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COMPLETE SPECIFICATION 

Method and apparatus for Producing Tobacco Smoke . 
· Filters · · ·.·. 

We, EASTMAN KODAK CoMPANY, a Com­
pany organized under the Laws of the State 
of New Jemey, United States of America, 
343 State Street, Rochester, New York, 

S United States of America (Assignees of 
RICHARD FAIRBANKS DYER and PAUL GAL­
LAGHER) hereby declare the invention, for 
which we ipray .. that a: patent may be granted 
to us, and the method. by which it is to be 

10 performed, to be particularly described iin 
and by :the following statement: - . 

The present invention relates to the manu­
facture of tobacco sn;ioke filter elements. 

In accordance ·with the present invention 
15 there is provided a method of making tobacco. 

smoke filter elements from continuous crimped 
:filament tow· comprising .passing the tow 
through a slot jet in. which the tow and high 

.
20 

pressure gas, e.g., air are mixed together in 
the converging entrance to ·a venturi nozzle; 
passed through the ll'CStricted throat area of 
the !Venturi and then allowed to expand 
rapidly in a divergent exit section of the 
venturi whereby the tow is spread Q:ans-

25 versely and the filaments are displaced longi-
tudinally relatively to one· another, and 
forming the opened ~ into a filter 
element. 

According to the present invention there is 
30 also provided an apparatus for xnamig 

tobacco smoke filter elements from continu®s 
crimped filament tow comprising a pair of 
tow feeding rollers, a slot jet having a con-

.. verging entrance into which the tow is fed 
35 by said rollers, a; venturi nozzle adapted to· 

be connected to a gas supply for directing a 
broad stream of gas on to the tow and a 
divergent exit section from which the tow 
emerges, a spr.ay booth through which the 

40 <l_Pened tow is fed, a pair of feed rollers for 
-Withdrawing the tow from the spray booth 
and filter el~ent forming means to whicll 
the sprayed ·tow is fed by tlie feed rollers. 

In order that the invention may readdly be 
45 . understood, one form thereof will now be 

described with reference to the accompanying 
draWings, in which:-

[l'rk~ "'~' 9d.J 

Fig. 1 is a :flow . diagram of the ivarious 
steps of the method in accordance with a 
preferred form of .the :invention of making 50 
tobacco smoke filter elements from continu®s 
filament crimped tow; · · · .. 

Fig. 2 shows diagrammati<::ally the appar­
atus for making toba.Cco smoke filter elements 
in accordance. with a preferred form Qf the 55 
invention; 

Fig. 3 is a vertical section through a: elot 
jet constructed in. accordance w.i.th the inven .... 
tion; and 

Fig. 4 is an elevation of Fig. 3~ 60 
Referring to Fig. 1, a densely packed tow 

comprising :a· continuaus filament · crimped 
tow is conditioned by. being opened in a pair 
of slot jets and thereafter sprayed to create 
an adhesive condition: on the filaments. The 65 
tow is then fed into· a cigaretting machine· to 
form filter elements, after which the elements 
may be stiffened to fonn the final product. 

The preferred form of the invention 
iinvolves feeding the tow (tow feed No. 1) 70 
·:at a constant rate to a slot jet, ·taking up the 
opened tow at an equal or. reduced speed 
(tow feed No. 2) re1atively to the feed rate 
and then subjecting . it to the action of a 
second slot jet, then to the adhesive spray, 
and finally remoVing it from the tow· con .. 
ditioning zone at. a reduced rate (tow feed 
No. 3) relatively to the rate of theL(tow 
feed No. 2) to the second slot jet. For 
example, tow feed No. 1 may be at the rate 80 
of SO yards per minute (h~reinafter referred 
to as YPM), tow feed No. 2 at the. rate of 
49 YPM and tow feed No. 3 at the rate of 
48 YPM. Thus during eaci1 opening process 
the tow ds under conditions which promote 85 
its relaxation. · 

As shown in Fig. 2 the crimped and com­
pacted tow 1 is wi~wn ·from a bale 2 
over guides 3 and 3a by a first pair ·of tow 
feed rollers 4. The tow then paSses through 90. 
a slot jet S which iis supplied with gas at a 
pressure of 10 to 50 p.s.i. gauge (pounds per 
square inch :above atniOspheric :pressure). 
The design of the jet is such that a h.i~ 
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,,.... - v~qcitY gas flow is produced. which is evenly . to provide a specified filter efficiency an_ d 
diStribi:lted over the width ()f the rectangular- firmness. 
shaped jet. Tl;le actlQti of. this high "velocity These several alternatives illustrate the · 
gas Sq>arates the ii.ndividual filaments from flexi.biLity of the neW" method. The. arrange-

5 each other . and spreads the tow out into ·a merit. shown· in: Fig._ 2 will give the inost 70 
. · · band of filame1lm · At . the -same tiine: the efi,icient filter, · will i:eqUire the lowest total 

filaments are given a strong_ thrust by the air ·. <lenier, and will make the firmest rod using 
fiow such· that tension is generated· in the 'tow ·. fine $aDlents. However, other considerations, 
between the rollers 4 and the slot jet 5. The. such as the type of filter milking equipment -· 

10 row then passes to a second p$ of ~Jlc:rs 6 _the man~. alieady_ has on hand; may 75 
whic.h me driven · at such a ·speed relatively . make · iit desirable ·to utilize . one· of the ·above 
to the rollers 4 as to allow the to"w to be iin · alternatives and these are. incltided in the 
a irelaxed state between the slot jet 5 Q1ld the inV'ention. . _ . 
rollers 6. In this area and particWarty:in::the The d~ of the: slot jets 5 :and 7 is of 

15 exit zone of ,the slot jec, the filam.enUI aJ,'C . substantial imp0rtance to·. the .operation of 80 . 
cvi<ilently agitated itrid:vi"biatid Such thatcileh the process and WdlLno\v be considered in 
filament is· separated frQin ·the others and the· · dewl with t'eference to Figs. 3 and 4. ·The 
crimps .. assume completely random . positions. . preferred jet . is composed . of the . parts .. as 
retatiVe to each other. __ ·. . _ . _ . _ foiUows: Venturi -body plates· 14 and 15, 

~o ThiS cycle of opening _is then' repe,ated noZzle plates 16 and l7; ai1d end plates 18 85 _··' 
_ betWeeil rollers 6 and a third pair ·of :rollers 9 and 18a (see Fig~ 4). · 'fhe venturi body 

by means of a second sl<)t iet 7, tension again ' plates 14: have attached to one $ide thCreof 
. . . ~g. present between the ,rollers 6 ind slot a circular air ·chamber' with air inlet nipples 

90 

.~~: .. 

je:t fj• due to .the influ.ence of the high :veJ_~ 20 .... This 'chamber coinmulllicates through a 
25 ·cl~ · · · air 'iinpinging on tile tow. The· rollers slot 21 with -the ·futeriar of the jet to allow 

9, ' Ovievet, are driven af1i: s~ _rela#Vely free passage of air or other· ga8; The venturi 
to the rt>Uers 6 SQ that between the slot·'jet 7 body part,. when ~bled to the .end plates' 
and.·- the railers _9 there is·. subStantiillly,.·no 18 and 18a.. coact •to· form an elongated"· sfot 
tension Other than that tequih'ed to pievdit ·. : venturi entrance : 22, aventuri throat 23 and ' 

·--~ 
30. excessive sag in the tow. Also, ii.n. the: siaCk jl diverging venturi eXit 24,' The' two nozzle 95 

tension ,zone ~tween the iSlot jet 7.lillid the plates l!) and 17 are assembled to the velitUti 
tollet$ 9 -there is docated a spray t:iooth 8 body plates 15 and 14 respectively, by means 
which; apelies plasticizer to the tp\V•. Since of cap ~ 25 and 26._ These nozzle plates 
the tow is relaxed and the filairieitts . well coact with eaeh other to form a slot-hl:e tow 

35 9epili'atCd' a:t this point eXCCllent. distribution entrance pasSa.ge 27 which converges at ·2s~ 100 
and ev~ at>Plicatioii of the plastici,z~ ·on .The noZZle plate 16 also coacts with venturi 
elleh 'filament is .'@Ssi)11e. ·_ .·· .·. ·. ·. :. . .. · .· plate 15 ·to form a wedgo-8haped chamber 

Nter leaving the rollers 9. the twt} passe8 29 which is in Coflimunication with the cir"' 
to·:. the ga.Jjliture of a cigarei:te making cU1ar air clWilber 20 ~ the slot 21; At the 

1-9 riia~e 10~ In 0rder to ensUre ·goQd~co11troI doW11 stream side of this chamber 29 it con- 105 

~es theJ;~>~d~uai r:-1:tor:ti! ili!resm:t ;:s:feth~°'!:te::t:. 
· cig11rette_ JJlllCbin~ .10· by~ ~s of ~' ~ to a high yeto~ty at the transition betW~ 

f?elt or ot:her poSJ.tive <hive.i.neans~ ·J~~ the venturi ~ 22 and 1;he ven~1 
45 ~een, the mo~or 11 an:~ th~ to~A and throat 23. Nozz::,g!8te 17 and venturi plite 110 

6- there are vanable speed ttansn:nss1ons .12 14 coact in a s r manner; · · 
and 13 to enable the relative' 6pCedS of 'the · The tow enters ·the jet through the 

.. roll~ 4; 6 and 9 to be adjust¢ to establiSh passageway 2Tand at the tip of the nozzle _ 
the. d~ired. d~ Of ·relaXatiQn Jn. eatli 28 it is subjected to the i!inpfu.gemen.t of the. 

59 opening' :~ge. ' .. ·. :_.. . . . _· . . ·_ • ·._·· ·. high velOcity '"Sheets" of air emerging from 115 
,· Iii :_some :cases li.t may b~ desired to .-.elim- · the venturi entrances. In the thrOat 23. air 

w~~~ iWc~~?~,in~:n~=ed ~~ ~~o;aare~=rce:t:fuv:a:weffa; ' 
·:·?.5 <~~~h:~~S:.~!~~t~; ,:u:~c:;~e:;:Jn:k~ett!~jet;: 120 

not open the tow ·as dfecttve!ly ias the two--Jet threadµig, i.e., 1t wi!ll suck the tow mtcnhe .. 
!ls.s~l>IX· 4~~ above .. Ho'!Cver~ .t~ ~e jet. A.$ :the. high veli>c!-ty gas and tow~ taj:x;:. -

. J~ ~as.sembly Of · the present mvention Wiil . ture leaves the venturi thioat 23 · and enters 

,~ ~=~:z.:: ~~~~;-$'~ 125 =-7 
' e:n~ ~-)~ 7 and tp d:o some ~()11.o~en"'.' _the ~~ts of the tow to diverge ·1141_0) th~s . ' 
lpg;~~ .the. rollCJ.'.S..' 4 and. 6-wi~ or with- separating the filinients one from ~~· 

. -· QuJ::fhe·md of. a beiJter .between the; two ~ Also the filaments tend to vibrate much in 
65 - Of rOUers: ;1bi$• med199 requi~ a l:&rger tow the manner of ribbons attached, t~ the ~t 1~. ·. . .· 

.. :..__.. . .·._., __ 

· .. ·. 

· ..... 
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of an electric fan. This action further assists· about seven times the length. The nozzle 

1 in separating the filaments. Recaliling that throat length 23 should be about three times 

· '-·./ between the jet and . the .downstream feed its width. The total area of the entrance slots 

rollers the tow is allO\ved to relax and con- 22 should be about 0.10 time8 the area of 60 

5 tract, the filaments also move lon~tudinally the venturi throat. This latter ratio, however, 

~ti.vcly to each other so that crimps in is adjustable depending on the amount of 

·adjacent filaments.· are thrown out of phase suction or back pressure desired in the 

in a completely random JJlanner. entrance nozzle 27. A low Tatio tends to 

AS shown in Fig~ 4 the jet is not the .usual increase the suction while too high a ratio 65 

10 round or cylindrical type of jet but is an causes back pressure or :blow back in the 

elongated slot type. of jet. In Fig. 4 the jet nozzle entrance 27. The width of the jet is 

has been shown broken away on one corner largely determined by the width to which it 

to show the air chamber. The width of the is desired to spread the tow. The proportion 

jet may be, for examplt; 4-20 inches. of the area of the venturi throat to the denier 70 

15 · Referring tin. mo~ detail to Fig. 4, it will of the tow is not unduly critical but values 

be· obSel'ved that the air inlet. pipe is shown of the order of one square inch per 50,000 

at 20 as are the nozzle plate parts 16 and denier are desirable. The dncluded angle of 

.. 17. The opening indicated at 27 is the the venturi throat entrance formed by plates 

entrance passa~way for the tow being fed 14 and 15 is prefef'ably 90° but may ivary 75 

20 to the jet. F"ig. ·. 4 also shows p~ 18 and from 45 to 135°. 

18a which are the 'end P'lates. An end plate The manner in which the tow enters and· 

is merely a metal plate bolted onto the side leaves the jet can be arranged to improve the 

of the partS discussed lin the desoription of opening. In general, a straight line pass is · 

Fig. 3 to provide an end closure f01'. the jet. . less desirable. Bringing the tow in parallel 80 

25 .· Also, the construction of the end plate is to the jet am and removing it at about a 

. . suclt that the spacing of the parts may be right angle produces improved results. Also 

acci>mplished to the desired degree. about a right angle bend in the . tow as it 

. A unifomn· :flow· of air is generated in the enters the jet and a second approximate right 

. venturi · throat frorii side to side of the jet. angle bend as it leaves with the tow either 85 

30 This is because air will very quickly equalize reversing its general direction of flow or 

any variations in pressure or velocity in a ending up proceeding in the same direction 

given zop.e or endlosure. Thus, if . high are also beneficial in improving opening. 

pressure was present in the middle of the This can be accomplished by positioning jets 

jet it would quickly level. out· by transfer of 5 and 7 somewhat above or below the nip Of 90 

35 air from the .high pressure spot to the adja- the pairs .of rollers 4 and 6 of Fig. 2. There 

cent low pressure spot. Furthermore, the jet should be no twist or false twlst in the tow 

is so proportliooed that the supply of air in for best results. Judicious placement of the 

the circular chamber 20, and in the converg- guide 3 will largely eliminate any false twist 

ing Chamber 29 is large relatively to the in the tow. 

40 amount that can pass into and through the The method and apparatus of the present 

venturi. The tow enters the jet with a width invention produces filters which have several 

of from zn to 5n. compared to a jet width of advantages over those produced by prior art 

ion, .for.. example. However, the CO!lltinual arrangements as will be evident from the 

·!levelling of air velocities and presSUt'CS tends following examples : 

.45 to. expand tlie tow width not only in the jet ExAMPLE I 

entrance but ·also in the venturi throat 23 Filter plugs were made by the air opening 

·and exit 24. 
process of this invention using a 54,000 denier 

In order to obtain the most efficient use · _ tow containing approximately 20,800 fHa.­

of air compatible with the most effective ments having an average size of 2.6 denier. 

50 blooming of the .tow, certadn proportions For comparison, filter plugs were made by 

have been found to be desira:ble. The angle the pnior art procedures using a 72,000 denier 

of divergence of the venturi should be from tow containing approximately 27,700 filaments 

four· to ten degrees with eight degrees being having an average size of 2.6 denier. The 

preferred. The length .of the diverging por- physical characteristics and filtering efficiency 

55 tion 24 should be about four to ten times of both products are shown in the following 

the -aength of the throat 23 and preferably table . 

. .. ..;._•'· 
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Total Denier 

Denier per Filament 

Present-. 
· ID.vention 

Air .. 
Opelled 

S.4,000 

. 2.6 

Crimps per Inch 18 

Wcight of 90 MM Plug, gm; . O_. 74 

Pressure :Qrop 90 MM Plug, in H 20 11.2 

Hardness of Rod 5 .7 

Pressure Drop 15 MM Tip, in H 20 2.1 

Tar Removed, % · 34 

Tests of pres8ure drop, hardness, .. rein.oval. . 
and weight were conducted under stand!ltd 
conditions using procedures and· apparatus 

Prior Art .· . 

·Tension 
. Opened 

72,000 

·. 2.6 

16 

0.82 

U.3 

7.8 

2.1 

30 

&!AMPLE II .. ·. .·· 

5 which are accepted in the cigarette indu$try. 

Filter plugg were. ~e by the m opening 
}>J'ocess ofthe present invention using 5 D/F 
-70,000 deniei: tow.· .. ~filter plugs .were niad.e 15 
by the prior art tensioning process using 
5 D /F~70,0QO denier. tow. and also· 5 D/F-. 
80,000 .denier tow. The comparative tests 
are tabulated below. · 

The hardness value :is . a measure of plug 
deformation under a specified _ loa~. and a 
low number indicates greater fimmess. · It 
will be seen that the -air . opening· process 

10 requires less. materiai, make8 a. fir.mer plug, 
and results in more effective filtration. 

Air Tension .. Tension 
O~ened Opene~·· ···Opened 

Total Denier. 70,000 70,000 80;000 

Denier per Filament 5 5 5 

Crimps per Iil.ch 7.5 7;5 8.0 

20 
Weight of 90 MM Plug, gm; 0.87 0.80 0.92 

Pressure Drop of 90 MM Plug, 
in H 20 . 

~.5 5.1 6.6 

Hardness of_ Pl¥ 6".7 5.l 5.5. 

Pressure Drop of 15 MM Tip, 1.16 0.9 1.2 
in H

2
0 . . 

Tar Removal, % 20 12 17 
. . 

The Wpr~ement o])tain~ by the air ~­
ing process of the present invention is again 
clearly evident. The· present invention gives 
improved crimp retention and a more inter-

ing process of the ·j,resent invention- m.4Jilter 30 
plug's made by prior art processes •. J1f.general · 
it will be noted· that where plug weigh~·-~- · · 
equal the percentage·· tar i'emoval ·o~- the jet 
opened yam of the .. present in_v:ent:km-"is 
higher; or if the percentage tar removal and 
pressure drops are equal then the weight of-

25 twined. condition· of the tow. 
In Table A which follows· there is sum­

marized the results of tests made ·on a range 
of denier /filament sizes .and tow sizes, com­
paring filter plugs made by the air jet open-

the jet opened filter plug is less. · 

. - .. -· .-.-:·:. 

/;/ 

.. · .. :'""::. -. 

..;.·>·• .... 

·.· ·~.-
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TABLE A 

Air Jet Control Plug 
Crimps Weight % . Made by 

Bxample Tow per of Pressure Tar No. 5 No. 7 Tension 
No. rJ/F Denier Inch 20 Plugs Hardness Drop Removal Pressure Pressure Blooming 

III 2.0 54,000: 17 14.5 6.3 11.9 33 15 20 
2.0 54,000 17 13;3 8.1 8.6 24 - - Yes 
2.0 72,000 17 17.5 8.9 13.3 34 - - Yes 

IV 2.5 54,000 17 14.9 5.7 11.2 34 17 17 -
2.5 54,000 17 13.1 11.7 7.0 22 - - Yes 
2.5 72,000 17 16.4 7.8 11.0 30 - - Yes 

v 3.0 70,000 11 16.9 5.8 10.8 29 15 .3Ei" -
3.0 84,600 11 19.4 6.8 11.3 29 - - Yes· 

VI 5.0 70,000 '7.5 17.4 6.7 6.5 20 15 35 
5.0 80,000 8.0 18.5 5.5 6.9 17 - - Yes 

In making these plugs of Table A the filter plug making apparatus of Fig. 2 was operated typically in a manner as will:be described 
in the example which fQllows: . . . . . . · . 

..,) 
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,EXAMPLE VII 

In this example the following pressutes,speeds and -the like conditions were used. 

Denier/Filament 

Ci'impsjlnch 

S~ of Roller Set (4) 

Air Pressure to Jet (5) 

_ Spe~ of Roll~_ Sct (6) 

Air Pressure t0Jet (7) 

s~ of Roll~ set (9) 

_57,000 

3 

18_ 

54.4 YPM 

25 p.s.i. Gauge 

54_.SYPM 

25 p~s.i. Gauge 

53.~ YPM 

The tow was under no tensioo bet:Ween the textile filament tom may a:lso be successfully 

5 Jet 5 and rollers 6 and ~tween the jet 7 opened by the method of this invention. Such SO 

an4 ::ro:llers 9. The s~s of:the: rollers 4 material$ 11$ cellulose acetate butyrate, ce1lu­

and 6 in this case were equaliand the jet 5 lose acetate propionate, cellulose triacetate, 

was used to fiex the fow-inuch·.m the manner acrylamide_ .polymers and copolymers,· poly"­

of· a spring, but thi$. fleXing · Opened up . the . olefins and polyester :fibres . could also be used 

-·· ~ : : 

10 tow, rand01I1ized the fiilainent ap:angei.llent although the niethod of producing an :adh~ 55 

and the locations of. the crimps; . BetWeen the . sive state in the tow may be varied to use 

rollers 6 and 9, an actual slight- coittraction · other plasticizers, adhesives or solvents which· ---'··· 

of the tow was alfowed to take plaee. Since are com~tible · With the particular filaments 

crimped t<>W is highly: elastii.c it is p~ible to being treated.' . 

J s have two ~irs of rollers driven at equal WHAT WE CLAIM IS:-

speeds but still have the tow relaxed slightly 1. Meth9({ of. making tobacco smoke : 

. ·. IJetween the jet and the output :rollers since filter elements from continuous a:imped :fi.la­

tbis slack or relaxc:d condition :represents inent tow oomprising passing the tow · 

recovery of the stretching di~ :betweeil _ through a slot jet in which the tow and high 

20 the· input rollers. arid: the j¢t jniput due to the . pressure; ga~e.g.; 'ai~are mixed together in 65 

tension, generated by: the. jet air ftow. .· the converging erittance to a venturi nozzle, 

_ In the above exiutiples the air pres8ures, passed thrriugh the restricted ·throat area of 

rol!ler speeds, etc., at¢ preferred _values, but the . venturi and __ then allowed to expand 

other values may be used. Far example, air, rapidly dn a dlivergent exit section of the 

_25 pressures within the ninge ·of 5 to 100 p.s.i.g: venturi whereby the tow is spread trans-. 

may be used. :The speeds of, the varit>us versely and the filaments :are displaced longi­

rollers ·may be as follows: ,.Input feed-rollers tudinally relatively to one another, and 

4; 30-200 YPM;· rollers 4_'to 6 speed. ·ratio, forming the opened tow into a filter element~ 

1.20/l to 0.7 /l; :rallers 6 to :9 speed ratio~- 2. Method according to claim 1 wherein 

30 1.20/1 to 0.8/1.0. The total d~r (T/D) the tow passes from the slot jet into a zone 75 

of the tow inay: :vary betWeen 1~,000 to of relative relaxani.on from which it is with .. 

100,000 and the denier per filament (D/F) · drawn at a rate such that it i$ not subjeci:ed 

may be O~l to 8;_ J\s pointed out above, this to any material :tension. ·. · 

invention works well oii biglhly crimped fila- 3. Method accocding to clahn 2, comp~ . 

.35 mentS. Hence, the crimp in the tow Would ing the adc:UtioQal steps of passing the tow 80 

generally iiotbe less. than ? crimps per inch, from the .zone of relative relixation dn'ough 

and may·be 17 or 18 per inch. In certain a second slot jet iin whicli the tow is sub­

filainents. the Crimp.may be higher, say up to jected to fun:her opening. and displacement 

__ 35 per inch.· Whereas, in the spray booth 8 of the crimps by a stream of gas, passing the 

.· - 40 for cellulose-. ester:- filaments .. _we ·used the tow while in. a· relaxed condition.-from: the .85 

plasticizer glyceroLtl1iiicetate to the extent of second slQtjehhri>ugh a spray bOoth-to pro-

~1Z% .oii the ~ts, other plasticizers, duce an adhesive condition in the filaments -

suelJ. ~ dimethoxyethyl phthalate or triethyl and conductiiig the tow to a filter elemen~ :' 

· cittat~·niay be '1sed, or oth~ materials such forming device. -· · ,. ..,-- . 

45 -as· 4eXtrin, or gum arabic in aqueous solution 4. Method according to any of the pre- _ go•' · 

may ibe apPlied. . · · ·. ceding claims, wherein the tow is· fed .. to,· and _ _ 

_ AltJiough _ the examples given relate par:- withdrawn from, the. jet or jets at :ah angle. ;' -· 

ti<:ularly to cellulose acetate filamenri, other 5 .. Method according to any of the p~ ... 

::· ... ;_ .... _ 



··.·. 

. .-:- .. ·. 

···.-... ·:,· .... 

l 
\ 

6 

EXAMPLE VII · 
In this exanip1e the following pressui'es,speeds and °the like conditions were used. 

Tow Denier 

Denier/Filament 

Crimps/Inch 

Speed of Roller Set ( 4) 

Air Pressure to Jet {S) 

Speed of R~ller Set (6) 

Air Pressure to Jet (7) 

Speed of Roller set: (9) 

The tow was under no tension bet:Ween the 
5 jet S and rollers 6 and between the jet 7 

and rollers 9. The speeds of the rollers 4 
and 6 in this case were equal and the jet S 
was used to flex the tow much in the manner 
of a spring, but this flexing opened up the 

10 tow, randomized the filament .arrangement 
and the locations of the crimps. Between the 
rollers 6 and 9, an actual slight contraction 
of the tow was allowed to take pJaee. Since 
crimped tow is highly elastic it is possible to 

JS have two pairs of rollers driven. at equal 
speeds ·but still have the tow relaxed slightly 
between the jet and the output rollers since 
this slaclt or relaxed condition :represents 
recovery of the stretching effected .between 

20 the input rollers and the jet inpui: due to the 
tension generated by the jet adr. flow. 

In the above examples the air pressures, 
roller speeds, etc., are preferred values, but 
other values may be used. For example, air 

25 pressures within the range of 5 to 100 p.s.i.g. 
may be used. The · speeds of the various 
rollers may be as follows : Input feed rollers 
4, 30-200 YPM; rollers 4 to 6 speed ratio, 
1.20/1 to 0.7 /l; rollers 6 to 9 speed ratio, 

30 1.20/1 to 0.8/1.0. The total denier [r /D) 
of the tow· may vary between lS,000 to 
100,000 and the denier per filament (D /F) 
may be 0.1 to 8. As ;pointed out above, this 
invention works well on highly crimped fila-

35 ments. Hence, the crimp in the tow would 
generally not be less than 7 crimps per inch, 
and may be 17 or 18 per inch. In certain 
filaments the crimp may be higher, say up to 
35 per inch. Whereas, in the spray booth 8 

40 for cellulose ester filaments we used the 
plasticizer glycerol tdacetate to the extent of 
8-12% on the :filaments, other plasticizers, 
such as dimethoxyethyl phthalate or triethyl 
citrate, may be used, or other materials such 

45 as dextrin or gum arabic in aqueous solution 
may .be applied. 

Although the examples given relate par­
ticularly to cellulose acetate :filament!, . other 
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54.4 YPM 

25 p.sJ. Gauge 

54.5 YPM 

25 p.s.i. Gauge 

53.4 YPM 

textile :filament tows may a'lso be successfully 
opened by the method of this invention. Such 50 
materials as cellulose acetate butyrate, cellu:. · 
lose acetate propionate, cellulose triacetate, 
acrylamide polymers and copolymers, poly­
olefins and polyester fibres could also be used 
although the method of producing an :adhe- 55 
sive state in the tow may be varied to use 
other plasticizers, adhesives or solvents which 
are compatible with the iparticular filaments 
being treated. 
· WHAT WE CLAIM IS:-

1. Method of making tobacco smoke 
filter elements from continuous crimped :fila­
ment tow comprising passing the tow 
through a slot jet in which the tow and high 
pressure gas...,e.g., ail:,..are mixed together in 65 
the converging entrance to a venturi nozzle, 
passed through the restricted throat area of 
the venturi and then allowed to expand 
rapidly tin a cfiovergent exit section of the 
venturi whereby the tow is spread trans­
versely and the :filaments are displaced longi­
tudinally relatively to one another, and 
forming the opened tow into a filter element. 

2. Method according to claim 1 wherein 
the tow passes from the slot jet into a zone 75 
of relative relaxation from which it is with­
drawn at a rate such that it is not subjected 
to any material tension. 

3. Method acccrding to claim 2, compris-
ing the additional steps of passing the tow 80 
from the zone of relative relaxation through 
a· second slot jet :in which the tow is sub­
jected to further opening and displacement 
c.f the crimps by a stream of gas, passing the 
tow while iii a relaxed condition from the 85 
second slot jet through a spray booth to pro­
duce an adhesive condition in the :filaments 
and conducting the tow to a filter element 
forming device. 

4. Method according to any of the pre- 90 
ceding claims, wherein the tow is fed to, and 
withdrawn from, the jet or jets at :an angle. 
. S • . Method according to any of the pre-
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ceding claims, wherein the tow comprises 
continuous cellulose acetate filaments. 

portions 
thereof. 

for supplying gas to the - interior 

v 6. Method according to claiim 5, wherein 
the :filaments have a denier 0.1-8 per fila-

11. An appantus according to claim 10, 
wherein the angle of divergence of the ven-

5 ment and :a total denier of 15,000---100,000. turi portion is from 4 to 10 degrees. 40 
7. Method according to any of the pre- 12. An apparatus according to claim 10 

ceding claims, wherein the tow has at :least or 11, wherein the diverging portion of the 
7.0 crimps per inch. venturi is 4 to 10 tJimes the length of the 

8.. An apparatus for making tobacco smoke throat section of the venturi. 
10 filter elements from continuous crimped :fila- 13. An apparatus :according to claim 10, 45 

ment tow comprising a pa:ir of tow feeding 11 or 12, wherein the incl'Qded angle formed 
rollers, :a slot jet having a converging entrance between the body section and the nozzle 
into which the tow is fed by said rollers, a section is from 45 to 135 degrees. 
venturi nozzle adapted to be connected to a 14. A tobacco smoke filter element when 

15 gas supply for directing a broad stream of made by the method according to any of the 50 
gas on to the tow and a dirvergent exit section preceding claims l to 7. 
from which the tow emerges, a spray l;looth 15. A tobacco smoke filter element 
through which the opened tow :is fed, a: pair according to clanm 14, wherein the filaments 
of feed rollers for withdrawing the tow from have :a denier per filament of less than 3, a 

20 the spray booth and filter element forming total denier of between 30,000 and S0,000 . 55 
means to which the spray tow is fed by the and µiore than 12 3 per inch. 
feed rollers. 16. A tobacco smoke er element accord-

9. Apparatus according to claim 8, in ing to claim 15, wherein the :filaments have 
which an additional pair of feed rollers is a denier per filament of 2 to 3, a total denier 

25 disposed between the slot jet and spray booth of 43,000 to 46,000 and iat least 17 crimps 60 
for feeding the opened tow to the spray per inc.h. 
booth. 17. Method of making tobacco smoke 

10. An apparatus accorddng to claim 8 or filters substantially as hereinbefore descr'libed. 
9, wherein the s'lot jet comprises two body 18. Apparatus for -making tobacco smoke 

30 portions which form therebetween the ven- filters substantially as hereinbefore desCribed 65 
tori exit slot, two nozzle sections which forni with reference to, .and as shown in, the 
therebetween the entrance passageway within accompanying drawings. 

) 
the body portions, end plates for securing 

·SS 
the body portions and nozzle sections to- L E. T. BRANCH, B.Sc., F.R.I.C., 
gether, and a conduit connected to the body Patent Agent. 
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