
____________________________________________________________________________________________

Waste Plastics: Pyrolysis of Powdered and1

Powder-Free Laboratory Examination Waste2

Gloves3

4
Nasrollah Hamidi1*, Ruhullah Massoudi1, Sujan Shrestha2, Lycinda5

Lalmansingh2, Travis Pascoe2, Comfort Oriakhi2, and Louis Whitesides36
7

1Department of Biological and Physical Sciences, South Carolina State University,8
Orangeburg, SC 29117.9
2Undergaduate Student10

31890–Research, South Carolina State University, Orangeburg, SC 29117.11
12
13

Authors’ contributions14
15

This work was carried out in collaboration between all authors. Author NH designed and set-16
up the experiment, selected the materials, performed the experiment, operated GC-MS and17
performed GC-MS analysis, wrote the first draft and finalized the manuscript. Author RM18
provided GC-MS expertise; and assisted with the revision of the manuscript. Author SS19
participated in performing the experiments, collecting data, and participated in writing the20
first draft. Author LL participated in performing the experiments, collecting the data, and21
performed the statistical analysis of GC-MS data. Author TP participated in performing the22
experiments, collecting the data, and performed the statistical analysis of GC-MS data.23
Author CO was a part-time participant student during 5 weeks of summer. Author LW had24
the original idea and supported the work in all stages. All authors read and approved the25
final manuscript.26

27
28

ABSTRACT29

30
Aims: The aim of this investigation was to develop a methodology that provides insights to
clean up environmental pollution caused by the ever increasing amount of waste plastic
materials. The procedure, however, would be practical whenever it is economically
advantageous. Thermal cracking of laboratory safety glove (LSG), without catalyst, to
useful chemicals is an important part of this research which is reported here.
Study Design: To design the experimental procedure, we primarily concentrated on the
thermal stability of the LSG by bearing in mind the results of thermogravimetric analysis
(TGA). Based on such results the appropriate set-up for the decomposition of the LSG was
designed.
Place and Duration of Study: The study was done in the Department of Biological and
Physical Sciences at South Carolina State University (SCSU), Orangeburg, SC, USA,
during the summer of 2013.
Methodology: The thermal cracking process without catalyst was used to convert LSGs
into useful liquid and solid chemicals. The LSGs were pushed into the reactor one by one
without cutting. Prior to pyrolysis, the thermal stability of materials were determined by
thermogravimetric analysis (from 50ºC to 800ºC) with a heating rate of 10ºC/min while the
samples were purged with 10 mL/min argon. The condensed liquids were analyzed by a
Shimadzu GC-MS model GCMS-QP 2010s using helium as the mobile phase.
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Results: The thermal stability of the LSG both powdered and powder-free was very similar
as was expected since it depended on the nature of constituent polymers. The highest
decomposition rates were observed at temperatures around 410ºC. The 15% leftover of the
powder-free LSG were less than leftover of powered LSG (30%) at 500°C; in the same way
the 18% leftover ashes of powdered LSG was higher than 7% ashes of powdered free LSG
at 800°C. The GC-MS chromatogram of pyrolysis liquids indicated over 350 chemicals. The
most abundant compound of pyrolysis was HCl, as was expected from the chemical
constituents of chlorinated plastics, followed with eight member carbon isomers, and
dimers of dibutene. Also, a variety of phthalic acid derivatives with high concentration were
recognized in all samples.
Conclusion: The liquids obtained from pyrolysis of LSGs were a complex mixture of
hydrocarbons and cyclic compounds. Also, the liquids were saturated with inorganic and
organic acids, esters, and anhydrides. Therefore, the refinement of liquids resulting from
pyrolysis is of necessity to obtain a quality fuel. Also, the condensed liquids contained
highly reactive chemicals such as acids, alcohols, and alkene, which made them unsuitable
fuel for internal combustion engines prior to refinement.
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35
DEFINITIONS, ACRONYMS, ABBREVIATIONS36
Term:37
LEG: laboratory examination glove, LSG: laboratory safety glove, PVC: poly(vinyl chloride);38
PMMA: poly(methyl methacrylate); PS: poly(styrene); PE: poly(ethylene); PET:39
poly(ethyleneterephthalate); RT: retention time, TIC: total ion chromatogram; GC-MS: gas40
chromatography-mass spectrometer, MS: mass spectrometer, WHO: world health41
organization,42

43
1. INTRODUCTION44
Recycling plastics waste by thermal cracking or pyrolysis is one of the most used methods45
[e.g. 1-22]. Pyrolysis has been employed to convert waste plastic into useful products such46
as fine chemicals, transportation fuels, and lubricant oils. The pyrolysis process uses47
elevated temperatures to crack down long chains of hydrocarbons and polymers into shorter48
chain molecules. The waste laboratory safety gloves (LSGs) in this process decomposed49
randomly into three phases of matter: gaseous materials such as HCl and C1 to C450
hydrocarbons, a complex mixture of liquid, and solids. By pyrolysis, the solid wastes were51
converted to liquids with potentialities of transportation fuel and the chemical energies stored52
within LSGs waste were recycled. Also, this process provided environmental advantage by53
minimizing plastic pollution [1,2].54
The sources of waste pollution originating with LSGs are safety precautions in professional55
work. The safety protection required in scientific laboratories, technological industries, and56
health industries has an increased demand for the production of latex gloves. As a57
consequence, the demand for natural rubber latex has risen about four times from 15958
thousand tons in 1984 to 597 thousand tons in 2003 [1,3]. Since then in 2005, Malaysia, one59
of the world’s leading rubber glove manufacturers, alone consumed 226.2 thousand tons of60
natural rubber for glove production [3]. Additionally, the production of natural rubber is61
expected to increase worldwide. Reports from Indonesia and Malaysia show effort to62
increase their output to 2900 thousand tons and 970 thousand tons, respectively. The63
private sector in Vietnam is also expected to increase their natural demand to 780 thousand64
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tons, while Cambodia has announced that they expect an increase in their plantation area65
(45 thousand tons) [4].66
Examination gloves or disposable gloves also are used during medical examinations and67
procedures and as safety protection in work to prevent contaminations [5,6]. They are68
available in the form of un-powdered, or powdered with cornstarch to lubricate the gloves,69
making them easier to use [7]. Cornstarch replaced tissue-irritating lycopodium powder and70
talc. The powders can impede healing if they get into tissues (as during surgery), and can71
contaminate experiments in laboratory procedures. Therefore, un-powdered gloves are72
being used more often. Surgical gloves have more precise sizing with better precision and73
sensitivity and are made to a higher standard than examination gloves. The gloves that are74
used in chemistry laboratories as safety protection media are examination gloves (Fig 1a).75
The wastes LEGs, reported here, were generated in our laboratory as safety protection76
ware.77
Examination gloves are made of diverse polymers including latex, nitrile rubber, vinyl and78
neoprene. Neoprene or polychloroprene (-CH2-CCl=CH-CH2-)n is a family of synthetic79
rubbers that are produced by free-radical polymerization of 2-chlorobutadiene (CH2=CCl-80
CH=CH2)[8]. It exhibits good chemical stability, and maintains flexibility over a wide81
temperature range. It is used in a wide variety of applications, such as laptop sleeves,82
orthopedic braces (wrist, knee, etc.), electrical insulation, liquid and sheet applied83
elastomeric membranes or flashings, and automotive fan belts [9].84
The decomposition of polymeric materials has been of scientists’ interest from both points of85
view: stability of goods produced [10,11], and reeducation of generated wastes [e.g.86
12,13,14]. Thus, decomposition kinetics of polymeric materials [e.g.15,16] and the87
mechanism of decomposition have been studied by many researchers [e.g.17,18].88
Researchers have discovered that some widely used polymeric materials such as89
poly(methyl methacrylate) (PMMA), upon heating, decomposed to original monomers [19]90
likewise polystyrene (PS) to styrene [20,21,22,23] with very high yields at micro-scales.91
Thus, a relatively inexpensive source to the basic chemicals for manufacturing industries92
was considered. However, the most-used polymeric materials such as poly(vinyl chloride)93
(PVC), decomposed to smaller stable toxic corrosive chemical that were part of the original94
constituents mer of the polymers. For example, PVC, upon heating, first decomposed to95
hydrogen chloride and unsaturated polymers; these newly produced unsaturated polymers96
upon heating decomposed later to other chemicals [eg 24,25,26]. Pyrolysis process of97
neoprene is very similar to that of PVC. It first produces HCl [27] and unsaturated polymers.98
It is noteworthy that most of the well documented investigations were done on pure polymers99
with known molar mass distribution or clean materials provided directly by manufacturers.100
Therefore, the knowledge of decomposition of waste LSGs gained relevance whenever we101
deal with waste processing and recovery which is the subject of this work.102
The pyrolysis of LSGs got relevance since it is not as easy as recycling of styrene based103
materials. Especial design requirements of this process have attracted the attention of104
engineers for designing pilot plants [28] at the kg level. On the other hand, the wide use of105
LSGs resulted in the accumulation of untraditional wastes not native to the mother earth life106
cycle [29]. The disposal of latex gloves in medical wastes, in particular, presents several107
problems as they are hazardous biologically, non-biodegradable, and do generate HCl and108
chlorinated organic compounds upon incineration. Thus, the World Health Organization109
(WHO) is opposed to land filling or incineration of this waste. Therefore, a new technology110
that is both environmentally friendly and biologically safe would be required to process these111
wastes. There is still lack of data concerning the characteristics and the kind of chemicals112
produced from pyrolysis of LSGs. More research and relevant data are required for better113
understanding of the process [28]. A study on kinetic properties of pyrolysis of selected114
medicals wastes such as absorbent cotton, medical respirator, bamboo sticks [30] and115
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cotton gauges, packaging boxes, capsule plates and transfusion tubes [25] were conducted116
by a number of researchers [e.g.25, 30].117
To describe a current picture of the situation, it is safe to say, wastes of modern materials118
are accumulated without effective decomposition and recycling routes in the landfills. The119
increase of petroleum and petrochemical prices opened the way for industries to invest in120
recycling of plastic wastes to petrochemicals [31,32,33]. Nowadays, plastic landfills are as121
valuable as petroleum mines. Models for reaction’s kinetics for optimal pyrolysis conditions122
of plastic waste mixtures have been proposed by researchers [e.g. 29-33]. Literature123
abounds on the recycling of these non-traditional wastes to petrochemicals [34,35,36] and124
many industries are sustained and developed based on decomposition of natural and125
synthetic polymers [37,38]. From a scientific-engineering point of view, non-degradability of126
plastics is no longer an environmental issue in landfills since the plastics can be recycled127
[e.g. 39]. However, run-away plastic wastes are continuing to be an enormous hazard on the128
surface and surface water such as waterways, seas and oceans, endangering safe life for129
both animals and humans [40].130
A real waste container in the waste collection site contains many kinds of waste. Therefore,131
co-pyrolysis of waste plastic with other natural wastes is relevant for researchers. For132
example, the co-pyrolysis of pine cone with synthetic polymers [41] and characterization of133
products from the pyrolysis of municipal solid waste [42] and isothermal co-pyrolysis of134
hazelnut shell and ultra-high molecular weight polyethylene [43] are indicative of the fact that135
wastes are also useful materials. To avoid the landfill problem and plastic wastes hazards,136
various techniques for the treatment of waste plastics have been investigated to complement137
existing landfill and mechanical recycling technologies. The objectives of these138
investigations were to convert the waste into valuable products such as fuel, synthetic139
lubricants, and tar for asphalt pavement before the waste headed to a landfill.140
This study reports the results of non-catalytic conversion of LSGs which are neoprene based141
material. LSGs are disposed regularly, in teaching and research laboratories, and in142
hospitals and medical offices, as mentioned above. Therefore, the conversion of LSGs to143
useful chemicals has both economic and environmental benefits. Thus, the material used144
here were waste LSGs (not freshly prepared polymers, or clean products supplied by145
manufacturers) to simulate real conditions at collection centers and the results were close to146
those expected from waste processing pyrolysis.147

148
2. MATERIALS, INSTRUMENTATION, AND METHODS149

150
2.1 Materials151
The material used (Fig 1a) was a mixture of un-powdered and powdered waste latex152
examination gloves (LEGs); which were collected during 2012-2013 in our lab. LEGs were153
pushed, one by one, into a 5 L three-necked round bottom flask for pyrolysis process.154

155
2.2 Instrumentation156

157
2.2.1 The Thermogravimetric Analyzer158
A Perkin-Elmer thermogravimetric analyzer (TGA-7) was used to study the thermal stability159
of the LEG from 50ºC to 800ºC with a heating rate of 10ºC/min while the sample was purged160
with 10 mL/min argon. The TGA was calibrated properly before use.161

162
2.2.2 Gas Chromatographer-Mass Spectrometer (GC-MS)163
A Shimadzu GC-MS model GCMS-QP 2010s was used to analyze the liquid samples using164
helium as the mobile phase. The oven program was set on 6 min at 40ºC, followed by a165
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10ºC/min temperature increase to 220ºC and then an isothermal on the final temperature for166
15 min.167
One-tenth to one microliter of each sample was injected into GC-MS by AOC-20i auto-168
sampler. The autosampler was set for three rinses before and after injection with a mixture169
of methanol/water, 90/10, v:v, and two rinses with the sample before injection. The plunger170
speed and syringe speed were set at high.171
The MS program consisted of the scanning masses 15 < M/z < 350; scanning time began172
from 0.4 min and ended after 35 minutes. The identities of chemicals were established by173
the aid of the automatic NIST library search. Among the suggested structures, the one that174
was better matched to the fragmentations pattern, consistent with boiling point and retention175
time of the compound was selected.176

177
2.3 Pyrolysis Procedures178
156 pairs of used LEGs weighing 879.8 g (Fig 1b) were placed into the reactor (Fig 1c). The179
end of a stainless steel type K thermistor was placed into the bottom of the three-necked 5-L180
flask (T1) to measure the decomposition temperature, another thermistor placed into the181
entrance of the side-arm distilling head (T2) to measure the temperature of the gases that182
left the reactor, and the third thermistor was placed at the exit of the Claisen adaptor to183
record the temperature of volatiles that left the collection funnel and condensed into the next184
receiver. Table 1 shows the stages of heating and decomposition process of LEGs. At 253°C185
vapors resulting from decomposing LEGs filled up the flask, air condenser, and the other186
flasks (Fig 1d). The first drop of condensate (97°C) was collected into the recipient187
graduated funnel when the melt temperature reached 488ºC. The drops at the time of188
condensation were clear liquid but when they reached to the bottom of the container the189
color was changed from bright yellow to dark green. As time passed the color of the liquid190
became darker.191

192

193
Fig 1. Step-by-step illustration of decomposition process of LEGs: (a) LEGs before194
use; (b) waste LEGs collected during one year (2012); (c) LEGs loaded in the reactor;195
(d) the reactor at 393°C.196

197
198

Table 1. The thermal history of the reactor: first attempt to pyrolysis of LEGs.199
Temperature (°C) Observation, Remarks and Comments
T1 T2 T3
253 22.3 22 Smokey vapor started appearing, gloves started melting
475.2 34.5 25.2 Gloves began to melt vigorously and rapidly into gases
488.0 91.6 48.1 1st drop of liquid was observed at the collection point.
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374.5 79.8 43.8 The contents of reaction flask were smoldering black.
382.9 89.5 60.6 The temperature increased steadily.
393.7 93.5 67.8 Sample 1 was collected
436.8 93..5 33.2 Sample 2 was collected

200
At this moment, the pressure of gases opened the joints, the liquids and uncondensed201
vapors were leaking out from the joints of the Claisen adaptor; therefore, the reaction was202
stopped. Days later, needle-like crystals were observed inside the reaction flask (Fig 2a).203
Some of the gloves were not decomposed yet but covered by the black residuals of the204
decomposed ones. Some of the materials leaked out of the joints were solidified around the205
joints with a pale color (Fig 2b and c). The solid was slightly soluble in acetone, soluble in a206
mixture of methanol:water (90:10 V:V) and boiling water. The aqueous solution of the solid207
was strongly acidic. The pyrolysis was resumed after the joints were cleaned (Fig 2d). Table208
2 summarizes the results of the second attempt to pyrolysis LEGs.209

210

211
Fig 2. Step-by-step illustration of the decomposition process of LEGs: (a) the white212
needle shaped crystals grown in tope of the cold residues; (b) accumulation of solids213
out of the joints; (c) a sample of the solids; (d) the setup; (e) the condenser with214
solids.215

216
217

Table 2. Thermal history of the reactor: second attempt to pyrolysis LEGs.218

Time Temperature       (°C) Comments
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T 1 T 2 T 3
11:00 152 25 25 The vapor and liquid equilibrium established inside

of main flask
11:10 355 48 25 Vapor raising out of the reactor
11:13 355 74 25.7 The first drop of liquid was condensed near to the

thermometer 1.
11:18 355 93 25.8 Vapors were condensing, flowing toward the gravity

direction in air condenser. Their color was pail-
yellow; however, the accumulated liquid in the
funnel was dark black.

219
The reaction was stopped since unusually high vapor pressure opened the joints and the220
solids were deposited again inside the path of condenser (Fig 2e) and outsides of the joints.221

222

Continuation of Reaction (third time)223
The collection parts of the system were cleaned and dried prior to resuming the pyrolysis.224
The pyrolysis lasted ~ 5 hours. Pyrolysis was discontinued when the cloud of vapors was225
solidified around the neck of the reaction vessel. Table 3 (appendix) shows the steps of the226
pyrolysis.227
At the beginning the thermometer (T1, T2, and T3) readings were 23.0°C, as was the room228
temperature. After six minutes of heating, a dark steam filled the flask then the argon gas229
valve was turned on (T1's reading was at 25.6°C; this indicated that the thermistor was not230
touching the bottom of the flask). After a period of 14 minutes the temperature of T1231
increased to 89° C, while T2's temperature was recorded at 51° C. During this period, clouds232
of vapor travelled through the air-condenser and the first drops of liquid appeared around the233
road of the steam in the air condenser. Simultaneously, solid depositions in the air-234
condenser nearly blocked it; however, the incoming distillate dissolved most of the solids235
and moved them into samples (Fig 3a to d). Next, a greenish solid filled the condenser but236
most of it was washed away by distillates (Fig 3e). After that, a reddish solid filled the path237
then it was washed away by incoming distillates (Fig 3f). At the end a dark yellow solid238
remained in the condenser and the path of liquid.239

240

241
Fig 3. Step-by-step illustration of the decomposition process of LEGs (a) solids242
deposited in the condenser; (b) and (c) magnification of selected sections of (a); (d)243
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crystallization of solids in the collection funnel; (e) deposit of greenish solids; (f)244
deposit of reddish solids.245

246
After a period of fifteen minutes the first drop of liquid was observed in the funnel (Fig 4b),247
and T2 readings were constant, recorded 51° C. The initial sample collected was clear248
yellow in color and part of the liquid was solidified around the glass funnel. After a few hours,249
the collected liquid divided into three phases, organic, aqueous, and solid crystals (Fig 4d250
and e).251
As soon as a sample was collected, it was taken for GC-MS analysis. If GC-MS was busy in252
the previous sample, and then the sample was queued into auto-sampler to be processed as253
soon as possible. The first sample (sample 3) was collected at the condensing temperature254
of 57°C. The second sample (sample 4) were collected when the temperature of T1 and T2255
increased to 186° C and 86° C, respectively; the T3's temperature was 23.3° C. Table 3256
(appendix) shows the time and amount of sample collected. Noticeable changes in the color257
of the solids were observed: changed from almond (fig 4a-4d) to a darkish green (Fig 4e).258

259

260
Fig 4. Results of pyrolysis of LEGs: (a) liquid condensed in the second flask; (b) The261
apparent of the first sample collected in the graduated funnel; (c) eleven samples262
collected from pyrolysis of LEGs; (d) magnification of the appearance of samples 3, 4263
and 5; (e) sample 1 after 3 hours; it divided into three phases: organic, aqueous, and264
solid.265

266
Some of the volatiles, materials in conjunction with non-volatiles were condensed in the267
second container (Fig 4a). A close examination of the liquid indicated that it had two phases:268
aqueous and organic. Later on, when we examined the samples again, it was composed of269
three phase of organic, aqueous, and solid (Fig 4e).270

271
The Extraction with Boiling Water.272
The solid deposited in the condenser during pyrolysis was soluble in boiling water.273
Therefore, extraction of the remains with boiling water may have resulted in removing the274
solids. For this, 100 mL of distilled water added to the reaction flask boiled for 10 min then275
was filtered; 75 mL of hot filtrate was recovered. The rest of the water was absorbed into276
remnants of the pyrolysis. The next day, a small amount of colorless crystals were visible on277
the walls and on top of the filtrate. By filtration, some greenish (~100 mg) fiber-like materials278
were recovered. Therefore, the amounts of boiling-water soluble materials were very low279
which indicated those solids were trapped in the polymer network; they were liberated after280
the pyrolysis of the polymeric network. Thus those organic acids and ester were not free and281
extractable prior to pyrolysis, the process that removed them from the polymer-network.282

283
Continuation of the Pyrolysis.284
The condensers and receivers were washed well with methanol/water, 90/10, (v:v) then285
reassembled. The heater was set on 6 (scale of 1 to 10). After recovering 50 mL of water286
(with a few mL of organic layers on top of it (sample A, not shown here) the receiver for287
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Sample B was placed under the funnel. Six more samples were collected (Fig 5 B-G). The288
sample B showed an aqueous phase with crystals suspended in it and an organic phase on289
top. The amount of organic phase increased in time as the water contents of the reaction290
flask consumed (Fig 5 B and C). By advancing the pyrolysis, the amount of organic layer291
increased and its color become darker. The last samples (Fig 5 samples F and G) had no-292
water and its color was dark-red (Fig 5 samples E to G).293

294

295
Fig 5. The samples collected after aqueous extractions and addition of 100 mL of296
water to the reaction flask.297

298
During sample E collection, the condenser was filled with reddish solids (Fig 5H). Most of299
these solids were dissolved in the distillates during the collection of samples E to G. At the300
end of pyrolysis at T1 = 620°C, little solids remained in the condenser.301

302
3. RESULTS AND DISCUSSION303

3.1 Thermogravimetric Analysis304
About 12 mg of a LEG was cut into small pieces that could fit into the TGA pan (Fig 6a). The initial305
attempt was a heating scan from 50°C to 600°C under nitrogen. The end product was a grey306
color and contained dark chunks (Fig 6b) which was indicative of incomplete decomposition.307
The next heating ramp was from 50°C to 800°C (under nitrogen), which resulted in white308
solid end products (Fig 6c). This solid was soluble in water; the pH of its solution was very309
basic (Fig 6d).310

311

312
Fig 6. Thermogravimetric analysis of LEGs: (a) pan loaded with 12 mg of LEG; (b) the313
remains after heated to 600°C; (c) the ashes at 800°C; (d) strongly alkaline pH of the314
aqueous solution of the ashes.315

316
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Figure 7 shows the results of thermogravimetric studies of LEGs, both powdered and un-317
powdered. The thermal stability of both types of LEGs are very similar; the decomposition318
began around 350°C reaching the highest rate at 410°C. The decomposition reaction was319
complete at 500°C; the residues of powdered LEG (~30%) were much more than that of320
powder-free sample LEG (~12%) as was expected. A second stage of decomposition was321
observed around 625°C for powder free LEG and 650° for powdered LEG. The resulting322
ashes were white in color (Fig 6c), and soluble in water, producing a strongly basic solution323
(Fig 6d) which is a property of active metal oxides. The thermogravimetric data agreed with324
the observations in the reactor (Tables 1 to 4).325

326

327
Fig 7. Thermogravimetric results of powdered (red line) and un-powdered (blue line)328
gloves from 50°C of 800°C under 10 mL/min N2 (g) with heating rate of 10°C/min.329

330

3.2 Analysis of Liquid Samples Obtained from Pyrolysis of LEGs331
The pyrolysis of the LEGs resulted in 25 samples. All samples were analyzed by GC-MS.332
Most of the chromatograms were similar to each other; however, nine of them were slightly333
different (Fig 8). Below, these nine TICs will be annualized.334

335
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336
Fig 9. TIC of the representatives samples as described on the TIC and in the Tables 1,337

3, and 4338
339

3.2.1. The most volatile sample340
The most volatile sample consisted of the chemical that escaped the first collection container341
and accumulated in the second container (Fig 4a) equipped with a water condenser, was342
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kept cold in an ice-water bath. As the TIC (Fig 8 Volatiles) showed, the first peak at the343
chromatogram (1.15-1.36 min) was hydrogen chloride as expected; the next peak (1.36-344
1.56) represents a mixture of HCl and C5 compounds, C5H10, then, at the end of the peak345
(1.58-2.27 min) various isomers of C6 compounds, C6H12, both cyclic and acyclic, with one346
saturated element, the broad peak located at 2.27-2.74min was benzene, C6H6, at 2.78-4.30347
min C7 compounds were visible such as 2,2-dimethylpentane (2.742 min) then heptene348
isomers (2.78-3.59 min), octene isomers appeared at 3.68 – 6.79 min while toluene, C7H8,349
was co-eluted with octenes (4.11-4.81 min). Then C8 compounds with two unsaturated units350
were at 6.82-7.48 min. From 7.48 – 9.00 min the dimethyl benzene derivatives (C8) with C9351
linear isomers were visible. The peak at 11.45-11.83 was hard to identify; the NIST [44]352
library identifies it as 3-chlor-3-ethyl heptane with 88% similarity, however, the M/z = 91 may353
be indicative of a benezylic cation or tropylium ion resulting from cleavage at benzylic carbon354
in the compound.355
Another series of hydrocarbons detected between 10-15 min covering 3 major peaks 11.45-356
11.96, 12.56-12.68 min and 12.93-13.17 min, identified as various isomers of straight chains357
C11H22 (192°C), C11H20 (bp 196°C), and C11H24 (bp 196°C) [45]. Table 5 (in the appendix)358
provides the list of major chemicals identified from the most volatile sample. Also, a359
comparison between the mass-spectrum (MS) of the compounds in the sample of volatiles360
and the MS in the NIST library is available (Fig 9 Appendix).361

362
3.2.2. Sample 1363
Sample 1 was the first drops (head) collected, form the beginning of the pyrolysis reaction364
(383°C-393°C) and condensed below 94°C. The main component of sample 1 was hydrogen365
chloride, HCl, and moisture (Fig 8 Sample 1) which appeared on the chromatogram from366
1.15 to 2.85 min.367
As the TIC of sample 1 (Fig 8 sample 1) showed there were over 170 chemicals identified by368
the auto-research of GC-MS with very low concentration relative to HCl. Fig 10a shows the369
background or the baseline of the chromatogram at the initial time, these M/z are the ion of370
gasses that were dissolved in the sample: CO2, (M/z = 44 Da), oxygen (M/z = 32 Da), NO371
(M/z = 30 Da), and N2 (M/z = 28 Da). These low molar mass compounds produced from372
decomposition of gloves; dissolved in the sample, as was also reported by Williams et al [1].373
The chromatogram of sample 1 showed two main compounds: one appears from 1.25 min to374
2.45 min, with M/z 36 and 37 (Fig 10b) which has been identified as HCl, hydrogen chloride375
(Fig 10c). HCl, at room temperature, is a colorless gas, which forms white fumes of376
hydrochloric acid upon contact with atmospheric humidity as was observed at the beginning377
of the pyrolysis reaction (Fig 1d). HCl melts at -114.9 °C and boils at -85.06°C. It dissolves378
well in polar protic solvents such as water and alcohols and aprotic organics containing379
oxygen and nitrogen. Further analysis of TIC indicated that the pyrolysis liquids are reached380
in oxygenated compounds. The pH of sample 1 was below 2 measured by a pH-paper which381
confirmed strong acidity of the sample. HCl produced by decomposition of chlorinated382
polymers that were utilized to fabricate the gloves. One of such polymers is neoprene or383
polychloroprene, a family of synthetic rubbers that are produced by polymerization of384
chloroprene [4]. The chloroprene decomposed first to HCl and then to other chemicals as:385

[-CH2-CCl=CH-CH2-]n(s) HCl(g) + other chemicals386
The other components of sample 1 were at 11.26 min 2-propyl-1-pentanol or 2-ethyl-1-387
hexanol or 6-methyl-3-undecane, phthatic anhydride (Fig 10 d) which appeared at 16.4 min388
(compared with NIST library (Fig 10e)), and at 18.5 min; phthalimide also appeared besides389
saturated and unsaturated hydrocarbons (Table 6 appendix).390
Other chemicals from the decomposition of neoprene are oligomers H-(CH)n-H, such as391
methane, ethane, ethyne, propene, butadiene, and cyclic aromatic compounds resulting392
from secondary reaction of the decomposition of products such as benzene and its393
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derivatives, and other polycyclic compounds such as naphthalene and its derivatives as394
reported by other researchers [27]. Visual observation of the reactor indicated that the395
liquefied vapors were very reactive. At the beginning of the air-condenser they were396
colorless, when they reached to the end of condenser, the color changed, and within the397
liquid, solid crystals appeared. Table 6 (in appendix) shows 50 major chemicals identified by398
the NIST library in sample 1.399

400

401
g 10. (a) A background scan at the beginning of TIC; (b) a scan from the peak402
appeared from 1.25 -1.75 min; (c) MS of HCl from NIST library; (d) a scan of compound403
appeared at 16.45 min; (e) a MS of phthalic anhydride from the NIST library.404

405
3.2.3. Sample 2406
Table 7 (appendix) shows 50 major chemicals identified from sample 2. This sample407
contained a smaller amount of HCl compared to sample 1 (Fig 8 Sample 2). This can be408
interpreted by the mechanism of pyrolysis of chlorinated polymers which occurs in various409
stages; the first step is emission of HCl and production of unsaturated polymers [25]. Then410
these unsaturated polymers decompose to other hydrocarbons (Reaction 1). Therefore,411
most of HCl were volatilized and left the reactor prior and during the collection of first the412
sample. The major chemicals of sample 2 were: at 2.27 min (Fig 11a) identified as benzene413
(Fig 11b). From 4.75 min to 5.89 min the isomers of octane were identified: at 5.27 min 3-414
ethyl-2-hexene at 5.65 min 3-methyl-2-heptene and at 5.79 min 2-octene. The next major415
chemical at 7.40 min is another isomer of C8, xylene. At 8.25 min nonane was identified. At416
8.70 min the C10 isomers began to appear. Also, some chlorinated compounds were visible;417
the peak at 10.05 min on the chromatogram was identified as 3-chloro-3-methyl-heptane.418
The MS of 3-chloro-heptane and 2-ethyl-hexanol are very similar to each other. At 11.0 min419
(Fig 11c) was a chlorinated compound, 1-chloro-2-ethyl-heptane (Fig 11d), and at 11.49 min420
(Fig 11e) 2-ethyl-hexanol either (Fig 11f) or 6-methyl-3-undecene was identified. At 11.90421
min it was also a C10 isomer which was identified as 3-carene. The reaction below (Reaction422
1) shows a possible decomposition and composition path for the chemicals produced from423
pyrolysis of neoprene and detected by GC-MS.424

425
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426

Cl

n
HCl  +

n

427
Reaction1. Schematic representation of some chemicals resulting from428
decomposition of neoprene.429

430

431
Fig 11. MS of the major compounds in sample 2 compared with the MS of the most432
similar compound from NIST library.433
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434
3.2.4. Sample 3435
This sample was the first to be collected during the third attempt to pyrolyze LEGs. Table 8436
shows 50 of the major chemicals in sample 3. Chromatogram of sample 3 (Fig 8 Sample 3)437
shows nine major compounds, though the total number of chemicals in the sample exceed438
250. The background at the initial time (Fig 12 a) shows moisture (M/z = 18 in excess),439
nitrogen (M/z = 28), oxygen (M/z = 32) and argon (M/z = 40); these are gases that were440
dissolved in the sample. The first peak (1.15-2.92 min) is a mixture of moisture (M/z = 18Da)441
and HCl (M/z = 36Da and 38Da) or (H3O+)Cl-(H2O)n, as indicated in MS (Fig 12b). The major442
compound appeared at 5.433 min (Fig 12c) and was identified as 4-octene (Fig 12d). At443
12.52 min (Fig 12e) 5-methyl-2-decane on the chromatograph (Fig 12f), then 12.76 min (Fig444
12g) showed 2-ethyl-1,3-dimethylbenzene (Fig 12h). The next compound was at 12.98 min445
(Fig 12i) 2-propylpent-1-ol or 2-ethyl-hex-1-ol or 6-methyl-3-undecene. The compound at446
17.81 min was identified as phthalic anhydride (Fig 12j) at 30.8 min diisooctyl phthalate. The447
last compound was identified as 1,2-benzenedicarboxylic acid ester (30.94 min), mono (2-448
ethylhexyl) phthalate (Fig 12k). Fig 12 shows the MS of the major chemicals in the449
chromatogram compared with the most similar MS of chemicals from NIST library. The450
peak’s RT also indicated on the corresponding MS.451

452
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453
Fig 12. Chromatograph of major compounds in Sample 3. The retention time and the454
structure of compound are indicated in MS.455

456
3.2.5. Sample 4457
The chromatogram (Fig 9 Sample 4) shows at 1.16 min a mixture of water, HCl, and C5458
isomers. At 1.59 min the concentration of moisture and HCl decreased very much, however,459
the C5 compounds continued to elute, 1-pentene (mp 30°C) was visible, the mixture of460
pentene and HCl was recognized by the NIST library as 2-chlorpentane (bp 98°C) which461
must have come at a later retention time. At 2.0 min, hexene (bp 63°) has the highest462
concentrations (C6 compounds) and 2.28, benzene (80°C) appeared, at 2.87 min C7 isomers463
are visible. From 3.84 to 8.00 min C8 isomers were identified (4-octene). After 8 min also the464
C8 isomers were eluting; these isomers possessed more than one double bond, for example,465
the scan at 8.33 min identified it as 3,5-octadiene. From 8.50 min we began to observe C9466
isomers, for example the scan at the top of peak at 8.57 min was identified as 3,5,5-467
trimethylcyclohexene. Xylenes (benzylic C8) appeared from 8.63 to 9.10 min. At 9.13 min C9468
isomers began to appear, the scan on top of the peak at 9.24 min was identified as 4-469
nonene. The peak at 9.50 min indicated the presence of 1-ethenyl-3-methylene-470
cyclopentene. At 9.90 min 7-methyl-3-octene, and 2,4-dimethyl-2,4-heptadiene appeared at471
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10.45-10.57min. From 10.88 to 10.58 min 2,5-diethyltetrahydrofuran, a cyclic ether, and after472
it came 2,2'-bioxepane. C10 isomers were visible after 11.3 min, for example, the scan at473
11.30 min identified 2,6,6-trimethyl-bicyclo[3.1.1]heptane, a C10 isomer. The peak centered474
at 12.72 min was 2,6,6-trimethylbicyclo[3.1.1]heptane C10H18. Brominated compounds also475
were identified in the products of pyrolysis, for example, the peak at 13.00 min was 4-476
bromoheptane C7H15Br. The peak at 13.21 to 13.66 min was 2-propyl-1-pentanol or 2-ethyl-477
1-hexanol C8H18O since their MS is very near to each other judgment is difficult. The lower478
section of the peak at 13.80 min identified as 6,8-nonadien-2-one, 6-methyl-5-(1-479
methylethylidene), C13H20O. The compound at 26.97 min was isobutyl laurate dodecanoic480
acid C16H32O2, the compound at 27.74 min was 1-propylpentyl laurate C20H40O2; and at481
27.73 min mono(2-ethylhexyl) phthalate C16H22O4, at 27.98 min eicosanoic acid, C20H40O2, at482
28.08 to 28.15 min identified as 2,6-ditert-butyl-4-methylphenyl-1-(1-hydroxy-2-483
methylpropyl)cyclopropanecarboxylate C23H36O3. The compound at 28.28 min was identified484
as silane, dimethyl(2-propylphenoxy) butoxy- C15H26O2Si, the compound at 28.27 to 28.46485
min was identified as succinic acid, 2-ethylhexyl undecyl ester C23H44O4, the compound at486
29.15 min was identified as (3-beta)- 14-methylcholest-7-en-3-ol C28H48O, the compound at487
29.68 min was identified as heptyl ester, toluic acid C15H22O2, the compound at 30.492 was488
identified as n-tetracosane C24H50, the compound at 30.62 min was identified as 2-ethylhexyl489
undecyl ester, fumaric acid C23H42O4, the compound at 30.87 min was identified as 2-490
chloroethyl decyl ester phthalic acid C20H29ClO4.491

492
3.2.6. Sample 15493
The appearances of the chromatograms of samples 5 to 14 were similar. Therefore, an494
extended analysis of every sample was omitted. As the chromatogram (Fig 9 sample 15)495
showed the sample 15 has higher concentrations of compounds eluted after 15 min RT.496
Decomposition of plasticizers derivative of phthalic acid such as di-(2-ethylhexyl)phthalate497
(Reaction 2, (1)) and polyesters may lead to compounds such as mono-(2-498
ethylhexyl)phthalate (Reaction 2, (2)), 2-ethylhexanol (Reaction 2, (3)), 2-ethyl-hexanol upon499
heating and acid catalysis converts to 2-octenes and 3-octenes, some of the chemicals that500
were observed in the chromatograms.501
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Reaction 2. A possible route for decomposition of 1,2-benzenedicarboxylic acid, di(2-503
ethylhexyl) ester to 1,2-benzenedicarboxylic acid, mono(2-ethylhexyl) ester, 2-ethyl-504
hexanol, 2-octene, and 3-octene.505

506
Sample 15 was the last sample collected before the air-condenser was clogged with507
precipitations of the solids. Further studies showed these solids are mostly derivatives of508
phthalic and benzoic acids (see identification of solids at section 3.3).509
The content of the main peak at 1.34 min (Fig 8 Sample 15) is HCl and moisture (Fig 13,510
1.34 min). The TIC at 1.48 also contains also moisture and HCl plus other chemicals. When511
the background was subtracted from the TIC, 2-methyl-butane a C5 saturated hydrocarbon512
was identified. At 1.61 min 2,3-dimethylbutane C6H14, from 1.70-2.27 min a mixture of513
hexanes was viable. The high abundant materials at 2.41 min identified as benzene, C6H6.514
At 4.23 min toluene, and at 5.06 - 5.84 min 2-ethyl-1-hexene C8H16, at 5.85 min 3-dimethyl-515
1-hexene C8H16 were identified. At 8.06 min ethyl-benzene C8H10, at 8.43 p-xylene C8H10, at516
9.30 min m-xylene C8H10, at 11.42 min cumene C9H12, at 11.47 min to 11.62 min 4-chloro-517
2,4-dimethylhexane C8H17Cl. At 12.11 min benzonitrile C7H5N, at 12.21 min hemimellitene,518
1,2,3-trimethyl benzene,C9H12, at 12.28 min undecane, C11H24 at 12.62 min 3,3-519
diethylpentane C10H22. It is hard to analyze after RT = 15 min because of super saturation of520
the column. Table 9 shows the detailed list of the 50 major compounds in the sample 15.521

522
3.2.7. Sample E523
Sample E was selected for GC-MS analysis as a representative sample of the fourth stage524
of pyrolysis. The aqueous samples A to C were strongly acidic. However, TIC of sample E525
did not show any presence of HCl. The highest abundance of chemicals were: at 1.29 min526
allyl vinyl ether, at 2.18 min 1-pentene, at 2.50 min benzene, at 4.70 min toluene, 5.00 min527
octene, 7.90-9.40 xylene isomers, 9.60 min 2,4-dimethylhexane, 11.34 min ethyltouene,528
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11.87 min benzonitrile, 12.08 min hemimellitene, 12.26 min undecane, 17.72 min, 1,2,4-529
trimethyl-benzene, at 12.94 min 2-ethyl-1-hexanol, at 13.86 min 1-ethyl-2,3-dimethyl-530
benzene, at 13.99 2-ethyl-1,4-dimethyl-benzene, at 14.08 4-dodecene, at 14.24 tridecane,531
14.95 ethyl-styrene, at 15.17 min o-allyl-toluene, 15.25 min 2-methylindene, 15.84532
naphthalene 15.79 min 1,3-dimethylindan 15.90 1-Isopropylvinyl)benzene. Table 10533
(appendix) shows the 50 major chemicals in the sample E.534

535
3.3. The Solid Samples536

The solid sample (Fig 2c) and a sample of the precipitants in the condenser were dissolved537
in methanol:water (90:10) for GC-MS analysis. Fig 14 contains the TICs used to analyzed538
the solid samples (a to f).539

540
541

542543
Fig 14. TIC of methanol soluble solids: (a) solids crystallized out of joint (Fig 2c); (b)544
Hexanes soluble parts of the solid collected from inside of condenser (Fig 3b); (c)545
crude solid precipitated in condenser; (d) Purified crystals (Fig 16e); (e) The solid546
precipitated in water (Fig 16 a); (f) solids soluble in hexanes (Fig 16 c), and its547
expansion (RT =9-25 min).548

549
3.3.1. The sample crystallized outside of the joints550
The solid samples resulted from the leak out of the distillates from the distillation head joints,551
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crystalized outside of receiver joints (Fig 2c) was soluble in the mixture methanol : water552
(90:20 v:v) and boiling water. Its aqueous solution was acidic. The sample was recrystallized553
from water (Fig 16c).The GC-MS of a few crude crystals dissolved in methanol (Fig 14a)554
showed three main picks. The pick at 12.82 min (Fig 15a) was identified as 2-propyl-555
pentanol (Fig 15b) or 2-ethyl-hexanol (Fig 15c). The TIC pick centered at 17.80 min (Fig556
15d) was identified with phthalic anhydride (Fig 15e) or phthalic acid (Fig 15f); and the final557
peak located at 21.20 min (Fig 15g) was identified with di-(1-hexen-5-yl) ester C20H26O4 (Fig558
15 h).559

560

561
Fig 15. Mass spectrum of some picks of boiling-water-soluble solid (identified with562
their retention time (min)) and the most similar MS from NIST library for comparison.563

564
The result of GC-MS (Fig 15a-h) indicated that the crystal was di-(1-hexen-5-yl) ester of565
phthalic acid. The ester is stable; however, it partially decomposed in GC chamber at high566
temperature (250°C) to alcohol, and acid (Reaction 3, step 1); , the alcohols by losing water567
converted to alkenes (Reaction 3, step 2). The acid is not stable over 210°C temperature568
then it converted to anhydride and other products (Reaction 3, step 3).569
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Reaction 3. A schematic degradation of di-(1-hexen-5-yl) phthalate to phthalic572
anhydride and alcohol, then the alcohol to di-ene.573
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3.3.2. The solid sample within the distillation head575
The solid deposited in the distillation head during the pyrolysis reaction was contaminated576
with the distillate’s liquids. This sample in the boiling water was separated into two phases;577
water soluble and water insoluble materials (Fig 16a). The same sample in hexanes was578
also separated into two phases; part of this sample was hexanes soluble, red in color (Fig579
16b), and most of the solid was insoluble in hexanes then precipitated (pale color solids).580
Both solutions were strongly acidic. After the water solution cooled down, amorphous and581
crystalline materials were visible in the aqueous layer and organic materials on the top layer582
(Fig 16c). However, there was no change in the hexanes solution (Fig 16d).583
Recrystallization of precipitated solid in agues solution produced crystals and amorphous584
materials (Fig 16e).585

586

587
Fig 16. Solubility of solid products: (a) in hot water; (b) in hexanes; (c) precipitation588

and crystallization of the solids in water; (d) no change in hexanes solution; (e)589
shape of pure crystals in water.590

591
3.3.3. Analysis of crude solids592
The TIC of crude solid precipitate in in the condenser dissolved in methanol/water mixture593
(90:10) showed several chemicals (Fig 14b). As Fig 16a and b show, these solids are594
contaminated with liquid distillates. The first wide and high peak in TIC (Fig 14b) relates to595
solvent, methanol and water mixture (90/10); the end shoulder at 2.28 min was hydrogen596
chloride. The first major peak (11.25 min) was cumene or Isopropylbenzene C9H12, and the597
one at (11.41 min) was 3-chloro-3-methylheptane, C8H17Cl, or C11H22. The sharp peak at598
11.86 min was benzonitrile C7H5N, and next small one (12.66 min) was 1-methyl-3-599
ethylbenzene C9H12, and the next to it (12.89 min) was 2-propyl-1-pentanol C8H18O. Fig 17600
(appendix) shows the MS of the major compound in the sample and the MS of most similar601
compounds to it searched from NIST library (Fig 17 second column).602

603
The major compound of this chromatogram located between 15-24 min consisted of phthalic604
esters derivatives. At 15.30 min benzoic acid C7H6O2, at 17.03 min 2-methylbenzoic acid605
C8H8O2, at 18.10 min to 18.53 min phthalic anhydride C8H4O3, at 19.32 min 2,6-606
dimethylnaphthalene C12H12, at 19.34 min diphenyl methane, at 19.91 min N-607
ethylphthalimide C10H9NO2, at 20.28 min phthalimide or phthalimidomethyl 3-608
methoxybenzoate, C17H13NO5, at 20.38 - 20.43 min o-cyanobenzoic acid, C8H5NO2, at609
21.075 min to 21.43 min phthalic acid, di-(1-hexen-5-yl) ester C20H26O4, at 22.63 min610
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ethylhexylbenzoate C15H22O2, at 23.42 min o-toluic acid, 2-ethylhexyl ester C16H24O2, were611
identified. Reaction 4 shows the origin of some chemicals found in the chromatogram.612

613
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O

OH

OH
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+ +

614
Reaction 4. A schematic degradation of 2-ethylhexyl-2-methylbenzoate to 2-615
methylbenzoic acid and 2-ethylhexanol, then the alcohol to alkenes.616

617
3.3.4. The clear crystals618
A portion of the solid precipitated in water was dissolved in boiling water then recrystallized619
in water (Fig 16e). The TIC of these crystals dissolved in a methanol/water mixture (Fig 14d)620
showed three compounds at RT of 13.04, 14.17-17.1, 17.5-18.4, 19.2-21.3 min, identified as621
2-ethyl-hexanol, benzoic acid (96% similarity), phthalic anhydride (96% similarity), phthalic622
acid, di(1-hexen-5-yl)ester (similarity 82%). The assumption that these crystals could be623
di(1-hexene 5-yl)phthalate that under high temperature in GC injector decomposed to the624
indicated compounds is also a valid assumption (Reaction 2).625

626
3.3.5. The precipitated in water627
The TIC of amorphous sample precipitated in water (Fig 14e) is very similar to the purified628
crystals (Section 3.3.4). MS shows the following chemicals: Benzoic acid (15.1 -17.1 min), 2-629
methyl benzoic acid (17.59 min), phthalic anhydride (17.69-19.93 min), 3-formyl-benzoic acid630
(19.40-19.81 min), phthalimide (19.93 min), phthalic acid, and di-(1-hexen-5-yl) ester (20.80-631
21.50 ). The results indicated that the amorphous material is a mixture composed of phthalic632
acid, benzoic acid, and their derivatives.633

634
3.3.6. The hexane soluble635
The TIC of hexane soluble portion of the precipitates in the condensers (Fig 14f) showed636
chemical content similar to the liquid fractions in addition to be saturated with slightly soluble637
components which were detected in section 3.3.5. The following is a list of the major638
chemicals in sample: 3-chloro-3-methylheptane (11.87 min), benzonitrile (12.03 min),639
benzoic acid (15.50-17.00), phthalic acid (17.74), dimethylnaphthalene (18.74), di-(1-hexen-640
5-yl) ester of phthalic acid (21.65), ethylhexyl benzoate (22.62). Table 11 contains a more641
extended list of the chemicals which were absorbed to the solids precipitated in the642
condenser.643

644
4. CONCLUSION AND REMARKS645
The results showed that parts of the pyrolysis products of LSGs are rich in many varieties of646
chlorinated compounds which are potentially hazardous to the environment and human647
health. Comparing TICs (Fig 9) showed that by increasing pyrolysis time the relative amount648
of HCl and water in the samples decreased. This is consistent with the reported mechanism649
for thermal degradation of chlorinated polymers and alcohols. The amount of benzene650
produced increased with time as observed in sample 15; the peak height and area of651
benzene was higher than combined HCl and moisture. All samples had three kinds of652
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materials, volatile organic hydrocarbons that are suitable as gasoline, visible in the653
chromatogram from 1.58 to 10 min mainly C6 to C11 hydrocarbons; semi-volatile materials654
were visible after 11 min with carbons numbers higher than 12, and solid organic acids and655
esters that appeared after 18 min such as phthalic acids and benzoic acid and their esters656
used as plasticizers in the processing of the LSG.657
The liquid produced from pyrolysis of LEGs was saturated with hydrochloric acid, phthalic658
acid, benzoic acid and their derivatives. Before using it as clean fuel, particularly, fuel for659
internal combustion engines, further refinements -- separating fuel worthy chemicals from660
acids and chlorinated compounds -- is required. The compositions of the remaining materials661
at the end of the process also depended on the heating limit of the reactor. Below 500°C the662
residues contained carbon compounds. However, above 800°C the residue was carbon free.663
Therefore, the nature, yields, and the chemical compositions of the liquids produced by664
pyrolysis of the waste gloves depended on the engineering of the process and the heating665
limitation of the reactor. Last but not least, the products of pyrolysis contained highly reactive666
chemicals; these materials were not chemically stable making the storage life of these667
liquids rather short. Therefore, the products must be stabilized either by chemical stabilizers668
or hydrogenation for long-time storage promptly after collection.669
In this experiment, 23% of the materials remained in the bottom of the reactor as hard dark670
solid residue, 36% was collected as liquid saturated in solids, and 4% of the total mass was671
collected as solid deposited in the condenser. Therefore, 36% of the mass was converted to672
HCl, and carbon derivative gases (C, C2, C3, C4, and C5). Neoprene has 40% by mass673
chlorine, and potentially, 41.2% of it will convert to HCl; a theoretical yield of 58.8% was674
expected for combined carbon derivative gases, liquid and solid products from pure675
neoprene pyrolysis. The higher yield of combined solids and liquids (63%) was due to676
production of some chlorinated hydrocarbons. In addition, a part of gloves mass is chlorine-677
free fillers and plasticizers which increased the yield of pyrolysis.678
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