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OBJECTIVE: 

To develop novel fiiters and filter technology, aimed at the development 
of marketable lov-tar products, with particular regard to human smoking 

patterns. 

The area3 of study are as follows: 

(1) 

(2) 

Selective Filtration: 

filters uirlcb sziectively remove nitrasamines, nitric oxide or 

hydrogen cyanide. 

Controlled Smokrng Filters: 

(a) Fundamental aspects of patam@ters vhich affect smoke partlcla 
capture; 

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

(cl Conceyts for producing filters vtich will holp in the design 
of cigarettes having reduced deliveries of gas phase consti- 
tuents, parzcularly carbon monoxide. 

13) 

(4) 

Filter Technoicq: Devclopmen:: 

Investrgate micrcsrave drying technology in order to achieve tapld 
curing of bonding agents in filter manufacture. 

Advisory and Su;;ort: 

(al Developcen:, with flerculcs, cf poiypropylene tow and filters; 

(bf Evaluation of techniques and materials from external sources; 

(c) Design and mnufacture of special filter samples Eat CR&DC 
and Operating Companies. 

1. Selective Filtratfon 

(a) Nitrosamines 

The main aim of this work is to discover filters which will remove 
the volatile nrrr- tobacco specriic hitrosamincs. The tobacco 

specific nitrosizines are sub5tantrall y non-volatile and vould be 
expected to rcszda in the szoka particles - hence it is unlikely 

that these can be filtered select-vely. 
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so car, d rdzge ot d;f,'erenc. fibrous f-lter materials has been 
examined uhict Includes ocLLuloec dcetatt control), polypropylene, 
polyamide lay1w1) and ;olyeste:. I~OtltT :I these materials was as 
effective as ~sLLulosc acetate but sort* dere only slightly less 
efficient. 3are VdS d sugShr:ion f: ‘I- the results that the 
addition of t?.e 'nardr::er to pclppropylt:~ filters increased the 
filtration effrcicncies. Work is in ha-f =o explore this further. 
Additional Cut-m Work will include a study of the eEfect oE 
plasticising Level (t:sacetin) and the effect of changing the 
LiLter pressure drop cn the fiitratior. :5 volatile nitrosamines 
and tobacco specific n;trssamices by cr:lulose acetate filters. 

A fur:her aim of this study is to improvr the performance of poly- 
prop;lene for n2trosdr:;ze remova L as thir material is clearly less 
effective than callul-,ao acetate. It is unlikely that it will be 
possible to ~':-.emicall~ zodify :he nature of Folypropylene without 
help from outsrde sou:~es. 

(b) Nitric oxide 

After the dec-aion to tetninata the ZC:ZXITE projec:, contract 
work with Brunei Uni.;+rsity has comme-.sed. This is aimed at 
understanding .-%*y activated carbon is -::que for the performance 

of C-nitroso compounds. If this probity can be solved then it 
might be possible to f ;r.d other supports for additives to filters 
which could remove nitr:c oxide. so far, techniques for studying 
the form oE c-he C-nitrsso compound on ::tbon surfaces are being 
developed. It is anticrpated that a fut:- .er year will be required 
before the pto:ect will be completed. 

A second approach which is being pura.:sd is the graftiny of 
suitable functional groups onto the fztres. In this respect, 
Dr. J.T. Gut>::e of tLt University of I;sds has been engaged as 
a consultant. AS yet, rt has not been ;zssLble to commence work 
Fn this area, but ve:y soon work in ;T.LOC ~111 be progressed 
using cellulose acetate as the s:arting :r:eriaL. 

(cl Hydrogen cyanide and aldehydes 

No work on this has been carried out 2: far, but the grafting 
approach will 'be used to generate filter: :or these smoke consti- 
tuenrs. 

2. Contrclled S::okin-a ~LLters 

(a) Fundamental ucrk on smoke particle capturr 
. 

This work has been in ;rogress for the lzst year. Initially it 
was necessary to develq new methods of Taasuring the filtration 
efficiencies when smoke is drawl thcouq?. zhc filter at different 
velocities. A modified smoking machine .J;tIi a very large piston 
has bean obta;ned from 9orgualdt. The pcrtormance of this machine 
has hcen reported. A very sensitive spe c::ophotometric method for 
measuring very smail qznntities of smoke particles in filter tips 
has been develspod. Preliminary studies SC the particle capture 
mechar! Lam, usi?+ ceilulcse acetat+ and pa;?r filters, have indica- 
ted that the general smoke vclocity/fiLtra:ion efficiency patterns 
are similar t3 those Eo,:a3 scme pars age --sing synthetic aerosols, 
but the relati-.-e contr:h,Jtions of the -3rious mechanisms do not 
agree *with those found ;reviouoly. One r:zeresting result is that 
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the filtration efficiency for nicotine decreases marke%y as the 
vei=c&:y through ::?e filter is increased. A detazled :nccr;retA- 
tion of the :esul:s is premature. 

(b) Filters for modification of smoke profiles 

The purose of t:lis work is to devise methods of conrro2linq puff- 
by-puff deli.:ery profiles of cigarettes without affecti:: ad*:ersely 

the "Smcking !4ecbaaics*‘. The study has been directed tc evaluating 
basic principles rather than specific commercial designs. 

Working on the hypothesis that the high pressure dro3 in the FEE 
filter z'as the result of immobile tar deposited in the ccnstriction 
of the filter, several filters were examined designed :z ease the 
migration of tar rn the filter and hence relieve the pressu:e drop. 
Resuits obtainel', suggested that the mechanism by which these filters 
prod~Xed level de:; very profiles was inescapably linked :c increases 
in Frcssure rlro;. This, combined uith the variation in ;uff volumes 
and puff veLoci?ies observed in populations of human srokers, 
sugqeszs tkat controlling deliveries by a velocity-de;endent 
mechanism is imgracticable. It is therefore necessary to re-tS.ink 
the apFroac5. 

Cigarette deliver-es are affected by tobacco blend, tobacco colurrn 
construction, filtration and ventilation. TO contrci deiivery 
profiles, these Farametcrs would need to change durzn3 smoking. 

The initial work included controlling tip ventilation as a means of 
regulating the delivery profile. Normally, veatrlation 1s a function 
of hole size, x:.Wr of holes and the balance of &a;- resistance 
pre- and post-ven:il zone. To circumvent the predominantiy linear 
pressure drop versus f lowrate relationship of fixed hole sxe 
ventilation, filters have been examined with flaps C-O pro*.*idc 
variable hole szze and high efficiency pre-ventfl filter sections 
to increase gre-ventil draw resistance during smokrng. Ihe results 
from sane of these designs are encouraging. 

Various factors which can change during smokin3 and hence reguiate 
puff-by-puff de,, "veries have been examined. The important Fe:ameters 

. 
are Aenqth, cross-sectional ared, structure, pressure dcq, :;lacent 
de?ier, tow denier. packing fraction, total surface area and. specific 
surface ared. 

Ar. inrtial protccy pe bcicg eximined causes :he smoke path c,hrouph 
the filter to change and hence alters the effective ieng:.': of the 
filter during snaking. The design depends upon the USC of small- 
circumference fflters wrapped in porous pluqaraps and scrrcunded by 
an annular channel down which the smoke passes before entcrxg the 
filter. Alterna:ivc pathrays controlled by the chang;nq :ela:ive 
pressure drops as the cigarette is smoked essentially change the 
effec:ive length of the filter. The design can also inccraorate 
several difftre?: filter sections in a composite filter. 

Small-circumference filters have been obtained for e?aluazion of 
the variable pa!!1 length filter, both as single fiL:ars and as 

composite filters. 

Cc) Hr3h pressure drcp/lov efficiency filters 

About tsro ts three years ago, CR&DC was asked by BAT (I:amturg) to 
inrest;gate the possibilit;es of producing filters +.:cn had a 

* . . . 
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pressure h-2: of SO-100 mm UC and An efficiency of 204 or less. . 
The filters z~usz be capable of berag ventilated. The Furpose 
was to prav:% draw resistance for :highly ventilated czparettes 
for reducing carbon monoxide deliveries. Other companies (SW, 
Schweit:cr a:.d the Calanese Corporation, USA) had real:sed the 
attractive ptentzal af this idea. 

TWO somevha: different approaches were adopted to meet this 
ObJective. A:tention was given to the possibility of using 
large-diamezcr fibres. The main d:fficulty was obtainrnq such 
fibres. FJrrizr. su2pired 1J and 32 dpf polypropylene, v'l;ch was 
difficult tz process into filters and the resulting Products 
had filter efficiencies which were too high. 

Filters wo:c then grogared using very large nylon filament. 
It was four.4 that the specificazron could be met tzt the 
filament de.-.rer required was well outss4e the normal range of 
filter tows 2-d the filter tips were much too heavy. 

!4eanwhiln, attention was directed towards a filter having a 
small-bore :-be sealed into it to provide a smoke passage. X 
tube about I.3 - 1.0 IXI diameter gave the desired pcrfarmance 
and met the ssecificatlon. Paten: coverage has been applied 
for. Samples have bee? sent to BAT (Jlamburg) and comme?.:s are 
awaited. i.: ?reser.t, filters of t.'.is type can only be cade in 
the laboratcry by hand. If there is a requirement to produce 
these in quantity, consideration can be given to scal:ng the 
tube into cellulose ace:ate filters by spin moulding. Alterna- 
tively, it should be possible to produce filters in which the 
tube is embtdded in closed cell foam, preferably cellulose 
acetate, or polypropylene. 

It is nOt fr.rended to carry out further work on this type of 
filter until zhere are definite indications that these filters 
are of commercial interest. 

Spin mouldfng of filrers was the second approach adopted and 
the code gi:-en to this type of f:?tcr was CSF/l. The CSF/l 
filter has a: orifice restriction co 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 eificiency is achieved by using high denrer pc: 
filament to.-.. For good formation 05 the orifice it is necessary 
to use a thtrrcRihs+rc 2Lugwrap. 

Simple tests showed that the CSF/: filter could significantly 
reduce tho carbon monoxide to tar ratio for low delivery 
products (N 5x9) whils: retaining good draw resistance. At 
that stage r: was decided to explore the technical and commer- 
ciA1 viability of the CSF/l filter concept at the Smg delivery 
Level. The ct:ectivcs were to evaluate the filter manufacturing 
process Isp:-. souldingl And the assembly of cigarettes, to 
examine mdck:ze smoking performance (including variability in 
delivery1 at.2 to carry out a subjective evaluation. Encouraging 
results ha*:4 been obrrined for each of these objectives. 
Recent effor: Aimed Ai comparing :he subjective quAlit:es of 
the cSF/l p--‘” ..,,ct with 3 LOCO prd-ct (d "conventional" design 
stretched to ziie limit for producing a low carbon manoxsde to 
tar ratio) A:: d control (convent;onrl) product ahowed that, 
with A small group of confirmed 1~s tAr consumers: 

r- 

c 

-. 
6,. 
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- CE'.'T and control cor.Tarcd favourably: 

- r::.,: u.+-, has a subjec :ive advantage over the LOCO Froduct. 

All of z’le ;r.oducts under comparison were designed to give 517.3 

of tar :w.t::F: : both the CSP/l and the LOCO products gave a 
carton rmoxide to ta: ratio of 0.5 : 1, whereas the conver.- 
tLor.al cmtrol product gave a rat10 of 0.9 : 1. 

Czrrentlg, vcrk is under way to confirm these initial findings 

bu =arry::,g out a much wider subjective assessment of tr.c 
three ,-rgdu::s t!r:ougn conducting a pilot scale consumer tes:. 

To suc;zrt :he work or. the CGF/l filter and to provide o_c;ortu- 
ni:lcs 5zr c:eatFng novel filters or products, effort has been 
C;r.zC-P - ---.- t~k.ards t:le f;lrther development of thermoplastic plug- 
wcr;; a.75 :?.e spi?. moclding technology. 

T!?e :ligik ly porous thermoplastic plugwrap produced for us lq 
Sc%eiz ar . . has been d?JcLoped to a point of commerciai readl- 
ness. -2 parallel a zero-permeabilrty plugwrap has been 
de*;ci=;t:', wizh Wiggins-Teape. Work is continuing on p:=duci;.t 
further zate:ials to cover the permeability range in bstveen 
these. The machine technology centres on a pre-producticn 
EEC7.iFX uhic!l will now produce CSF type filters (a reiativcl:? 
coz;iiclzcd spin moulding design) at 750 rods per minute ir. a 
si3zL.c 2;eracion. Since the Wiggins Teape piugxap allcrs 
tke eli7.2natson of sealant from this filter, SpQeds up to 
l,C’?O :.?.a. should be raalised soon. 

The flexibili:y and scope of the process is being erpiored bf 
tta cre$:ior. of a series of novel mouldad product ideas which 
ca:. be ;roduced as a result of having mouldable plugirrap and 
m*:ldab:e tilping papers. These designs are being carefully 
streenr2 by a variee; of techniques, including sub]ecrire 
assessr2r.t. It is not intended to go beyond the feaslbiit=y 
stage f-r these products. 

3. Filter lecP.r.olog:r Development 

Mfcrova*:e @rl:zno 

FoLLo1*1=g ::le c:osurc of the Lucas Aerospace Microwave groq, 
d:zsm~z; ye-2 made to establish working relationshi;s wst:~ 
both F?:-li;; and Thcc?son to pcrmit joint development of 
spstezs which would meet our objectives. Contractural negotx- 
tixs s;ere nzt a success and were brouyht to an end. Currently, 
dismssxns are being held with Raytheon and Westfhghouse. 

4. Adviser:' and Supprt 

(8) Polyprcylcce tcw 

Discussions on the continuation of the working reldtfonohip 
herveer. 3~622, Sousa Cruz and Hercules have taken place 
tb--ug%zut ::?e period but have not resulted in a clear defir.i- ..- s 
:i=r, 0: - ;Rsx's role. Emphasis has remained on the dcvelog- 
mer.2 0: * d 4.5Y/35000 tou for Souzd Crur which is being test 
marieta*,. T:-.e daveloFm+nt of 2.2Y/28000 tow has not progressed 
dS ix=tr.dad because cf these uncertainties, resulting in a 
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mordtor:-z CT. ;oint wcrk with Hercules, so the direction of 
GRCDC wcr;E her been altered towards more fundamental issues 
and aLtcr:z::-t mezhcds of processing fibres. Major studies 
have inc::d eC :,':r'P and selcctrve filtration, subjective assess- 
ment of ;cly;rc;p?ene filter and hardener properties, initial 
work on an alzernacrve hardener, measurement of on-machine 
tension f35cs6 generated in tow, and tensile testing. A ccn- 
tract has bee:. placed vith Shirley Institute for the develop- 
ment of zi:e srien:ific understanding of filter hardness. 
This mods: -2 in:ended tc identify whether polypropylene 
fibres zrs 1s;:+ly to exhibit different mechanical charccteris- 
tics to zeT1:1cse acctirte flbres, because ot differences in 
modulus, tzrit:s frrc:lon coefficient, etc. Gear crimping 
may have EZZE -.-alue for crimping polypropylene tows and initial 
studlrs ?.i:-+ tean undexaken. 

(b) Cellulost XOIIZZC 7cw Development: 

Several t::;cs 25 experimental cellulose acetate tow are being 
. examlnec zncl24ing tows *with mixed sired fibras, dif feren: 

crimp fcr-s :r large dpf. Kain interest lies in obtaining 
bet:er y:+ld 2nd tardzess in rods through enhanced blooming 
and bett?r cr:z? ferns. This is especially true for lower dpf 
tows t<--r=: -=--, . The quality of crimp and the matching of the 
crixp a;.? fibre characteristics to the machine capability have 
been of zx--*--lar inte-est _ e----d- - . 

(c) Sample falter :!anufzctcre: 

A wide range and large number of Eilter samples have been 
produced fnr Z?.CDC laboratories, product development work and 
0perati.n; Ccr;a3ies to support research and product projects. 
This act::lty continues to provide a base of current filter 
making ci;ab:1:t y and know-how from which new ideas cm be 
evolved. 

FUTURE WORK: 

The current uzsi CF. the filtration of nitrosamines will be extended 
to include a s-.uC:: oL c:?angmg the plasticiser level in cellulose 
dcetate frlttrr. I: is also intended to explore the effect of 
changing the level of hardener in polypropylene filters. In 
addition, tht ~ffe:zs of changing the filter pressure drop will be 
studied. 

Future work CI. :ht filt:ation of nitric oxide and hydrogen cyanide 
will include 3 feisibiiity study of grafting suitable functional 
groups onto czllul:re dc2tate and, in due course, advantage will be 
taken oE any fsndsr.; as a result of the work dt Brunel University. 

The fundamental rcr'z on smoke particle cspture will be extended to 
a study of dlferrr.: filter types, including those with different 
f ibre sizes, z?..c c.;+rall rin being to discover the important factors 
which influecc2 t?.s par trcle capture mechanLsms. In the future, it 
will be necessrry :o cccbine this work with particle size measure- 
ments as the ;-;ff :elocl:y cculd cause a change in particle size 
which can &Id:;0 *'-a -.._ pdr:rcle capture mechanism. 
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Work on filrers for ehe 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 mouldinq technique, together with the associated thermo- 

plastic plugwraps, are likelp 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 moat emphasis will be on 
fully exploiting the potential of the process and extending the 
range of permcabrllties for the plupwraps. Support for CSI/l 
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 SatisEactory 
world-wide use of polypropylene tow but whAch will not be dealt 
with by the Souta Cruz/Hercules Joznt Venture. Areas proposed 
include selective filtration, hardener and thermal bonding. Some 
work on alternative texturrng may be pursued. 

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