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Abstract

. The purpose of the investigation wes to determine how rosin
can be replaced by the Edeleanu (sulfur dioxide) extract of lubricoting
oil for use in sizing paper. From earlisr experimeats it wes lmomm thri
Lubex, especially if it was emulsified with rosin, possessed sizing
propertiss. A good mothod for the emulsification of Lubax wes sought.
Tests were them made to determine whlch Edelesnu extract is best and
how this can be improved. The sizing effect of the emulsions obtained
was examined on a laboratory scele sad on 2 semi-works scole using
various smell peper machines. The iufluence of the tyne of peper bose
used was sleo exheustively investigated. Othor smulsifying egents then .
rosin wore studied, but the results wers unfavorsble for 2ll but rosinm.
The structure of rosin and Lubex wes compersd ond an attempt siws mede to
introduce orgenic acid rediocals into the polynuclesr cromatic compounds
of Lubex to meke acids corresponding to those of rosin. Although useful
products were obtained, it was belisved thet the conversion orocess wns
too expensive for practical use. . ' ’

The Edeleanu extract was obtedned from the multi-strngs extraction
of heavy lubricating oil with sulfur dioxide dissolved in naphthz. The
concentrato thme obtained was melted together with twenty per cent bty
weight of rosin with good stirring. While still woym the mixturs wes
poured into an emieification apparetus end mixed with vigorous aglitation
at €0 C with a 20 per cent potessium hydroxide solution, with scponifica-
tion of 80 per cent of the Lubex end rosin. The water-in-oll prsts obw
toined wes cooled to 40 C and then further diluted with water until en
enulsion containing & meximum of 40 psr oemt of oll in water wus obteined.
The resulting emulgion could be used to size steamed wood pulp or sodium
kraft cellulose, using about 1 per cent of tho sizing. The sizing is
procipitated with not mors then 25 g. of eluminum sulfate per kilogram
of dry materisl and finslly by edding sulfuric scid until a pH of 4,6
is reached. x - .-

Rosin from various sources wes found to be equelly effactive
for producing emulslons for usein sizing. A&t least 5 per cent by weight
of rosin in Edelesnu extract wes necsssary for satisfectory use of the
latter for slsing. Use of more rosin made the enulsification castor and
the sizing better but not in dirsct proportion to the rosin contant.
Potessium, sodium and ammonium bydroxides were setisfactory for producing
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Lubex-rosin emulsions. Poteselum end sodium cerbonzte couiu be used .

for roein alone btut not for lubex-rosin mixtures. The concentrution

of thecgeustic is one of the most importent factors in the emilsifice-

tion, 10-20 per cent by weight of potessiwn hydrozide being required.

It was reported that sufficient ceustic to saponify the rosin completely
was the most favorsble; excess caustic caused mustabls -emulsions to be formed
Therefore, they recommend adding sufficient caustic to saponify 90 per

cent of the rosin. If excess caustic is used, they recommend adding
sufficient weak acld or carbon dioxlde to neutralize part of the caustic
snd stebilise the ecmulsion. They recommend vigorous stirring of the
Lubex-rosin, oil snd ceustic solution (which is slowly added) to produce a
water-in-oil emalsion of wery fine particle size first, followed by
addition of water, wherein the stirring is not so important, to produce the
oil-in-water ewulsion required for sizing, The temperature at which this

- emulelification is effected is importent. A tewperature of 60 € is recommend-
ed for the Pirst astage; sbove this Lemperature, the emulsions crs wnsteble
because the oil is sc fluid that it tends to flow together again, while
below this temperature emulsification is not ettained rapidly enough, The
enulsion iz then cooled to 40 G for the seeond stage of the emulsifleation
end weber is slowly added with moderate stirring, =8 a result of which the
tenperature mey drop still further without ham. %The emulsion is ordinarily
vro-ipiteted upon the paper pulp with alminum sulfute. The pH of the ...
diluted fiber pulp is adjusted to 4.5-6 before adding the aluminum sulfute,
In the machlne tests made at Amsterdam with rotary screems, ifficulty wes
encountered with kraft paper if the pi was below six beewuse of thin rownd
places appearing in the paper, resulting from air kubbles clinging to the
screen or also from rosin sepurating out end nsking greasy spots on the
sereen, With bleached sulfite cellulose, 2-pH of 4.5 eould be used satise
factorily with the machines., At a pHl of six or above diffieulty was en-
countered in precipitating the emuleion., This difficuliy was overcoms by
mixing the paper pulp with the required amount of amulsion in the hollunders
precipiteting with sluminum sulfete (using not more than 25 g. per kilo-
grem of dry naterlal); end finelly adjusting the pH %o 4.5 by the addition
of dilute sulfuric acid to precipitate the emulsion sufficiently. Bxcess
caustic may cuuse separation of the oil-in-water sizing emulsion into
conglomerates which separate from tho clear liguid; however, these ean be-—-
resdily dispersed again by stirring. HNeutralization of part of the ceustic
with wesk acld or carbon dioxide to & pH of 8<% or addition of a solution
containing several per cent of casein will ordinsrily stabilize these
emlsions. ' '

The kind of Lubex used hes considerable effect upon the sizing
effected, Ordivarily, the sizing is better the hesvier the Lumbex used,
One cen improve the extract either by distillation or by concentration
with sulfur dioxide-nsphtha, By the distilletion of Firnegral (a Imbex
obiained froam one 0il) it was found thet the Lightest fractions size worse
then the initial materiely the middle fractions representing §0-75 per cent
of the initisl material size better; and the residue siges by fer the best.
If the Fimagral is dissolved in sulfur dioxide snd wzshed with naphtha,
preferably in several steps, the concentrate obtained likewise siges much
better then the originel product. Comparetive dete for the grades of Lubex
are telmlated and also presented in graphs at the end of the report. The
eulfur dioxide-naphtha coneentration is favored because of the increased

~eamount of fiber shich can be treated with a glven emomnt of exmtract cnd
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beceuse the Lubex is aveilsble in the plent in sulfur dloxide solution,
ready for the naphthe wash. The Lubex concentrate end distillation

rasidue suffor from the disadventage thut they sre derl?icolored. They

cen be used for sizing dork colored wrapping paper. If the color of

these products was made lightsr by troatment, the sizing effect diminished.
Only tho middle distillation frections, emounting to £0~75 per ceni of

the starting jroduct, had a very light color with en increased sizing effect.

The suceessful use of Lubex for sizing depends uoon the kind of
paper fibers with which it is to be used. Fimnagrsl ¢en be rocommended os
a substitute for rosin only with fibers vhich ere essily sized such es
sodiun kraft cellulose and stesmed wood pulp. For smell sizing content,
the use of rosin is sdvantegeous but at higher sizing content, the
concentrate is equivalent. With blesched sulfite cellulose the sizing effect
is, in most cases, directly proportional to the sizing content, Blecched
sulfite cellulose could be sized satisfactorily with Firnagrel concentrate,
_ but for production of lighi-colored paper, the middle distilletion fractions
were required, Data showing the effect of the fibers used ars presented
graphicelly at the end of the report. ' ’ '

Laboratory scals sizing tests were mads first to select promising
sizing materials end procedures. The mors promising sizing emulelons wore
tested further with machine tests which were nmade with a rotery screen
machine at the B.P.M, Leboratory in Ansterdam. The most promising of these
were tostod on the long screen machine in the Leboratory for Technicel
Botany at Delft. From the results of these machine tests, it was concluded
that the mechanieal properties of paper sized with Lubsex need not be
jnferior to those obtained with rosin.

From the results of the above tests, it wac concluded thet the
following sizing procedure is the most favorable: A

; -

Wash the Edeleanu extract from heavy lubricating oil in sulfur
dloxide solution with mephthe in severel steps and emulsify the concentrite.
obteined with rosin and potassium hydroxide as previously deseribed, In -
case this emulsion should show & temdency to gettle because of too strong
&n alkaline reaction, pess in csrbon dloxide to a pH of 8-9. With this
emulsion, stesmed wood pulp or sodium kraft cellulose cen be sized (1 per
cent by weight of sizing material). Do not use more them 25 g of aluminum
sulfate por kilogram of dry meterisl for the precipitation; then bring the
mass to a pil ¢ 4.5 with sulfuric acid. It is recommended that the sizing
be offected in es concentrated a paper pulp as possible; otherwise
difficulty is encountered from smell lumps or oil droplets. It is best
to size immedietely in a hollander using & fiber concentration of several
per cent. This concentrated mass is very stable; however, sfber dilution to 1
per cent fiber concentration or logs, the sizing failed efter severcl hours
in their experiments.

Bnulsification with other materials than rosin was invostigntod,
Nome was as effective as rosin. The bast was tall oil (ocids recovered
from sulfite liquor from paper tresting processes), which can be used alone
ag sizing meterial. Epulsification with sulfonetos was possible, but the
emulsions were mich coarser then those prepered nith Lubex-rosin. With
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- montan wax, the sulfonate of en acetylene-xylene condemsation product,
and ester salts, no emulsificution was obtained. It was foumd that

8 20 per cent monton wax-to-rosin retio (4 per cemt bused upon the
Lubex emuleified) gave still better camleification of the Lubax,

The chemleazl structure and treatment to produce better emulsions
were congldered. There 18 ¢ certain snulogy between the structure of
rosin md Lubex in thet both contain polynuclear sromatic compounds.
Roain consists chiefly of ebiotic acid or pimurie acid. Lubex contelns
meny polynuclear aromatic compounds but does not contain memy orgsmic
acid vradicals. A&n atteupt wes mede to modify the structure of Lubex
to resemble that of rosin by the introduction of orgenie acid radicals
to see if rosin could be dispemnsed with in the siging process. To
see 1f orgenic acids hed the desired effect, it wes determined that
abletic acld alone is bettor than rosin for sizing, although the former
is crystalline end not repinous. Also, it 1s Imown thaet montan wex
sizes well and that this consists of acids with peraffinic chains (Cgg)
and thelr osters. Bensoic acid and palmitic aeid, which latter corresponds
with the acids of monten wax, had no siging effect. Tetralin was then
condenged with phthelic enhydride, in the presence of sluminum chloride
catalyst, to produce a ketonic acid which was reduced to the correspond-
" ing acid. DBoth the ketonic end the reduced sclds diseolved in alkeli
end precipitated upon the fiber successfully, but they produced no eizing
offsct. This ssme condengatioh-reduction reaction wcs offected with
the lowest end highest distillution fractions of Firncgral with results
gimiler to those obtained with tetralin, but the resulting product did
produce e siging effect in this case. Therefore, it wcs concluded thet
it 48 possible to eonvert Lubex into 2 kind of rosin by intreduction
of orgenic acid radicals, although this procedure is ezpeneive, It was'
then determined that this same effect could be produced by the oxidation
of Lubex with air snd potessium hydroxide at elovated temperaturs. Tha
side chains were decomposed znd oxidized to organic acid radiczls. %The
product from lubex hed a high acid number, but could not be brought into
solution or ewulsion. However, after melting this with Firnagrael, this
result was poseible smnd the product exhibited good eising sution, which
indicates that the oxidation product must be very good. Reactions of
Imbex with phosgens, Cl-formic acid ester, aud urcum chloride were
attempted with uneatisfactory results.

Pinelly, severcl exporimentsl techniques used in these investige-
tions were deseribed, which are summariged belows.

- For tho measurement of the particle size of the emulsions, the
following three techniques, which were deseribeéd in detail, were useds

Particle sige Proceduro
Over 1 Pircet measurement wnder the microseope.
0.1 to 1, Comting with the split ultramicroscope.
Below 001/¢( Measurement of the light oxiinetion.

the eiz:lne particles were exsmined microscopicelly, but, with
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the ordinery microscope, using visible light, the-sizing could not be
seen on the fibsrs, However, by using ultreviolst light, the rosin

emd Lubex fluoresced with & green color end films as thin as 0.d.<¢

- wore visible on the fibers. The slight green fluorescence of the

fibers thempelves was completely suppressed by dyeing the fibers vith
geraniun pink dye, vhich fluoresces to give an orange-red color. There-
fore,-the sizing appecred es green markings upon en orenge background.
With the use of en Buphos glass fllter in the eye plece of sn ordinary
microscope, this fluorescence could be observed. A carbon erc wos

used as a light asource, followed by a copper gulfato filtor (to remove
heat rediation) end an ultraviolet £ilter {to absorb visible lignt),
together with an ordinary glass lens, which was used to concentrate the
radietion upon the condenser lems of the mieroscope, which permitted use of
an ordinary microscope for this purpose. For fibers waich were properly
sized, the Lubex-rosin siging appeared to adhers as very fine dots upon
the surface of the fibor rather them es e film wihich might serve to block
off the capillaries in the fiber. With fibers which were improperly - .
pized, the fiber is partly encompasged with a £ilm of oll; or with very
coarse emulsions, the sizing eppears as particles or little lumps between
the fibers.

The determination of the permeability of the sized papsr, called
the sizing factor, is determined either on the basis of the tendency
of ink to blot on the paper orof water to permeate it. Since this in-
vestigation wos concerned chiefly with wrapping papers, the permeablillty
to woter vas of the most importance. Two tests were used to messure this
pormesbilitys the thiocyemnate test end the rolloup test. In the former,
a 1ittle box is folded from the papsr spccimen, wikich 1s then placed
ugon en emmonium thiocyanate solution and-moistened inside with a little
ferric chloride solution. The time vhich elapses until the appearance of
e distinctly red color is taken as a measure of the sising. A satisfactorily
sized paper requires 60 seconds. In the latter test, a small plece of
paper 1s placed upon the surféce of water, efter which it first starts to roll
up ad then begins to unrell boceuse of expension of various layers in the
paper resulting from permeation by water. The time vhich elapses from the
jnstant the paper is placed upon the water until it begins to unroll is a
measure of the sising. The roll-up test is uged for time intervals up
to 10 seconds and the thiocyanate test for longsr intervels then this.
From thess tests emd data in the literaturs, it appeared that the time of
penetration is inversely proportionel to the square of the weight of a
square meter of the paper. The measured periods of time were corrscled
to correspond with a standard welght of 100 g. per squsre moter by dividing
by the square of the weightof the papsr end multiplying by 10,000, 4s
2 norn for e satisfactorily sized paper, @ penetration time of €0 seconds
in a paper of 100 g. per square moter wes decided upon. For comparison
of the results of the sizing tests in graphs end othorwise, it wae found
convenient to introduce a sizing factor, by which is mernt the measured
aizing strength (time of penetration) divided by the content of sizing
in the paper. This factor reslly represents the time of penetration
which one would find st a sizing content of 1 per cent. ‘In ths experi-
ments with bleached sulfite cellulose, the slszing varied in proportion
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to the sizing content so that the sizing factor determined for it had
eignificence, - However, with kreft cellulose, the factsr at the lowest
contents proved to be higher thon with higher contente of sizing materisl.
Bxperimental date are presented graphicelly.

Analytical procedures were developed to determine the rosin and
0il content of sized paper. For rosin sizing only, the peper was extract-
ed with alcohol; the extruct was evaporateé; and the residue was weighed -
after drying for a short time at 110 C. For Lubex-rosin sizing the piper
wes extracted with 1:l benzens-aleohol mixture. The extract was evaporated,
dried, and weighed to determine the total sizing gontent. The Lubex-to-
roein ratio wus determined as follows:

Digsolve the extraction residus in elcoholebenzens (40:60) and
add alkali blue indicator. Titrete with NoOH or HCL as required until
neutrel to elkali blue. This titration indicates an eventusl defi-iemncy
or excess of alkall in the sizing. Afterward titrate potentiometrically
" to & point of sudden chenge at about pH = 7. This titration glves the
amount of rosin in the mixture. :

One should cerry out the titration with en entimony or glass
electrode and & sensitive pll meter (vacuum-tude type voltmeter). For the
determination of the slz ing content of the emulsions, & measured or weighed
quantity thereof is eveporated snd the residue welghed. The recidue can
be exsmined as wss indicated above in order to determine its rosin content.

The experimertel results of these investigations are prasented
graphicelly in the five figures attached to the end of the report, which
have been referred to ut zppropriate points in the preceding discussion.

Three photographs of paper specimens: 1. wunsized, 2, sised
_with Lubex end $. elzed with rosin, on each of which ink lines have boeu
" drawn, ave attached at the end of the report. On 1. the ink has made ¢
rother blottsd and mottled line, whereas with 2, and 3. the lines fre
- elear snd distinct, indieating satisfactory sizing for writing paper in
these latter two cases. _ ) :





