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Executiwe Summary

[ ]
Introduction

Cigarette ignition of furniture is by far the leading cause of
fire deaths and injuries in the United States. While more
ignition-resistant furnishings are being manufactured, fire
casualties could be more rapidly reduced if cigarettes were
manufactured to cause fewer ignitions. To provide both the
fundamental understanding of the cigaretteffurniture ignition
process and practical application of that knowledge, the

Center for Fire Research of the National Bureau of Stan-

dards pursued the following fundamental and applied

research tasks under the Cigarette Safety Act of 1984

e |dentify the characteristics of cigarettes that could lead to
a reduction in ignition propensity (Using experimental
cigarettes of well-characterized composition and construc-
tion supplied by the cigarette industry);

* Obtain and analyze data to verify the composition of and
statistical variation in the experimental cigarettes in order
to provide a reliability analysis of laboratory findings using
those cigarettes;

* Measure the ignition propensities of patented, non-
commercial cigarettes, as supplied by their inventors;

* Validate the cigarette ignition propensity data from the
bench-scale testing by comparison with test results, using
reai furniture items (supplied by the furniture industry)
indicative of the most common or high risk types;

¢ Elucidate the thermal conditions associated with lit
cigarettes, their energy transfer to various substrates, and
the ensuing ignition process;

* Create a computer model of the ignition process to

enable prediction of the direction and approximate magni-
tude of effects of variations in the characteristics of a ciga-

rette on its ignition propensity;

* Quantity the effect of smolder-promoting alkali metal ion
concentration in fabrics and paddings on their suscepti-
bility to smoldering ignition by cigarettes to account for
the effect of ignitability variations within or between lots of
commercially-produced upholstery materials; and

* Develop a laboratory method for measuring the ignition
propensity of cigarettes.

Approach

This research project comprised several concurrent, interac-
tive studies. These ranged from computational to
experimental, fundamental to empirical.

1. Materials

A common set of materials was used in the various labora-
tory experiments. Forty-one types of experimental cigarettes
were specially prepared for this study by the cigarette
industry. They varied in tobacco type and density, paper
permeability and citrate content, and circumference. The
wrappers and fillers were selected for systematic and broad
property variation, not necessarily indicative of current
commercial cigarettes. Laboratories expert in the appropriate
measurements were commissioned to characterize the
composition of and variance in these cigarettes. Five
embodiments of cigarette patents were received from their
inventors. Several commercial cigarettes, remaining from a
prior project under the Act, were used here as well. Selected
fabrics and padding materials were acquired in large quanti-
ties to allow for the numerous bench-scale and full-scale
tests.

2. Performance Measurements

lgnition performance measurements of the cigarettes were
carried out on substrates having a range of ignition resis-
tance, including some which simulated the most easily-
ignited furniture. At least five replicate tests were performed
for each cigarette/substrate combination. The data were
statistically analyzed for correlations between numbers of
ignitions and the individual cigarette characteristics. Similar
testing was performed on chairs manufactured of some of
the same materials, and the data analyzed to determine the
extent to which the results were predicted by the small-scale
tests.



3. Thermophysics of the Ignition Process

The ignition process was assumed to depend on the energy
transfer from cigarettes to furniture items. This was studied
using fine thermocouples and a heat flux gauge to follow the
temperature and energy flux histories while cigarettes smol-
dered on different substrates. Two- dimensional infrared
tmaging radiometry was used to map the thermal response
of the substrate. Graphical correlations were explored
between measured properties of the burning cigarettes and
the measured ignition propensities.

4. Modeling Ignition

Both fundamental and semi-empirical mathematical
modeling of the it cigarette and ignition of the substrate
were pursued. Each borrowed heavily from prior efforts else-
where. A comprehensive list of the involved materials proper-
ties and physical processes was compiled. Substantial
simplifications were made in representing these. The predic-
tions from the resulting FORTRAN programs were tested, to
a lmited extent, against the trends observed in the labora-
tory tests.

Table ES-1. Ignition Propensities of
Selected Test Cigarettes

No. Ignitions
Designation 20 Tests _%
Experimental
Cigarettes
201 0 0
106 1 5
202 2 10
130 4 20
114 4 20
105 6 30
113 6 30
108 7 35
122 7 35
129 10 50
Least Ignition-Prone
Commercial Cigareties
1 16 80
2 12 60
Typical Ignition
Propensity Commercial
Cigarettes
3 18 90
6 20 100

5. Effects of Materials Treatment

Fabrics were treated with known concentrations of alkali
metal chlorides and tested for changes in cigarette ignition
resistance. Similar comparative tests were performed on
clean fabrics, to which was added soil extracted from used
fabrics.

6. Test Method Development

Finally, the experience and knowledge gained from the
above research were applied to the task of developing a
convenient, accurate test method for cigarette ignition
propensity. Several previously-suggested and new
approaches were analyzed and tested in the laboratory, but
the development of a viable test method has not yet been
completed.

Table ES-2. Ignition Propensity as a
Function of Experimental Cigarette
Characteristics

Number of

Cigarette Parameters Ignitions/Tests %

Tobacco Packing Density

High 2821320 88

Low 153/320 48
Cigarette Circumference (mm)

25 243/320 76

21 192/320 60
Paper Permeability

High 256/320 80

Low 179/320 56
Paper Citrate Conc. (%)

0.8 231/320 72

0 204/320 64

Paper Citrate (%)
{Low Ignition Propensity

Cigarettes)
0.8 47/100 47
0.0 23/100 23

Tobacco Type
Flue-cured
Burley

2221320 69
213/320 66




Conclusions

Substantial progress has been made in understanding how

to study cigarette ignition, the nature of the cigarette ignition

process, and the effects of cigarette characteristics on both

the thermal physics and the observed ignition of furniture.
The principal findings of this research are as follows.

e n furniture mock-up tests involving a wide range of
fabrics and paddings, the best of the experimental
cigarettes tested had considerably lower ignition propensi-
ties than commercial cigarettes.

* Three cigarette characteristics were found to reduce igni-
tion propensity significantly: low tobacco density, reduced
circumierence, and low paper permeability. Considerably
larger reductions were achieved with combinations of
these. The tobacco column length, the presence of a filter
tip, and citrate content of the paper had effects in limited
cases. The tobacco blend had minimal impact on ignition
propensity.

¢ Non-ignitions were often achieved without the cigarettes
self-extinguishing during the test; ie., many cigarettes
burned their full tength without igniting the substrate.

* Some of the best-performing experimental cigarettes had
average per puff tar, nicotine, and CO yields comparable
to or only slightly greater than typical commercial
cigarettes.

s Each of five patented cigarette modifications also showed

reduced ignition propensity over cigarettes that were iden-
tical except for the patented feature. These included varia-

Table ES-3. Average Per Puff Smoke
Component Yields from
Selected Cigarettes

Table ES-4. Ignition Propensities of
Patented Cigarettes

S

Experimental

_Cigarettes Tar (mg) Nicotine (mg) CO (mg)
105 1.6 0.09 1.9
106 1.8 0.10 20
108 1.3 0.09 1.1
113 2.4 0.19 2.2
114 2.6 0.21 2.1
122 24 0.15 2.4
130 2.5 0.20 2.2
201 25 0.18 2.5
202 2.0 0.16 2.4

Average for 6

Most Popular

Commercial

Cigarettes 2.0 0.13 1.7

Possible differences in the composition or toxicology of
the smoke delivered by these cigarettes have not been
investigated.

No. Ignitions
Designation No. Tests Percent
301-Control 25/25 100
301 29/50 58
302-Control 24/25 96
302 10/50 20
303-Control 24/25 100
303 32/60 53
304-Control 25/25 100
304 33/50 66
305-Control 25/25 100
305 13/60 22

tions in the paper, an additive to one location of the
tobacco column, an additive throughout the tobacco
column, and an additive to the exterior of the paper.
Ignition resuits from the bench-scale testing correlated
very well with corresponding data from experiments with
chairs made with the same fabrics and padding materials.
The physics of the ignition process is a function of both
the cigarette and the substrate. Therefore, an accurate
ignition propensity measurement apparatus must involve
the two components.

Intrusive probes of the ignition process (e.g., ther-
mocouples, heat flux gauges) perturb the delicately
balanced system. The induced errors can be estimated if
the probes are small and well-selected. With care, (non-
intrusive) infrared imaging can be used to study the
thermal profiles on non-igniting or igniting substrates,

An approximate correlation exists between the cigarette
coal area and ignition propensity. Peak coal surface
temperatures (and thus peak heat fluxes) did not vary
sufficiently to demonstrate a correlation with ignition
tendency for the cigarettes tested.

Oxygen depletion in the vicinity of the ignition site is
important during the ignition process, but is sufficiently
similar for all cigarettes examined so as not to account for
their relative ignition propensities.

It is possible to construct a complex computer model of
the smoldering combustion of a cigarette and the
response of an idealized substrate. With all its simplifica-
tions, this preliminary model is sufficiently realistic to (1)
manifest the most important and most sensitive physical
features of the ignition process and (2) reproduce some of
the cigarette characteristics that do and do not affect igni-
tion propensity. Thus, the mode! could potentially be used
to screen possible combinations of (included) charac-




Table ES-5. Comparison of Ignition assurance program. Three promising approaches for
Propensities of Tested Cigarettes at distinguishing between high, moderate, and low ignition

propensity cigarettes are:
Full- and Reduced-Scales — Testing with non-smoldering (inert) substrates, eg..

extinguishment of cigarettes on a glass plate or a porous

frit, heated to adjusted, controlled temperatures.
— Testing with alternative reactive (smoldering) substrates,
Percent Ignitions such as with controlled addition of selected amounts of
Cigarette smolder-enhancing ions to multiple layers of a-cellulose
Number Bench-Scale Full-Scale paper.
— Testing with controlled reactive fabric/padding
6 74 73 substrates; mockup testing using “standardized" substrates
129 13 23 created by the addition of selected amounts of smolder-
106 3 6 enhancing ions.
114 5 14 e The current research has indicated positive directions for
201 0 6 reducing cigarette ignition propensity. Research is needed
on more combinations of these factors, especially lower

tobacco content and modified paper permeability and
thickness. Variations selected with the computer model

teristics that offer increased fire safety. At present, should also be studied.
however, the code for this preliminary model is very slow * Performance data for current market cigarettes should be
and not user-friendly. generated by use of a new test method. These data could
s The current, mini-mockup methods are valid for research then be compared to future year cigarette performance.
measurements of the ignition propensity of cigarettes. ¢ For a wider range of cigareties and substrates, extensive
However, their use in a standard test method of cigarette research is needed to better measure and define the
performance is compromised by the variability in the effect of the substrate on cigarette ignition propensity, the
commercial fabrics and paddings used in the mockup. ignition kinetics, and the components of heat transfer
* Several alternative candidate test methods for measuring {radiation, convection, conduction).
the cigarette ignition propensity of soft furnishings were * More measurements are needed of the cigarette ignition
evaluated; none was usable in its current state of develop- physics in crevice configurations.
ment. Two promising approaches to cigarette testing are ¢ The preliminary computer model of the smoldering ciga-
proposed. The first modifies the existing mockup proce- rette, while operational, would benefit from key upgrades:
dure using specially-prepared, well-controlled fabrics and multi-step tobacco pyrolysis and combustion, including
paddings. The second uses a non-reactive substrate at changes resulting from paper modification; inclusion of
variable temperature to determine the minimum needed free and combustion-generated water; mare realistic
cigarette heat-loss rate for extinguishment. All need further movement of air and combustion gases within the ciga-
developrnent before promulgation. rette; and detailed paper behavior (changes in permea-

bility and combustibility) as a function of temperature,
¢ Similarly, the substrate mode! should be amended to
include: two-layer (fabric plus padding) construction, heat-

Priority Further Research Directions induced reactivity, and crevice geometry capability.

* The computer models should be made more time-efficient
in any closed-end research effort such as this one, there are for efficient parametric variation of cigarette and substrate
many ideas that cannot be pursued and others that evolve variables.

during the project. The following is a tabulation of those

studies whose results are important to a sound under-

standing of the cigaretteffurniture ignition phenomenon and
to realization of the research into practical usage.

e Both cigarette manufacturers and the public need a test
to determine how less ignition-prone cigarettes perform.
The test should be relatable to the real-world situation and
should be simple enough to be used as part of a quality
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Introduction

Project Background

Cigarette ignition? of furniture is by far the feading cause of
fire deaths and injuries in the United States [1-1]. Although
the actual probability of a dropped, lit cigarette igniting soft
furnishings and leading to a death or injury is small (49,000
tires [1-1] from 600 billion cigarettes purchased [1-2] in 1984),
there were a sufficient number of such occurrences that an
estimated 1530 deaths and 3950 injuries occurred [1-1].
These most often happen in residences when a lit cigarette
1s dropped onto bedding or a piece of upholstered furniture.
he fabric and/or padding smolder slowly and for a long
time, and then often burst into flames. The victims succumb
to burns and/or to inhaled toxic smoke.

For over a decade. intense efforts have been devoted to
reducing the susceptibility to cigarette ignition of both uphol-
stered furniture and mattresses (soft furnishings). The
implementation of a mandatory standard for mattresses [1-3]
and voluntary standards for upholstered furniture [1-4,5] has
resulted in the manufacture of soft furnishings with improved
resistance to cigarette ignition. The newer furnishings show a
reduction in total fire losses, but an increase in the risk of
death or injury per fire [1-6]. Moreover, these commodities
have average useful lifetimes of fifteen to twenty years {1-7].
Thus, the full impact of the improved furnishings on fire
safety will not be realized for decades to come. By contrast,
cigarettes are consumed with a few months of their produc-
tion [1-8], leading to the possibility that fire deaths and inju-
nes could be reduced more rapidly if the cigarette were also
suitably modified.

In response to this, Public Law 98-567, the “Cigarette
Safety Act of 1984, was passed by the 98th Congress and
signed into faw on October 30, 1984. It established an Inter-
agency Committee to direct, oversee, and review the work of
a Technical Study Group on Cigarette and Little Cigar Fire
Safety (TSG). The TSG was directed to:

‘undertake such studies and other activities as it considers
necessary and appropriate to determine the technical and

ignition is defined as sustained, expanding smoldering of the material
on which the burning cigarette rests. This may or may not lead to
flaming ignition.

commercial feasibility, economic impact, and other conse-
quences of developing cigarettes and little cigars that will
have a minimum propensity to ignite upholstered furniture or
mattresses. Such activities include identification of the
different physical characteristics of cigarettes and little cigars
which have an impact on the ignition of upholstered furniture
and mattresses, an analysis of the feasibility of altering any
pertinent characteristics to reduce ignition propensity, and
an analysis of the possible costs and benefits, both to the
industry and the public, associated with any such product
madification.”

The TSG constructed its initial work plan in February, 1985
and refined it through October, 1986. As part of this plan,
the Center for Fire Research (CFR) of the National Bureau of
Standards (NBS) was sponsored to perform the following
research:

Commercial Cigarette Testing

Letermine the extent to which commercially available ciga-
rette packings? vary in their propensity to ignite soft
furnishings substrates.?

Ignitability Measurement

¢ Review and summarize the prior state-of-the-art in under-
standing cigarette ignition of soft furnishings;

¢ |dentify the characteristics of cigarettes that could lead to
a reduction in ignition propensity;

+ Measure the ignition propensities of selected patented,
non-commercial cigarettes, as supplied by their inventors;

» Elucidate the thermal conditions associated with lit

2A cigarette packing is defined as a commercial cigarette, described by
its narne, its diameter, its length, whether menthol or non-mentho,
whether filter or non-filter, and by its package type (e.g., soft pack).
3The term ‘substrate” is used to describe one combination of a specific
fabric and padding, in either the flat or the crevice (juncture of vertical
and horizontal cushions) configuration, with or without a sheet covering
the cigarette. An example s the flat area of a piece of polyurethane
foam covered with a specific fabric, with the cigarette covered by a
piece of sheeting. The crevice made from the same materials is a
different substrate.



cigarettes, their energy transfer to various substrates, and
the ensuing ignition process (using experimental cigarettes
ot controlled and well-characterized composition and
construction supplied by the cigarette industry),

¢ Create a computer model of the ignition process to
enable prediction of the direction and approximate magni-
tude of effects of variations in a cigarette’s characteristics
on its ignition propensity; and

* Develop a laboratory method for measuring the ignition
propensity of cigarettes.

Quality Assurance of Experimental Cigarettes

Obtain and analyze data to verify the composition of and
statistical variation in the experimental cigarettes obtained
from the cigarette industry in order to provide a reliability
analysis of laboratory findings using those cigarettes.

Alkali Metal lon Effects

Quantify the effect of alkali metal ion concentration in fabrics
and paddings on their susceptibility to smoldering ignition
by cigarettes. Since alkali metal ions are known smolder
promoters, this is pivotal to reducing or accounting for the
effect of ignilability variations within or between samples of
commercially-produced upholstery materials. A similar,
exploratory study was to be performed on the effect of in-
use soiling on smoldering ignition.

Full-Scale Furniture Testing

Validate the cigarette ignition data from the bench-scale
testing by comparison with test results using real furniture
items. This project used selected furniture items, supplied by
the furniture industry and made of fabrics and paddings
covering a wide range of ease of cigarette ignition (Some
represented pre-UFAC and BIFMA standards of construc-
tion.) This allowed a more accurate assessment of the

10

impact of the changes in cigarettes and more realistic input
for the benefit/cost model.

Separate reports have already been issued on two of the
topics: “Relative Propensity of Selected Commercial
Cigarettes to Ignite Soft Furnishings Mockups; by John F
Krasny and Richard G. Gann, [1-9] and “Cigarette Ignition of
Soft Furnishings - A Literature Review With Commentary,” by
John F. Krasny [1-10]. The present report is a unified presen-
tation of the approach, procedures, results and conclusions
from the remainder of the CFR study.

Nature of This Project

The work reported here ranges from basic research into the
physics of the ignition process to highly empirical studies of
the manifest cigarette features affecting ignition.

Substantial progress has been made in understanding
how to study cigarette ignitions, the very nature of that
process, and the effects of cigarette construction on both the
thermal physics and the ohserved ignition of soft furnishings.
Nonetheless, the research is incomplete. It was not possible,
nor was it the intent, to resoclve fully all the technical issues
involved in cigarette-initiated fires. The authors have therefore
been attentive to documenting the experimental rationale, the
procedures developed, and the logic utilized in interpreting
the results. These will enable future researchers to evaluate
this work and use the appropriate portions {o further
advance the field.

The report begins with & description of the materials used
in the various parts of the project. It then proceeds to the
cigarette performance experiments, both at bench and full
scales. Next is a presentation of the research into the
physics that controls the ignition process, followed by an
accounting of the transfer of that knowledge into a computer
model. The report continues with the rationale for and initial
efforts to develop a new test method for measuring cigarette
ignition propensity. Last are conclusions and a listing of
unresolved issues worthy of further research.
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Cigarettes

in this study, forty-one experimental cigarettes, five patented

cigarettes, and three previously tested commercial cigarettes
were used. The following is a documentation of their compo-
sition.

Description of Cigarettes

Series 1 Experimental Cigarettes

Thirty-two cigarettes varying systematically in five parameters
at two levels were manufactured by the cigarette industry
with current hardware at slower speeds. The parameters
studied were 1) tobacco blend (Burley! or flue-cured?), (2)
expansion?® (non-expanded, 60 cuts/inch or expanded, 30
cuts/inch), (3) cigarette circumference (nominally 21 or 25
mm), (4} cigarette paper permeability (nominally 10 or 75
CORESTA%), and (5) cigarette paper treatment (untreated
and treated with approximately 0.8% sodium potassium
citrate). Table 2-1 gives the experimental cigarette designa-
tions with respect to the five parameters; the acronym, which
is a mnemonic for the cigarette construction, and an
experimental number will be used interchangeably
throughout this report. Additionally, Appendix 2-A gives infor-
mation concerning individuals in the cigarette industry who
arranged for manufacturing the cigarettes, specifics on the
designations of tobacco cut, cigarette paper, tipping paper,
filter rod, the Burley and flue-cured blends, and cigarette
manufacturing specifications.

YAn air-cured tobacco grown primarily in Kentucky and Tennessee. It is
iight brown to reddish brown in color and has a somewhat greater
iMling power than flue-cured tobacco.

2Commonly called Bright or Virginia tobacco. It is lemon or orange-
vellow in cofor and possesses a sweet aroma and slightly acidic taste.
it1s high in sugar content and low to average in nitrogenous materials.
acids, and nicotine.

3Expansion refers to a process which increases the volume of individual
fobacco shreds.

1Corresponds to cm3/min-cm? measured at 1 cbar.
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Series 2 Experimental Cigarettes

A second series consisted of nine cigarettes varying in
paper parameters. These were produced by the cigarette
industry with research hardware. The expanded, flue-cured
tobacco blend was the same as used in Series 1 cigarettes.
The papers contained no additives. The variables were (1)
single vs. double paper wrapping of the cigarettes (the inner,
second wrapping was a thin tissue paper with a permeability
of 7000 CORESTA), (2) paper permeability (a base paper of
4-6 CORESTA units, with certain cigarettes covered with
paper electrostatically perforated to 60 CORESTA units), and
(8) embossed (raised dot pattern) vs. normal texture paper.
One cigarette had nominally a 21 mm circumference, the
others 25 mm. Table 2-2 gives a detailed description of the
cigarette variables and the experimental designations that
will be used throughout this report. Appendix 2-B gives
information on the manufacturing specifications.

Patented, Low Ignition Propensity Cigarettes

A group of non-commercial, patented cigarettes were also
included in this study. The cigarettes were supplied in accor-
dance with the Federal Register notices, vol. 51, no. 115,
June 16, 1986 and vol. 51, no. 148, August 1, 1986
{Appendix 2-C). The conditions for acceptance of such
cigarettes for evaluation were that the person submitting:

1. "select the single embodiment of his or her patent(s)
believed to be most effective for consideration,

2. submit documents which show that a patent has been
issued or that the application for a patent has been filed,

3. supply information as to the specific nature of the partic-
ular modification or additive employed in the cigarette
invention in quantitative terms,

4. provide evidence of significantly reduced propensity of
the cigarette invention to ignite substrates found in
mattresses and upholstered furniture,

5. provide free of charge 300 invention cigarettes and 300
control cigarettes that are identical to the invention
cigarettes except for the feature that comprises the effec-
tive ignition repression, and

6. supply uniformity data (mean value plus standard devia-
tion) for both the patented and control cigarettes with
regard to the following properties: cigarette mass, ciga-



Table 2-1. Description of Series 1 Experimental Cigarettes

Packing Description

Experimental Tobacco Paper

Designation Blend Expanded Porosity Additive Circumference (mm)
101 BNLC-21 Burley Non-Expanded Low Citrate 21
102 BNLN-21 Burley Non-Expanded Low No Additive 21
103 BNHC-21 Burley Non-Expanded High Citrate 21
104 BNHN-21 Burley Non-Expanded High No Additive 21
105 BELC-21 Burley Expanded Low Citrate 21
106 BELN-21 Burley Expanded Low No Additive 21
107 BEHC-21 Burley Expanded High Citrate 21
108 BEHN-21 Burley Expanded High No Additive 21
109 FNLC-21 Flue-Cured Non-Expanded Low Citrate 21
110 FNLN-21 Flue-Cured Non-Expanded l-ow No Additve 21
111 FNHC-21 Flue-Cured Non-Expanded High Citrate 21
112 FNHN-21 Flue-Cured Non-Expanded High No Additve 21
113 FELC-21 Flue-Cured Expanded Low Citrate 21
114 FELN-21 Flue-Cured Expanded Low No Additive 21
115 FEHC-21 Flue-Cured Expanded High Citrate 21
116 FEHN-21 Flue-Cured Expanded High No Additive 21
117 BNLC-25 Burley Non-Expanded Low Citrate 25
118 BNLN-25 Burley Non-Expanded Low No Additive 25
119 BNHC-25 Burley Non-Expanded High Citrate 25
120 BNHN-25 Burley Non-Expanded High No Additive 25
121 BELC-25 Burley Expanded Low Citrate 25
122 BELN-25 Burley Expanded Low No Additive 25
123 BEHC-25 Burley Expanded High Citrate 25
124 BEHN-25 Burley Expanded High No Additive 25
125 FNLC-25 Flue-Cured Non-Expanded Low Citrate 25
126 FNLN-25 Flue-Cured Non-Expanded Low No Additive 25
127 FNHC-25 Flue-Cured Non-Expanded High Citrate 25
128 FNHN-25 Flue-Cured Non-Expanded High No Additive 25
129 FELC-25 Flue-Cured Expanded Low Citrate 25
130 FELN-25 Flue-Cured Expanded Low No Additive 25
131 FEHC-25 Flue-Cured Expanded High Citrate 25
132 FEHN-25 Flue-Cured Expanded High No Additive 25

rette length and diameter, mass burning rate {in air], and perforated to 70 cm/min (CORESTA)" U.S. patent applica-

magnitude of modification” tion no. 06/627,710.

In publishing the results, the identities of the individual * Introduction of a proven and safe inorganic fire retardant
patented cigarettes were to be kept confidential; each one of (002 ml of sodium silicate [viscosity of 60 CP, 26% SiOz2))
the inventors would be informed only of the test results on onto 5 mm in the center of the 85 mm tobacco rod. U.S.
his cigarette(s). patent application no. 06/734,118.

Five patented cigarette embodiments were submitted, ¢ 'Small bands of diffusionally tight paper (containing only
each in accordance with the Federal Register notices. The cellulose derived from wood pulp) were attached at fixed
embodiments, which the suppliers claim make them less intervals to the inside surface of otherwise conventional
ignition-prone, are listed below. No verification of the inven- cigarette wrapper.[sic] The latter has a permeability of 30
tion disclosures was made by NBS. cm/min (CORESTA) and contains sodium potassium citrate
* “The cigarette wrapper was made to a very tight natural [sic] at a level of 0.8% (expressed as anhydrous citric

porosity (3 cm/min [CORESTA]) and at a higher-than- acid). The dimensions of each band are 65 mm by 27

normal basis weight of 32 g/m2. The paper was subse- mm. These were spaced, two per cigarette, so that the

guently treated with 11% potassium citrate and electrically first band is 15 mm from the lighting end and the second
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Table 2-2. Description of Series 2 Experimental Cigarettes

Experimental

Perforated to 60
CORESTA Units/Embossed/
27.5 mm

Structure/25 mm

Designation Blend Circumference (mm) Paper (Outer) Paper (Inner) Construction
201 Flue-cured 21 4-6 CORESTA Units/ None Single Wrap
Expanded 23.5 mm
202 Flue-cured 25 4-6 CORESTA Units/ None Single Wrap
Expanded 27.5 mm
203 Flue-cured 25 4-6 CORESTA Unit Base None Single Wrap
Expanded Electrostatically
Perforated to 60
CORESTA Units/27.5 mm
204 Flue-cured 25 4-6 CORESTA Units None Single Wrap
Expanded Embossed/27.5 mm
205 Flue-cured 25 4-6 CORESTA Units None Single Wrap
Expanded Electrostatically
Perforated to 60
CORESTA Units/Embossed/
27.5 mm
206 Flue-cured 25 4-6 CORESTA Units/ 7000 CORESTA Double Wrap
Expanded 27.5 mm Microporous
Structure/25 mm
207 Flue-cured 25 4-6 CORESTA Unit Base 7000 CORESTA Double Wrap
Expanded Electrostatically Microporous
Perforated to 60 Structure/25 mm
CORESTA Units/27.5 mm
208 Flue-cured 25 4-6 CORESTA Units 7000 CORESTA Double Wrap
Expanded Embossed/27.5 mm Microporous
Structure/25 mm
209 Flue-cured 25 4-6 CORESTA Units 7000 CORESTA Double Wrap
Expanded Electrostatically Microporous

(a) Same width as cigarette circumference. i.e., no overlap; also extends under the overwrap to the filter

tobacco to additive ratio of 4:1. US. patent application no.

06/877.803.

The cigarettes were coded 301 through 305, in random
order. The controls were correspondingly labeled with a “C’”

IS 30 mm from the lighting end. Each band has a mass of
approximately 2.5 mg’ (US. patent applied for)

e " the brush application to the exterior surface of the
Commercial Cigarette of a water suspension containing
(89%) percent by weight of Non-fat Dry Milk and (0.1%)
percent by weight of Monoc-ammonium Phosphate. . " U.S.
Patent 4,453,553

e Addition to the tobacco column of Expantrol V" (a mois-
ture stable, intumescent silicate fire retardant material) at a
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Commercial Cigarettes

In a prior study [2-1], 12 commercial cigarettes were studied
to determine their relative ignition propensities. Four of these
cigarettes (1-3 and 6) were selected to compare with the
experimental and patented cigarette performance in this
study: two having the lowest ignition propensity of the twelve
commercial cigarettes (1 and 2) and two with a high ignition
propensity typical of eight of the commercial cigarettes (3
and 6).

Quality Assurance of Cigarettes

Methods for the Determination of
Cigarette Characteristics

The experimental cigarettes were characterized with respect
to total weight, tobacco weight, filter weight, paper weight,
and circumference in the following manner:

Cigarettes which had been placed in sealed containers
and placed in freezers held at —15°C upon arrival at CFR
were transferred to bins in a conditioned room (55 + 109
RH. 22 = 3°C). The cigarettes were conditioned for at least
48 hours before measurements were taken. Weights were
determined on an analytical balance with 0.0001 g resolu-
tion. Cigarette dimensions were determined on a ruler with
05 mm resolution. Four randomly-selected replicates of each
of the Series 1 cigarettes and five randomly-selected repli-
cates ot each of the Series 2 and patented cigarettes were
measured. First, the cigarettes were weighed. Then a scalpel
was used to cut the cigarette at the wrapper and over-wrap
seam to remove the filter. The wrapper was then cut length:
wise to allow removal of the tobacco. The tobacco remaining
under the over-wrap paper was removed and combined with
the main tobacco column. The filter with the over-wrap
paper, the tobacco, and the paper were individually
weighed. The paper was flattened on a dark background
and the width (circumference) and length were measured to
the nearest 0.5 mm. It would have been difficult to determine
the dimensions more accurately because measurements
would have had tc be made under a microscope.

Means and standard deviations for the values were calcu
lated. Additionally, the packing density of each cigarette was
determined based on the measured values of tobacco
welght, circumference, and tobacco column length. These
data are presented in Tables 2-3 and 2-4 for Series 1 and
Series 2. respectively.

Values of the total cigarette weights, tar, nicotine and CO
yields, and puff counts were supplied by the laboratory of
Lorillard, Inc., a division of Loews Theatres, Inc., Greensboro,
North Carolina. Additionally, linear and mass burn rates and
tar deliveries for Series 1 cigarettes and pressure drops for
Series 1 and 2 cigarettes were furnished by Lorillard. These
data are presented in Tables 2-5 and 2-6.

The experimental cigarettes were also analyzed for tar,
nicotine, and CO deliveries and puff count by the Tobacco
Research Laboratory of The Federal Trade Commission,
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Washington, DC. Approximately fifty of each of the cigarettes
were removed from the freezer and sealed in zip-lock bags.
The cigarettes were delivered to FTC and analyzed by estab-
lished methods [2-2,3]. The results are shown in Tables 2-7
and 2-8.

Determination of the experimental cigarette tobacco blend
from measurements of the total alkaloids and reducing
sugars using a method given in [2-4] was performed by the
Department of Crop Science, North Carolina State University,
Raleigh, North Carolina. The determination for the Series 1
experimental cigarettes was made from six individually-
wrapped tobacco columns of each cigarette. Three tests
were performed on each of the thirty-two cigarettes using
approximately one-gram samples. These data are presented
in Table 2-3. Since the Series 2 cigarettes were prepared
from one tobacco batch, the tobacco columns from twenty
each of the nine experimental cigarettes were blended and
analyzed. These data appear in Table 2-4.

The permeability of the wrapping paper on the
experimental cigarettes was determined by the Kimberly-
Clark Corporation, Roswell, Georgia. Approximately twenty-
five of each of the two series of experimental cigarettes were
supplied. The method used for the determination is briefly
described in Appendix 2-D and the data appear in Tables 2-
3 (Series 1) and 2-4 (Series 2).

Citrate analysis of six selected Series 1 experimental
cigarettes was done by the Health Sciences Laboratory, U.S.
Consumer Product Safety Commission, Washington, DC.
Fifteen wrappers of each cigarette (three with no reported
citrate and three with reported citrate treatment) were
removed from cigarettes stored in the freezer. The wrapper
seam was removed from all samples to avoid possible
contamination from the adhesive. The results are shown in
Table 2-3 in parentheses. The method for determining the
citrate content is described in Appendix 2-E.

Results of Measurements of Physical and
Chemical Characteristics of Cigarettes

Tables 2-3 and 2-4 show the measured physical and chem-
ical properties of the Series 1 and Series 2 experimental
cigarettes. The measured values generally indicate
reasonable adherence to the design specifications of these
cigarettes. No measurements are presented for the physical
and chemical characteristics of the patented cigarettes. The
details of the experimental cigarettes are discussed below.

Series 1 Experimental Cigarettes
Half of the 32 cigarettes in this series had nominally 21 mm,
the other 25 mm circumference. The actual
measurements—performed with a millimeter scale on papers
cut off the cigarettes— confirmed these values within the
accuracy of the measuremeant. Similarly, all tobacco
columns, measured from the cigarette tip to the overwrap
paper, were found to be of about the same length, about 72
mm.

The determination of the Burley or flue-cured tobacco
blend was based on the amounts of reducing sugars and
total atkaloid content (Tables 2-3 and 2-4). The analysts’s



Table 2-3. Measured Physical and Chemical Characteristics of Series 1
Experimental Cigarettes

Measured Physical

Tobacco Analysis® Cigarette Characteristics
Experimental Total Packing Paper Tobacco Total Tobacco  Filter Paper
Cigarette alkaloid Sugar density  Perm.®  citrate Circum. column cigarette  weight  weight  weight
Designation (%) (%) {mg/mm3) (CORESTA) (conc.) {mm) length (mm) weight (ng)  (mg) (mg) {mg)

101(BNLC-21) 1991002 266+028 024 89+ 05 08 21.0x0 725205 831+14 619+15 174+2 392086
102(BNLN-21) 2.00:019 2484019 025 782+ 05 00 21020 72 05 840+ 6 627+ 3 173+4 42109
103(BNHC-21) 2.04-0.04 248:027 025 75 x10 08 21.0z0 72520 835+36 626+34 171+2 39x05
104BNHN-21) 200+011 252+022 024 66 + 7 00 21.0+0 72525 829+14  618+13 172x2 41114

105(BELC-21) 1821007 207+034 016 94z 07 08 210z0 72 05 606+13 401+12 169+2 38106
106(BELN-21) 1.83+0.06 202+024 017 82x 05 (0.0) 21.0£0 73 =0 640+ 9 428+ 7 172+4 41105
107(BEHC-21) 185+005 216018 017 70 10 (0.74) 200+0 72 05 599+16 387x17 170x4 40110
108(BEHN-21) 1.85+006 1.89+023 014 69 +10 0.0 210+0 725405 565+40 356+39 17125 39209

109(FNLC-21) 1.85z0.05 1269+088 031 89+ 06 08 21.0+05 73 10 985+25 768+25 174+2 44+08
110(FNLN-21) 196006 1272+05 031 85+ 06 00 210+0 72510 Q4+17 777422 174+5 43104
111(FNHC-21)  190+0.04 1237+072 032 67 + 7 08 21.0+0 725z0 1018+10 802+ 6 176+4 42+03
T12(FNHN-21)  194+006 1278+097 031 67 + 6 00 210+05 725+05 992+ 7 778+ 6 173x2 41+07

T13(FELC-21) 1.74+0.03 1037+069 015 92+06 08 205+0 725+00 588+18 372+16 17543 42114
114(FELN-21) 169+006 1049+072 015 86z:07 00 210+0 725x05 B01+17  385+16 176x1 42407
115(FEHC-21)  171+0.06 10.13+055 017 68 =+ & (0.57) 20.0£0 725105 607+10 387110 174+5 43108
116(FEHN-21) 1664005 1035:070 015 68 + 6 00 210+0 73 05 592+14 376+ 5 17615 41:086

117(BNLC-25) 201013 252+014 024 94 08 250+0 725+0 1126+31  848+29 232+5 48105
118(BNLN-25) 212+006 254x019 024 86+ 05 (0.0) 24520 72510 1112+ 8 834+ 3 233+4 47:09

+
©
o)

119(BNHC-25) 2.12+0.06 261+017 023 69 + 8 08 250x0 725:x05 1111z 2 832+ 2 233x3 47:x06
120(BNHN-25) 2.13+0.08 268+017 023 76 + 8 00 24510 725:05 1090+42 810+43 23244 45+12
121(BELC-25) 1.93+005 229+017 014 92z 05 08 2450 72 05 765+19  488+16 23215 48103

= 04 00 2500 72510 748+18  470+20 23014 46+03

9 08 245+0 725+05 74921 472+23 232+5 46x03
00 250+0 72510 772+ 9 495+ 9 232+2 45103

123(BEHC-25) 1914010 2274018 014 69
124(BEHN-25) 1.89+004 221x021 014 78

+
~

(

122(BELN-25) 1.89+006 227+021 013 92
(
(

125(FNLC-25) 1914007 11.76+140 028 9.9
126(FNLN-25) 1921008 11868+1.08 028 94
127(FNHC-25) 191+0.05 11.85+055 028 68
128(FNHN-25) 195+0.04 1213+066 029 68

09 (061)25.0£0 71.5+05 1268+18 993+18 229+2 48x05
05 00 250+£0 715:05 1281144 100743 228+2 46+08
11 08 250+0 71 +05 1269+17 989+20 233+4 47:07
6 00 2500 71.5+05 1299+21 1018126 230+5 47+05

H o+

0.7 08 2500 715z05 836+47 560t47 232:6 47106
08 (0.0) 245+0 72 05 841+ 7 563+ 9 230+2 45105
8 08 241+05 71 +0 959+22 679422 230:3 47107
8 00 250+0 71.5+0 840+13 563+11 230=2 45402

129(FELC-25) 180:0.06 10.19+126 016 92
130(FELN-26) 1.82+0.06 9.97+081 016 94
131(FEHC-25) 1.85+0.03 10.17+036 021 70
132(FEHN-25) 186+0.04 9.89+058 016 75

FNTE

i

(@) Measured at North Carolina State University, {c) CORESTA corresponds to cm3/min-cm2 measured at 1 cbar.
Department of Crop Science (d) Nominal, except for those in parentheses which were determined by
(b) Measured at Kimberly-Clark Corporation U.S.CPSC
21
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Table 2-4. Measured Physical and Chemical Characteristics of Series 2

Experimental Cigarettes

Tobacco Analysis® Paper variables
- Tobacco  Total
Experimental  Total Packing Permeablhty column cigarette Tobacco  Fiter  Paper weight
Cigarette  alkaloid Sugar  density CORESTA Circum.  length  weight  weight  weight (mg)
Designation (%) (%)  (mg/mm?) Outer Inner Embossed®  (mm) (mm) {mg) (mg) (mg) [nner  Outer
201 1.88 120 0.14 52+ 06 - - 21 +05 73 0 583x24 366:24 171+2 - 43206
202 1.97 125 0.16 64+ 08 - - 25 +05 72 -0 B828+14 566:14 216:3 - 45+09
203 1.95 12.6 0.15 58 +« 5.3° — E 25 +05 72 -05 784+29 519:25 216:6 48+0.4
204 1.95 12.5 0.16 87. +59 ~ YES 24 +05 715+05 798+19 531+176 218:3 - 47 +0.5
205 1.80 12.4 0.19 160. +49.° - YES 25 +05 715105 819+ 6 549+ 7.7 216=+1 - 47+06
206 1.88 1.1 0.16 62+ 1.2 7300-700 - 25 =05 72 +05 848+32 540+20 213:3 35-07 46:12
207 1.92 12.1 0.16 59. £12° 7700=700 - 245£05 72 +05 829:11 530+ 11 2143 35-11 47+13
208 1.97 12,5 0.16 84, 147, 6800 = 400 YES 255+0 71510 B836+t16 531118 219=5 35207 46+06
209 1.90 12.1 0.16 140. +33.¢ 7200-600 YES 25 +05 715:0 819:13 514+ 9  218+2 35+09 48:19

{a)

(b) Measured at Kimberly-Clark Corporation

{¢) expressed in cm?*min-cm?-cbar

(d) 4-6 CORESTA, electrostatically perforated to 60 CORESTA units
(e) Outer paper embossed

report is shown in Appendix 2-F According to this report,
the Burley tobacco was clearly as labelled. Some uncertainty
arose about the contents of the cigarettes containing nomi-
nally 100 percent flue-cured tobacco. The analyst's guess
was that they contained a 90/10 blend of flue-cured and
Burley tobacco. (We have been told that tobacco analysis
from cigarette specimens is a rather imprecise art [2-5].)

The cigarette and tobacco weights were affected by the
Burley or flue-cured tobacco blend, tobacco packing
density, and cigarette diameter. The non-expanded, flue-
cured cigarettes were on average about 160 mg heavier
than the cigarettes made from the Burley tobacco blend.
However, the expansion process reduced this difference, in
that, the expanded Burley cigarettes weighed about 30
percent less, and the expanded flue-cured cigarettes about
40 percent less than their non-expanded counterparts,
indicating that flue-cured tobacco can be expanded more
effectively than Burley. The 25 mm circumference cigarettes
weighed about 30 percent more than the 21 mm circumfer-
ence cigarettes.

In general, the weight values obtained by the Lorillard
Laboratories (Tables 2-5 and 2-6) were often but not always
higher than those obtained at NBS. The slightly higher
weights might reflect a higher relative humidity in the
Lorillard laboratories.

The packing densities of cigarettes containing expanded
tobacco were about 1/2 to 2/3 of those containing non-
expanded tobacco. They were higher for the non-expanded,
flue-cured cigarettes than the comparable Burley cigarettes,

Measured at North Carolina State University, Department of Crop Science
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but rather similar after expansion. The packing densities of
21 and 25 mm cigareties were similar.

With respect to the data for the paper wrapping, the
important information is in the treatment and permeability.
The three measured citrate content results appear to be
somewhat lower than specified. The permeability of the
nominally 10 CORESTA (low porosity) papers and that of the
nominally 75 CORESTA (high porosity) papers appear to be
reasonably close to the specified values.

There appears to be no significant difference between the
values for tar, nicotine, and carbon monoxide deliveries and
puff counts supplied by the Lorillard Laboratories and the
Federal Trade Commission.

Series 2 Experimental Cigarettes
These nine cigarettes were all made from the same flue-
cured expanded tobacco as the cigarettes in Series 1. They
were covered with a paper, as described in Table 2-2, with
lower permeability than the paper used in the Series 1
cigarettes. All but one cigarette were nominally 25 mm
circumference; one was nominally 21 mm circumference.
Some of the cigarettes had paper which had been made
more permeable by electrostatic perforation and/or
embossed paper, and some had a light, highly permeable
inner wrapping between the cigarette paper and the
tobacco column.

Table 2-4 shows that the cigaretie, tobacco, and paper
weights, as well as packing densities were quite similar, as
expected. The exception was, of course, cigarette number




Table 2-5. Physical Characteristics and Smoke Yields of Experimental Cigarettes,

Series 1. Data from Lorillard Laboratories

CIGTlClGT LBR LBR MBR MBR/LBR C WT CWT PO PD  NIC NIC TAR TAR co co PC PC  TAR
NO 0ESC Mi] SO SO sD SO SD SO RE
I BNLC-21 5.79 0.34 549 9.48 0.873 0.0049 261.8 15.3 1.65 0.09 18.4 0.66 20.1 0.98 8.0 0.10 35.7
2 BNLN-21 4,80 0.]8 45.6 9.50 0.866 0.0082 2458 9.8 1.93 0.02 21.6 0.96 19.4 0.13 8.0 0.22 33.4
3 BNHC-21 7.42 0,36 71.5 9.64 0.882 0.0]02 226.5 14,1 1.30 0.08 12,7 0.60 13.4 0.07 7.8 0.16 33.3
4 BNHN-21 6.82 0.32 64.4 9.44 0.860 0.0073 221,7 19.2 1.47 0,04 15.1 0.62 11.7 0.62 7.9 0.15 31.9
5 BELC-21 7.77 0.67 47.2 6.07 0.612 0.0050 * 500.0 0.0 0.46 0.04 7.9 0.68 9.0 0.00 6.2 0.33 32.)
6 BELN-21 6.58 0.60 39.8 6.05 0.613 0.0051 * 500.0 0.0 0.61 0.04 10.1 0.7} 10.7 0.00 6.5 0.33 35.2
7 BEHC-21 9.99 1.16 59.6 5.97 0.605 0.0016 J44.3 40.5 0.36 0.03 5.6 0.87 6.3 0.76 5.7 0.18 42.%
8 BEHN-21 8.89 0.70 53.3 6.00 0.612 0.0054 382.8 46.9 0.40 0.02 6.5 0,57 6.0 0.43 6.3 0.24 40.0
9 FNLC-21 4,46 0.28 49.4 11.08 0.984 0.0126 217.8 22.9 2.26 0.06 26.7 0.77 20.9 1.31 11.4 0.26 33.9
10 FNLN-21  3.80 0.17 40.3 11.85 1.038 0.0012 254.9 20.5 2.54 0.35 28.3 1.38 18.7 0.35 12.7 0.37 19.0
11 FNHC-21 5,30 0.38 62.3 11.75 1.037 0.0007 215.0 11.3 1.86 0.07 20.0 0.6] 12.4 0.28 11.1 0.23 36.3
12 FNHN-21 4.96 0.34 57.9 11.67 1.027 0.0068 202.7 8.6 1.84 0.12 19.0 1.52 15.8 0.28 10.7 0.33 36.6
13 FELC-21 7.34 0.60 42.4 5.78 0.593 0.0063 252.7 32.5 1.03 0.06 13.4 0.61 12.4 0.57 6.1 0.27 35.0
14 FELN-21  5.52 0.46 33.8 6.12 0.621 0.0041 2088.0 22.7 1.40 0.05 18.0 0.6 14,1 0.48 6.9 0.17 37.2
15 FEHC-21 8.99 0.70 55.2 6.14 0,617 0.0073 222.3 18,6 0.75 0.04 8.9 0.65 7.8 0.95 6.0 0.25 43.5
16 FEHN-21 7.58 0.60 45.6 6:02 0.612 0.0032 219.0 19.0 0.96 0.02 11.4 0.42 7.6 0.5] 6.5 0.17 41.3
17 BNLC-25 5.84 0.34 72.5 12.41 1.140 0.0054 151.7 7.4 1.99 0.01 20.9 0.6 27.4 0.00 8.4 0.08 37.2
18 BNLN-25 4.78 0.18 58.9 12.32 1.130 0.005%9 155.7 5.0 2.19 0.15 25.3 0.37 26,6 0.00 B.8 0.08 234.%5
19 BNHC-25 7.60 0.41 93.1 12.25 1.127 0.0045 136.3 5.4 1.65 0.04 15.9 0.66 18.9 0.9] 7.9 0.15 34.9
20 BNHN-25 6.72 0.728 B83.2 12.38 1,131 0.005% 135.6 6.3 1.83 0.09 17.4 0.38 15.) 1.17 8.1 0D.24 35.6
21 BELC-25 B.11 0.45 61.2 7.55 0,774 0.0023 258.4 29.3 0,73 0.03 12.1 0.49 16.0 0.40 5.8 0.14 44,2
22 BELLN-25 6.38 0.28 46.8 7.34 0.770 0.0041 254.9 27.2 1,00 0.03 15.5 0.36 16,0 0.52 6.3 0.14 4p.8
23 BEHC-25 10.63 0.78 78B.2 7.36 0.759 0.0001 196.0 22.2 0.57 0.05 8.6 0.43 11.2 0.83 5.6 0.27 43.6
24 BEHN-25 9,12 0.45 67.6 7.4] 0.769 0.0061 186.8 12.4 0.72 0.03 ]0.2 0.78 9.6 0.74 6.2 0.00 37.9
25 FNLC-25 4.05 O0.15 61.7 15.23 1.341 0.0025 139.9 6.0 2.79 0.10 30.7 1.29 24.2 1.51 13.3 0.34 137.9
26 FNLN-25 3.46 0.14 51,1 14,77 1.317 0.0024 134,0 7.4 3.06 0.11 35.0 0.60 22.8 0.52 13.6 0.49 33.9
27 FNHC-25 5.08 0.18 75.5 14.86 1.314 0.0053 119.4 6.2 2,52 0.14 25.0 0.8 19.3 1.22 11.5 0.13 30.0
28 FNHN-25 4,58 0.17 69.1 15.09 1.335 0.00]0 116.5 4.8 2.75 0.11 27.2 2.13 16.9 1.10 12.1 0.22 36.7
29 FELC-25 5.17 0.35 44.2 8.55 0.846 0.0053 178.9 39.5 1.62 0.0] ]8.9 0.8] 16.8 0.8] 7.8 0.08 44,
30 FEIN-25  3.BB 0.4]1 33.6 8.66 0.862 0.0039 192,6 22.5 Z.06 0.09 24.0 0.8] 19.4 1.42 9.1 0.13 40,2
31 FEMC-25 6.43 0.85 6]1.9 9.63 0.936 0.001) 247.4 BO.2 0.94 0.07 1].2 1.19 9.7 0.59 8.8 0.4) 318.7
32 FIHN-25 5,27 0.34 45.] 8.56 0.857 0.0049 161.4 13.9 1.45 0.07 16.3 0.56 11.0 0.60 8.3 0.30 239.4
LBR - linear burn rate, mm/min. PC ~ puff count
MBR - mass burn rate, mg/min. TAR RE ~ tar residue
C WT - cigarette weight, g nic, tar, and tar RE in mg
PD - pressure drop, mm HZO 1 -~ correspond to 101-132, respectively
Nic - nicotine

201 which was thinner and lighter. The electrostatic perfora-

tion increased the CORESTA permeability value to about 58,

the embossing to about 85, and the combination of elec-
trostatic perforation and embossing to 140 to 160. Visual
inspection of the embossed paper indicated that the
embossing caused small holes in the paper, and was rather
uneven. The standard deviation of the permeability results
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for the embossed papers was much higher than that of the
base and perforated-only papers, indicating poor control.
The inner wrappers were very light and permeable.

There appeared to be no significant differences between
the values for tar, nicotine, and carbon monoxide deliveries
and puff counts supplied by the Lorillard Laboratories and
the Federal Trade Commission.




Table 2-6. Smoke Yields of Experimental Cigarettes, Series 2. Data from Lorillard
L.aboratories

PRESSURE PRESSURE PUFF

coe ! werent? o o0 S0 w? s NICOTINEJN[2?5¥"£ RERR ) 53551 g?g?T

U2 oleis o024 278 22.99  18.2 131 1.5 0.095  15.6  0.97 1.0 0.21
2.2 0.831 0.0011 260 28.36  20.0 0.74 1.80 0.074  18.4  0.72 10.3  0.47
3.2 0.858 0.0040 205 15.44  18.4  0.84  1.66 0.054 153 0.5  10.5  0.29
4.2 0.853 0.0041 191 23.31 14.2 0.3  1.26  0.050 9.8  1.03 11.8  0.26
5.2 0.856 0.0077 1ss 10.80  13.9  1.02  1.35 0.087  10.2 0.9  11.0  0.34
6.2 0.886 0.0020 259  35.14  22.5  0.75 1.8 0.053  22.2  0.26 9.7  0.33
7.2 0.867  0.0035 212 17.87  18.6  0.35  1.66 0.037  17.9  0.54  10.1 0.1
8.2 0.859 0.0064 200 19.61 17.2  0.50  1.45 0.010 151  0.86  10.1  0.29
9.2 0.861 0.0060 176 12.05 153 092 136 0.112 121 0.0 111 0.35

«D.: STANDARD DEVIATION
CORRESPOND TO 201-209, RESPECTIVELY
EXPRESSED IN CRAMS
EXPRESSED IN MILLICRAMS

WK -
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Table 2-7. FTC Values for Tar, Nicotine, and Carbon Monoxide Yields and Puff
Count of Series 1 Experimental Cigarettes

Experimental
cigarette Tar Nicotine coO

designation (mg) {mg) (mg) Puff Count
101 (BNLC-21) 19 + 0.8 1.4 + 0.07 21 + 0.7 7.7 + 0.20
102 (BNLN-21) 22 + 0.3 1.6 + 0.06 21 £ 0.2 8.0 + 0.12
103 (BNHC-21) 13 + 0.7 1.2 + 0.05 14 + 0.6 74 + 0.24
104 (BNHN-21) 15 + 0.6 1.3 = 0.02 13 + 05 74 + 0.22
105 (BELC-21) 9 + 06 0.5 = 0.06 11 +£ 05 58 + 0.12
106 (BELN-21) 11 + 0.7 0.6 + 0.01 12 + 0.3 6.0 £ 040
107 (BEHC-21) + 0.7 0.4 + 0.03 6 + 0.7 58 + 0.28
108 (BEHN-21) 7 + 05 05 + 0.04 5+ 04 56 + 0.16
109 (FNLC-21) 28 + 11 23 + 005 22 £+ 19 112 + 0.26
110 (FNLN-21) 28 + 0.9 24 £ 012 20 + 1.0 12.8 + 0.44
111 (FNHC-21) 20 + 09 1.9 + 012 15 + 1.9 10.4 + 0.14
112 (FNHN-21) 21 = 14 + 0.13 14 + 05 114 + 0.32
113 (FELC-21) 14 + 0.6 1.1 + 0.06 13 + 1.0 58 + 0.32
114 (FELN-21) 17 + 05 14 + 002 14 + 09 6.6 + 0.10
115 (FEHC-21) 10 + 04 0.8 + 0.05 9+ 01 58 + 0.10
116 (FEHN-21) 12 + 0.7 1.0 + 0.04 8 + 0.6 6.4 + 0.20
117 (BNLC-25) 22 + 0.8 1.7 + 0.04 27 + 09 84 + 0.22
118 (BNLN-25) 25 + 0.7 1.9 + 0.03 25 + 0.6 8.8 + 0.16
119 (BNHC-25) 16 + 0.3 1.4 + 0.04 18 + 1.3 7.7 + 0.16
120 (BNHN-25) 18 = 1.0 1.6 = 0.03 15 + 1.5 84 + 0.20
121 (BELC-25) 12 = 04 0.7 + 0.01 15 + 1.0 56 + 0.16
122 (BELN-25) 15 + 0.8 0.9 + 0.02 15+ 1.5 6.2 = 0.22
123 (BEHC-25) 8 + 09 0.5 + 0.03 10 = 0.8 54 = 0.22
124 (BEHN-25) 9+ 07 0.6 + 0.03 8 + 05 58 + 0.20
125 (FNLC-25) 32 + 2.7 + 007 25 + 1.3 13.0 + 0.18
126 (FNLN-25) 34 £ 12 2.8 + 0.11 24 + 1.0 13.8 + 0.26
127 (FNHC-25) 25 + 09 23 = 0.10 20 + 0.6 11.2 £ 0.30
128 (FNHN-25) 27 + 09 2.4 = 0.06 17 + 1.2 11.2 + 0.28
129 (FELC-25) 19 + 0.4 1.5 + 0.04 17 + 0.4 84 + 028
130 (FELN-25) 22 + 0.6 1.8 + 0.09 19 + 04 8.8 = 0.36
131 (FEHC-25) 10 + 1.1 0.8 + 0.06 9+ 06 104 + 0.52
132 (FEHN-25) 16 + 0.7 14 + 0.06 11 + 09 84 + 020
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Table 2-8. FTC Values for Tar, Nicotine, and Carbon Monoxide Yields and Puff
Count of Series 2 Experimental Cigarettes

Experimental
cigarette
designation

201
202
203

204
205
206

207
208
209

19
20
18

15
13
22

19
17
15

H H i+ H H &

H o H

Tar
(mg)

0.6
0.07
0.7

Nicotine

_A__‘
(2 I e) NN
Mo b

[ S A Y
[ENES!
H oW

_;_;_L
whs o,
H

H

(mg)

0.10

- 0.07

0.09

0.10
0.08
0.09

0.1
0.07
0.07

co

(mg)
19 + 1.3
24 + 1.5
19 = 0.7
14 + 15
14 + 1.5
29 + 1.1
23 + 1.
18 = 1.1
16 = 0.7

Puff Count

7.6
10.0
10.4

10.2
10.6
11.0
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Table 2-9. Upholstered Fabrics, Padding and Sheeting Used in the Investigation

Material Designation
Number and Description Abbrev. (m)

Bolt Width

Areal Density

{gim?y?

Yarn Density

warp

Thread Count

#1254 cm

Yarn Ply

Fiber Content

Tex®

1 C
Nﬁ

Tex®

NC

warp

weft

warp

weft

waip

weft

1

ra

-
i

[

o

6.

8

A. Materials Used in Bench-Scale Tests Only

California Standard CA 14
beige cotion velvel. 2x2
basket weave, warp pile

Denim DEN 15
blue warp, gray wett,
reverse twill weave sized

“Splendor” SPL 14
beige, plain weave, back-
coated

“Hattian Cottor” HA 14
natural cotton plain weave,

variable thickness of weft

yarns. backcoated

Duck Dy 13
natural, plain weave

Sheeting 24

B. Materials Used in Full-Scale and Comparative Bench-Scale Tests

California Standard  {see above speciications)

Velvet VEL 14
plain weave, cotion warp
pile. backcoated

“Splendor” (see above specifications)

Damask * DAt 14
pink, plair weave with float

yarns 1o create smali

patterns, backcoated

Damask DA2 14
rec. nlain weave with float

yarns to create geometric

patiern, backcoated

Olefin oL 14
black, plain weave, back-
coated

C. Paddings Used in Bench-Scale Tests Only

Cotton batting CB -
No. 300 quatity untreated

Polyurethane foam PU -

HD 2045

D. Padding Used in Full-Scale and Comparative Bench-Scale Tests

Cotton batting cB -

same as above

Polyurethane foam PU -
same as above

Welt cord - -

340

480

560

660

360

130

525

200

250

180

40"

321

401

32"

3

101

183

118

68

36

42

2712

5700

34

38

98

696

159

9%

68

125

75

2712

08

05

34

w

80

66

50

104

44

136

144

20

80

40

35

88

36

51

88

20

o

~

>80

>30

>80

>30

cot?

cot

cot

cot

cot

cot

poiye’

cot

cot

cot

cot

cot

cot

cot

cot

polye

cot

cot

ole

e

cot®

cot?
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Table 2-9. (Continued)

T T

Material Number Supplier

Van Waters & Rogers
local supplier
Douglas, Inc.

local supplier

Test Fabrics, Inc.
local supplier

same as # 1
supplied by UFAC
same as # 3

10. supplied by UFAC
11. supplied by UFAC
12. supplied by UFAC
CB B.C.F. Supply Company
PU Leggett & Platt

welt cord supplied by UFAC

CEND O AN

Address

16300 Shoemaker Avenue, Cerritos, CA 90701
PO. 701, Egg Harbor, NJ 08215

PO. Drawer O, 200 Blackford Avenue, Middlesex, NJ 08846

2335 W. Franklin Street, Baltimore, MD 21223
PO. Box 2024, High Point, NC 27261

(&) to convert Sl to pounds per square yard, multiply by 000184
(b) Tex = grams per 1000 meters

(c) Ne = hanks per one pound, where one hank equals 840 yards
(d) cot = cotton

(e) pile weight to material weight ratio is 0.38

(f) polye = polyester

g) pile weight to material weight ratio is 0.57

h) ole = olefin

() bulk density, kilograms per cubic meter

() to convert Sl to pounds per cubic foot, multiply by 0.063

Table 2-10. Cation Content of Upholstery Fabrics and Cotton Batting

Elemental Analysis (PPM)~

Material __Nar
California Standard 662 £ 25
Denim 1033 + 92
“Splendor” 589 + 100
"Haitian Cotton” 814+ 32
Duck 135+ 25
Cotton Batting 226 + 21

K _ Car? Mg-?
<100 285+13 94+5
402 + 42 617 + 84 422 + 41
4890 + 351 75515 549+ 17
6136 + 520 28969 1 1620 2876 + 181

<100 494 + 52 146 +22
5069 + 260 919+ 45 512 +55

{a) Values are the average of the replicate values reported in Appendix 2-G. i.e., the six values for the cotton batting and the three values for the
remaining fabrics. The standard deviations were calculated from the replicates, since these values are a measure of the differences in the fabric
bolt or cotton batting bundle. The standard deviations reported in Appendix 2-G are a measure of the technique's variability
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