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Abstract

Investigations were made to deférmipe whether or
not a practical method of bonding hylon?wood blénd'péper1
could be devised in which advantsge is obtained from the
| strength qualities of the nylénbfibers in the finiéhed
sheet, Two unsatisfactory'methods were triedkbefore a
satisfactory methddVWas fquﬁd. By this method 25—,to'
~ 50-per cent.hylog céntént sheets were dipped in.g‘fives
: to tén—pér éent solids WaterbeﬁuiSisﬁ;of'a polyamidé;‘

: resin. The sheets'weré'then'driedgifreeiéf‘surface
support, and then heat pressed t;s:"cg'xﬁplete the'bonding.

Paper of high stfength'and:durability was thus produced.




AN INVESTIGATION OF NYLON FIBER AS A PAPERMAKING MATERIAL

Introduction

NYLON, A PROMISING PAPERMAKING FIBER

Nylon staple, a synthetic'fiher with high strength,‘toughness,Aabra—
sion resistance and flex endurance;’shows promise'asya papermakiné fiber,
, At the present it is too expens1ve to compete Wlth cellulose fibers
in the flelds where the propertles of cellulose paper sufflce. But in
[flelds where the strength propertles of cellulose paper are}not suffl-
crent,vnylonhfiber paperurepresents Valuable potential/products for the -
paper industry. A1l that is necessary to reallze these potentlal
- products is a practlcal method for maklng nylon or nylon blend paper
, whlchttakes full adVantage of the strength characterlstlcs of the nylon.
fibers; Once such a method is dev1sed the large tonnage -of nylon.

staple for papermallng purposes, as:a result should lower the wnit price

of the nylon staple and S0 1ncrease 1ts potential as a papermaklng material.

FIBER-TO-FIBER :BONDING

‘Because of the haphazard arrangement of the fibers in paper, there
must be bonding at their crossover points in order to obtain'structural
\strength in their network, - o

With cellulose fibers; the fiber-to—fiber bonding is quite handily,"
effected. It is necessary only to beat the fibers mechanlcally 1n the . |

" mediunm of water, form a web of the water suspen31on of the flbers, and




. then'remove thevwater.‘ Because of the flbrlllous structure of the

’ccellulose flbers, beatlng actlon frays ‘the’ flbers, thus greatly 1ncrea51ng

rlglthe contact area of the flbers. Also, the chemlcal relatlonshlp of

' .icellulose Wlth water produces hydrogen bond1ng of the flbers at thelr

Sfp01nts of contact upon remOVal of the Water. The maln dlsadVantage of

"xwthls type of bondlng 1s that the addltlon of - Water destroys the hydrogen fhl;'f'k

s :bondlng, ; L O 3 ’
| With nylon the problem of flber—to—flber bondlng must be solved
- dlfferently. Nylon flbers do’ not fray upon mechanlcal beat:.no and

1 they do not form hydrogen bonds upon the s1mple remOVal of water.c Also,‘_

; in order to tale advantage of the strength propertles of nylon flber, _‘*"

"-a much stronger and more permanent type of- bond would be necessary.

Two methods of synthetlc flber bondlng have been descrlbed by

'RQ'James K Hubbard Franklln H hoontz, John R LcCartney, and

l

i Robert A. A Hentschel The flrst they call "salt bondlng" in. whlch Y

’Tvvl the bondlng agent comes from the flber 1tself The second they call fl“'"‘

fiSALT BONDING R REURION ek Ee
| - In salt bondlng, they make use of the fact that Water solutlons of

:”certaln salts at hlgh concentratlons are swelllng agents or solvents for f

| ffthe plastlc flbers but become nonsolvents when dllute.‘ When a water-'cﬁ

sl leaf paper of the pure flber 1s 1mpregnated w1th a dllute solutlon of

Tafan approprlate salt and the Water subsequently evaporated the salt ;
solutlon concentrates, and tends to locallze preferentlally at the cross-‘jf;p

; cover p01nts of the flbers by caplllany actlon, ultlmately becomlng .a~:f




sufficiently concentrated to lead tovsolution or gelatinization of a r
small portion of the fiber surface at these ‘crossover points. When the
water is completely evaporated the polymer reprec1p1tates and the
bonding is complete. The excess salt is then washed off. The salts
mentioned for use with nylon are ca101um bromide, llthlum bromlde, 21nc

calcium
bromide, sthiocyanate, and magne51um thlocyanate.

’SYNTHETIC POLYMER BONDING

In synthetic polymer bondlng, nylon waterleaf paper was 1mpregnated
with a five- to ten-per cent dispersion of a specifically formulated
polyamide binding polymer. On evaporation of the water, the polymer

tends to concentrate at the crossover points of the fibers by capillaryf,

action,\being deposited at these points and remaining there after removal

of the carrier. The bondlng is then completed by heat and pressure.
Mr. Emery, of Du Pont's Textlle Plbers Department has mentlonedb”
another method of synthetic polymer bonding called "thermoplastlc |
bondlng"z. With this method, fibers of the'resin; baving a lower '
melting p01nt than the fibers to be bondedv are blended with the base
fibers in the slurry before sheet formatlon. Bondlng is then accom-.'
plished by hot pressing of the drled resultant sheet at a temnerature‘
sufficient to melt the bondlng fibers but not the base flbers. /
With both'salt bondlng and synthetlc polymer bondlng, extremely
‘high-flex endurance and tear strength were obtalnedl- Sewn 301nts and
rheat sealed 301nts showed about 7O per cent of the base strength of

the sheets.

NYLON-WOOD PULP BLENDS

The»foregoing experiments pertain to,paper madepof lOO,per cent




,nylon fibers.' Knowledge of the performance of»nylon,fibers hlended-
with wood pulp is also of practlcal Value. |

Tests were made on a series of sheets prepared w1th VarV1ng per-
'centages of nylon u51ng no bondlng.agent3;-'dhen.the strength properties
of the sheets were plotted against the‘nylon content; it was fonnd that
the strength decreases very rapldly and aprroaches a low asymptote as
the nylon content is 1ncreased

When the same experlment was: repeated using "Zytel re51n" as a
bondlng agent the strength propertles were found to decrease from the
-stralght wood pulp sheet,‘go,through a minimum at an 1ntermed1ate nylon
‘content and then‘rise rapidly to a very high maximun at 100 per cent
nylon.‘ It was reasoned that this was to be expected since the bonding
:agent apparently acts only on the nylon and does not begin to exert 1ts

1nfluence‘unt11 sufficient nylon fibers are present in order to form a

Y

‘continuous network whiCh‘can be bonded together3.

The Zytel resin is a Du Pont'product and cen be applied as a beater
~ additive, or by dippi'ng‘vthe dried sheets in the resin emulsion and then
: re-drying. If used as 2 beater additive, the’resin is precipitated

Uithwalum. Best results were obtained hy the dipping method.

FIBER DISPERSION

Nylon, like most of the other synthetic’ flbers, is hard to disperse

: properly. It re51sts wettlng andffoams when stirred v1gorously, floating
a large portion of the fibers in the foam.v This condition is, of course,
highly undesirsgble for papermaking. In order to be mixed evenly with

other fibers and in order to be spread evenly onvthe wire of the paper-

~machine, the nylon fibers must be uniformly dispersed throughout the




’stock‘ Also, the flbers should be unlformly dlspersed w1th lack of ‘
anm or bubbles for proper 01rculatlon through pumDs and other c1r—"f7"
"culatlon'deylces.A Proper d1spers1on is therefore 1mportant to the l1ffl
'i.‘success of nylon flber as t papermaklng materlal | |
| E?perlments w1th Varlous synthetlc flbers have been made on paper_
"v‘ machlnery uslng sodlum carboyymethylcellulose as a flber suspen51on 131,,
and bondlng a,gen’o)4 v | | v’ e ‘
| In the experlments on pure nylon flber, sodlum carboyymethylcellulose
was also used to form the flber suspen51ons prlor to. the sheet formlng.,‘ |
}«fAfter ‘the sheets were nade, the sodlum carboxymethylcellulose was -
A Washed out Ulth water: | » | b

In a set of experlments Wlth Vinyon HH staples, 1t was found that

y "Trlton h-60“, a catlonlc wettlng agent of the qlkyl quaternarv anmonlum

"type, dlspersed the flbers satlsfactorlly but ‘caused cons1derably in- p“_;

- creased foamlng. When "Nooco LK" an antl-foam agent, was used in

pconJunctlon u1th 1t a good flber dlsper51on w1th no foam resulted The \
optlmum concentratlons for both of the agents were from 0. Ol per cent tof

0. 05 per. cent con51stancy.

\,rlfA.

Q[FIBER 1w B

Ebperlments have shoun2 that short flbers maLe a: better slurry and. .

f,‘glve a better flber formatlon 1n the flnlshed sheet, whlle long fibers

“

(

uilmprove the phy51cal propertles of the flnlshed sheet - Fiber length of o

“about one-quarter 1nch appears to glve the best balance betveen phys1cal

1,g.’propert1es of the flnlshed sheet and ease of handllng.»

- The nylon flbers used 1n my experlments were one—quarter 1nch

'staple Uhlchrthe;Du Pont derNemours_and Company supplled The flbers




6.
* had been treated with a special finish to promote their dispersion in
 water; :

PURPOSE AND BASIC SCHEI]E OF PROCEDURE

After prel:m:.nary e:xper:.ments made on: var:.ous comba.nat:.ons of nylon o
and bleached kraft flbers 5 I declded to concentrate my . efforts on

' experlmentlng m.th bondlng methods of flber mlxtures contalnlng up to -

'SO-per cent nylon w:Lth wood flbers. : I*hxtures of over So-per cent nylon o

; ‘content resulted 1n sheets whlch, wh:.le wet were S0 weak that they '-

-seemed :Lmoract:.cal to make on a standard paper machlne.. Although the "‘

- ult:.mate strength of the f:l.n:l.shed sheet would be much h1gher for hlgher R

nylon contents3 the presence of at least SO-per cent ‘wood f:.bers re-
'-'J’sulted in sheets that seemed to have enough wet Web strength to be

k } gcapable of be:Lng handled m.thout too much dlfflculty on the Wet end- of " e

T a paper machlne.

‘\ Because the nylon flbers suppl:.ed by Du Pont de Nemours and Company B

L

ylwer‘e treated for ready dlsperslon, the problem of dlspers:.ng the flbers
‘:jln slurrles was solved for me. S | - |
| A._so s because synthet:.c polymer bond:.ng methods are prov:.ng to be
. more practlcal ‘th'anx salt bond:Lngz, I concentrated my 1nvest1gatlons on
'.the use of synthetlc polymers :Ln bondlng my paper sanples. | |
- IIaJ.nly, my e@ermental work was’ centered upon :anestlgat:.ng the B

‘effects of bond:Lng sheets of Vamng nylon content with synthetlc poly—, o

mers. "Zytel 61" nylon res:.n > vh:.ch was recomnended by Roy P Wh:.tney,

Research Assoc:.ate at The Instltute of Paper Chem:.stry, was supplled by

General Dlspersz.ons, Inc. 1n the form of "Genton 110" an aqueous dJ.s-

‘vper81on of the re51n. Th1s was :J.nvestlgated as to 1ts bond:.ng effects 5 -




J'applled both to. flber slurrles and to drled ‘unbonded sheets.;
Plaskxnl a urea-formaldehyde re51n, was also trled ‘as bondlng
_agent in congunctlon ulth sodlum carbOXVmethylcellulose. ‘The two:were, V
: prec1p1tated together in the flber slurrles. ‘i ‘"" S ; | |
: In all cases, bleached kraft pulp, whlch Was Supplled by Thell
s‘Kalamazoo Vegetable ParChment Company; Was used as the wood flber stock :
rln my 1nvest1gatlons. The KVP Company also supolled the "Plaskon" re51nv

';for the the51s Work.~
Equipment

A Valle& laboratory‘beater Was used an all cases to prepare the
dwood pulp stock, u31ng a full Welght load on the counterp01se.,s'fg
Slow speed laboratory stlrrers were used to dlsperse the nylon
‘eflbers in the WOOd pulp stock and also to prov1de agltatlon to the stockr‘
‘rldurlng the addltlon of re51ns and the1r pre01p1tatlon w1th alum.w ff
Brltlsh sheet molds and Noble and Wood sheetmaklng equlpment WeSQ_ ;p
used to form the test sheets.\}!;bﬁ/iy') i - -
A Carver laboratoxy press Was used to’press sheets at an elevated

c)A-

f ftemperature. A standard sheet press and pump Trere used for pressang

at room temperature.‘“< ' o
Drylng rlngs and plates‘were used to dry the sheets at room tem—‘a

“ ﬁperature., A Noble and Wood.steam cyllnder'drlerpwas‘used for quick

v';fdrylng at 120 degrees centlgrade. RS S

The testlng eoulpment used were a Mullen burstlng’strength tester,;.

: an M. I T foldlng endurance tester, an Eﬂmendorf tearlng tester and a

: ,lSchopper tens11e breaklng strength tester




.. ... Experimental Procedure '

| «“?;STRENGTH . UNBOIIDED NYLON COIITENT =

Sheets of nylon flber and kraft pulp were made w1th nylon contents
‘jﬂfj'nylon flbers were mlxed,wlth the kraft stock, whlch had been beaten
".separately to about 3OO Canadlan Standard Freeness untll unlformly dls-([
ht'persed and sheets Were then made from the slurrv in a Brltlsh sheet mold
'hf}:The sheets were pressed for flve mlnutes at SO-pounds per square 1nch

T.7ff¥and condltloned 1n drylng rlngs in a constant humldlty roon.\ They were

: then tested for phy81cal strength characterlstlcs.ytf,;

UREA FORIIALDEHYDE RESIN WITH cue PRECIPITATED g I‘IBER SLURRIFS e

Sheets of from zero to 25 per cent nylon flber content w1th‘"P1askon“.
7re51n c.nd sodlum carboxynethylcellulose as bondlng agents Were formed on H:f
a Noble and Wbod sheet mold The sheets were drled on the steam drylng h
J;acyllnder at 120 degrees centlgrade, condltloned in: a constant humldlty
5'fjroom and tested for phy51ca1 strength characterlstlcs.pifffflff’*
| The bondlng Was ccompllshed by prec1p1tat1ng the‘reslnsdln the
Zatlflber slurrles at a pH of L. 5 w1th alum. Three per cent "Plaskon" and ATAf B
th~d;f1ve per cent CFC -as based on dry flber welght“were used e e

The use of CLC 1n hlgher concentratlons than flve per cent, of flber S

'qshwelght resulted in too slow dralnlng stocL. Three per cent urea—

‘Thilllmlt for retentlon of softness of a flnlshed sheet

Pt "GENTON 110" RFSIN PRECIPITAT_.D IN FIBER SLURRIES

r,;of zero per cent 12 5 per cent 25 per cent and 50 per cent The _f}]hi T

' *guformaldehyde re51n was used because 1t is generally con51dered the upper ff:,p‘g

Genton re51n was prec1p1tated in flber slurrles contalnlng from r'ero S



15fto 25 per cent nylon flbers._ Ten per cent and 20 per cent re51n based
§ on. sheet welght were used 1n these experlments belng pre01p1tated by

;‘falum at a pH of h 7.;&; f‘ll‘

Sheets were formed pressed and drled on. Noble and Wbod Sheet-l’«ff‘#fﬂ

.{f:maktng equlpment The dryer Was OPerated at 120 devrees centlgrade. f’f

“fﬁdThe sheets were then condltloned 1n a’ constant humldlty room and tested L

'7'*fffor phys1ca1 strength characterlstlcs. f

Remnants of the sheets contalnlng 20 per cent res1n (as based on |

/ Qlitsheet welght) were pressed for 30-seconds at 160 degrees centlgrade 1n af; ij*p' :

S Carver 1aboratory press at a pressure of 1 OOO-pounds per square 1nch

:1;§jThese sheets were then condltloned 1n the constan&Thumldlty room and

”“"".",',‘tested for Ph.VSJ.cal streng’ch charactemstlcs' e

A 3-9z»"GENTON 110" RESIN APPLIED BY DIPPING OF UNBONDED SHEE”S

In one set of experlments, sheets made on a Brltlsh sheet mold

»=1T;_conta1n1ng from zero to 25 per cent nylon flbers were pressed for flve- e

r'r-j«mlnutes at SO-pounds per square 1nch and then drled w1th drylng rlnus

*“f;and plates.; They were then dlpped 1nto a flve percent sollds emu1s1onv:ff¥;; .

lu"of Genton llO re31n, allowed to draln, and then drled 1n drylng rlngs

‘\»

“~f;(m1nus the plates) They were then pressed at 160 degrees centlgrade

‘ ‘erln a Carver laboratory press under a pressure of‘l OOO poundsper square; “

;jvlnch ! Then they were condltloned in a constant humldlty room and testedtfjtl )

'1fflfor phy51ca1 strength characterlstlcs. ,;tft"

In another set of experlments, sheets contalnlng zero, 25, and SO

"f;fper cent nylon were formed, pressed and drled on Noble and wood sheet- 7~‘-*

TT”J;maklnv equlpment A set of pure Praft sheets were set as1de to use as

‘Hfa'control set : The rest were dlpoed 1n a ten peqkent SOlldS emu151on |



10.
vof Genton 110 reSin,vallowed to drain, and dried in drying rings -
(minns the plates).‘ These were then pressed at 160 degrees centigrade
_iﬁ a'Carver labcratory press under a pressure of 1,000-pounds per |
square inch.b Ail of the sheets were then conditioned in a constant

humidity room and tested for»physi0a1~strength characteristics;
Results and Discussion

The tests made on’the unbonded sheets (unbonded w1th‘respect to
the nylon portlon) showed that the physical strength of the paper falls
u‘cff rapidly as the nylon fiber content is»increased (as indicated.in
Table I); This can be eﬁplained by the fact that the nylontfibers
hinder the fiber-to%fibertbcnding of the cellulose fibers and do not
, supply any bonding thcmselves to the paper'structure. While the tear
factor shows.an impressive increase up to about 25 percent nylon, the
decrease in foldlng endurance, burst factor, and brea,clnb length greatlyv
outwelgh that 1ncrease as far as durablllty is concerned | ‘
Because the tear res1stance of the unbonded sheets 1ncreased with
nylon content, an increase, by itself, of tear resistance of»the bonded‘
~ sheets nith increasing nylcn content4can not be considered as an indi-
cation of increase in cverall physical;strength of the-paper; o
Nylon fibers, used- .with “the ;urea—fchmaldehyde resin and carboxy-
methylceliulose'as a}bonding'agent,‘did’not shcw anj-impressive gains
in strerigth over the use of nylon fibers with n'o"biynder (Tabie 1I).
. This mightvbe exola:med ;by the chemical difference of the resins as
compared to nylon.

My attempts in bonding nylon fiber content sheets with "Gentcn 110"




11.
by preCipitating the re51n in the fiber\slurries dld not produce very
' good results (Tables III and IV). The decrease in folding endurance
© end tensile strength indicate that the synthetic polymer bonding was
: insufficient to maheIup for the loss of cellulose‘fiber-to-fiber bonding
,caused bj the presence of-the nylon fibers;1~I believe that the poor
bonding shoun by this precipitation method is caused by the fact that
the'resin‘is sbread'more or less over the whole‘surface of the fibers-
‘not concentrated at the crossover points. Therefore, in order to obtain'
a given degree of bonding at the crossover points of the fibers, rela—.
tively more resin must be used
~ The same resin dispersion used as a bonding agent by . dipping the -
inylon content sheets in it'produced much better results (Tables V and‘VI).
Although the ten51le strength continued to decrease w1th 1ncrea51ng
'nylon fiber content the folding endurance and tearing resistance
suddenly Junoed up at about 25 per cent and greater nylon fiber content,
"The amount of resin retained‘in the sheet has much bearing upon the’
balance of strengthvcharacteristics of the‘sheet. At 25 per cent nylon
vfiber content, the folding endurance was doubled by doubling the

{

cOnsistancy of thevresin dispersion.and the tensile strength was also

S 1ncreased slightly while at the same time the tearing re31stance was de-’

» creased to almost one-half

‘ At 50 per. cent nJlon fiber content u51ng a ten per cent solids dis-
"pers1onkof the polyamide reSin, an extremely tough sheet was obtained.‘
The folding endurance‘was almOSt‘fifty times'asigreat‘asithe‘untreated
kraft base paper.v The tearing resistance Was.orer six times as high as
the best untreated kraft'sheet‘that I made. | |

The resin retained in the dip bonded sheets ranged near 20 per cent,




12.

~ more or 1ess5 of the total sheet weight, Thus, it is evident that the
_dip bonding was more efficient;insofar as the amount of bonding agent
used was concerned, L | |
Although there is some degradationvof the cellulose portion of'the
sheets in ,heat pressing then at 160 degrees centigrade, as showm by the
decrease in folding endurance of the treated kraft sheet as compared
with the untreated kraft sheet (Table VI), the increase of strength due
to the successful bonding of the nylon content may far overshadow it. |
Table VI also shows ' a great increase in Wet strength with the use

{ : : ;
of the polyamide resin and nylon fibers in the paper.

* Conclusions

The investigations;showed that nylonvfihers used in conjunctioniwith
a poiyanide resin disoersion may be used with wood pulp to produce ‘a .
sheet of unusually high strenuth and durability. |

The polyamide resin appears to be best applied by dipping the nylon
content Waterleaf paper in a five— to ten—per cent Uater disper51on of
‘the polyamide re51n, drylng the sheet out of contact with adsorbant or
absorbant surfaces;fand’then heat presSing the:honded sheet at a tempera-
ture justuahoveithefmelting poinf“cf'fhe resiné'and:below‘the melting
point of the basé‘ nylon fibers. = | |

The best nylon fiber content for good balance between strength of
the" finished sheet and ease of handling appears to be from 25~ to SOfper
cent by weight of the Uaterleaf paper, using one—quarter inch nylon staple.
The higher the nylon»content, the higher the strength of the finished

sheet, and the lower the strength of the wet web.

June 2, 1956 o Robert J. Thiessen




* APPENDIX

13,

The re-

160

232

5660

All tests were made in accordance with TAPPI Standards.
sults are expressed in average values. :
| Table‘I. Propertles of thonded Sheets
% Nylon .vFold,’ .~ . Burst : Tear - Stretch, Breaklng ‘
Fiber cycles. - Factor Factor % mggg%th,
0 692 7 ol 3.5 19150
T12.5 350 - 6L 163 3.25 6820
25 160 L2 - 2ho 2.75 5610
. 50 1 16 177 2.70 1410
" Table II. " Properties of "Plascon" and CIC |
' - alslurry Bonded Sheets
TV Ton  Told, Barst Toar Streteh, — Breaking
Fiber cycles -~ Factor Factor ° . nefe gh
.0 , 500 66 692 . 241 10300
B PO 11 T 62 1123 2. 9400
100 268 58 - 182 C 2.2 8380
| 15 o2 B 200 - 2.25. 8280
225 10 ;J' gl -8k 2,5 - 6160
Table IIT. - Propertles of 10% "Genton 110"
Slurry Bonded Sheets
% Tylon  Fold,. Toar Stretoh, Broadmg
Fiber cycles,v Factor - g _méﬁgggh
0o - 908 -9 2.5 10550
5 883 2 2.35" 88L0
.10 5717 : 167 2.35 8330
15 655 - 193 2.5 7370
- 20 186 - 232 2.8 - 7070
25 1.9




Table IV. ' Properties of 20% "Genton 110"
' : Slurry Bonded Sheets
Z Nylon Fold, = ~“Tear  ©Stretch, Breaking
) ‘Fiber cycles Factor 2 e gggh
0 1210 .93 2.0 10450
5 778 129 2,6 9Loo
10 k7 160 2.5 8L90
15 320 : 188 2.l 7230
20 * 70 ' 210 2.9 . 6060
25 _Les 272 2,9 5710
o 1900 95,5 3.15 114350
: - 5 a7 127 .25 9Li50
AFTER 10 a7 150 2.0 7180
RESSING 15 36 . 182 2.05 7930 °
S 20 L35 212 2,75 7380
25 ' : L 3.2 ~8080.
- Table V. -  Properties of Sheets Dip Bonded in
: 5% Solids "Genton 110" Resin (Heat Pressed)
% Nylon  Folds, - Tear - Breaking
Fiber cycles " - Factor mé%g%Qh
o - 666 103 - 12000
5 o698 . c 12 o < 12700
10 98 172 111860
.15 693 260 9750
20, ¢ 617 - .- 292 .. 9300
25 300 . l&7 . 180,
Table .VI. - Properties of Sheets Dip Bonded in :
10% Solids "Genton 110" Resin (Heat Pressed)
% Nylon - ‘ Fold, Tear ~Stretch,  Breaking
Fiber L cycles. - -Factor @ = & - Length, meters
: e ' o - condit!'d wet
, 0 (not bonded or heat =~ 920 Y 2.2 - 12000 580
7 pressed) ‘ ’

00 onr Tl 2.3 12500 1520
25 -~ 6000 25k 2.4 10L5o0 220
50 . L3200 616 b, 6770 2520
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