STATUS REVIEW OTE

Work Area: 02 Filter Research
Author: H.G. Hersewell/J.A. Luke
Period Covered: January - June, 1982

OBJECTIVE:

To develop novel fiiters and filter technology, aimed at the development
of marketable low~tar products, with particular regard to human smoking
patterns.

PROGRESS :

The areas of study are as follows:

‘ (1) Selective Filtracion:

Filters which sciectively remove nitrosamines, nitric oxide or
hydrogen cyanide.

{(2) Controlled Smokinc Filters:

(a) Fundamental aspects of parameters which affect smoke particle
capture;

(b} Concepts for producing filters which will modify the puff-
by-puff profile;

{c) Concepts for producing filters which will help in the design
of cigacrettes having reduced deliveries of gas phase consti-
tuents, particularly carbon monoxide.

(3) Filter Technoiogy Devclopment:

Investicate micrcwave drying technology in order to achieve raplid
curirng af bonding agents in filter manufacture.

(4) Advisory and Suzcore:

RESTRICTED

G. 2.2

(a)
(b}

(e}

Developrent, with Hercules, c¢f poiypropylene tow and filters;
Evaluation of techniques and materials from external sources;

Design and manufacture of special filter samples for GR&DC

and Operating Companies.

1. Selective Filtration

(a) MNitrosamines

The main aim of this work is to discover filters which will remove
the velatile non-tobacco  specific nitrosamines. The tobacco
specific nitrosamines are substantially non-volatile and would be
expected to reside in the smoke particles - hence it is unlikely
that these can te filzered selectivaly.
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So far, a range of d.lferent fibrous Z._lter materials has been
examinad which includes cellulouse acetat2 control), polypropylene,
polyamide (nyl2n) and zolvester. NLone :=I these materials was as
effective as czllulose acetate but soms w~ere only slightly less
efficient. There was a suggestion £r:~ the results that the
addition of t! narde:ier to pPcLYEropy 2 filters increased the
filtration efficiencies. Work is in hani o explore this further.
Additional futire worz will include a study of the effect of
plasticising level (triacetin) and the =zffect of changing the
filter pressure drop cn the filtraticr :=f volatile nitrosamines
and tobacco specific nitrosamines by c:llulose acetate filters.
)

A further aim of this szudy is %o improvs -he performance of poly-
propylene for nitrosamine removal as thi: material is clearly less
effective than cellulzse acetate. It is :nlikely that it will be
possible to <iemically modify the nature 2f polypropylene withcut
help from outs.de sources. :

(b) Nitric oxide

work with Brurnel Univarsity has comme d. This is aimed at
understanding ~hy activated carbon is ur.zue for the performance
of C-nitroso compounds. If this probla~ can be solved then it
might be possible to find other supports Ior additives to filters
which could remove nitric oxide. So far, techniques for studying
the form of =he C-nitroso compound on 2:rbon surfaces are being
developed. It is antic:pated that a fur:r2r year will be required
before the proiect will be completed.

('.\ After the decision to terminate the ZCTIINITE project, contract

A second approach which is being purs:2d 4is the grafting of
suitable functional groups onto the £f::res. In this respect,
Dr. J.T. Guthrie of the University of _:eds has been engaged as
a consultant. As yet, it has not been :-:-ssible to commence work
in this area, but ve:zy soon work in I iDC will be progressecd
using cellulose acetate as the starting ~zterial.

{c) Hydrcuen cyaniZe and aldehydes

No work on this has teen carried out = far, but the grafting
approach will be used t> generate filter: for these smoke consti-

Ltuents.
2. Contrclled Sms+king Filters
{ (a) Fundamental wcrk on smoxe particle captur:

This work has been in crogress for the _ast year. Initially it
was necessary to develsd new methods of =easuring the filtration
efficiencies when smoke is dvawn througr the filter at different
velocities. A modified smoking machine ~ith a very large piston
has been obtained from Zorgwaldt. The performance of this machine
has hecen repnrtad. A very sensitive spez::ophotometric method for
measuring very small guantities of smoke zarticles in filter tips
has becen devel:sped. Traliminary studies 2£ the particle capture
mecharism, using cellulcse acetate and p:z:2r filters, have indica-
ted that the general smoxe velocity/filtrizion efficiency patterns
are similar ts thos2 fo:nd some years agc :sing synthetic aercsols,
but the relative contr:hutions of the ~irious mechanisms do not
agree with those found previously. One :i=:eresting result is that
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the filtration efficiency for nicotine decreases markeily as the
velccity through the filter is increased. A deta:led :xtergreta-~
tion of the resul:is is premature.

(b} Filters for modification of smoke profiles

The purpcse of this work is to devise methods of controlling puff-
by-puff delivery profiles of cigarettes withou:z affectinz adversely
the "Smcking Mechanics”. The study has been directed tz evaluating
basic principles rather than specific commercial designs.

Working on the rnypothesis that the high pressure drog in the HEE
filter was the result of immobile tar deposited in the constriction
of the filter, scveral filters were examined desizned t> ease the
migration of zar :n the filter and hence relieve the prassure drep.
Results obtained suggested that the mechanism by which these filters
preduced level delivery profiles was inescapably linked to increases
in gressure Zrez. This, combined with the variation in zuZf wolumes
and puff velocities observed in populations of huran sTokers,
suggests that controlling deliveries by a velocizy-degencent
. mechanism is impracticable. It is therefore necessary %o re~think
¢ the approach.

Cigarette deliveries are affected by tobacco blené, tokz2czeo column
construction, Zfiltration and ventilation. To contrcl delivery
profiles, these rarameters would need to change during smoking.

The initial work included@ controlling tip ventilation as a means of
regulating the delivery profile. Normally, ventilation is a funct:ion
of hole size, aumbér of holes and the balance of draw resistance
pre- and post-vertil zone. To circumvent the predominantiy linear
pressure drop versus flowrate relationship of fixed hocle siz
ventilation, filters have been examined with flaps to provide
variable hole s:.ze and high efficiency pre-ventil filtar sections
to increase pre-ventil draw resistance during smoking. The results
from some of thesz designs are encouraging.

vVarious factors which can change during smoking and hence regulate
puff-by~-puff deliveries have been examined. The importan: parameters
are length, cross-sectional area, structure, prassure drsp, filament
denier, =ow denier, packing fraction, total surface area ané specific
‘surface area.

An initial protztype being examined causes the smoke zath through

’FN\ the filter to change and hence alters the effective lisngtin of the
filter during sroking. The design depends ugon the us2 of small-
circumference filters wrapped in porous plugwraps and suc-rcunded by
an annular chaanel down which the smoke passes before enter:ng the
filter. Alternatzive pathways controlled by the changing relative
pressure drops as the cigarette is smoked essentially change the
effective length of the filter. The design can also incorporate
several different filter sections in a composite filter.

Snmall-circumference filters have been obtained for ev2luasion of
the variable pathi length filter, both as single filzars and as
conposite filters.

(c} High pressure drcp/low efficiency filters

o

About two to thrae years ago, GR&DC was asked by BAT
invest.gate the possibilities of producing filters

O 1982 British Amencan Tecazeo Co. Lidg. This must not be copied or shawn t> unsutherised poseras

08vea0IOY

BATCo document for Province of British Columbia 19 April 1999

)
BATCO 00003406




-4 -

pressure drzz of 50~100 mm WG and an efficiency of 20% or less. .
The filters ~us: be capable of Pke:ng ventilated. The furpose
was to prov.diz2 draw resistance for highly ventilated cigarettes
for reducinz zarbon moroxide deliveries. Other companies (BS&W,
Schweitzer and the Celanese Corporation, USA) had realised the
attractive zotential of this idea.

Two somewha: different approaches were adopted to meet this
objective. Attention was given to the possibility of using
large-diamezer fibres. The main difficulty was obtaining such
fibres. Br:iicn suppliied 14 and 32 &pf polypropylene, which was
difficult t- process into filters and the resulting products
had filter =25ficiencies which were too high.

Filters were then prepared using very large nylon f:lament.
It was four< that the specificazion could be met Lut the
filament dern.er regquired was well outside the normal range of
filter tows and the filter tips were much too heavy.

Meanwhile, attention was directed towards a filter having a
small-bore t:te sealed into it to provide a smoke passage. A
f tube about .3 - 1.0 mm diameter cave the desired performance
and met the specification. Patent coverage has been applied
for. Samples have been sent to BAT (llamburg) and comments are
awaited. Az present, filters of this type can only be rmade in
the laboratcry by hand. 1If there is a requirement to groduce
these in quantity, ccnsideration can be given to sealing the
tube into cellulose acezate filters by spin moulding. Alterna-
tively, it should be possible to produce filters in which the
tube is emt2dded in closed cell foam, preferably cellulose
acetate, or sclypropyl.ene.

It is not intended to carry out further work on this type of
filter until there are definite indications that these filters
are of commercial interest.

Spin mouldin: of filters was the second approach adop:zed and
the code given to this type of filter was CSF/1. The CSE/?
filter has an crifice restriction to the smoke flow and this
restriction .s created by the spin moulding operation. Rela~-
tively high ;ressure drop is generated by the orifice and low
filtration 2fficiency i5 achieved by using high den:er per
filament tcw. For good format:on of the orifice it is necessary
to use a thar-rcpiastic plugwrap.

‘ - Simple tests showed that the CSF/' filter could significantly
reduce the carbon monuxide to tar ratio for low delivery
products (A~ Ing) whilst retaining good draw resistance. At
that stage .: was decided to explere the technical and commer-
cial viabilizy of the CSF/! filter concept at the Smg delivery
level. The c::ectives were to evaluate the filter manufacturing
process (sp.n nmoulding) and the assembly of cigarettes, to
examine mach.ne smoking performanc2 (including variabiiity in
delivery) ani to carry out a subjeczive evaluation. Encouraging
results hava been ob:iained for each of these objectives.
Recent effcr: aimed at comparing the subjective gualities of
the CSF/1 praiuct with a LOCO product (a "conventional" design
stretched ts the limit for producing a low carbon monoxide to
tar ratio) =3 a control (conventional) product showed that,
with a small zroup of confirmed low tar consumers:
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- €S/t and control cempared favourably:
- C3¥/°" has a subjective advantage over the LOCO product.

All of <=e products under comparison were designed to give Smg
of zar !TMWIF):; Dboth the CSF/1 and the LOCO products gave a
carzon ronoxide to tar ratio of 0.5 : 1, whereas the conven-
ticnal control product gave a ratio of 0.9 : 1.

Currentl;, werk is under way to confirm these initial £indings
by carrying out a much wider subjective assessment of the
thrze rrodusss througn conducting a pilot scale consumer tesct.

s the further development of thermoplastic plug-
pin moulding technology.

The ~ighly porous thermoplastic plugwrap produced fcr us by
Schweltz2r has been developed to a point of commercial readi-~
r\ ness. I parallel a zero-permeability plugwrap has been
¢ ’ develcred with Wiggins~-Teape. Work is continuing on producing
furzher materials to cover the permeability range in tetween
these. The machine technology centres on a pre-producticn
machine which will now produce CSF type filters (a relatively
complicated spin moulding design) at 750 rods per minute in a
single =zeracion. Since the Wiggins Teape plugwrar allews
the el

iminaticn of sealant from this filter, speeds up to
1,220 r.2.m. should be realised scon.

The flexibility and scope of the process is being expiored by
the creation of a series of novel moulded product ideas which
can be groduced as a result of having mouldable plugwrap and
mouldabis tipping papers. These designs are being carefully

screenei by a variety of techniques, including subjectiw
assessrmant. It is not intended to go beyond the feasibili:zy
stage I-r these products.

3. Filter Techrology Development

Following the closure of the Lucas Aerospace Microwave grouz,
at:zemrts werz made to establish working relationshizs with
’ beth Philips and Thempson to permit joint development of
systems which would meet our objectives. Contractural negot:ia-
ticns w2re not a success and were brought to an end. Currently,
discuss.ons are being held with Raytheon and Westinghouse.

4. Aéviscr and Support

(a)} Po.yprcrylerne tow

Discussions on the continuation of the working relationship
besween SR&CC, Souza Cruz and Hercules have taken place
throughsut the period but have not resulted in a clear defini-
tion 0f GREIC's role. Emphasis has remained on the develop-
cent of a 4.5Y/35000 tow for Souza Cruz which is being test
markez2d. The development of 2.2Y/28000 tow has not progressed
as intanded Dbecause c£ these uncertainties, resulting in a
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morator.us ¢n soint werk with Hercules, so the direction of
GR&DC wcr< has been altered towards more fundamental issues
and alter-z2t.v2 rechcds of processing fibres. Major studies
have incl:del /WP and selective filtration, subjective asszess-
ment of zslyrrsozylene filter and hardener properties, initial
work on an al.ternacive hardener, measurement of on-machine
tension fcrces generated in tow, and tensile testing. A con-
tract has 3een placed with Shirley Institute for the develop-
ment of <i:e scientific understanding of filter hardness.
This mocel :: irtended tc identify whether polypropylene
fibres araz lix2ly <o exhibit different mechanical characteris-
tics to c2il:lcse acetate fibres, tecause ot differences in
modulus, surisce f{ric-ion coefficient, etc. Gear crimping
may have zsme value for crimping polypropylene tows and initial
studies hive Dlen undertaken.

(b) Cellulcs2 arce:zzte Tcw Development:

Several trjes of experimental cellulose acetate tow are being
examined i:3ing tows with mixed sized fibres, differen:
crimp fcr sr large dpf. Main interest lies in obtaining
better y:21d :nd rardness in rods through enhanced blooming
and bett2r crimp forms. This is especially true for lower dpf
The quality of crimp and the matching of the
2 characteristics to the machine capability have

<lar anterest.

crimp and
been of :zz3

(c) Sample F._zer Manufacture:

A wide rznge and large number of filter samples have been
produced Ior GAEDC laboratories, product development work and
Operatinz Zemcanies to support research and product projects.
This activity continues to provide a base of current filter
making cacab.l::ty and know-how from which new ideas can be
evolved.

FUTURE WORK :

The current wzr: o filtration of nitrosamines will be extended
to include a s=udr of changing the plasticiser level in cellulose
acetate filt . Iz is also intended to explore the effect of
changing the _leve. of hardener in polypropylene filters. In
addicion, the 2If22:s of changing the filter pressure drop will be
studied.

®
"
"

Future work cn the Ziltration of nitric oxide and hydrogen cyanide
will include 1 fezsibility study of grafting suitable Ffunctional
groups onto c2_lulise acatate and, in due course, advantage will be
taken of any f:adiny as a result of the work at Brunel University.

The fundamental wirk on snoke particle capture will be extended to
a study of diflersn: filter types, including those with different
fibre sizes, t-e cvirall aim being to discover the important factors
which influerc: tha particle capture mechanisms. In the future, it
will be necessarr 12 ccrbine this work with particle size measure-
ments as the -uff velocity cculd cause a change in particle size

which can chan =2 particle capture mechanism.
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Wwork on filters for the modification of smoke profiles will concen-
trate for the time being on filter designs in which the effective
length of the filter is increased during smoking. Obviously,
alternative designs based on this theme will be examined.

The spin moulding technique, together with the associated thermo-
plastic plugwraps, are likely to figure strongly in the design of
novel filters or products, for modifying puff profiles, reducing CO
deliveries or imparting other subjectively beneficial characteris-
tics to low delivery cigarettes. Thus most emphasis will be on
fully exploiting the potential of the process and extending the
range of permeabilities for the plupwraps. Support for Csr/1
filters will continue.

The exploitation of polypropylene tow remains a major goal. It is
anticipated that a research programme will be formulated with
Hercules to cover areas of knowledge essential to the satisfactory
world-wide use of polyprorylene tow but which will not be dealt
with by the Souza Cruz/Hercules Joint Venture. Areas proposed
include selective filtrationm, hardener and thermal bonding. Some
- work on alternative texturing may be pursued.

l New process technigues or £filter materials will be examined for
their potential value in filter operations as they become available.

© 1982 Bnesh American Tobaceo Co. Lid. This must not be copied ur shown to unauthorised persons.

POYRE0O 10

BATCo document for Province of British Columbia 19 April 1999

j .
e
BATCO 00003410




