
10th Tamary, 1967.

RE-V-U&-M-W OF A SYNTHETIC MLOENG ?AATMUL

Obleeti-ve

The development of a smoking material with smoke characteristics

which are acceptable in ter= of taste and flavour and biologioal4 inactive.

Present -)mowledmo

(a) BiolQaoal

The specific biological activity of amolm condensate depends, in part,

on the type of tobacco u3edj thus Flue-cured tobacco > Burley tobacco;;:,-Air

cured fermented tobacco (1). There are also indications that smoke condensate

from stem has a lower specific biololdoal activity tha-athat from ligymins,and

that smoke condensate from reconstituted tobacco has a lower specific biological

activity than that from tobacco (2).

Ameel have developed a synthetic smoking material, based oux,-oelluloee,

which has little or no biological activity (3). Whilat a number of additives

are incorporated to modify eombusions,indications are that the pyrolysis of

cellulose &lone yields a mwke condensate of low biological activity.

(b) ghomi

Examiaation of smoke condensates from cigarettes made from lamina,

C.R.S. and PCL shows that the bouspyrerw product efficiencies are lamina>

PCL > GRS (4). That PCL is intermediate between lardna and C.R.S. is an

would be expected since PCL in made from three parts of lamina plus one part

of stem binder which has been obtained by the extraction of two parts of stem

with water under pressure.

Ifg instead of a ligno-oel2u3Daestem binder, pure cellulose is subatituted,

the" is a reduction in tar de3lvvry which could indicate a lower biological

activity(5). If this is so,,then it may be reasonable to assume that biological

activity can be ranked as follows t-

lamina > ffUn@> extracted stem,> cellulose.

A nmnber of additives have been found effective in reducing the

biological activity of tobacco amoke condensate. These are i-,idicatedbelow,

when considering meang of controlling the biological activity of smoke from a

synthetic smoking material.

Physical wthods,, such as changes in cuts per inch and cigarette paper

porosity my be used to reduce the de3.iver7of beozpyrene (6,,7). Speoifi*

activity,,however,,in only marginally altered and thus those methods will not

be considered Awther hex . Likoviso,,the effect of filters has been excluded

from the present propos&U.
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An wo-i nation of reconatitutedtobacco (FolioB) indicates that

iacreasin the base weight from 40 g-/Ii
2
to 90 g./ii

2
reduces the specific

biologicalactivity of the smoke condensate (8)p thus the plqbical nature

of a synthetic smokiig mterial may have a considerable boax-ingon its

smoke characteristics.

Beaspyrene delivery my be affected by smoulder temperature (9).

This would be in line with pyrolvuis experimeatewhich indicate a 20-fold

increase in beazu.yrene when the temperature is increased from 7000 C. to

9060C*, (10). As 'he smoulder temperature of Burley tobacco is lower than

that for flue cured tobacco (11), this may account for the lower specific

biological activity of Burley compared with flue cured tobacco.

Anoth-mrpossibilityfor reduci.igthe specific biological activity

of smoke condensate ]-teain attempts to obtain more complete combustion by

increasing the combustionteqvrature (12). A similar effect my be achieved

by the addition of carbonates,bicarbonatesand oxidising agents (.3).

From the above it is clear that mears are available for reducing the

specific biologicalactivityof tobacco smoke. These are being examined in

R. & D.E. and it is act proposed to duplicate this work. The aim of the work

outlined here in, as previously statedo to develop a synthetic smoking material.

Choice of approach and Justineationa

(gL) Choice of base material

The range of materials..from which a suitable base material may be

selected..is wide and includes the following s-

(1) Polysaccharidessuch as collulame, either as natural fibres or

as synthetic fibres e.g. viscose,,peoutes, alginates, starch and

9u" gus-
(2) Modified celluloses such as mothyl oe3.lulose.,carboxymtbyl

oo3.luloae,hydrozyettwloellulosep cellulose acetate and carboaized

and oxidised conu3.oses.

(3) Po3,vestersincludingTer7lone.

In the first instanceit is proposed to examine the follmdng

(i)cenu3zse
Besides being a pure materia3.9thus making it ideal for pyrolysis

studies,,the work of Ameel and also our own use of conulose as a binder-,

in PCL, indicate that cellulose my produce a smoke condensate of Im

biologicalactivity, This,,coupled with economic attractiveness and

the wwwo of producing aigm-etteep mkoo conulose an Ideal aboio*v

at least for initial e3mmLnation. In common with all conulosia mter!La2s,

the acrid character of the smoke in IJLlmlvto be a mjor problem In the

development of a tobacco substitute.
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(2) O)ddisedcellulose

kmel nated (3) that vben celluloseis replacedby oxidized

cellulose- a polymerof anhydroglu=oaic acid - the s=ke is sweater

and uzeb less irritati.-igthan that obtained from pure cellulose. If

furtherwork confirmsthis, oxidized cellulose,which may be obtained

by the oxidationof celluloseby nitrogendioxide,couldbe a verv

attractivebase material.

Carbo&Ued cellulo

If one considers the base material simply as a heat sumpp which

on combustionvolatilizesnicotine and flivour-s,,it may be possibleto

oarboaizece3.lulnoepartiallyand still obtaina materialwhich will

,smoulderin a satisfactory-n-r. Whi2st this may give a useful

insight Into the requirementsof a syntheticsmokingmaterialpthe

practicalityof carbonizinglarge quantitiesof cellulosemay be

questioned.

(4) 14stbcrlCelluloseand Carboxy Metlwl Cellulose

These additivesbbve been used in the manufactureof cigar wrapper

&ad binder and considerablework undertaken to amelioratetheir peculiar

smoke taste (13-16). Since, likeother cellulosederivatives,mtbyl

and carboxy-motb7lcellulose may be formed into film which coL,.Idreadily

be cut for cigarettemanufacture,their exaiaiiatioaas a base materialis

considered worthwhile.

(5) NaturalPolysaacharides

Materia2zsuch as pectins,alginatas" guar gum have frequezrtlv

been used in the manufactureof reconstitutedtobaccos(17-19). An with

the celbilose derivativesmentioned above, work has been carried out on

their pyro3,vainand again their examinationis consideredworthwhile.

(6) Dialdebyde S&:@,=h

Starch itself producespon combustion,a ver,7acrid amolo. It is

believed that dialdehydestarch I-,asbeen consideredas a binding agent

in reconstitutedtobaccoand thus it Is proposedto examineits possible

use as a base material.

(7) Eo3yeotero

Polyesters have been proposed for a nuzaberof reconstitutedtobtlcao

processes (20-22). During the initial work on the deve3.opmatof PCL

in 1956-1957,,laboratox7-andspolyesters based on acids such as citric,

mlele sildfunaric and alcohols such as glycerolwere examined. They

had an attractive owke taste and thus it may be worthwhile considaving

these po4eaters anew as poesible base mterialao Of the various

on-Arcial polyestersavailable,,Terylone could be examined.
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(b) Choice of additives

Additiveswill be requiredfor the follming

(1) Burn contral

(2) Flavour control.

(3) Control of biological activity.

(4)Provisionof nicotine.

(5) Possibly colour.

(1)Burn control

By burn controls in thi.-context, is meant not oaly control of the

rate of combustion but,,alzo, if neceas&r7, the amelioration of

undesirable characteristics of the smoke such as the acrid components

associated with the burning of cellulose.

lm3-torantsused in the tobacco industry include citric,,laoties

tartaric and hydrochloric acid,,magmaium chlorides sodium bisulpmto

and cocoa butter. Likewise combustion agents include the eb3Awidep

acetate and nitrate of sodium and potassium carbonate and citratea

In the development of SM.65, Amool have found that hydrated salts,,

such as magnesium sulphate.,sodium sulphate,,alumina and calcium tartrate,

are effective both as ameliarants and as reducers of the rate of

oombustion (3). In addition they found that a mwber of agents#

including the cbl ide,,sulphate and nitrate of potassium,,the chloride

and nitrate of magnesiuz4 the ox:ideand hydroxide of ferric iron, bentonits

&ad inn, orial eartba, effective in mLintaLiniigcombustionduring the

smoulder period. Certain salts also assist in favouriag a mare complete

combustion by dilating the combustion zone. These include the carbonates

and bicarbonates of nodiums potasaiiu4 naguesium and -monist*

(2) Flavourcontrol

In developing a synthetic smoldng material it vil3.be necessary to

build in a flavour character &a%-.eptableto the smoker, "Flavour

character" rather than "tobacco-Like charecterm has been used intentionally

to describe the smobe taste since it may be tweessar7,,by a process of

gradual educations to convert the smoker to a now flavour sen3atiou.

Wboa one considers the success that has been achieved vith mentholated

aigaretteagthis may not be an difficult an at first imeginwp partioular3,v

if it could be demonstratedthat the cigarettevas safer. , TbLisin not to

may that it my not be possible to make a synthetic cigarette of tobacco-

Like charactersbut the po"ibi3.ity should be borne in mind*

Besides the MW additiveagvel2 kam in the tobaow lndustrys for

imparting particular flavours,,the considerable vork carried out b7 the

Re7wlft Tobacco CompwW and divulged in nuns"us patent applications

(23-"), vi3.1require mm"i na ion.
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(3) gontrolof bio3xwicalactivity

Investigation3indicatethat a mimberof additivesssuch an

magnesium oxide, cupric nitrate,aluminiumsilicate,nickelous

acetate and sodium nitratemay be effectivein reluci.igthe specific

biolc>Siealactivity of cigarettesmoke condensate(1p 45-47).

Ammorliumsulpbamto has been found effectivein reducingthe beazpyrene

deliveryof cigarettes(48). It is believedthat amwnium salts,,

such as the sulphate, carbonate,paroulphateand parchlorate,are

also effective in reducing benzuyrenedelivery (3)-

The production of beazpyreneis toriperaturedepeadeat (10).

thus any additiveswhich, In partic,,ilar,reduce the smoulder

temperaturemy be effectivein reducing the deliveryof benzpyrene.

(4) Provinionof nicotine

Llthough nicotinemay be a contributingfactor in certa:La

cardiovmscularconditions,it is a basic assumptionof the present

work that the syntheticsmokingmaterial must be a vehicle for the

administrationof the alkaloidi.e. the smokerrequiresnicotine

"dressedue in a-,iattract'Lveguise.

It will be iecessax7to obtainnicotineeitherb3r"uthesis

or by the extractionof tobacco. The form a-rxilevel of addition

of nicotinewill requireexamination*

(5) Colourinit

If a product can be developedwhich has the physicalappearance

of tobacco, it may be desirable,for marketingpurposespto imparta

yallov colour. Care cwt be taken in choosirgsuitabledyestuffs

but at least one - Tartrazine- would appearaqceptable.

(o) Choice of process

A wmabor of processes might be considered

(1) Conventional- cuttinga sheet or film which would enable

cigarettesto be mde in a normalp-n-re

(2) *Bonded" cigaretterod - similarto bondedfilters.

(3) Ertrusionof a conti=ousrod eitherin filamentor blova farm.

Whilat it is preferableto developa suitables=king materialand then

devise a method of manufacture,it should be rememberedthat the conven-

tional and bonded rod processeshave a distinct advantageover extrusion,

in that they would allow blendingwitl-.naturaltobacco. This is desirat

as it would permit the gradualintroductionof the syntheticmatea&l.
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Develovmntof processes,methodsof testand evaluationcriteria

(a) Work to be carried out @Z POL Group

The PCL Group viU undertake an exami-iationof the pyrolysis of the

various base mterials proposed.

For example,with cellulose, various types of absorbent papers will

be examined primelrilyto see if the physical form of the sheet has a mterial

effect on smoke delivery. From this the most suitable paper will be chosen

for furtherwork. This will involve a study of additives to achieveburn

control and also to ameliorate arq undesirable smoke taste. Following this

additives for flavour ooatrol and the minimizationof biologicalactivity

should be examined. Finallyp the incorporation of nicotine a.-idany required

colourlag in the product must be iavestigated,

Other base materials wiU be examined in a similar fashion.

In addition to the above, oonsideratioawill also have to be givea to

the following:.

(1) YAans of incorporating additives* This may require a pilot plaxt

coating or spray unit,

(2) Hean for cutting omll batches of the synthetic amokiag material

so that cigarettes may be made for evaluation.

'Adlat the initial aim will be to develop a syntheticsmoking

material which may be utilized either in a conventionalmanner

or in a bonded cigarette formp the practicality o:.'extrudinga

contimmus rod either in a filaw.-itor in a blown form will be

examined. In this context sorm work carried out by LM. & F.

is of interest (/,9).

(b) Aaa_i_l_la_arequirements

(1) Smoke Group

Slace proseritevidence indicatesthat a part, at least, of the

activity of smoke condensate may be due to the presence of aromatic

polyc7cl:Lobydroearborm, it is suggested that changes in the delivery

of I.?.H. should be used as a guide to the examination of now smoking

materials. Two procedures being developed by Smoke Group could be

useful :-

(i) I short method for determining gross changes.

(ii) For materials which sucessafuuy pass the first toi3tpa complete

ana37sis.

ri
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(i) A short methodfor determining izronschanges

A short method for bermpyrone does notp at present, appear

feasible. However, a quick method for tte determinationof a

number of closelvrelated C20 A.P.F. does appear possible. Uniag

ei*,herthe Nickel 63 electron capture detectoror the Am:Lneo-

Bowman speatrofluorimeterit in hoped to developa rapid method,

based on smoking 10-20 cigarettes.

(ii)Co=lete analysis

The existingmethod,based on the flam ionizationdeteatce

of the gas chromatograph,is being developedIurtherwith the &in

of quantitativelydeterrininga m=ber of A.P.H. It Is hopedto

get one result per as.-istantper week or better.

In additionto the abovesmthods of --lysis usingtotal integrated

fluorescencewill be exam4-.iedin the hope of developinga quick routine

method for the determin--tionof A.P,H.

Smoke analyseswill also be required to relate the smoke to observed

aili--otaticand necroticeffectsand to minimizethe deliveryof

undesirable components such as phenols, amebydest hydrogen cyanide

and ockidesof nitrogen.

Smoke Group or the PCL Group may also mks use of the R. & D.E.

furnace es a means of evalua,ingthe effect of additives, It must

be emphasised,,however,,that the furnace can only be used to Btudy the

effect of additiveswhich operateby altering the gas phase reactiona

and not those that alter the puff and smouldertemperaturesof cigarettes,

Previous mention has been -nadeof the various types of additives required.

It is suggested that Smoke Group, with their backgroundof knowledge,

will be able to assistparticularlywith the choiceof additivesfor

the control of flavourand biologicalactivityand also for the

provisionof nicotine.

(2) Big:.-:agsayseat

Where possible shcrt term testa should be used to guide the

developmentof the "uthetic smoking material Such tests which

it my be possibleto carryout in R. & D.E. includei-

(i) The Ranging-dropParameciumtest.

(ii)The Second Parameciumtest.

(iii)TheNecroticteat.

(iv) Amy other testa which may be developed.

(3) LAGE

If and when a syntheticsmoking material is developed,,which b&3

an acceptable smoke characterand which, b3rchemical and bio-assay tests,

meets the objective,,it vi3l be necessaryto carz7 out a long term mouse

painting experimentbeforegiving the now materialfinal clearance.
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Staff, time scale and costa

3esides 4@-lheconbiderable assistance that vi3.1be required for

the ancillary studies of the smoke, two graduates will be required

for V.,ieinitial developrmnt vork. One, yet to be recruiw, vill

be needed for the prepaxation and exardnation of materialz which may

be processed either in conventional or "bonded" cigarette form,

vhilst & second will examine the feasibilityof extrusionof a

coatinuol.isrod eithpr in filament or blowa form.

Due to t!-ead hoe nature of the work no date can be given for

the completion of the projeot. Within 12 months of inception however,,

a preliminary exarlnation of the selected base mELterialsand the

feasibility of extrusion should be cot,-.plated.This would cost

approximat.elyE50,000, after which it is hoped t'natlines of

development may be wre clearly defined and an overa.U time scale

predicted. As a guide line it has been e3timted (50), that the

development of the PCL process cost E400,000 over a four year period

and it 13 unlikely that a synthetic smoking mterial would be developed

for less.
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