLOHEXANE FROM THE
EXPERINENTAL LASER TESTING STATION

Sample Concentration’ TR™ 1§ of TR Adsorbed on Tubes

No (ug/L) (%) ist and 3rd
1 20 0.3 61.0 39.0 MA
2 20 0.1 62.0 38.0 MA
3 27 0.1 46.0 54.0 NA
4 3 7.8 47.0 33.9 19.1
S 1 17.1 58.8 35.9 5.3
6 2 12.0 39.7 29.2 31.2
7 1 13.7 50.8 23.4 25.8
8 1l 11.5 68.4 27.0 4.7

* Concentration of Cyclohexans in the flue
*“rotal Recovery of Cyclochexane on all adsorbent tubes



