PhIVATE ANL' CONFIDENTIAL
JLE/CAL/sC

lotn September 13

TEMPERATURE_MEASUREMENTS ON CIGARETTES WITH HIGH PACKING
DENSITY AND AXIAL CHANNEL

INTRODUCTION

According to U.K. Patent No. 1,086,443 granted to Messrs J.A.E. Bell,
J.D. Jones and D.H, Laing, 1t is declared that, "It is an oblect of this
iavention to provide a cigarette wherein the tobacco is rore tightly packed
thai heretofore,......, thereby creatinc a lower idle temperature. It is an
obiect of the invention to provide a cigarette having an idle temperature
of about 5)0°C and an average maximum temperature of about 065°C, vrens
mich lower than those of a conventional cigarette. By average maximum
tenperature witn trnie invention, we mean the average temperature cf the
hottest part of the combustion zone in the densely packed tobacco in the
inventive cigarette during a number of puffs". (Colurm L4, lines 85 - 103).

Clzarettes manufactured by 1I.T. Co. Canada with packing densitlies up
to 1.5 times normal were subnitted to Messrs Bell, Jones and Laing for
podification according to their patent. An axial channel wzs groduced in
thiese cigarettes with an 0.06" tungsten probe heated to &}OOC. Samzles of
tiese mocifled cigarettes, together with the unrmodified control, have been
exanined at E. & D.E. Tenmperatures during the puff and during the amoulder
irmcieciately before the beginning of the puff were determined. The results
obtairec to cate are discussed in this note; it is not anticipated that the
ex erinents still under way will alter the conclusion, that the claim made
by Messrs Bell, Janes and Laing cannot be substantiated.
EXPERIMENTAL DETAILS

Eight samples of cigarettes were received; these consisted of two groups
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of cigarette rods with added high and low efficiency acetate filters.
Initially it was decided to restrict measurements to the cigarettes with
the high efficiency acetate filter as it was anticipated that the filter
would have little, if any, effect upon the temperatures of the tobacco rod.

Cigarettes were conditioned (53% R.H., 68°P) and selected on the basis
of mean weight and pressure drop. Temperature measurerents were carried out
using three Pt/13% Rh-Pt thermocouples, in tandem, with b mm between adjacent
thernocouples, Measurements were made in duplicate with the thermocouples
Placed on the central axis and at radial distances of 1.5 and 3.0 mm from
the central axis. Smoulder temperaturss were measured 1 second before the
begizning of a puff, and puff temperatures 1.5 second after the beginning
of the puff (see R. & D.E, Report Nos. 219-F, 287-F and 331-F).

Visual inspection of cigarettes wnicn had been quartered ahowed that
for most of the cigarettes examined the channel was not cn the axis of the
cigarette. Exanination of the butts of cigarettes used for temperaturs
measurements also showed this effect. (A photograph of seations of a typical
cizarette are given in the Appendix.) From this evidence it is concluded
that it is unlikely that the centrally placed thermooouples were actually
within the channel for many of the determinations.

Clgareties were amoked on a B-A.T., restricted, smocking engine at one
puff per minute, each puff of 35 ml and 2 seocnds duration, with increased
packing density the puff duration increased slightly. The temperatures
measured were plottad against the distance of the thermocouples from the

paper burn 4 seccnds after the start of the puff and the graphs used to

give values for:

rSC/Sh0p)
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1. Tre mean maxirmum temperature.
2. Tne maximum temperature recorded.

3. The distance between 700°C contours.
L. The distance bet.een 400°C contours.

5. The position of hottest part of the coal from paper burn edge.
6. The distance the 200°C, 400°C and 700°C contours moved between
the smoulder temperature measurement and puff{ temperature
measurement, i.e. 1 second smoulder plus 1-:' second puff

(effectively 13 second puff).

The distance between 200°C and 700°C contours at the butt end

-3

for both puif and smoulder.

Temperature contours were also plotted to give the general picture of the
puff and smoulder temperature profiles. The results are given as an
Appendix (Table 1). Tne most significant effect is the increase in mean
maximum temperature with packing density. Plots of these temperatures
against packirngz density are linear, with the exception of the smoulder
temperature measured at 3.0 mm from the axis (Figure 1). Temperature
measurenents cn the unmodified cigarettes with different packing densities,
confirmed this observation (see Appendix, Table 2, Figure 2) although the
ir.creases in puff temperatures were not as large as those measurements
for the modifled cigerettes.

Only small differences were noted in the "distances between like-
contours” and, allowing for the rather inexact nature of these measurements
(the paper bura is tne reference mark) these differences are probably not

significant. From the temperature profiles the volume of the coal at a

temperature greater than 700°C is least for the unmodified control cigarette,

for both puff and smoulder. The cigarettes with the highest packing density
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have a more tarrel shaped profile than that cf the control end those with
intermediate pacsking densitles have more pointed hot zones.

The puff temgerature profile for uie cigarette wiih packin; density
1l .4 times normal is literesting because, towards the butt end, the lower
temperatire contours, e.g. 200°C. extend down the axis of the cigarette.
This is probably tae only case where the thermocouples were actually in
the channel and thesc higher temperatures measured are the result of the hot
gases strsaring dowun the channel.

From the smuldgr rates of the cigarettes, and the distancea between

- the 200°C and ‘.’CCOC contoulr's oL tne axis, it may be oconcluded that the
rate of hestirg ¢f the tobacoo during smoulder decreases by S0% as the
packing densit; inoresses by 50%. GCenerally, the rate of heating is
inversely properilonal to the packing density.

Measurements carried out with a puff frequency of > puffs per minute
showed that the differences between puff and smoulder temperstures are not
very great as, Jresumably, tere is insufficient tize detween puffs for a
steady smoulder state to be reached, (sece Appendix, Teble 3). Compared
o 1 puff per minute, the hot reglon of the coal (above uoo°C) is lenger
atl tie higher il frequancy.

Tenperature measurerenis made with a 25 ml puff, taxen once per minute,
indicate that the combustion temperatures at this puff volume are slightly lower
than those obtained with a 35 ml puff (see Appendix, Table &). Only the
urusodified control olgarette and the modified cigarette with the highest
packing density vwere uscd and tne temperatures measured for the latter
clgarette were hLigher, as found for the 3 ml puff.

Thus, it ap ears that the temperature changes noted in the modified

cigarettes are probably attritutable to the increase in packing density
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and nct tc the presence of the axial cheannel, Further, nc evidence has
been fiund to suppor the clalms of Messra B:-ll, Jones and Laing, as all

clsarsties examlnec witl. a channsl have had higher puff and smoulder

teuperatures than the unmodified conirol cigarettes.
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APFEXDLY

CICAR=TTE SPECIFICATIONS

Samiler rezeived

Code Numker

- Kigh P.E. Acetate Filter

- Iow F.E. Acetate Fillter

Samples RL 208 and RL 2.3D had no axisl channel.

Cizarettes selected to mean weight and pressure drog:

kelght
ci
RL 268 1.12-1.16
RL 2c8a 1,35-1.42
RL 2038 1.4€-1,52
RL 28C 1.5C-1.62

Cizarettes not examined for comtustion temperature.

AL 2580 1.10
RL 253 l.k2
RL 22F 1.5
RL 268G 1.60

Packing Denaity

x1

x1.>
x1.b
x1.5
xl

x1.3
R

X1
xl.

s

Pressure Drop

(cm W.G.)
16.3-17.7
1%.2-16.1
1€.3-16.7

17.5-19.0

Meen Pressure

Drog

{em W.0.)
12.9
.1
12.0
1.2
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tions cut from sanme cigarette showing the variable position of

o

Cross sa

This cigarette had been selected for temperature reasurements -

the channel.
ut was not used.

57259
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TAHIE )

TEMPERATURE MEAGUREMINTS

1 Puff per minute, ¥ ml pu

[£4

| H Pure Saouldar
H l - n -
! i Hean Distance Distance Approximate Distance | Mean : Distance Distanoe Approzimate Distance
j Code No.| Tnermocouple Nexioum ll;x.l-n tween tween of Hottest Part of |Maxisun !H;\:lm i tween tween of Hottest Fart of
; Tegp, B85 1700% contours | 400°C Contours | Coal from Paper Bum | Te p. | &7 | 700°¢ Contours | 400°C Contours | Coal froa Paper Burn
- € c) c)
| c) (o) (ma) () c) | (am) (=) (sa0)
KL 208 1 815 825 6 1 7 760 760 4 9.5 8
2 790 810 6.5 12 6 710 T4 2 10 7
b 70 >0 2 7.5 4 600 620 - 6.5 5
RL 208A 1 830 855 7.5 11.5 8 175 815 6.5 12.5 8
2 840 865 6 1 5 730 755 3.0 9.5 6
3 760 825 3.5 9 2 630 645 - 8 5
RL 268D 1 875 1060 9.5 12.5 9 800 815 6.5 11.0 10
2 79 815 6.5 12 6 135 T40 L.5 11.0 7
b 780 810 2 7 2 560 605 - 6.5 3
! RL 268¢ 1 895 95 6.5 1 7 79 805 L5 1 8
2 810 810 7 12 6 750 760 5.0 1n 7
3 T70 815 1.5 6.5 2 555 590 - 7 4
Distanoe Contour Moves Baak On Diatgnoe Betyeen
Dis oe Batween 3 anoulder Rate |Time for Kate of
Axie of Cigarette in 1.5 secs 30;82 & 700‘36 002:20\?:&'(02:2 (wmay/min) Distance Hu;lng from
200°C 400°C 700° Contour @) s (t) 200°C_to 700°C
N *
() (na) {ma) (o) (em) ) (2) (uin) [(x 100°C per min)
RL 208 1.6 1.7 2.2 ' 5.0 3.9 “;‘:28" 1.26 3.98
RL 2684 1.3 1.1 2.1 3.6 b 3.10 Rg_oeam 1.42 3.1
RL 2638 3.0 1.8 2.1 5.5 k.5 2.98 '“a"ggs' 1.5 2.8
RL 208¢C 0.k 0.8 1.7 3.7 5.0 2.71 “‘2‘.6268"5 1.84 2.72

092764001

Theraooouple 1 = Central axis

2 e 1.5 m from axis

3 = 3.0 um from axis

*Low efficilency saetate filters an oigaretts rods
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TABIE 2
AXIAL TEMP S N UNMODIFIED CI

1 puff per minute, 3 al puff

(1144

Swoulder
Mean | ) Distance Distance Approximste Distance | Muan Distance Distance Approximate Distance
Code No.| Maximum N;x'lnu. tween Bgtween of Hottest Part of | Maximum Hul.:m tween Bstw-on of Hottest Part of
Tenp. .(5'2) 70070 Contours | 400 C Contours | Coal from Paper Burm | Tyap. c?‘ 700°C Cantours| 400 C Contours | Coal from Paper Burn
¢c) =) (am) (aa) &) () (vm)
AL 208 815 825 6 n 7 760 760 L] 9.5 8
HL 208A 835 850 6 11 8 7% 800 5 11 8
RL 2088 855 855 6 11 8 815 830 5 11 8
RL 208¢ s40 850 6 11 8 750 800 5 11 7

194251001

S S —
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TABLE 3
TEMPERATURE MEASUREMENTS
1 r minute @) 4
Purt Saoculder
Mean Distanoe Distance Approximate distance || Mean Distanoce Distance Approximate distanoce
Code No. | Thermooouple Maxisun &Tﬁm Batween Between of Hottest Part of | Maximum H;x.:;uu- Between Between of Hottest Part of
Tenmp. (°cl)’. 700°C Contours | ¥00°C Contours | Coal from Paper Bumni Temp. (;c')" 700°C Contours| 400°C Contours | Coal from Paper Burn
(°c) (mm) (am) (va) (°c) (mm) (wm) (C))
RL 268 1 T80 815 8,5 14,5 11 T90 800 7 13.5 11
2 7.5 13.5 8 TS 765 5.5 13.5 8
3 T50 50 3.5 12,5 2 650 650 - 10 5
RL2268¢C 1 10 b7 Y n 810 825 8.5 1% n
2 830 8ys 9.5 15 9.5 800 820 8 15 9
Sa® 650 T00 - 6 2 520 S40 - 6.5 >
Jb¢ 450 ATS - 5 3
# Individual results - poor duplioates
Distance Contour Moves Baok Codes Distange Between | Smoulder Rate | Tizme for Distanoce
on Axis of Cigarette in 1.5 Seos |Distance Between ;{ * 200°-700°C (may/min)* (=in)
Code No 200°-700% ' (=m)
200° 400°¢ 700°¢C (mm)
() (mm) (mm) RL 268 5.9 3.96 1.49
RL 268 |1.3 1.5 1.8 5.5 RL, 268¢ §.2 2.65 1.59
RL 268c|1.3 0.7 0.7 5.8
* Unrealistio to use this smoulder rate as steady smoulder

atate not achieved at this puffing frequenoy
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TABLE §

TEMPERATURE MEASUREMENTS

1 puff E.E mipute, 25 =l puff

Pure Smoulder

cude o | hermnemple | (Sth | ectmm | IS | e | eteens S| oina [scimn | Drtanee | pistumes  [urosteste pistans
Temp. oy | 700°C Contoura | ¥00°%C Contours [Coal from Papsr Burn Temp. ooy | TOO°C Contoura| 400°C Contours [Coal from Paper Burm

°c) | 0 (ma) () (om) ) | (@ (mm) (nm) (mm)

RL 268 1 790 805 5 n 6 750 750 3 10 6

2 ™ 805 6 9 (4 5 ™0 > 9 7

3 8a5+ 890 L) 8 L 600 675 - 9 8

RL 268¢ 1 855 860 5 10 8 785 790 3 10 8

2 855 8s5 6 10 7 TS (it 4 10 7

3 650 665 - 8 2 615 620 - 7 8

* Unusually high - probably sttributable to peripheral hot spots
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