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INTRODUCTION AND HISTORICAL

Tactice is produced by the vulcanisation of raw or hlown
glyceride oils. The pﬁblio seems t0 be almost entirely unfamiliar
vith factice, although it is an important industrisl material, It was
known before rubber was introduced into Burope (1), and is.used in the
familiar form of *Artgum." Though well known to industry, it has ap-
parently been indenendently rediscovered by many inventors. The rubber~
1ike properties of factice are such that, in the trede, it is often
kaown by the name "rubber substitute® (1). The entire field is reviewed

by Whalley (21).

Yactice is usually oroduced by the action of sulfur or sulfur
chloride on any one of a great number of oils: rane, castor (2),
colza (2), linseed (2), grapeseed (3), soybean (4), cottonseed (5),
herring (6), saradine (£), corn, tall, or popny seed (l). Commercially,
fectice is mamfactured in two distinct tyves. Brown fectice is made
by the trestment of oils with sulfur at 160° to 200° C. (2); tne soft
kinds, containing a low sulfur content, are prepared from highly blown
0ils; harder varietles are made from raw oils and may contain up to 20
per cent of sulfur. Such a factice may contain 1 to § per cent of free
sulfur and has 2 deep reddish~brown color. White, or light, factice
is prepared by the cold vulcanizntion of an oil with sulfur monochloride;
rape, colsa, and corn oils are favored for this purpose. The quantity
of sulfur chloride used may be as hih =8 25 per cent of the weight of
the oil. Benszine or minerszl oil may be added to pravent overheating

after the adition of the sulfur chloride; chalk or alksline solutions
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are employed to neutralize the frse acids formed. Its free sulfur con-
tent should not exceed 0.5 per cent (). Another form of factice 1s

nade by treating a warm oil ﬁith & definite quantity of flowers of sule
fur =nd completing the vulcanization with sulfur chloride. This wroduct

has fairly good mechaniesl properties.

Esch (8) wrefers to claswify a factice according to its chemioal
structure rather thsn by its method of nraparation or color. He contends
that, in place of the tyne classificetion just presented, there are
four fundsmental factice typee based on various proportions of combined
sulfur and in different modes of cowbination. XFurthermore, two other
tynes exist, depending on whetiier the 0il is oxidized before or after

the tre&tment with sulfur or sulfur chloride.

Several other polymerized msterinmls heve been termed "factice,
slthough their method of vwresarstion is entirely differsnt from those
described above. Hoock (9, 10) has nroduced an oil product {"Voltol")
resenbling factice by tha trestment of fish oil or rapeseed oil with
the silent electric charge. Rheinberger (1l1) apslied tha term "factice®
to an elastic composition comnosad of sulfite ligquor snd dissolved cellu~
losic material (for example, waste naver dissolved by the zid of sodium
silicats). HMaterials such as canein, latex, blood, solid rubber, cork,
or wood flour may he added. These are, of course, special Cases and

are cuite different fror the usual concept of the naasning of "factice.¥

Physicelly, factices are solid jellies, ranging from light
white or yellow to deep red or red brown im color. They are insoluble

in rubber smolvents but swell to form very dilute gels. They are saponified
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by treatment with alkalisg or even steam or hot water, Although factice
has many rubdber-like properties, it has never deen produced with propere
ties wvhich can meet the tests of resiliency, extensibility, toughness,
and resistance to temperature changes shown to be necessary for a general
rubber substitute. PFactices, in general, are highly grease and water
resistant and for these reasona may find applications where they are

more satisfactory than rubder,

Yor nearly 100 years factice has been used principally as a
compounding agent with either natural or synthetic rubber (1). In
recent ysars the tendency has been to regard factice less as a subdbsti-
tute and more as & definite compounding material introduced to improve
sging and to produce a gcod effect in fho mechanical working of rubder
stocks, It does not oxidise or become resinous, and shows no inclina-
tion to ropiness in spreader stock, as well as restraining dlooming
(2). Brown factice is used in hot-cured mixings, whereas the white
variety finds spplication in cold~cured mixings. Yactice has many
applications as an adulterant of reclaimed rubber and of gutta-percha,
Certain factice compositions are exployed as sudbstitutes for the latter
(;g). The smooth feel in rubdber proofings is obtained by the compounding
of factice material, 'Groace re-ist@nco of rubder goods is improved in
the same way, Because this vulcanised material possesses some of the
characteristics of rubber, it is employed in the manufscture of insulated
wire, drurgists' sundries, erasers, stationers? goods, and other products,
Even when incorporated inm vulcanised rubder in large amounts, it does
not destroy the "rubdery" character of the product slthough it does
lower the tensile and adbrasion resistance. When used in colored tiles,

it prevents curling and stops degradstion of the pigment tint, Ite



o

presence in tubing stocks aids smooth extrusion. Of course, one of
the marked advantages of compounding with factice materizls is the low
cort of the mixings. The use of factice alone is very minor, although

Artgum i a familiar factice oroduct,

Much work has been done on the vulcanizatibn of all types of
oils. However, in almost every case the uaterial was desired for use
as o rubber substitute or as s compounding materiesl. Zsch (§). Kegufmsnn
(13), Salchow (14, 1%5) and many others have studied the chemical composi-
tion of factice in an attempt to explain 1ts structure snd the DProcess
of vulcanization. Others, like Grandel % Company (16), have developed
chemicel snd physical methods for the evalustion of such materisls,
From the availeble literature, it would seem that the pulp snd paper in-
dustry offers an entirely new field for the anplication of factice or
factice~modified man erials. Only two instances were found whers factice
materials had been applied to naners. Rvdbery (11) obtained & natent
for nroducing a vulcrunized fider material by imoreznating board with a
soecial oil and ghoit 75 ver cent of the sulfur chloride necessary for
complete vulcanization; addition of the remainder of the sulfur chloride
after imoregnrtion completed the vulcanization. Kaye (18) in 1926 patented
a vrocess for emulsifying oils in a warm 2lkeline solution and adding
latex snd a2 vulcaniging agent, such as alkell or 2lkaline earth sulfides
or polysulfides. These treated oils were cosgulated with aluminum
sulfate and were susgested for beater siring or costing onerstions.
Evidently neither of these processes sroved successful; at laast, they
are not ia use at present, Hence, it would seem that the opportunity
still exists to find a oracticsl use for factice materials in the paper

industry.
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PRESERTATION OF THR PROBLYM

The current scarcity of the usual canning and packaging
materials has drought about an acute need for specisl types of wrapping
and packaging papers. At present, the demand for ¢ cheap, available,
large tonnage wrapping paper for comuercial and military use is ranked
as one of the important problems of the war, If it were possidle to
find a material or group of materials which would fill any one of the
present needs, such a product would be considered a contridution to

the war effort,

It was the purpose of this investigetion to discover a product
vhich wvould be useful for wrapping and packaging the many types of
materials needed for commercisl and military consumption, Ido:lly. s
product is desired which is doth grease resistant and resistant to
wvater and water vapor, However, a film which would 4o either of the
Jobs well would bde & marked improvement, In the search for such a product,

the following specifications were set:

1. The product must de satisfactory from the standpoint of
greage resistance or resistance to water and water vepor,

2, The gheet must be flexible and withstand folding and
floxiﬁg over a wide temperature range (-40° to 200° 2.).

3. The materials employed in the preparﬂtion of the product
must be available, preferadly cheap, and abundant even under the war
conditions,

Y, 1If possidle, the materisl had to de such that existing

laninating equipment could be used in the manufacturing operation,
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Previous work at The Institute of Paper Chemistry (begun by
Wink (19) on castor oil and extended by Rowley (20) on linsesd oil)
indicated very favorambly the possidility of forming a factice material
which could be incorporated into a sheet of parer, theredy giving it
the qualities mentioned. The factice material might be formed into a
continuous film between two sheets of kraft peper which could be
laminated, giving a highly grease~ and water-resistant produet., Or, it
might be that a sheet of paper could ia sone way be impregnated with

factice material, thus securing the some effect.

Sevaral difficulties had to be overcome before such 2 process
could e carried out. Factice mrterisl as produced by the vulcaniszation
of ol) had several disadvanteges. The completely vulcanized ol) wes so
rubbery, gummy, snd tacky after cooling that it presented mechanical
problems, In this form it wes difficult %o handle, =nd filams prenared
from 1t gonteined numerous pinholes. If hot adsvlieation was tried, the
vulcanization process srocreded until the factice hecame so still and
erambly that 4t was imposaible to form continuous films, In the early
worc, no low teupereture accelecrstors wvere found which would favor the
vulcanization reaction st temperstures or time iatervale which were not
harmful to the paner. Therefore, it seemed rether impracticsl to impreg-
nate & sheet with pertially vulcrnized oils and then hest—-trest the sheet

to ceuse further vulcsulzation of the oil.

The first probdlem to be solved was the production of £ factice
from linseed or other oils wiich could be formed into e continuous film,

Once the film hed been precared, it had tc be investigated with respect
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to the four objectives outlined nbove, %The modification of the factice
£ilm by the addition of thermoplastic waxes or resins was worthy of in~
vestigation, from the standpoint both of obtaining desirable ocuslities
and of reducing the cost of the material. Later it was found that, even
though contimuous factice films could be formed, they did not posaasss
good water-vapor resistance. Modificstion of the factice film to produce
such resistance hed to be investigated. Later in the investigation

it seemed advisadle to study the possibility of using factice as e

plasticizer for waxy or resinous materisls.

After the most promising msterial had been selected from the
group of nroducts made, n more complete study of the variables involved
in the production of the material hed to be carried out. Mathods of
plant control and operations had to be investigated, ns well as actual

senicoxmercial production methods and commercial applicatioas.
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PART 1

AN IKVESTIGATION OF FACTICE AND FACTICE FORMATION
OENERAL METHOD OF FACTICE PREPARATION

It was found possible to vulcanige a water emulsion of lin=
sged oll at a tannerpturs of 100° C., snd then incorporate the factice
on or between naner sheets. This involved long cooking times, =nd the
frctice obtained did not possess many cualities desirable for tie work;
therefore, the mnsthod was discarded. A much simpler procedure Ior the
prenaration of a brown factice involved the treetment of an activated
oil with flowers of sulfur at higher temperatures. ¥Yactice made in
this manner could be orepared in a remsonabls length of time and was
suitgble for laminating purposes. The general method of pracaration was

standardized and was carried out as follows.

Thirty grams of previously activated oll were weighed into a
100-ml. beaker. The o0il had been activated by one of the several methods
which will be discussed later. The accelerator used in the greater
portion of the investigation was & commercial vulcanizing compound
(0=16) menufactured by the Vaoderbilt Compsny. The water emulsion of
sulfur, zinc oxide, Butyl simate, snd other materials was sdded to the
cold activated 0il in amounts varying between 5 and 10 per cent. This
0il snd water emulsion was then heated culckly over a Bunsen flame to
100° C. Care had to be taken since the boiling off of the water st
this point caused had foaming of the emulsion. The mixture was heated
carefully until =1} the water had been driven off, znd the temnerature

was finally raised to 1450 C. The beaker was vlaced on an electrically
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heated and controlled hot plate, wvhere the tempsrature was held constant
at 145° to 150% C. A constant speed stirrer was placed in the oil to
ineure good mixing znd to avold locel overheating. After the stirrer
had heen started, the desired amount of sulfur (5 to 15 per cent) was
e2dded and stirring wae eontimed until factice formstion took place,

The time for fretice formetion was token rs the interval betwecn the
addition of the sulfur »nd the end of the reaction. The initial heating
neriond for ths removel of the water was rsbout 1 minute, whereas. the
finel cooking neriod required seversl minutes to seversl hours, devending

unon the activity of the oil used,

The time to fackico was ¢ more or less arbitrery end point,
yet » verr definite one. After the pddition of the sulfur, the liquid
hacame deep red or reddish brown im color and there sesmed to be litile
change in viscosity. Suidenly the liquid decame very thick, viscous,
and tacky so thet 1t started to rotate with the stirrer and climbed up
the rod. The end point was taken es the time at which the factice was
s0 viscous it could he picked completely off ti:e Dottom of the besker -
By the stirring rod. Varistions in the end point of a certain oll were
less than 1 per cent of the total cooking time. In the case of the less
active olls it was slightly harder to determine the end poiat, because
the viscqsity of the o0il increased more graduslly. However, the factice

time, or end noint, was still very definite.

If a dry accelerator was used, it was unnecessary to remove
water before heating the oil to 145° C. In these cases the oil wvas
heated to 145° C., placed on the Lot plate, =nd the dry sccelerator

and sulfur added together. Other conditions remained as before.
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After the factice hrd heen forrmd, two shcets of high density
kraft peser were lemin:ted by passing them through a horizoatally
supoorted clothes wringer, the hot factice being poured into the nip

betwsen the rolls,
A SYUDY OF YHE ACTIVATIOR PROCESS

Raw or b0oiled linseed o0ll can be vulcanlized without sny pre-
treatment, hut the procese rejunires z verr long time gnd hli.g,h nercentsges
of sulfur., It would he necessar:,"to heat = comb:lhation of lingeed cil
and sulfur a day or more bafors a thick factice would be obtzined,
Eowever, it has been known for many years thzt, by mesns of = pretreat-
ment or activation nrocess, the activity of the oil s increased in
a vary few minutes. This activation process is accomplished by herting
the o1l to a high teuperature. It is beliaved thst, during tuls heating
process, there is a shift in the unsaturated doudle bonds of the oil,
producing conjugate doudble bonds which taske part in the wulcenization
process, It has been proposed thet the sulfur adds to the conjugate
double bhonds and forms the linksge between the molecules. A% the same
time oxidation must take place. It is further believed that blowing
accelerates the activation process, because blown castor oil vroved

to be much more ressctive then the unblown oil.

In the first oart of the exerimental work, the linuweed o4l
wss activated by heating to & high temperature. .It was found that, if
800 ml. of raw linseed oil were heated to 350° C. in sbout 2 hours,
held at this tempareture for annroximrtely 30 minutes, snd then 2llowed

to cool to room temperature, the resulting oil was very reactive and



would form r factice in 20 to 30 minutes using 5 per cent of both sul fur
and accelerator (besed on the weight of the oil). Severel batches of
0il were treated in this manner during the course of the investigation.
Although this method of activation is the simplest and quickest for
small quantities and laboratory use, it s far from being commercially
fensible. In the first nlace, svecial hesting equipment employing gas
or direct heat would be necesssry to reach and saintain this high tem-
noreture. Marthermore, the flash point of linseed oil is in this range
and on several occasions the oil ceught fire. Such s process would not
prove too satisfactory in large-scale operations., The activation bhrocess.
also nroceesded with such rapidity =t this elevated terperature that 4¢

was very hard to control the activation and obtaln a constant product.

1f the sctivotion of linseed oil were to he carried out on a
comnercisl scale, o more feasible process had 1o bse developed. At the
same time, 1t was necessary to devise some method of plant coatrol by
which the setivstion process could bhe followed znd controlled z0 that
tre finished oil nossessed the desired degree of activity, sa well as
other reguisite pronerties. In the preliminary activation processes
1t yas noticed thrt the oil exnerienced » very definite change in color,
viscosity, and other nhysical characteristics during activation. There
wos also a loss of ebout 8 to 10 ner cent by welght in volatile naterials.
All of these facts seemed to indicate thst viscosity, index of refrae-
tion, transmission of light, or other physical properties could be used

as a ruick, accurate indicstion of the activity of the ofl.



Mathod of Activation

In order to study the activetion process, a series of experi-
ments was set up involving the three variables of time, temperature,
and blowing. Beceuse tha ireviously used tesperature of 350° C. waa too
near the flash point of the all, it was decided to try activetion st a
lower tesderaturs. In order to obtain the greatest quantity of useful
knowledze from the fewest mumber of amctivation runs, it w:s decided to
moke one run st 300° C. without blowin; &nd & ran at 300° C. with
continuous dlowing. This would show the effect of mer:tion on the scti~
vetion orocess. If aerstion of the 0il during activztion accelerated
the orocess to any great extent, it might Se possible to lover tne

sctivation te serature to 200°.

Activation of Oils 300-310. A stainless stesl bucket contnining

ahout 3 liters of raw linseed oil was hested on & 1000~watt hot nlate to
a tesdosature of 300° Ce in 70 minutes., During the hemting pracess, the
0l was agitated by ueans of s steinlesssteel stirresr., The te:persture
of the 01l was increased from 23° C. to 300° C. at the rote of 20° G,
avery 5 minutes. Occssionally 1t was necessery to hert the sides of

the bucket with Bunsen burners iu order to maintain the temoersture
achedule. The 0il wie samnled nt the bezinning of the process, at the
tive tempersture was reachied, znd every 15 minutes thereafter. About
"00-ml. sowples were taken, allowed to cool to 100° C.y znd placed in
smsll glass semples jars. In this menner it was vposcible to follow the
physical and cliemicel chauges iaking place in the oil during activation.

The data for xmany of these samvles are ziven in Table I.



PROPERTIES OF ACTIVATED OILS

Heat Treatment, min,

Temp,

041 °c.
300 none
301 300
303 300
305 300
306 300
307 300
) &Y 300
2 300
33 300
Y 300
315 300
316 300
11 200
a12 200
213 200
a4 200
215 200
216 200
27 200
218 200
219 200
220 200
221 200
222 200
B 350

¢ 350

D 350

] 350

1 350

Conjulin ( commercial product)

Tine

to

0
70
70
70
70
70

30
30
3C
30
30
30

30
130
110
135
135

TABLE 1

Time R.K.V.
at Total 3%7’5 seC.
0 0 1.4739 5.9
o 70  1.47%0 6.7
30 100 1l.h4762 9.
60 130  1.4783 17.
75 145 1.u792 27.1
90 160 1l.4812  48.1
With continuous blowing
) 70 1.h4757 9.1
15 g5 1.4780 1k
30 100  1.4300 26.6
45 115  1.4830 1l01.2
60 130 1.u350 352.3
75 1% 1.4873 1350
With continuous blowing
0 30 1.U742 6.3
30 60 1.4750 7.2
60 90 1.4760 8.5
90 120 1l.4772  12.5
105 135 1.4780 15.2
120 150 1.9 20.7
135 165  1.4800  27.3
150 180  1.4805 35.0
170 200  1.4812 55.8
190 220 1.hW822  85.7
210 2o 1.4818  125.6
230 260 1.h835 183.1
30 60 1.u872 549
25 155  1l.hgsh 324
30 140  1.4870 550
30 165  1.4845 235
L 180  1.4928 1836
1.4883% L19

Faotice Time, min,
5% S 1065 154 S

250
260
62
13.5
1
79
145 35
16 6
265 62 N |
12 36 27
59 26 15
N 17 8.5
17 12 7
13 9 6
60
20
60 25
30
23 9 5

All times to form factice were determined at 1452 to 150° C., using 5
per cent of C~16 accelerntor, based on the weight of the oil,

R.K.V. = relative kinematic viscosity.
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Activation of Oils 311-320, The activation process for this

series of oils was carried out in exactly the same manner, except that
air was blown througﬁ the oil during the activation process. An sera-
tion device was made by bending & plece of smell copper tubing into a
circular shape adout 4 inches in diameter, having en arm about 12 inches
long dxtonding up perpendicularly from the circle, The tubing forming
the circle was drilled at intervaels of adout every 3/8 inch so that it
di;tribntod the air throughout the oil, The circular part of the tubing
rested on the bottom of the bucket, and the arm ran upward along the
side of the ducket to above the surface of the oil. A piece of rudber
tudbing was used to conduct the air from the compressed-air cock to the
air distridutor in the ducket. Blowing was started immediately after
the oil was placed on the hot plate, At lower temperatures much trouble
vith foam wag encountered. However, as the temperature increased, the
surface tension of the oil decreassd and foaming was no longer & problem,
Sannles were taken, as before, when the 0il reached temperature and at
regular intervals thereafter, Table I also containg the date for some
of the oils obtained by this method of activation, After trestment in

this manner for 150 minutes, & s0lid gelatin-like mags Temmined,

Activetion of Oils 211-223, The activation proceas for this

group of oils was carried out'in & manner identical to that just des~
crided for the 311 group, except that the tempersature of activation was
lowered to 200° C, The 011l was heated from 23° C, to 200° C. in 30
minutes, using & gchedule of 30° C. increase in temperature every 5
minutes, Samples were taken when the 0il resched temperature, and at
definite time intervals thereafter. Table I includes the data on this

group of oils,
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Changes Accompanying Activation

It has Yeen stated adove that numerous changes tuke place
during the activation of an oll which might be of use in esvablishing
a plent control method, For this reason, all samples odtained in the
various activation operations were investigated as to their physical

and chemical changes,

Factice Time, The true meagure of the activity of an oil

is, of course, the time necessary for it to form a factice when vulca-
nigzed with sulfur, Because factice time is & very definite, repro-
ducidble value, it was used to evaluete the actual effect of the various
methods of activation, Factices were prepared employing the general
procedure outlined at the beginning of this section. All conditions

of temperature, accelerator, and sulfur content were kept constant.

In the came of oils in the 211 group, factice times for 5, 10, and 1%
per cent sulfur were measured, Yactice times with 5 per cent sulfur
were run only on the last sample of the oils in the 300 group., Although
this oil is the most activated of any in the group, it reguired 250
minutes to form a factice, Hence, too much time would have been ine
volved in securing data for the other oils, Whenever factice times of
other oils are omitted, it is for the same reason, The time for factice

formation for the oils is given in Tabdble I,

Figure 1 shows very definitely the effect of the activation
process on the sctivity of the oil, Both curves have a very definite
dreak, showing that the change in activity is very rapid at first and

then gradually tapers off, It was necessary to activate the oil past
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the breaking point of the curve, bsfore it would possess a reasonadble

factice iime.

Yiscosity. It was evident that, during the activstion process,
the 0il experienced s definits change in viscosity. Highly activetaed,
very resctive ollg were thick snd plestic in nsture, vhera=as the original
rav linseed 01l wes thin and fluid like weter. If heating and blowing
were contimed for & sufficlencly long period of time, the oil would
finally decome entirely solid and jelly~like. This makes it evident
that plastic flow, or structurazl viscosity, must de invelved in any
’ viscosity measurements on the treated oils. Strictly Newtonian viscosity

could not de obtained.

The large range of viscosity which had to de messursd, the
deep color of the activeted oll, sad the plastic flow finvolved made the
use of the usual standard viscometers difficult. Becauss the viscosity
0f the oil wag of interest purely from a mill control viewpoint snd
not from the standpoint of geining spscific viscosity data, the more
simple the viscometer, the detter. Absolute vigstosity dats would nmot
be of much significance Decesuse plestic flow was involved and not true
Newtonian viscosity. For these reasons, a viscometer was made from a
25-ml. pipet; the construction sad standardisation of this viscometer
asre described in the Appendix. The pipet was filled with oil to a
definite height, snd the time for 10 ml. of the 0il to drain from the
tube weg determined. The volume of the effluent was measured by allowing
it to run into a 10-ml. volumetric flask. In this manner, there wes a
miniaum error cassed by the fluld clinging to the walls of the

visconeter.
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Using this method of viscosity measuremant, the relative

kinematic viscosity of each of the oils was ascertained. It proved

a very ouick and simple method of distinguishing the various oil
samnles. The varietion hetween check runs was less than 1 ner ceat in
every case. All viacosity measurements were made in the constsnt tem—
perature room at 100° + 0.5° ¥,, so thet the viscosity of the highly
activated oils would be decransed to a certain extent. The relative
kinematic viacosity of every oil sample employed in this investigation

is glven in Tebdle I.

Figure 2 shcws the effgct of the varlous activetion processes
on the viscosity of the oil., During the initial heating periods there
were very slight changes in viscosity but, when the change did occur,
it was very ranid. The most rapid increase in viscosity took place in
the activation at 300° C. with blowing. In this case the values rose
very rapidly from 101 to 1350 seconds with an additional treatment of
only 30 minutes. The change in viscosity of sn oll merely heated to
300° C. took place wuch more slowly, but there is still an abrupt dreak-
ing point in the curve. The activation at 200° C. with dlowing recuired
the longest time to resch a ziven viscosity, and the chsnge was much
more zrafusl. This would sean to indicate better control at this

activation tempersture.

It will be seen that tue viscosity curves of Flgure 2 are the
exact opnosiies of the time-to-fnctice curves of Tizure 1, and that they

appear to have some correlation with tha sctivity of the oil.
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Index of Refraction. It was known from previocus work that

oils experience a change in index of refraction upon prolonged heating.
Such a test im common in the veranish industry and in the testing of
drying oils. It seemed desirable to measure the index of refraction

of the various activated oll samples. This was accomplished by the use
of an Abbe refractometer with s sodium flane as the light source. Water
at 100° ¥. was circuleted from 2 constant tempsrsture bath through the
Abié refractometer, in order to ontain the refractive indices at the

seme temperstures es the viscosities,

Table I contains the refractive indices of all the oils used
in this exverimental work. These values are shown graphically ia Flgure
3, in which they are plotted against the time of activation. Agein,
the curves hsve the same senersl shane of those found inm Figure 2
(viscosity-heating time). Activation at 300° C. with blowing caused
the greatest change in the refractive index of the oil. The increase
resulting from heating st 300° C. snd from heating at 200° C. with
blowing was very neerly the same. 7here are several very definite
bresks in the curve for the oil ectivated a2t 200° C. with seration.
Vhether these bresks were the result of soue outside source, or whether
they are reprasentetive of the true chen.e is not known. Checks on the
mesgurements of the refractive indices of these olls gave results ideati-
¢al with those obtained the first time, s0 the error was not in the meas-
urement. Some change in the activation srocess might have occurred and
caused the veristion. In the other activation processes, the change in
index of refraction might have tekcen place so ranidly that this fluctup-

tion wns not noticed. It mizght occur only at the lower temperatures.
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In general, the curves found in Figure 3 indicate the possidility of

following the activstion process by tiis method.

Color of Oi1l. The activetion processes of all types are

accompanied by very definite color changes. Raw linseed oil has a very
1ight red-yellow color. If activation was caused by heating at a high
teaperature (350° C.), there was a graduel color change until the final
product was the dark olive-grean color common to heavy lubricating oils,
041 activated by haaﬁing to 300° C. for osrolonged veriods assumed & deep
red color, both with reflected and with transmitted light. Aeration .
caused two distinct colgr transitions to take place. During the first
nart of the heating the color of the oll baecame a bright grass gresn;

as the Leating and aeration were continued, the green slowly changed

into the deep red color obtained by merely hesting the oil at 300° C.

It would have been interesting to study the activetion taking
place by measuring the adsorption and transmission of visual :nd infrared
radiation by the various samples. Adequate time was not availsble for

this study, because other investigations were deemed more 1npoitant.

Loss of Volatile Matsrials. The entire activation process

was accompanied by the svolution of the more voletile constituents of

the linseed o0il. As would be expected, the higher the temperature, the
greater was the loss in volatile material, even though the activstion
took place for a shorter period of time. If the 0i1l wras heat-treated

at e te.perature of 300° to 350° C., about & to 10 ner cent of the
original weight of the 01l was lost. Aeration did not seem to cause much

variation in this value. Activation at lower tenperatures resulted in
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a2 smaller loss of volatile material, At a temparature of 200° C., the

loss was in the ran:;s of 3 to 5 per cent of the original weight of the oil,

Other Changes. Probably the greatest change in the oll was in
its chemical structure. lodine aumber, acid number, and the other usual
chemicnl tests for the identification of such matsrials might have led
to some interesting results., Because the time was so limited and the
investigation was of s pHracticgl nsture concerned more with plant con-
trol methods than with the actuesl chemietry involved, it was decided not
to investigate the actual chemical changes taking place. Such a study

would be 2 major research prodlem in itself,
Effect of Variables of Activation

Temperature. It asceared to be relstively uaimnortant whether
the originsl linseed 0il had haeen actiiated by heating at a high tempera-
ture (350° C.) or at a lower temperature (300° C.) for a longer neriod
of time. If the activation in either case was carried out until the
oils reached the same reactivity, the factices nresared from the oils
could not be differentinted on the bdasis of physioal oroperties. It
scemed evident that, on the basis of the final factice, the temperature

of activation was of no importances.

The temperaturs, however, was of great lmportance in the speed
of the gctivation process, as is shown by the curves in #igure 1. Activa-
tion at 300° C. takes place in less than half the time recuired at 200°
C. Migures 2 and 3 show the great influence of activation temperature

on the rate of change in viscosity and refractive index. All these curves
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indicate verys definitaly that, at high tempersturas, ths spesd of activa~

tion occurs g0 ranldly that 1t would be difficult to control.

Tine. The time of sctivation has bYeen shown to be a function
of temperature. If activation iz carried out at lower temnaratures,
lonzer no~iods of trectment are reruired. The time of activation can be
shortened considerably by aeration during treatment, 28 will be dis-
cussed in the followins section., It is evident th:t the important
heating interval iz the time the o1l is hcld st the activation tenpera~
ture. The time required to bring the oil up to temperature ir of lesser

importance.

Blowing. The blowing of air through the linseed oil during
the activation process was a great ald in accelerating the speed of the
reaction. In addition to oxidizing the 0il, such a procedure also in-
creased the reactivity with sulfur. The values given in Teble I show
the great improvement sscured by aseration. 011 307 was heated for 160
minutes, and yet recuired 250 minutes to vulornize (using 5 per cent of
both sulfur and accelerstor). 011 313 was treated for oaly 100 ninutes
with dlowing hut fomed a factice in 260 minutes. Additional activation
by this method for 45 minutes produced an oil which would factice in 1
minute, Figures 2 and 3 also show the rapid change in viscosity and
index of refraction caused by blowin; the hented oil. From Toble I $3
can be seen that 011 217 (heated at 200° C. with blowing for 165 minutes)
formed a factice in 205 minutes. Hence, the blowing of the oil during
activation made it possible to lower the activation temperature from 300o

C. to 200° C. without lengthening the time of treatment. This is of
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great importance for mill operation, because this 100° C. decrease in
tamneratura would wean a coneldersble saving in equipment and operation
costs. PFurthermore, the factices prepared from blown oils performed

Just 2as well in laminsting operations.

It was thought that the effect of seration might be improved
8till further if ozoniszed air was passed through the oil ia place of
alr. A small ozons andarstus (gl_) wus availadle, and saveral runs were
made bubbling ozonized alir through the oll helng activated. Iven in
relatively large quaniities, ozone had less effect upon the activation
of the oil than air. ~Perhaps this was because ozone did not oxidize the
0il dut sdded to the double bonds, forming an osonide which would be
decomposed into an sldehyde sad esn acid upon hydrolysis with water. In
this mann-r, » degradation of the chalns would be exierienced and not

a shifting of the double bonds to conjugate double bonds.
Method of Plant Control of Activation

It was evident from the data pressnted in the preceding pages
that & very definite rel: tionship existed between viscoaity, index of
refraction, and the mctivity of the eil, provided the metaod of active-
tion is defined. Unfortunately, viscosity and index of refraction are
not altogether independent of the method of sctivation. Hence, one must
know the oast history of the oil, as well as its physical constznts.

In plant control methods, this fact would not cause any difficulty
because the method of activation could de thoroughly defined by time and

tenmpersture schedules,
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For any given activation process, the activity of an oil can
be determined very definitely by the index of refraction und viscosity.
0ils B and D (Table I) were activsted independently before this wozk
on activation was carried out. The tempersture of sctivation was the
gseme in each case. About three tines the volume of oil was sciivated
in the latter case, s0 th:t & longer time was necesszry to reach tempera-
ture. The refractive index, viscosity, snd factice time of these two
oils are slmost identical. This certainly indicates the relationship

between the three properties mentioned.

Becsuse the mathod of activation used on the oils in the 311-
322 group would be the dest commercially, a more thorough study of the
relationshin hetween the activity of the 01l and its physical properties
was desirsble., These results are given in Table I and are represented
graphically in Figures 4 and 5. Pigure 4 illusirates the relationship
. hetween the relstive kinemstic viscosity of an oil and 1ts factice time,
using either 5, 10, or 15 per ceat of sulfur in the vulcanization process,
Figure % shows the change in refractive index with factice time, employ-
ing similar sulfur contents in vulcanizing. Both these curves indicate
a definite relationship, the former probavly being the more satisfactory.
On the basis of this evidence, it is not unreasonable to assume that
quick measurements of viscosity and index of refraction can be used to
follow the activation process, thus ensbling the operator co obtzin any
desired degree of sctivation. Of tine two wethods, the viacosity measure-
ment im preferred, because costly ecuipmeat i3 not necessary. Farther,
at lower activation temperatures, although the change in refractive index

18 definite, 1t is 80 small that any error in measurement would lead to



244

200

nin,
e
2

4

7act3c; :i.me
"

8

: .237—

FICURE b

S RALAITONSKIP BIANHEN HILALIVE KTHIMATIC
- VESCOSITY AMD ¥AQTXCE TIME VIR VALIOUS
SULYUR COWDNgS

lbﬁ \o\\~o—~ —9

0

20 b G 8 100 120 140 160 180 20O
Roz.v.' lﬂ’»ﬂ.



~ 2

08¢

supw ‘euwpy €93395K
o2 091 02T o8

SINGLI0) HAATNS §MORAVA HEIN TWIL FOTLOVE NV
SOTIOVELE 20 YXQNI MESnINE JYHSHOILYTRM EBX

§ TunOn

et

et

‘g 4001



=29~

difficulties. Viscosity changes, on the other hand, are of greater

magnitudas sad the chance for error in mersurement is less,
A STUDY OF THE VAXIABLES OF FACTICE Fuhi ATION
Activity of the 01l

The previous pages have been devoted to the activation and
activity of linseed oil, but little has been seid about the eifect
of activity on the final characteristics of the factice. It is evident
that increased activation of the oil caused a decrease in the time
necessary for the final vulcanization process. In genersl, for &
glven temperature and a definits sulfur and catalyst ratio, the time
of factice formztion depends upon the activity of the oil. The in—
creased resctivity of the oil with activation is shown very definitely

in Pigures 1 end 6.

In addition to the speed of the reaction, the activity of the
0i]l used for vulcanizaticn has & definite influence upon the finsl nroper-
ties of the factice. Factices prevared from the more highly activated
olils have more hody, more of the crumbly texture of purely oxidised
linseed oil, and much less tackiness and elasticity. They were more
flexible and softer, but lacked the strength or resilisucy of rubber.

This was characteristic of oils which would factice in 14 minutes or less,
using 5 per cent of both sulfur and accelerator. These products, had a

greater tendency for "blooming" of the sulfur after standing for several

dars.

Factices made from the lower activated oils depended consideradly
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on the percentaze of sulfur, whereas those prepared from highly activated
oils appeared to be independent of the sulfur content., This will be
discussed more completely under sulfur content. The factices from less
activated olls were much more fluid, tacky, sticky, snd resilient,

and possessed much less body. In general, they proved much hetter for
lamins ting purposes. There was no tendency toward sulfur "blooming,

and the products were less influenced by extremely low temperstures.

Oils in the range of getivity which would form & factice in 20 to 60
minutes with 5 per cent of both sulfur and C~16 were considersd the most

desirable for this work.

Insufficiently activated oils recuired a long time to polymerize
and had several objectional features. They were soft and oily st room
temperature and possessed very little strength for leminsting purnoses.
They contained unvulcanized oil which, upon szingz, would impregnste the
laminated sheet, giving it an oily, undesirable appearance. Such factices

also have a slight odor,

Factices prepared from highly activated oils are generally a
bright red or orange color; this color becomes a dull bdrown as the

activity of the oil used in factice preparation decresses.

Accelerstors

Certain commercial rubber wulcanizing accelerators were found
to speed up the vulcanization of activated linseed oils. Most of the
low tenpersture, ultra—-accelerstors for latex are in this class. For

this investization, seven accelerators were available:
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Trade Name Chemical Name Manufacturer
Butyl simate Zine dibutyldithiocarbamate Vanderbilt
Captax Kercaptobenzothiazole Vanderbdilt
du Pont 552 Piperidinium pentemethylene-

dithioocardamate du Pont .
El sixty (An amino thiasole powder) Moasanto
Pip-Pip Monsanto
Thionex Tetramethyl thiuram monosulfide du Pont
Tuads fetramethyl thiuram disulfide Vanderbilt

Rowley (_2_9_) had previously investigated the additiom of 1 per
cent of. the above mentioned catalysts and found Pip—-Pip, du Pont 553
and Butyl zimate to be the most effective. Although it was decided to
used Butyl simate as the accelerator for the valcanisation vrocess, the
aveilshle materisl was depleted early in the investization snd & commercial
vulcanizing agent manufsctured by the Vanderdilt Comoany, known as C~16,

was substituted. The composition of this agent is as follows?

Meterisl Parts
Zinc oxide 3.00
Sulfur 1.00
Butyl zimate 1.00
Agerite white 1.00
Darvan 0.24
Casein 0030
Caustic soda 0.10
Water 5.36

Totn.l 12000
Total solids 55.3%

Because Putyl zimate is a component of 0~16, the latter might
prove usable as an sccelerator. A saries of tests was made to compare
the effsctiveness of varying amounts of C-16 as a catslyst. The results
of this investigation are given in Teble 1I, using the following constant

conditions:
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30 grems of linssed o1l C (np7"> 1.4854, viscoutty 324)
1.5 gravs of sulfur
Temperature, 145° to 150° C.

TABLE I
PHT FFYRCT OF ACCYLFRATOR OX RATE OF VULCANIZATION

Faoctice Time Aeoglerator

Run ain. € O
11 65 0.3 Butyl simate 1
12 30 6.5 c-16 2.7
li o 3.0 c-~16 10
pL 20 1.8 c~16 5
18 2 1.5 c-16 5
15 30 1.0 c-16 3.3

* Percentage of pccelerstor Dased on the weight of the oil.

The above results show that C-16 is » much mare affictent
catelyst than Butyl ximate plone, The effect mast be produced by some
octher component of S-16 than Tutyl simate, because the quantity of C-16
pecesssry to contsin 0.3 grem of Tutyl simate i3 0.3 x 12, or 3.6 grams.
This was more netelerator than wra required to give the best results.
Five per cent of C-16, baged on the weight of the oil, produced the most
offective eatalytic result. This velue was rdopted o3 n standard for
the remaining phases of the invastigation.

The higher smounts of accelerator produced a definite change
in the physicsl properties of the festice. ¥ith incressed quentities of
0»16, the fintshed product susumed A more rubber-like spperrance. It was
firxi and elastic and had more body. There wag s loss im the $acky, sticky,
stringy sppesrance of factiee prepared with lower amounts of mecelerstor.

A part of this chengs might have been caused by the sine oxide in the C-16.
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Because (-16 {s a water ermlsion, a special method of factice

preperation had to be developed, This has besn dezcribed on pagze 8.

Sulfur Content

For a given 0il activity, catalyst, and temperature, the time
of factice formention depends upon the ratie of sulfur to oil., In genersl,
the larger the amount of sulfur, the shorter is the time for fectice
formation, The data for factice formation given in Tadble I are evidence
of this fact. A portion of these deta is shown graphicslly in Figure 6.
It is seen that the retio of sulfur used in vulcanization is of much
greater importance with the less rctivated cils, Inoreasing the sulfur
ratio in a highly activeted 01l produces relatively smell changes in
factice time; in less activated oils, it i3 of great importance. These
curves i{ndiomte thst, if sufficient sulfur is »resent for the renction,
the addition of more sulfur has little effect. ZIvidently only a certain
rotie of sulfur to oil is required for the wuleanization, this ratio
increasing with decreasing oil activity, Any additional sulfur does not
rezct and will "bloom" out upon standing, This proved to be true in the
exoerimental work, Highly activated oils showed some "blooming" when
valcanized with 5 per cent sulfur, and much more if higher percentages
wers used, On the other hand, the lower activated oils showed no "bloot
ing* with 15 per cent sulfur, The highly activsted 0ils are subjected
to some polymerization during treatment. This :mst be true, because
they become solid if the hest-trertment iz continued long enough. 1In
such cases, the sulfur simply comoletes the polymerization and naed be

present only in relatively small amounts.
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‘mo quantity of sulfur used iz vuleanisation changes not only
the factice time dut also the nature of the finished product. Ag the
sulfur content incremses, the factice chsnges from e tecky, sticky,
senifluid mass to & firmer, less tacky, rubber-like mass. In the latter
cass, the msterial has more of a crumbly chsrscter and loses its eles-

ticity =ad strength.

Too high a sulfur content will tend 8o produse an odor of sulfur
in the finished product. The saging propertiss of the material are de-

¢ressed, particularly at higher temperatures.

Temperature _

Yor a given o1l activity and sulfur and satalyst ratio, the
tize of fastice formation depernds upom the tempersture. Sulfur (mwu) is
auwpposed to be more reactive than sulfur (lambda) and, beeause thers is
8 shift in the ecuilibrium detween the two forms of sulfur in favoer of
sulfor (m) with incressing temperatures, fastice might be formed more
readily at higher temperatures (20).

In genersl, 1% was found that & tempersture of 145° to 150°
C. could resdily be obtained and controlled; therefore, this temperaturs
vas exploysd. The resotions took place in reasonable periocds of tinme,
and there was less danger of overheating snd burning the material ss it
began to form a factice. Burning or localised overheating imparted an
odor to the finished product. The sulfur dissolved readily dut not too
quickly at this temperature. At temperatures sbove 200° C., the addi-
tion of the sulfur ceused the svolution of large quantities of gas
(oxides of sulfur) which gave troubdle.
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011 B, which took 60 minutes to form a factice at 145° C.,
required only 10 minutes at 130° ¢. There was apparently little change
in the puysical properties of the two factices. The latter may Lave

besn less tacky. No detailed study was mzde of this varisdle.

Seeding

Many polymerization reactions proceed much more rapidly if
the starting materisls sre seeled with a smell quantity ol the finished
oroduct. In this manner a latiice structure wmay be formed, upon which
further building or polymerizetion caun tuke place. Seeding apoeared

to have & noticeadble effect in sccelerating the formetion of & factice.

041 220 was used to prencre s factice in the custormary uwenner,
suploying & per cent each of sulfur and rccelerator. The factice time
for this oil was 31 mimutes. A second :1d identicel Dbatch of Oil 220
vas started, but in this exneriment sbout 10 per cent of the previously
formed factice was used in addition to the sulfur ani accelerztor. The
previously formed factice dissolved or dispersed culckly in the hot oil.
Tha factice tine in this case was 26 minutes. This was a reduction in
time of about 15 per cent. 0il 221 showed a similur reduction in

time for factice formation when sesded with previously presared factice.

Time was not available for a complete study of the effoct of
sseding over a wide range of oil activities, dut from the availadle

evidence 1t is a phenomenon worthy of investigationm.
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' PROPERTIXS OF FACTICE XILMS

Sheets of kraft paver were laminated as desoribed on page 10.
These laminated sheets were tested in a variety of ways in an attempt

to eatimate ths value of factice a8 a laminate,

Flexidbility

One of the most desirsble characteristics of factice films
ia thelr great flexibility in ell the temperature ranges studied.
Factice seems to be » material vhich possesses practically no thermoplas-
tic tendencies. The tackiness, flexibdility, and continuity of films
formed in such 2 manner seem to be independent of temperzture, whasther
it 1s 140° C. or =40° C. Ssmples of pure factice and factice-laminated
sheets placed in a cold box at a teuperaturs of-35° C. possessed the
ssme soft, resilient texture evidenced at room temperature. During the
laninsting process, the factice materisl was applied at n temperaturs
of 1h5° C., Yot there was no trouble from bdleeding. This one property
alone indicates a very bright future for factice as a laminating material.
Mexibility over such s wide temperzture range ceanot be obtained with

any of the common lamineting materials,

The influence of sulfur, oil activity, accelerator, and other
such variables on the zeneral physical character of factice has been
discussed in detall. It is evident that the rrtio of these meteriale.
necessary for the production of a factice suitable for laminstion must
be chosen with regard to the properties of the finished product. High

sulfur content or oil activity tend to produce & more firm, crumbly type
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factice possessing less flexidility. The proper range of thess con—
stituents necessary for a desirable product has been indicated in

earlier sections,

Aging

Factice films were unchanged by long periods of aging under
most temperature conditions. At higher temperatures for long periods
of time, the factice decame slightly stiffer. This was especially trnol
of factices made from highly activated o1l (less than l5-minute factice
time), or those having a high sulfur content. Factices prepared from
moderately activated oils (20~ to 60-minute factice time) and & per cent
of sulfur changed very little with aging. Less activated oils formed
factices which contained unwvulcanized 0il; upon aging, this oll vene~

trated into the sheet, giving 1t a dark, oily, undesirable anpearaace.

Orease Resistance

(Greasaproofness tests according %o the Institute turpentine
test descrided in the Appendix proved that creased or uncreased factice
£1lms wers very good. Not one failure or spot was obtained in the 60
minutes usually sllotted the test. In the majority of cases, there was
no failure even after 48 hours. The resistance of factice films to
vegetable and minersl olls was investizated. Small boxes were made from
the factice-laminated sheats, » thin coat of corn syrup was applied
pround the top of the box to keep the oil from creeping over, and the
boxes were filled with minersl, leard, ~nd peznut oil. After several

days there seemed t0 be no evidence that sny of the boxes had fsiled,
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It wea concluded from these tests that factice possessed very good

grassenroof properties,
Water Resistance

Tagtice-laminated sheots posssssed very sood resistance to
11 mid water. Small boxes »Hrajared from the laminated sheets would hold
water indefinitely. Yolding or gressing the sheet seemad to hrve no in-
fluence on the results. It was found that the best method for testing
samplaes for water resistance wan to add » smell quantity of a wetting
agent (such 28 Val) to the water. The nresencs of the wetting agent
would iacrease the speed of oenetration of the water through any dis-
continuities in the film, Using this method, pinholes or fzilures

would e evident in less than 1 minute.
Water-Vapor Nesistsnce

Resistance to linuid sand vrporous water are two scprrate
prodlems., Gond resistance to the forrer Joes not mean satisfactory
protection zgainet the latter. Factice films cannot be considered am
g£ood barriers to water vapor. They are, of course, a marked improvement
over the paner alone, hut thay zZave vslues conegiderably above = water—
vapor nermeability of 1 gram of vapor per 24 hours ver 100 squars inches
of srem, the unper limit for moistureproof barriers. CSamples for water—
Yaner u&rmeabillty were creaseld, snd the oreased snd uncreased ssuples
ware testad for water-vapor narmeablility using the mathod given in In~-
strumentation Report 30, Part IIX (329. The results of these testis are

shown in Table I1I,
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TABLE III

WATER-VAPOR PRHMRABILITY OF VARIOUS PACTICE FILMS

r;fﬁ“ C-16 Sulfur Film Weight w?:;::f:: pemsg::i:z
Run 041 sec. % 4  g./100 sq.in. g./(24 br./100 sq.in.)
16 ¢ 20 5 5 12.8 1.90
17 ¢ 20 5 5 13.6 5.99
18 ¢ 20 5 5 13.6 4.18 %.26
20 ¢ 29 a.7 5 22.0 2.61 2.n
3 » 60 5 5 11.2 3.08 3.4k
205 tonjulin 23 5 5 8.1 7.55 8.13

It is evident from these data thnt factice films have vpoor
resistance to water vanor. The method employed in laminntion gave little
or no control over the varisbles of this process, as will be diacussed
later., Ths total weight of materisl used in lamination could be determined
readily, but film thickness and penetration could not be conirolled.
However, the results obtained were so poor that it was evident thst some
means must be sdopted %o imorove the water—vaspor permeadbllity of the

faotice film,

The physical characteristics of the factice had some influence
on the water-vaoor ﬁermeability of the lazinsted sheet, varticul:rly on
its folding aqualities. This wss to be expected. Much of the difference
in water-vazpor permeability might be attributed to the differencs in
penetration of the shret durin; leminztion. From Teble III, it is gzeen
thet there is = steady incresse in the permeadility of Samples 20, U3,

£nd 205%. The physicel properties of the foctices chraged in the scme
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order, Sample 20 being rudbder~like whereas 205 was a senifluid. The
change might be attriduted also to the difference in film weight rather
tham to the factice. Im either csse, it is apparent that fsctice is

unsatisfastory for water-vapor protection.
SUMMARY

A rapld and satisfactory method for the preparation of a
factice sultable for laminating purposes has been developed and all the
pertinent variables important in the production and control of the factice

have bdeen investigated.

he achivation of lineeed 01l can be accomplished dy hest-
trsatment at 350° C. or at 300° C. for a longer peried of time. Aers-
tion permits the lowering of this temperature to 200° C. without an iz~
crease in activation time, 2nd gives the same satisfactory resulis.
The lower temperature causes the sctivation of the oil at a mach more
controllable rate snd is the most feasible commercially. Viscosity,
tndex of refraction, and faetice times for small samples are directly
related to the astivity of the oil and can be used to follow and control
the activation process in indusiry. XKnowing the index of refraction,
visoosity, and method of sctivation of an oll, 1t is possidle to prediot
scourately the time required for feotice formation, the optimum sulfur
content needed for vulcanisation, amd the character of the fastice pro-

duced.

The time of formation and physical properties of a fastice

depend upon the following variadles:
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041 Activity. ¥or a givea temperature and sulfur and sodeler-
ator ratio, the tise of factice formation depends upon the aetivity of
the oil. More highly sctivated oils produse rubber~like materiale having
dody and flexidility, but lacking the tackiness, toughness, and semi~

tluid character of factice from less activated oils.

Accelerator. Tor a given tsmperature, oil activity, and
sulfur ratio, the time of factice formation depends wpon the type amd
quantity of accelerator added. Optimum conditions ¢f vulcasisation
with 0-16 (Vanderbiit) are obtained with 5 per cent of the accelerator
(based on the wefght of the oil). The physioal preparties of the factice
are slso dependent upon the $ype and quantity of secelerator.

Sulfur Content. For 2 given temperature, oil sotivity, and
accelerator content, the time of factice formstion depends wpon the
sulfur to oil ratio. This ratio is of greatest importence with the
loss sctivated oile, but is of wach less importance with highly setivated
ones. A definite quantity of sulfur is necessary for the polymerisation
of esch oil, but u'oxcon of sulfur does not resct and will *bloom*
out wpon standing. Increased sulfur content produces more body tut
less teckinsss, strength, resilienoy, and flexidility ia the final

Tacttiee.

Jesperaturg. Yor a given oll astivity and sulfur and acceler-
ator ratio, the time of factice formation depends upon the temperature

of vuleanisation.

Sesding. The addition of previously formed factice o an ofl
during vulcanisation causes am accelsration of the vuloanising process.
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The properties of a factice film which mske it desirsdle for
laminsting purposes are as follows: (1) The soft, tacky, rubbery film
keeps its properties indenendent of extremely low (~35° C.) or high
(150° C.) temperstures. Folding or creasing does not cause fracture
of the film., (2) Factice-lamincted sheets nossess zood sging properties,
irresnective of temperature. At high temperatures there may bte a slight
stiffening of the factice. (3) Factice-laminzted shee’s are greaseproof
to mineral, lard, »nd vegetable oils as well as to turnentiane. (U4)
Sheets laminated with factice sre water resistant. (5) Properly pre-
vared factice h:s 1little odor. (6) Factice can be prepared easily from

relatively cheap raw materials, with very low cost equipment.

The undesiradle properties of factice for use in lemin-ting
are as follows:t (1) Commercial application might present difficulties
bacause of the tacky, sticky, ani nonthermoplastic character of the
material. (2) The cost and availability of linseed oil is limited
at Dresent as a result of war conditions., (3) Factice-laminated sheets

d0 not possess £0od resistance to the passage of water vasnor,
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PART IX
A STUIY OF THE EFFECT OF WAXY AND RrSINOUS MATERIALS

ON THY WATRL-VAPOR PMeMXABILITY OF FACTICE FILMS

It was andarent from the results presented in Part I that
factice films were unsuitadle for the production of laminated papers
which would fulfill the reauirements of the packaging industry. Al-
though the greasenroofness of such materials was good, they were not
resistant to the passage of water vapor. Unfortunately, water vapor
can be just es destmctive to nackeged food or materials as water itself;
1t will cause deterioration of foods and rusting of eoculoment. For
these re:sons, it was obvious thr-t good protection sgainst water vapor
was an essential property of a lamin-ting msterial such as was bdelng
investigated. These facts indicated th:t some method must be devised

to improve greatly the water-vapor resistance of the factice films.

Pure factice for lamin-ting purposes had snother definite
drawback~=thst of supply of rav matgrial. Under the prevailing war con-
ditions the supply of linseed 01l, like all other materials, is limited,
although 1% is not rationed or on priority at the present time. There-
fore, an investigation was carried out with raw linseed oil as the
starting raw materisl. Xven though it is not one of the edible oils so
essential under present conditions, the supply of o0il is limited and
mizht not be sufficient to fulfill the reculrements of the industry.

The blending of factice with cheaper, more avallable materisls might

prove to be the answer to this problem,

The most logical anproach to the solution of both the diffi-

cultlies just oresented was to study the changes caused by the addition
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of numerous water-resistent waxes znd resins to the factice. Souwe

resin mizht be found which would dring about a greet improvement in the
water-vepor-resistent material., At the same time, such s ¥filler* would
tend to lower the cost of the factice product end relieve the prodlem

of linseed oi) supply. A large number of different types of wexes and
resins were sdded to the fsctice. At first only suall quantities of
these materizls were employed; however, e8 the investigation progressed,
1t sesmed desirable to meke the #filler® the predominant portion of the
product and use the factice more &s 2 plasticizer. Ia this manner

the flexible, rubbery character of the factice was combined with the

water-vapor resistsnce of the ¥filler.*®
OGXNERAL METHOD OF PREPARATION

The first step was to find a method for adding the various
resin mepterisls to the factice. Although & chemicsl combdination might
not be necessary, a homogensous mixture weas essentlpl. If the factice
was prepared first snd molten waxes or resins added, a homogeneous mix-
ture could not be obtained. It was evident that, once the polymerisa-
tion or vulcanization of the 0il had taken place, it was immiscidle
with other materials. It was soon learned, however, thet hot linseed
oil, prior to vulcanization, was wiscible in sll proportioans with

many resins and waxes. On this basis, the following general method of

nreparation was adopted as standard.

Thirty grams of previously activated oil were weighed into a
100~ml. beaker containing 1.5 grams of the C-16 accelerator. The oil

and the 0-16 water emulsion were immediately mixed together, until a
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homogeneous emulsion was formed. If this mixing was not done immediately,
there was dsnger of the smccelerator ceking on the battom of the beaker,
vhere it promptly burncd when heat was enplied. Under such conditions,
it vould not dissolve in the hot oll, 'The water =ad oil emlsion was
then heated quickly over o Bunsen flame to 100° €. At this point the
water bsgan to boi{‘out, and care had to be taken to prevent oil from
foamiag over the topiof the bYeaker., After all the water had heen bolled
out, ths temdreratu:e of the 0il was increased to 11&5o C, At the same
time, the previously weighed portioq of resin or wax was added. Herating
wvas continued {with constant atirring) until all the resin had melted
end was counletely mixed with the hot oil. This preliminsry treatment

was completed in 2 minutes, .

The beaker was then placed on sn electrically lLieated :nd con—
trolled hot plate, where the temoerature was held constent at 1h5° to
150° C. The mixture wes agiteted with s constant speed stirrer to in=
sure nixing and to avoid locslized overheating. After the stirrer had
been started, the desired amount of sulfur (1.5 or 3.0 grams) wes added
and stirring contianed until factice formation took place. It was
found thet, with the higher ratios of resin to o0il, an increase in the
quantity of sulfur from 5 to 10 per cent (based on the weizht of the
oil) decreased the time of factice formation appreciably. The end point

in this investization was the sane ms$ that previously described.

After the material hzd been vulecanized, sheets of kraft paper
were laminated 28 before, using a wringer. This method of lamination

made it difficult to control the film weight and nenetration, but sheets
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were obtained which ware sultsble for testing. As the rotio of wax or
rasin woe incresgsed, the factice becsme more thermoplestic znd, as a3

result, the weight of the film between the shrets tended to increzse.

Sheats leminated in this menner were tested for vater-vapor
permezbility by the usual method (22). The results of these tests are
found in Tables IV and V. In one or two cases, the vrlue for the water—
vepor permeability of the uncreased sheet is slightly higher thun that
of the crea,séa ahaet. This may have been @«z:zsed by a difference in the
weight of the factice film in the sauples, or the best portion of avery

laninated sheet may have been selceted for cremsing.
DISCUSSION OF HeSULTS

In the following discussion, the percentage of filler sdded
wes based on the welght of oil used. For the sske of simplicity snd
to save repetition, the abbraviation W.V.P. is used to indicate water—
vepor permeability and the units of water-vepor permeability sre not
repeated. When it 1s stated that a sample has a W.V.P, of 2.5 grems,
1t is to be understood thet 2.5 grams of water vapor will pass through
100 square inches of the sheet in a 2i~hour period, using the well-

defined testing conditions.
Piccolyte S-LO

Plecolyte resing sre & group of special forialdehyde-treated
naturel resins. Piccolyte S~U0 was e very fluid liquid, possessing a
definite gum or pine smell. The addition of this resin, even in large

cuantities, aid not produce & marked improvement in W.V.P. It is seen
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TABLE 1V

THE EFFECT OF RESINS AND YAXES QH THFE WATIR~VAPOR PFREMYABILITY
OF FACTICE XILrS

' Water-VYapor
’3;::? Resin Added Pilm Weight g. /(2?;:?7:;%:1:: An,)
Bun  sin. Type 4 £./100 sq.in. Uncreased Creased
17 20  None 13.6 4,18 4,26
19 50  Piccolyte S-40 10 11.4 3.49 4,53
a 75  Hosin 10 14.0 2.75 3.07
22 50  Asphalt 10 13.6 3.27
23 55  Plocolyts S-L 10 11.% 4,88 5,12
2k 60  Falkyd Be] 10 12.4 4,03 5.0%
26 55  Rosin~beeswsx 10 8.4 1.74 1.6
25 50  Asphalt 20 10.2 2.26 2.46
21 75  Asphalt 50 17.4 1.00 1.81
28 135  Rosin-beeswax 50 10.4 0.35 1.34
29 215  Piccolyte S-U0 50 13.0 2.3 1.99
32 110  ¥alkyd B~7 50 15.0 k.08 3.80

Constant Conditions:
30 grams of linseed ol C (a7 1.485Y%, viscosity 324)
1.5 grams of sulfur
1.5 grams of C=16

Parcentnge of resin dpeed on the weight of the ol

Temperaturs, 145° to 150° C.



TABLE ¥

THE XPFECT OF RESINS AND WAXYS ON THE WATIR-VAPOR PERMUABILITY
OF YACTICH PILMS

Water-Yapor
Factice Permeability
Time Resin AdQed Film Weight g./(2% hr./100 s0.in.)
Bun  min. Type 4 £./100 sq.in. Uncreased Oreased
30 45  Rosin-deeswex 50 6.0 0.75 1,08
33 40 Rosin 50 19.5 1.49 1.18
35 120 Piccolyte 9~L 50 16.9 2.17 6.57
' 36 60  Beeswax 50 9.7 0.48 1;56
37 U5  Paraffinwex 50 1.1 1.9% 2.39
T3 65 Yinsol 50 1.0 1.37 1.2
47 30 Meadol 50 11.0 3.1% 5.36
39 120  Parsffin wax 100 B.8 1.6 2.86
Lo 120 Parafﬂ.n' wvax 100 7.9 1.33 1.79
40T  Same am U0, except triplex sheet 0.66
H ] 85  Asphalt 100 3.6 0.51 0.58
4g 65  Viasol 100 29.2 C.34 0.81
42 300  Asphalt 200 35.2 0.27 0.28
56 65  Tinsol 300 7ilm broke on folding
E1* 30 Asph-1t 300 202 0.21 0.33

* 0il D wz@ usad in the prepsration of this sample.
Conatsnt Conditiona:

30 graws of linsaed oil ¢ (5%7'5 1.4354, viscosity 32U)
1.5 grams of sulfur
1.5 grams of C=16

Percentage of resin based on the welght of the oll

Temperature, 145° to 150° O,
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in Table IV thet 10 ner cent of this resin lowered the W.V.P. of the
£ilm from 4.2 grams to 3.5 grams. In addition, the factice time was
more thsn doubled. Even 50 per cent of Piccolyte S~U0 lowared the W.V.P,
to only about 2.0 grems. The factice tine was increased more than ten—
fold. '

It was evident that Plceolyte $~HO was not desirable for ’tho
modification of the factice films. It had too little 1ﬁnuence on the
W.V.P. of the film, #nd hindered factice formation to too greast an ex-
tent. In addition, shects laminated with this mnterial possessed =

stronz pine odor, which would be unsatisfactory for food wran-ing.

A snecial use for this laminating material might be in the
production of greassenroof, weterproof, and mothproof bags; the factice
would nroduce the firast two qualities »nd the Piccolyte the third,
Faotice containing 50 per cent of Piccolyte S-U0 was very tacky snd
sticky and might prove a zood substitute for Scotch tape. It would
stick to any type of surface and, vhen the tape was pulled off, would

leave & clean, smooth surface.
Piccolyte S-L

This Piccolyte resin was a much more viscous material and
possessed less odor than the S-N0 resin. The addition of 10 per cent
of S=L to the factice gave no imorovement in the W.V.P. of the film,
but the factice tlie was almost tripled. The presence of 50 per cent
of this resin lovered the W.V.F., to sbout 2.2 grams, but the sheet had
poor folding properties. Polding the shert at room tempernture tripled

its W.V.P,
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Piccolyte S~ was likewise judged unsatisfactory for the
modification of factice filma., It decreased the W.V.P, of the fllm
too 1ittle =nd incressed the difficulty of vulcanisation too much.
Laminated sheets containing this product also hed an undesirsble odor.
In large quantities, the .presmce of the resin ruined the flexidbility

of the factice film.
Palkyd Resin B-]

Falkyd resin was also a very thick, viscous, seriplastic wateri-
al. Although clesr and odorless, it proved to be of little velue in
improving the W,V.P, of factice films. From Tadle IV, it is seen that
the addition of 10 ner cent or even 50 per cent of this resin hed practi~
cally no effect upon the W.V.P. of the factice film. It certainly could

not be sxpected to produce 2 material suitable for water-vapor nrotection.

Rosin

The rosin employed for exnerimental pursoses was thst used
for sising. No trouble was experienced in mixing molten rosin #nd
hot oil. In smsll percentazes (10 ner cent), rosin produced an improve-
ment in the W.V.P. of the factice, by lowering it to shout 2.8 grams.
The addition of 50 per cent of rosin to the factice lowered the W.V.P.
to sbout 1.2 grams. However, the time required to produce the factice
wae inoreased from 20 minutes for the oil alone to LU0 minutes for the
oil and rosin. With a sample containing 100 per cent of rosin, no

factice had formed after 10 hours,



It was concluded that, even though rosin did proiuce an ime
provement in the W.V.P. of the factice films, the improvement was not
great enough in view of the difficulty in nreraring the factice. With
high percentages of rosin, the faotice materisl becaue thermoplastic,
At temperatures around 145° C., these compounds were fluid; et 0° C.,
they were hard end brittle. JFor these reasons, the use of rosin was

not considered 2 solution of the problem of water-vasor resistance.
Rosin-Beeswax

A 50-50 mixture of rosin-deeswax was used in sealing the samples
during the W.V.2. tests. It was decided to try this material in a
factice compound. A mixturs of 10 ner cent of rosin~beecswax gave a film
having o W.V.P. of about 1.8 grams (creased or uncreased), which was &
decided improvement over the pure factice film. The sddition of 50 per
cent of this rcsin-beeswax combination lowered the %.V.P. of the film
to aporoximstely 0.8 sram (Tables IV znd V). However, upon folding,
this value increased to sbout 1.? grams. 'The presence of the rosin-
beeswax caused ¢ subsequent incresse in the time resuired to produces the

factice nnd also made it slightly thermoplastic.

It wes :parent for several ressons thnt rosin-beeswax could
not be employed to obtain = film with the demired oroverties. When present
in large quantities, the materisl offered the sane difficulties encountersd

in the use of rosin alone,

Beeswax

It was sssumed that the superiority of the rosin-beeswax mixture
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over oure rosin was the result of the presence of the bemswex., There-
fore, factices wers preosred which contnined various nercentsges of
beeswax. It was found that this msterial caused a marked improvement
in the W.V.P. of the factice £ilm. It was jo0ssitle to obtaln & ¥W.V.P,
of sbout 0.5 grem oy 2dding 50 per cent of beeswax to the fsctice.

The film producing this high resistance wss influanced by folding, for
the W.V.P, of crensed snecimens averaged approximately 1.6 zrams,
Yactice conteining this nercentege of beeavai wes cuite thermoplastic
and possessed » waxy apearance, but lacked the tackiness, flexibility,

strength, and rasiliency common to pure factice.

Beeswax produced a reasonsble improvement in the W.¥,P, of
factice films, but it was far from ideal. Sheets laminsted with factice-
beeswax materials did not posgess the folding properties common to
factice. Furthermore, the supnly end cost of bseswax are such that the
main purpose for ites addition to factice is defoated. One could not
make & cheaper sand more svailable product dy adding N costly, unavailable

manterial.
Paraffin

A major portion of ths vaver used for wrap ing or nsckaging
is coated, impregnated, or laminnted with narsffin wsx of soms tvme.
Ordinary paraffin wax hzs such & lerge cryvstal structure, even at room
temperatures, that it is brittle snd will nnt withatand flexinz., I¢ was
found that the modification of narsaffin wax with factice caused a great
reduction in the crystal size of the wax. Using 100 per cent of paraffin,

a product was obtained which possessed meny of the properties of n
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microorystalline wax. The material hed a falr degree of flexidility
and even sone resiliency. Yalues for the W.V.2. of factice containing
50 per cent Af paraffin were about 2.0 grams for the unfolded sample,
which increased to 2.4 grams with folding. Increasing the quantity of
paraffin to 100 nser cent lowered the W.V.?: to 1.3 grams for uncreased
samples nnd to 1.8 grems for the creased samples. The deta are glven

in Tahle V.,

Paraffin wex produced a decided lmprovement in the W.V.f. of
factice films. At the same time, the factico became very thermoplastic,
did not withstsnd folding, and possessed too many of the characteristics
of »araffin. It was evident thzt en entirely different field of wax
modification could have been studled. However, in view of the scarcity
of wvexas and the promising results obtained by the use of other materials,
tiie investigation was not contimued. It is possible that a higher denslty,
smoother finighed kraft sheet would have given even better results,

White factice might be mors desirable for the modification of paraffin

wuxes, because it would not produce & déep red color.

Yinsol

Yinsol is a cheap, available plastic material which migjht
£ind use in work of this kind. Investigation proved that Vinsol would
produce a good improvement in the W.V.P. of factice naterials. The
addition of 50 per cent of Vinsol to factice gave a product having a
W.¥.P. of =bout 1.4 grams for either creased or uncreased samples. If
the ouantity of Vinsol was doubled (100 per cent), this value was

lowered to 0.8 gram. XKven in this cuantity, Vinsol seemed to have
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very little effect upon the folding nurlitles of the sheet. Increasing
the amount of filler to 300 per cent gove s film which was brittls at

room temderature sni which failed upon folding,

Vinsol proved to be one of the most promising uaterizls used
in this study. It is clieap and, in normsl times, is recdily gvailoble,
¥arked improvssments in tie W.V.:. of factice films wvere obtained by
1t use. However, the optimum ratio ef Vinsol vhich could be employed
was 100 per ceat. This msant that the laminating materisl still con-
tained too large a portion of the criticsl ltﬁ;oed oil. In normal times
this product would certainly be given further consideration. Mlws
orecpared from it were reasonstly flexible, thermoplastic, sznd water-vapor—

pI‘OOfQ
Merdol

Becsuse this commercial lignin (a by-product of soda blzck
licnor) is eveilable in large quantities &t a ressonable cost, it was
deemed worthy of investigstion. However, it was soon found that this
product was not desirable 28 an addition to factice films. The praesence
of 50 per cent of the materisl caussd no imnrovement in the W.V.2., Dut
{t 414 produce & dark substance nossessing & distinct odor. Upon aging,
the lamina tad sheet became blacz snd dirty looking. For these reassons
it was evident that Meadol is not sultable for the production of this

type of lominating material,
Hide Mlue

Glue 18 nne of the best greasenroof materials availsble in
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large ousntities, However, glue films are so brittle that they will
withatand no flexing at ordinary teuperntures. It was thoigh that, by
vulcanization with linseed oil, = soft, flexible, ireaseproof product
might he obtained. At the ssme tiae there night be a marked improvement

in the watsrnroofness of the ;lue.

Glue is not thermoplastic, so it could not e mixed with the
hot oil in the ususl usnner. For tnis rezson, & asyecizl maethod of
preperation had to be devaloped. It was soon found thzt & vary thick
aqueous solution could he nrersred by adding larze auantities of glue
to hot water. This aqueous solution was easily emulsified with the oil,
sccelerstor, #nd sulfur used for vulcenizetiom. The wulcanization process
in this case had to be carried out a2t 100° 'G. The water way gradually
boiled from the emulsion, =nd the latter bacame viscous iika = factice.
The cooking process re:uired seversl hours. The msterisl wes then em-

ployed t0 lamisste alicets in the usupl manmer.

A homogensous product, very light in color, was thus obtained.
The laminated shest had to be oven dried for a short time tu ranove the
remaining water. Sheets laminated with the material were not as flexi-
Dle as desired if large quantities (100 ~»er cent) of slue were used in
the prenaration. Although the water resistance of the glue was fmproved,
sheets would separate after soaking for 3 hours. No tests for W.V.P.

were made on these samplas,
Asphalt

Asphalt ia the most widely used laminsbing raterial for wvater
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and water-vapor protection. However, its effectiveness in this anodli-
cation is greatly impaired by its thermoplastic character. If the water-
vapor resistance of asphalt could be combined with the flexidility of
faotice, a very desiradle product mizht result. The asphalt used in

the investigation was a 200° P, melting poiat, ground asphalt.

Asohalt was combined with factice in amounts varying from 10
to 300 ver cent. The actual effect of the asphalt on the W.V.P., of
the factice film is ziven in Tables IV »nd V. ZXZven when present in
relatively small amounts, the asohalt produced a great improvement in
the W.V.P. When present in large cuantities (300 mer cent), a soft,
flexible oroduct was obtained having n W.V.P. of 0.2 gram. This was

suverior to any results thus far obtsined.

It was concluded that asohalt seemed the best solution to
the prodblem of san addition material for factice. Asvhalt is very
cheap and readily avallable. Products containing high percentages of
asphalt wers slizhtly thermoplastic at 11%5° Ces Juet encugh to meke
lamination easy. They possessed excellent water-vapor resistsnce, and
vere soft, flexible, and resilient even at low temperztures. It seemed
evident thet a factice-modified asphalt materisl was worthy of o detalled

investigation.
SUM:ARY

The presence of Piccolyte resins, Falkyd resins, rosin, Mesdol,
and rosin-beeswax, in combination with factice, d1d not produce 2

suitable laminating material. In genersl, they caused relatively slight
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improvement in the water-vapor permeability of factice films, =nd

oftan the films possessed objectionable odora or brittleness.

Paraffin and beeswax can be employed to modify factice with
fair results, However, these materisls are t0o unavaileble and costly
for large-scale production under present conditions. The use of factice
to product a microcrystalline wax would be of ,gf;at interest for other

nroducts.

Vinsol gave a product possessing good water-vapor drotection,
but 1t could not de added to the fectice in large quantlties without
producing Q brittle film. Such a material would recuire a high ratio

of unavailable linseed oil.

Asphalt could be mixed in very large quantities with linseed
oil, the resulting mixture vulcanized with sulfur, and o groduct obtained
which was soft, flexidble, resilient, waterproof.v and water-vapor re—
gistznt. The meterial was slightly thermoplastic, was very suitable
for laminating purposes, possessed only = slight odor, and showed
ressonzble flaxibility at low temperatures. Decause asphalt is
availsble as a cheap raw materiel in very large smounts and becsuse
asphalt-laminating equipment is in general use, it was concluded that

this product should be subjected to a detailed investigation.
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PAR? 111
A STUDY OF THE VARIABLES IN ™% PRODUCTION OF A PACILICK=
MODIFILD ASPHALT-LAMINATED SHUKT

A STUDY OF THE METHOD OF PREPARATION

In view of the facts presented in Part II, it was concluded
thet the modification of factice with asphelt, or aschalt with factice,
would vroduce a laminatiny materiasl suitadle for large-scale oroduction
end useful éﬁ 2 nrotection sgainst water snd water vapor. The factice-
modified nsohslt sheets describad in Part Il possessed very desirable
gqualities of flexidility, resiliency, and water—vanor resistance. The
addition of smzll quantities of factice to s2sphalt seemed to bring
abont decided chrnges in tha nature of the latter. The modified material
was tacky, tongh, very flexible, and av?n nossessed & marked degree of
elasticity and resiliency. The chenge was culte evident br merely com=
paring the Wfeel" of factice-modified nsphalt with plain aadhalt., It
was assumed thnt this chenge was produced by the oresence of the vulcanized

0il, and this was confirmed by exneriment.

Pirst, an attemnt was made to vulcanize asnhalt alone, using
the conditions employed for vuleanizing a mixture of linseced oil and
asvhalt. A samnple of msnhalt was mixed with 10 per cent of sulfur
and 5 per cent of C~16 accelerator, heated to 145° to 150° C., and
valcanized for 8 hours. Durins this time, none of the ususl changes
experienced in the nreparation of factice-asohalt mixtures took ovlace.
Thare was no increase in the viscosity of the liouid; at the end of the

8-hour meriod, the as»halt was as thin nnd fluld as it was ot the
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beginning of the process. The materisl was allowed to cool and stand
for several days. At the end of that time the surface of the zsnhalt
was completely coversd with "bdloomed" sulfur, proving thst little or
none of it had entered into chemicel combination with the zsphalt, The
resul ting asphalt was more brittle thrn the originsl, or at least showed
no marked improvement. Although the vulcanlzation of asphalt was knowr
to be po;sible under certain conditions, 1t was ‘oncluded that the
conditicns used for the wulcanization of activated linseed 0il were not
suitable for the vulcanization of asphalt alone. It was ammareat that
the improvement in physical proserties had not been achieved because of

the valcaalzation of the ssohalt.

Raw linsaed otl {20 mer cent) snd asphalt (80 ner cent) were
then mixed, 10 ner cent of sulfur and 5 per cm§ of rccelerator were
added (based on the weizht of the oil), =nd the mixture was vulcanired
for 8 hours st 145° to 150° C. The addition of the linseed oil increased
the fluidity of the aschalt; the longz period of vulcanization cansed
1ittle or no incresse in the viscosity of the mixture. Upon cooling,
a material was obtained which was softer thsn the original asohalt
but which possed a very oily texture. The only result was that the
disadvantages of ssphalt had been increased: 1its softening point had
been lowered, and its penetration or bdleeding st higher tewnerrtures
hed been increased. The experiment shows that activated oll 1s neces—

sary to produce any improvement in the asphalt durinz vulcanization,

The nature of the vulcanization process was further studlied

by the use of a mixture containiug 20 per cent of highly dlown linseed
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oil and &0 per cent of asphalt. 'This highly blown oil was thick amd
Jelly-like. The mixture was heated at 145° to 150° C. for 1 hour with
constant stirring, dut mo sulfur was added. It proved impossible %o
disperse the gelled lingsed 01l in the asphalt. It was thus evident
that the desired results could be edtained only dy the wvulcanisation

of the oil in the presence of the asphalt.

Next, a sample of faotise was prepared using the standard
method givenm {n Part I. At the $ime factice formation took place
and a thick viscous material was being formed, molten asphalt was added
to the factice. This method of preparation also proved unsuccessful,
because the factice would mot disperse in the asphalt amd & luwpy
produet resulted.

1t was concluded from this group of experiments that, in order
to obtain the desired results, it was necessary to vulcanize an astivated
0il in the presencs of the asphalt, the two materials being thoroughly
mixed during the operation. It was further concluded that the {m-
provement of the physical charasteristics of the asphalt was due en~
tirsly to the presence of ths vulcaniszed o0i1l, and that satisfrotory

results could be odtained in no other manner.

As a result of this investigation, the paarulpcthod of
preparation described o Part II was adopted. Sheets wers lamineted
and tested using the methods given in that section. All the values
for water-vapor permeability ares averages of results for at leaat two

and sometimes three specinens.
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DISCUSSION OF THE VARIABLES IXVOLYEID

Influence of 04} Activity

Pactice Time. In the discussion of fzctice-modified asphalts,

the time factor might more nroperly be termed Ycooking time.* The
presence of increasing quantities of ssphalt increasad the thermoplastic
n~ture of the materisl snd, at the same time, decreased the viscosity
of the final product. It has been shown thet the activity of the oil
was dirsctly connected with the fectice time, snd thet the vulconization
of the oil caused the change in the asphalt. It follows directly from
these two facts thnt the factice time of z factice-modified ssphalt
depends upon the activity of the oil. Tnis will be discussed in detall

under cooking time.

Water~Vapor Permezbility. Since the fectice-modifiad asnhalte

laxinated sheets wers of interest srimarily as e orotection ageinsi

water vapar, the effect of the activity of the oil on the water-vajor
permesbility of the finsl lamineted sheet was of grect lmportence.

This mvclti.ga.tion vas extrazely difficult becsuse so many uncontrollable
variabdles of lamination and testing existed between the time tne factice~
asphalt was ready for lamination end the finished sheet had been creased
and tested for water-vanor nermeability. These vericbles were kept

at a ninimum by attempting to control the tempersture and viscosity

of the factice-asphalt prior to lamination, by émploying a coustant
prassure on the rolls during lamination, and by using the same testing
methods. It was impossihle to secure a constant film thickness during

- lamination,
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Leminoted sheets were nrepared using oils of all the various
activities in the factice=asphsalt material, and employing three sulfur
contents for vulcanization. The results of this series of tests sare
given in Table ¥VI. Because the film weights of the various asmples
veried to such a grest extent, it is impossible to draw any conclusions
from these deta. It was decided to plot the veriation in water-vespor
permeability csused by differences in film weight. Wi ure 7 represents
the velues for Oils 213-222 (witk 5 per cent of sulfur) plotted as
deseribed above. The numbers accompanyin,; the poinie indicate the oll
used in the preoaration of that particular sample. It is seen that there
is apparently no order to the oil numbers. The curves indicate nothing
more than = decrease in water-vapor vermesbility with an incresse in
the thickness of the film. FRFigure 8 is 2 plot of the oils vulcanized
with 10 per cent of sulfur snd PFigure 9 shows the velues obtained using

15 per cent of sulfur,

It was concluded from the curves of Mgures 7, 8, and 9 that,
witnin the limits of experimental accursey and for all practical pure
poses, the sctivity of the oil had no effect upon tue water-veoor per-
mesbility of shsets produced from it. The variations of snect weight
and water-vepor nerme-bility of the creased suuples urepsred with 15
per cent of sulfur wera soslight that no curve could be drawn through

them., Yor this reasonm, they are not ploited in Pijure 9.

General Physical Properties. Because the activity of the

oil 1s an importent factor goveraing the nhysical cheracteristics of

factices, it was loglcal thet 2 similar effect would be observed with
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factice-modified asphalis. This wes, of course, az direct result of the
characteristics of the factice. The more highly activated oils (15~
minate factice time) gave factice-asphalt materisls which were less
thermoplastic at high (100° C.) but less flexible at low (=35° C.)
temperatures. For the best general results, the medium activated oll
discussed in Part I proved most successful. Sheets laminated with
products prepsred from them possessed good flexibility and resiliency.
The slizhtly activated oils produced sheets which were softer in texture
and which had better flexing properties at low temperatures. However,
such materisls were unsuited for work in the higher temnerature range
{80° C.)e These o0ils also gave the factice-nsphalt meterial a slight

odor, characteristic of the factice alone.
Influence of Sulfur Content

Factice Time. The 1nnuehce of inereasing the sulfur~to-oil

ratio has been discussed in detail on page 33. In genersl, the same
fundamentals hold for the preparation of factice-modified asphalt. An
increase in the sulfur-to-oil ratio decreased the cooking time recuired.

This will be discussed further under cooking time.

Water~Yapor Permesbility. It will be recalled that, in the

study of the inklunnce of oil activity on the water-vapor permesbility
of the sheet, various sulfur contents were used. This was done to show
the effect, if any, of the sulfur-to-oil ratio employed for vulcanisa=-

tion. The sulfur percentages were based on the weizht of the oil alone.

The curves for the uncreased samples shown in Fljures 7, 8,and
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9 have been superimposed in Figure 10. 1t 1s avident from thia figure
thot sny increase in the water-vanor nermeability of factice-asnhalt
£1ims caused by higher sulfur ratios was of minor importance. Figure
11 contains the curves for craeased samples taken from Figures 7 and g,
The incraass in water-vanor permeability of the crassed specimens as

a result of higher sulfur contents seemed slightly larger.

General Physical Properties. The influence of increasing

sul fur content on the physical properties of factice alone has been dis~
cussed in detall in Part I, It was apparent that any change in the
charact?riatic- of the factice would likewise have zn effect on the
factice-modified asphalt. From Figures 7 and 8, 1t is aéen thet £ilms
containing s lower sulfur-to-oil ratio have slightly better folding
sropertiss. Other characteristics were not influenced too greatly

within the range of usable sulfur-te-oil ratios.

The deciding factor in the determination of the sulfur content
of s factice-modified ssnhelt was the nresence of free sulfur. Aoy
excess sulfur oresent does not tske nart in the vuleanization process
and will crystsllize or “bloom® unon stsnding. The presence of uncom~
bined sulfﬁ would mske the product unsultable for food packaginge. At
the same time, s very strong sulfur odor is imparted to the finished
product. The quantity of sulfur-to—oil ratlo should be based on the
welght of the oil slone, snd should be such thst little free sulfur
remains on completion of the vulcanizatlon process. The proper cholce

of sulfur-to~-oil ratio has been discussed 1n detall in Part I,
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Influence of Asphalt

In the investigation of the influence of psphalt upon the
propertles of the factice-modified asphalt product, there were two
varisbles to be studied: the type of asphalt and the quantity of asphslt.
It was hopad that, for this portion of the work, five or six asphals
samples, 211 possessing diffarent mqlting points, would he available,
Because of the pravailing war conditions, however, 4t was posaidble to
obtain only three tynes of ssohalt. The first wlas a ground, high mel t-
ing point asphalt (above 200° .) used by a board menufacturer. A
Standard 0il asphalt, having = softening point of 190° to 200° 7., was
available in large quantities and was employed for the rajority of the
wark:. the only low melting point asphalt was a bBituminous rosd esphalt,

vhich was fluld at room temnerature.

Suantity of Asphalt. Most of the investigation of this vari-
able was carried out using the ground or 200° F. melting point asnhalt.
It was found thet pure esphalt alone geve the best resistance to water
vepor, snd in ons case even had good folding properties at 70° P. Yow-
sver, et lower temperatures the film would break. %he rztio of a8phel t
to 911 was varied from about 10 per cent to 100 per cent, based on the
total weight of the oil and asphalt. The water-vapor nermeability of

the various samples are given in Table VII.

The data show that the water-vapor resistance of s factice-
modified asphalt sheet imnroved with increasing ssphalt content. At
the same time, the other Aesirable pronerties of the sheet became worse.

It was unfortunate thrt adequate small-scale laminating equipment was
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not aveileshle %0 thxt constont laminating conditions could have been
gscured. Vslues could then have been obtalned at constent film welghis,
snd the variation of water-vapor permeability with different asphslt

coatante plotied.

Althongh the nresence of increased quantities of zsphalt
produced s desirsble changze in the water-vapor resistance of the laminated
sheets, 1t was accompanied by undesirable chrnzes in the phyaical
charscteriatics of the final product. A shaet laninated with nure
asohelt would withstend folding fairly well at 70° P., but at =30° 7.
fit wes 30 drittle that 1t would break and shatter like glass with a very
slizht degree of flexing. Shects containing only 20 per cent of factice
vould withstand = auick 180-&egree fol2 at ~30° F. around s diameter of
1/} inch without fallure. At room temperstures, the factice-modified
anphelt sheet hed much more flexibility, resiliency, and soft texturs.
Inereasing the anouht of factics in the material increased the {lexi-
bility end gzave better folding propertiss. At the same time, the
performance at higher temperatures (180° ¥.) was improved, The thermo~
plastic proherties of the product increased with increasing asphalt

content.

The above resulte might be sumnarized by statlng that the
froticemodified asohalt film is desendent upon the asphalt for its
water-vapor resistance and upon the quentity of factice for its flexi-
bility, elasticity, resiliency, and working-temperaturs range. The
ratie between the two must be governed by the temperature ranze in which
the product finds application, the coat and avallability of linsced oil,

the degres of flexidbility, snd the water«vapor resistance desired.
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Type of Asphelt. The tyoe of asrhalt used in the production

of factice-modified asphelt was of inportence from the stendooint of
physical projertiss and water—-vapor resistance. AS heag Decn gtzted de~
fore, three types of asphalt were avsllable. It was found that the
bent water-vapor resistance wes obtsined with the hishest nel ting-point
asphalt. Typlcsl results secured with the three zredes of nsphalt are
Zlven in Table VIII,

TABLE VIIX

T8 LFFECT OF TED TYPE OF ASPHALT ON THI WATXR~-VAPOR
PURICAIILITY OF TACLI G ONIFIED ASPIALT=IAMINATAD SHEATS

Watar<Vapor
Permesbility
Amount Added  Film veight  g./(24 hr./100 sg.in.)
Type % £./100 s0.in. Uncreased Creased
Boad Asphalt 80 26.2 0.7 0.76
200° ¥. melting point 80 23.1 0.45 0.51
Ground 15 20.2 0.2 0.33

These results (gquoted from Table VI and 'l.‘abllo VYIl) give the
gensral increase in water-vapor permesbility obtainable by lowering
the melting point of the asphalt used. Tests were not mpade to deter~
mine whether the water—vapor resistance of sheats laminated with these
sgphelts alone varied in the same order. It 1s seen that a factice-
asphalt mixture containing 25 per cent of factice (based on the total
weizht of factlice and asphalt) had as 300d water-vapor resistance as
was obtained with the 200° ¥, melting polat asphalt slone. Once agalm,
the desirable physicsl characteristics were oroduced by substannes cauning
lower water-vapor resistance. Tor soft, flexible, resilient shsets,

the lower melting point asvhalts were more desirable. Sheots laminated
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vith factice nrepared from road asphalt would withstand a 180~degras
fold with pressure at = temperature of -30° C., which was a decldsd
improveuent over products nracsred from the ground asphalt. However,
the former showed more penstration and blesding at a termperaturs of
50° C. Tor products to de used in the high temperature range (60° to

° .
100 C.), the highor melting point asohalts proved most desirable.

From the above discussion, it 1s evident thst the choice
of ty»e and cuantity of asohalt employed in the production of factice~
modified asphaltis depends upon $hc use requiremeats of the anplication.
Products can he developed to it ray desired characteristics, following
the cneral variables outlined arove. ¥Xor any specified asnhalt, vul-
canization with increasing quantitincs of oil will result in s widening
of' the temperature ringe of gpilicrtion, incressed floxibility and

folding wropertiss, snd lover water-vepor resistance.

Effact of Acgelerator

The quantity and tyoe of accelerstor might 2lso have an sffect
upon the charscher of factice-spsohzlt films. XNo study of this verishle

was made,
Influence of Temnarature

The effect of temperzturs upon the formstion of factice from
linsesd o011l has been discussed previously. Its influence upon factice—
modified asphalt would be of concern only in so fer as it chzuged the
character of the fractice. MNor the most pert, all the vulcanizing was

performed at 115° to 150° C., although it was found thst this temperature
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could be incressed to 165% %o 170° C. without any deleterious effect
on the final nroduct. If the tmiderature of cooking wes zllo ed to
rise much above 200° €., loecrlized overheating snd burning of the

materizl resulted. This orofuced zn undesiradls “hurned® suell and

ahould de avoidad. In addition, the final product had a brittle quelity.

Influence of Tire

The cooking time reculred to projuce a sultable ﬁctice—modiﬁed
asphalt was not aé dafinite zg the time nscessary to vulcanise linseed
01l »lone. If the mixture contsined over 25 per cent of oil, the usual
factice and »oint was encountered. This was indicated by a ranid L=
cresae in the viscosity of the mixturs, =ud ths finml product was &
eemifluld mass. With lower gusatities of oil and higher percentages of
asphalt, the end point was not as definite. Thare was a gradual thicken-
ing of the mixture until the final product had the consistency of molasses,
The nresence of large cuaitities of asphalt with the o1l increased the
time reculred for the completion of the vanlcanization. In larger
scale overations, this Aifficulty was overcoue by glving the oil a pre-
vulcanization treatment before the addition of the asthalf. In this
manner the oil molecules were in teiter coataet with each other, and

polymerization took place more quickly.

In the vuleealzation of siell quentities of oil (20 zrams)
end sspnslt (B0 grams), = cooking tire of 2 to 2.5 times the factice
time of the oil proved optimum. A comoarison of the factice times of
Pable I znd Table VII will shinw this to be true. If the factice forma=

tion of the oil alona occurred in 20 minutss, ths factice-asphalt mix-



ture was cooked for U0 minutes. The factice-gsphalt mixture could

be undercooked—that is, incompletely vulcsnized—but it could not

be injured By overcooking. If the temoersture did not rise above

165° C., the material could he kept hot for 2l hours with no apparent
ch;izgc. This was a decided sdvantage over factice, which stiffened
and changed with prolonged heating. The naterizl could be cooled,

keot for days, and then reheated without loss in flexidility. For
these reasons, it proved desiradle to cook the factice-asphalt comblne=

tion longer thrn the minimum time required for vulcanization,

Effect of Film Thickness

It was showa nreviously in this section thrt the results od-
tained in the study of the influence of oil activity and sulfur con- -
tent were in reality the effect of film thickness on the water-vapor
permeability of the finishsd sheet. Figures 7, §, and § illustrate
this varisble. No further study of this variable was mande with the

inadequate laminating orocess.

In later work discussed in Part IV, the effect of film
thickness on water-vapor nermssrbility was investigated using a semi-
commercial laminsting machine. It was shown that a suall increase im
the film weight caused & great improvement in water—vapor resistance
at low film weights, but with heavy film thickness the improvement was
not noticeadle. Fgure 12 illustirates the results of this work, which

is discussed in detail in Part IV,



Variables of Lamin-tion

Optimum laninsting conditions were not obtained by the use
of a clothes wringer; therefore, the variables conld not be studied,
It was sssumed that the water-vapor resistance of the sheet would
depend upon film thickness, film continuity, and penetration. The
less the penetration into the sheet, the better would be the water-
vepor resistance of the film for a given weizht of laminating material.
Iapregnated shects, in general, proved to be poor barriers to water
vapor. Penetrstion of the lamination materiel would depend upon the
tyne of sheet, the tewperature and viscosity of the laminsting
material, the temperature and pressure of the squeeze rclls, and the
speed of lamination. These variables are discussed in greater detail
in fart IV, In this case, the laminntion was carrie& out on a semi-

commerecial mechine s£nd the variasbles were more easily controlled,

SUM! ARY

The best results in the preveration of a factice-modified
as-halt were obteinsd by vulcanizing & sult:bly activeted oil in the
presence of molten swohglt at 2 tennersture of 1u5° to 150° €, for a
time interval ecual %o twice thet required for the oil to form a factice

'alone, similer ratios of mulfur and accelerztor heing used.

The vulcanized 01l was responsibdle for the improved charac-
teristics of the asphalt. Vulecanization of the as»hhalt or the mere

addition of unvulcanized oil did not oroduce the same results.

The activity of the oil employed for vulcanization influenced
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only the physicel characteristics of the factice-modified asphalt sheet
and hsd no influence upon the water~vanor resistanﬁe of the latter,.
Slightly activeted oils produced factice-modified esphalts more sultadble
for low temnerature applications; highly activated oils wers dest for

hizh temperature uses.

The smount of sulfur used in the vulcenization of a factice-
nodified ssohalt was governed by the oil zlone. An incrsased sulfur
content produced slisht incresses in the water-vapor nermeability of
the films and poorer folding quelities. High sulfur contents were ac—

connanisd by a dlsagresadle sulfur odor.

The troe and ouantitr of nsohalt employed im the prenaration
of factice~modified asphalts had a definite influence on the nroperties
of tﬁe materisl.’/ The hizhsr melting soint asphalis gave better water—
vapor resistsnce than the low mel ting noint asohalts, but the sroducts
pogsessad less flexibility. Pure asohalt vroved to be the best water—
vanor bharrier; ineressing percentages of factice caused subsequent in-
creases in water-vapor nermesbvility, but gave better flexidbility. The
choice of the tyve and quantity of asphalt employed in the production
of a suitable laminnting materinl depended upon the tewderature range
covered in its use resuirements, the flexihility desired, the water~
vapor resistence necessary, and the allowable cost of production. ZFor
low temmersture work, low melting point asphalés and high oil ratios
were desirable. ¥or hish tesnersturs uses, high melting point asohalts

and hi;h ol) ratios proved best,
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Localized overhesting above 200% €. caussd z hurnin; of the

factice-modified ssphalt and jzave n» disagreenble "burned® odor.

Faotice-modified asphalis vere unaffected by prolonged
heating for 2% hours, if the temperature was kept below 165° c.
The material could be cooled and reheated without injuring its desirabdle

qu&liti es,

By the oroner cholce of asphalt, oil activity, and oll~to-
asphalt ratio, products cen bs made which will withstand 130-degree
folds »t =30° 0., or which will not bleed at 100° C. Treatuent by

this process would improve the desirabdbility of any asphalt availsdble.

| .
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PART 1V
SHMI COMMERCIAL PROIVCTION AND APPLICATION OF
FACTICE-MODIFIED ASPEAL®S

As stated previously, the object of this investigation wes
the preparsiion of a laminating material suitsble for large-scale,
heavy-tonnsge production methods and possessing definite advantages
over the availsble materials. A produet may show great promise in
the lsboretory stage, dut in large-scnle produstion some imsurmount-
able obstacle appears and the projest has to be discarded. Although
the lsboratory tests on the fastice-modified ssphelts seemed to indi-
cate a definite spplication of the material, its true value could mot
de judged until at lesst semicommercisl operatiome had been tried. Ia
this case the quantities were changed from grams to pounds, and finally
to hundreds of pounds. Semicommercial laminating equipment was avail-

able at the Institute; mo other speciel apparatus was necesssry.

It was unfortunate that this semicommercial iavestigation was
undertsken before s more complete kmowledge of all the verisbles of
factice-modi fied asphalt production had been gained. The preliminary
study had given a method of preparation of & material and, although
the exact varisdbles of its produstion were mot thoroughly understood,
sufficient knowledge was avallsble for the preparation of a good,
usadle produst. It was .docidod. that the purposes of the investigation
could be expedited by trying a co-ui'ctal spplication of the material
{n 1%s preliminary form. If the material seemed as usable and desirable
after a short semicommercial search, then time would be taken to study

more fully the details of ectivation and vulcanisation. This is exactly
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what was done. Although this work appears last in this dissertation,
chronologically it was undertsaken bhefore a great majority of the

materiul previously »rasented.
METHOD OF ACTIVATION

Because the semicomsiarciel aiolication of the product was
attemnted before all the work on the activation of the oil had been
completed, the 0il was activated by houtin; at & temporzture of '3‘30° C.
About 20 pounds of xraw linseed 0il in o stainless steel bucket were
pleced on a 1000~watt hot plate ead hezted, with stirring, to 350° C.
The time required to reach maxiamum tiupersinre was nbout 2 hours in
every caose. Bungen hurners ware used to heat the sides of the bucket,
meking this rapid increase in temmarature possitle. The oll was held
at maximum teudersture for 30 winutes, resoved from the hot plete, and
allowed to cool to room tewper:ture. After cooling, the auita‘bility
of the 0il was tested by wulcanizing a small sample with 5 per cent
sach of sulfur and accelerator. 7The time for factice fornation varied
between 20 and 3% minutes snd was judged suitrble for the process. It
can be seen thrt this method of activztion and control wss crude, as
comoared with the srocess develooed later sand discussed in Part I,

The method sroved effectiva, although the activity of the oll was

airficult to coatrol znd was far from s coast: nt vslue,
VULCAKIZATION £5OCESS

1t was known th.t the presence of the as halt increzszed the

time necessar; for wvulcanization. Using the Vanderbilt ¢~16 accelerstor,
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$t was necessary to boil the water from the oll-water emulsion befors

the asphelt could be added. Such sn operation required only s moment
when small cuantities were involved; however, in treating several pounds
of oll, the cooking time necessary to remove the water was much reater.
This proved to be an advantage rither then a disadvantags. A partisl
vulcanization of the ofl tnok place durin; the initisl hertilng period.
Because the o4l wes not mixed with as-halt, it was smch espier for the
polymerization to etart. There wes not sufficient sulfur present ia

the mecelerstor (C-16) to cause complete curing of the eoil, ~ud therefore
it was not necesssry to be concerned pbout overcooking. When severel
pounds of the oil were treatgd,'thc vrevulesnization was contimed for
abouf 1 hour; if 1% to 20 pégnﬁs of bil were involved, the tine increased

to 1=1/2 hours. The prevulcanization process proczeded «3 follows.

The desired amount of activated 0il was weighed into 2 stain—
less steel bucket, placed on an ordinary small gas stove, and the heating
process started. Agitstion of the oil was sccomplished by means of a
Lightnin mixer. Immediately after the heating hed been started, the
necessar;y guantity of C-16 was sdded slowly, care btein; taken that the
latter dispersed throughout the oil sad formed the proper emulsion. The
heating was continued until the oil reached a tcmpersture of 100° C.,
gt which point the water started boiling from the omulslon and foaming
oocurred. The temnerature was maintained at 100° C. until all the water
had evaporated from the oil, znd thon was increceed to 145° C. The ofl
was vulconized at this temnerature “or sbout 1 hour. The total time of

the prevulcanization was =z proximetely 1~1/2 hours.
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Meanvhile, the recuired amount of asphalt was melted in a
5~gallon pail (a 50-gallon drum was used when large quantities were
precared) and heated to 145% C. The asohelt was also stirred by means
of a Lightnin mixer. The prevalcanized oil was then mixed with the
molten asphalt, the sulfur added, the the wulcanization continued until

it was complete.

If the factice-asphslt mixture contained over 20 per cent
of oil, a definite factice end point was observed. If the percentage
of o4l was 10 or 15 per cent, the final product possessed the viscosity
ond anpearance of molasses. This has been discussed in Part III. The
finel wvulcanization was carried on for 1 to 2 hours, depending on the
activity of the 0oil used. In Run 05, it was necessary to continus the
finsl vulcanization for a longer veriod of time, because 0il H had

not been activated prooerly.

The snd point of the reactibn could be identified by chenges
in the physical characteristics of the mixture., When vuleanizstion
was zbout completed, the mixture assumed a smooth, homogeneous texturas.
Small samnles, on cooling, no longer had an "oily"* feeling. The material
was soft, flexidle, snd resilient. IXmmersion in cold water did not change
these properties. Under such trestment, asphalt would hecome hard and
brittle. With a 1ittle experience any operator could judge when vule
canization was completes. At any rate, =8 has been discussed in Part
I11, overcooking did not injure the final product. The factice-asphalt
mixture had to be well agitated during vuleaniszation, to.avoid localized

heating and to obtain a homogeneous product,
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The ratios of asnhalt, o0il, sulfur, snd accelerstor used in
these four semicomr.ercial runs are given in Table IX, The nercentages
of oil were dased on the totel weipght of the oil &nd asphalt, vheress
the percentages of sulfur and C~16 were based on the weight of the
oil alone. It will be observed thrt unususlly higsh sulfur contents
were employed and, 28 a res.lt, Run 58 had an objectionable sulfur odor.
In each of the subsequent runs, the sulfur content was lowered. It
was evident from the work carried out lgter, and presented in Psrts

I and III, that 5 per cent sulfur would have been sufficient,

The ratio of C~16 appears to be an odd figure, This was the
result of an error in calculating (changinz pounds to grams) the weizht
of C~16 necessary to give 5 and 10 per cent of accelerator. The amounts

actually employed were 6.7 snd 13.4 ner cent.
LAMINATING PROCKSS

A senicommercial laminating machine available at the Institute
was used to form the factice—asphalt combined sheet. The lanin tion
process itself was very simple. Two shests of 20-inch kraft naper were
pessed from reels at the ends of the laminstor (one reel at each end)
to the two 2l~inch, horigontal sguesze rolls in the center of the
machine., The two sheets passed over the tops of the squeeze rolls and
ran vertically down between the rolls., At this point the two sheets
were cowmbined by the factice-asphalt mixture, The combined sheet was
then conducted ovar several Juide and unheated drier rolls to s reel,
The factice-asphalt msterial (145° C.) was poured from a bucket into

the nip between the agquesse ro’ls during the operation. The rolls’
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weres stean hented., Very satiefactory, continuous films were obtained

in this nmanner.

Such a method of lamination permitted bdetter control, =nd
several varinbles could be studled which could not be investignted
by the laborntory technique of lamination. The film weizht and nene~
tration could be controlled by the pressure on the sgueeze rolls,
the temoerature of the rolls, the tyoe of paner deing lamiusted, and

the speed of lemination.

In Bun 58, & very soft waterleaf kraft shcet was used for
laminating. During this process, the tewserature of one squeeze roll
was 240° P. and that of the other was 170° ¥. This difference in roll
tamnerature caused a decided variation in the penetration of the factice~
asphalt into the sheets. In nelther case was the penstrstion appreciadle,
In subsecuent runs, both rolls were heated to 170° 2.

Runs 59 and 60 wore made using & regulsr asohalting vaner
produced by a commercizl asphelting mill, It was‘a more éence sheet,
possessin: = much smoother finish than the waterlesf kraft. In Run 65,
the »aver laminated consisted of » specisl kraft sheet used in the
production of multi-walled bugs., Its surface texture :nd generszl charac—
teristics were better thrn the waterleaf but not as good us the other

kraft sheet,

The distance betwaen and the nressure on the squeeze rolls
vere governed by two adjustzble bolts which pushed one roll asgzainst the

other. This adjustment proved to he very dslicate, varticularly during



-3

the leminstion of very light-weight ahests, Oftentimes the adneed of
the rachine wes incressed to very further the weight of laminnting

materisl betwaen the sheects,

Sheets laminsted with saeverzl basis weighte of factice-asphalt
were produced in every run. These sheets were tested for water-vapor
permeability as described before, and other snecirl use-recuirement
tests were mads. A large roll of lsminated nroer sroduced in Run 65

was sent to sn eastern mill to be converted into dags.
SE-REQUIREMENS ANT OTHZER TRSTING RESULDS ON THY MACHINE-LAMINATED PAPYR

The lsminated panaraprodnced in the semicommercisl ope.-tion
wers nbtained in sufficient quantities and sigzes to permit a varlety

of tests,
vater-Yapor Pérmedbll&ty

Pabtle IX contains the results of the - ater-vapor permeadility
tests on these samples., It ix sgen the=ti, by using larger scele methods,
it was possidble to duplicate the nromising results obtained in the

laborastory.

Semple S.R. was & commercislly lsminated asphalt shcet. The
improvegent of the factice—modified asohrlt over nura asphalt is very
EVident; Equal weights of laminuting meterlsl would gzive ghout as good
water protection when uncreesed, =nd much better vhen erezsed, Samples
59A and 58A show this very definitely. If the 041 content was increased

to 20 ver cent, it was necess:ry to apdly » slizhtly hesvier film to
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obtadin the some water-vaoor resistance tut the folding quelities of the
sheot were imoroved vers grestly. Samoles 60B snd 65A 1lluatrzte this
fact, The iufluence of incressed aschalt content nn the water—vapor

permesbility of the product has been discussed in detail in Part IIl.

The harmful effent of overheating the factice-asphelt meteri-
sl Yefore lamin: tion i# shown in Sample 598. The laminating material
reneining at the end of Run 59 was sllowed to become -overheated and
turned by cookinz for = short period sbove 200% without agitation. The
aroduct possessed a "burned” smell and, vhen used to combine ps=oer,
gave a higher water—vaoor nermeehility for the uncrecead sheet and much
nonrer foldin; rualities. This proved more conclugivel:r the 1pjurioun

affect of overhertling, which has been discussed oreviously,
Yariation of Vatar-Vapor Permesbility with Mln Thickness

This variable has been discussed in Part III dut, deczuse
of the crude lsmin tin- methods nsed in sanlle-scele oneration, 1% could
not he studied adenuately. The date ;4ven in Table IX for the variation
of water—vepor termesbility with £ilm thickness have been vlotted in
™ nure 12. The curves shox th:t a very sli-ht incresse in the weight
of lamlnating materisl was of gzreat importrnce with laminate weights
below 100 pounds ner ream (2Lx36--480). S1ight increases in the thick-
nest of a heavy film caused very little chauge in the water-vaoor per—
meability. The folding qualities of the psper were all very gzood &a
long ss a continuous film exigted between the sheets. The cost and
desired water-vepor resistance were the deciding factors in the

film thickness in s factice-asphal t~lamineted sheet. The high flexi~



(0Str—0¢THZ) Woozfoql *TeIe3¥y FUTITUTWET Jo IyITen

082 oy 002 091 (124 o of

T~ ~eo_ -
Ol N, dTFudsE qweo z0d 6egg

86 TNg -@
66 urg -0 /// /
69 my ~-o

3TeYCe® 3weo xod Q9

AY
\

AN "\,
/,//. |
v

\

SIITHS IIVHISV-HDIZ0VE d0 ATITIOVIEHEES BOJVA-HEIVH
THL MO TVILELYH OHIIVHINVT 210 40 IHDINK URE 40 FONFATINT THL

cT FunuIE

/

c*0

40

9*0

8°0

01

2 §

L ¢

9°t

81

0°e

(.u.'.t. m-‘,o‘“‘ ﬂa)/oﬁ "ﬁ'&'ﬁ



-92=

bility of the product made it possible to incresse the film thickness
-~ and still retain its folding properties——an impossidle operation with

ordinary nsohalt,

Figure 12 also indicates the improved water—vapor resistence
obtained by using higher percentages of ssphelt, This hes been discussed

in Part III.

Flexidbility

Sheets manufactured on the semicomrerciel zonaratus possessed
the same hiph degree of flexibility, resiliency, snd folding properties
characteristic of the lsboratory products. Poldlins at ordinary tempera-
tures had little influence upon the water-vanor resistance of the film,
Small pieces of the factice-asphalt msterizls were placed in the snow
for several hours end were found to be soft and flexidle, Under the

aame conditions, asohelt was brittle snd broke upon flexing.

Small samples of the lgminnted parer were placed in the cold
box at =30° C. and tested for flexidility. Sample 65A proved the best
for low temperature work. The resson for this was evident after the
remaining work on the nroblem had heen completed. This sauole con-
teined the hishest ratio of oil to asphult, the least activated oil,
and the lowest ratio of sulfur to oil; all these factors ;ave better
lov temnerzture operation., Even the thicker films would withstand a
grert deal of flexing at this temperature. Care had to be teken in
making this test, or the spmple weuld heat up before the flexing took

place. Xoldins was carried out in the cold box; the operztor wore
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gloves, and the aamvles were grasped by the ends snd flexed quickly
through 180 degrees. The sample used for testing was 5 inches long
end 1 inch wide. In each case the radius of curv:.ture of bend was of

the order of 1/8 of an inch.

The most drastic test for flexibility and folding oroperties
of the shect was rerformed on s previously conditioned sheet 4 inches
scuare; conditioning wes carriad out in a constant humidity room at
50 per cent rel-tive humidity and 70° F. ‘'The Y-inch square was wadded
into a bsll about 1/2 inch in dismeter, snd a 2h-pound weight was nlaced
on the ball for 10 seconds. Then the sheoet was smoothed out and tested
for water~vanor rermerbility. Such drastic treatment increzsed the
vater=vepor permazbility of Ssmole 55 (Table VII) from 0.32 gram to 0.9%
gram per 2l hours ner 100 scupre inches, Similar trestment incrensed
the values for Srmple 54 from 0,18 grrm to 1.10 ;rems ver 24 hours per
100 souare inches. Somples 58A and 583 contsined lower percentszes of
0il and lighter films and, therefors, were influenced more by the above~
mentioned treatment. The incresses of these two were 0.73 gram to
4,13 grams and 0.82 gram to 3.8 grams per 24 hou-s per 100 square inches,
respectively. Rven after such drastic treatment, the latter two samples
atill had twice the water—vapor resistance nossessed by the commercial

asphelt vaner creased in the ususl manner,
¥ater Immersion Tests

One of the most urgent problems to he solved during the pre=-
vailing conditions was & method for waterproofing snd water-vapornroofing

cartons used for exovort purposes. An outside wrapning which would he
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resistant to water send water venor seemed to be the logical solution
to the prodlem. The protection afforded dy s factice-modified asphalt

layer was tested in two ways.

Six small boxes (5=1/% by 3-1/4 by 4~1/U fnches), filled
vith scrap iron, were teetad. A thin coat of hot factice-asphalt was
aplied to the outside of three of the boxes, =nd the boxes were
wrapped in kraft nacer while the factice—asshalt was atill hot. This
method in reality laminated an outside kraft liner to the boxes. The
three remeining boxes were wrapped with paper prepared in Run 60C. The
seams 0f the wrapping were fastened snd sesled with hot factice-asphalt

material,

After wrapping, the boxes were imuersed in a tank of water
and laft for 7 days. Every day the boxes were handled to see whether
any noticesble loss in strength had occurred. At the end of the 7-day
period, the boxes were removed from the soaking tank, unwrapoed, and
exzamined. Not one single soft or swollen part existed on sany of the

boxes, indioceting thrt no water had passed the sheet.

To test for further water-vapor resistance, three of' the boxes
were filled with 8-mesh, technical-grsde calcium chloride, weizhed, and
wrepped in the same manner with peper from Bun 60C. The ends and sesms
were again sealed with factice-asphalt. After being imuersed for Y
days in water, the boxes were removed and the excess water was blotted
from the outside cover so th-t none of it would come in contact with
the box during unwrappingz; the boxes were then unwrapped and weighed.

The original welghts ran between 700 and 800 grams, snd had been
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obtained with sn scouracy of 0.2 gram. With this accuracy it wasg
1npoui‘n1»e to detect 2ny incresse in the velght of the four samplus,
It was concluded thet at least no grext smount of water vapor hzd

nassed the protective wreoping.
¥Fraezinz Tests

Containers for foodstuffs are often subjected to sulck freezing
operations to preserve their contents. During the short period of
time while they are being moved from the freezer to refrigerator cars
or to distribution depots, these cartons often come in contact with
hot, humid air. The water vapor in the air quickly diffuses into the
carton, condenses, snd immedimtely destroys the strength of the box.
If this water vepor could he oreveated from reaching the box, such

feilure would not result.

Two boxes were filled with czleium chloride s before, weighed,
wrapped in paper from Run 60C, serled with factice, and subjected to

the followingz achedule!

From & a.m. to 4 p.m., thev were placed in s constant hunidity
room at 50 per cent rel:tive humidity and 70° 7. Prom & Dete to 8 a.m.,

they were kept in 2 cold box at -35° C.

After beln; treated for 7 days in this wzaner, the boxes wers
Pleced in » constant humidity room =t 9F ner cent relrtive humidity and

100° ¥. for & similar lenzth of time,

At the end of the lli~day trastneat, the hoxes were unwranped

and weighed. The following results were obtsined: Box A ained 2.90
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grams} Box B geined 2.50 grams. The total surface of the box was 110
square inches, so the averaze rats of penetration of the water vapor
into the box was 2.70/(1% x 1.10) or sbout 0.18 gram per 24 hours per
100 souare inches. Judging from these results, the factice-modified
asphal t-lamineted sheet zave sdecuate protection even under the most

severe ¢onditions,
High Temnerrture Tests

None of the sheats produced in the semicommercizl runs showed
any tendency toward bleedin. when sged for seversl weeks st 100° ¥,
Semples from Runs 60 and 65, kent in en oven at 105° C. for 10 to 15
ninutes, pzave evidence of only very sli ht traces of bleeding. The
products containing the higher oil-to-asph:lt ratios nroved more
sultable for high temnersture soplicetions. Normel temnersture ranges

(up to 150° #.) had no effect uvon the ssmples.

Sample 587 (Pable IX) was oroduced by heating Saxpole H8A at
125° 0. for 30 minutes. The heating process czused the shzet to be
imoregnated by the laminsting material. The final product was a lossy,
shiny, smooth-finish, black product possessing very 0od water resistance,
but very poor water-vavor resistance. This material was still flexible
enough to withstend cressing, had no odor, and might be used for note=
hook covers or for other aoplicestions where water-resictant nao=re are

dosired.

Mul ti=-Wall Baygs

As has heen stated before, the pzoer laminsted in Run 65 was



produced for an eastern meoufsncturss of mdti-well bags., A aiuznble
roll of puoer owde dJuring thia ran wes ultlantelr converted into hane
for teating. Sho pumerdo:] results of the Seating ure ant nvailabdle,
tut e satarisl was reported to bo well sulted for this work and

£3eld teats are to i;e gnde In the nenr future.
Anclaiming fretica-liodified Aanhal S<Lumin-ctad Shecta

The reclaiaing of the “fiers from ractice-modified esphald
she-ts would »ressnt &« nukhar of provlers. The 9oft, tncky, rubbers
1ixe ¢haractaristics so desirnble for use reruiresenta would maike 43
iy fieslt th ta reused. It would etick @ sl clogs the baster rolla, would
he Bard ty Urask up, =ad would offar mach trouble ox the orser machine,
T only pogalhle watrad of seapration wight Be 2 sersen Yhe faotigee
#3751t raterial from the 1% #ro. Goma work wog fons on bhe reclalaing
of the finrme naterls . 3ma)) inces of the lumbnatsd o per wera
souked overnisnt snd dlsinte;ented with n ralied=-allk mixer, It was
found that the Cihaers would amisrate from the film, which resslinsd 4n
large Tiakes, tut only with di/ficulty. The factice-gwphslt cote:isl

wight then he soracnad from tha {lhgre.
Turnentine “osts

The prasence of tha lurze Mmantitias of asphalt decreased
the srasss resistsnce of the f=ctice to such »n extant it was no longer
connidered a roaseproof meterisl. Using the Inatitute turiontine test
(23), £x1lure of the secicom creirl lotinsted sheels uccurrad in sbtout
% hours, “fhe asthalt proved (o va soludvle in the turpentine. NHo other

srongapron? Seasts were nnde.
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OTHER USES OF FACTICE~-MUDI¥IKD ASPHALL'S

Leminated Boxboard

The work reported previously involved the protection of the
boxes by wrapiing with lsminmted paper. In this manner a completely
wateroroof and water-vanor-resistant package could be obtained. The
protective film might, however, be incorporated into the box during
construction by laminsting the liners with factice-modified asnhal?,
Zxport boxes having asnhalt liners are beinz produced, but fallufo of
the box after soaking is very common. This failure occurs at the score

alongz the edge of the box.

Ssmples of a 100=point virgin kraft export bdox snd of a
corrugated board were laminated with factice-asnhalt using the following
method: A thin coating of factice materisl was poured on one side of
the board, 2 sheet of kraft paver placed over the factice, snd the board
and sheet r#n through a wringer. This produced a kraft liner laminated
to the board with an even coat of factice-asphslt. The other side of

thz boxboard was laminated by the s2me method.

Tor testinz purovoses, the four edzes of the lsminsated 2nd un~
laminated board samples were sealed with hot factice-asphalt. In this
way the water had to vass through the lptersl surfaces of the boards.
The samples were immersed in water for a neriod of a week, After 24
honrs, the unlamingted ssmples hed swollen znd lost most of thelr
atrenzth; st the end of 7 dnre, they were fallinz ansrt. There zdveared

to be no loss of rigidity or strength in the lsminated s:mnles. It was
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concluded that adequate protection had been given the board to preserve
it for long perlods of time. Because of the resiliency and flexibility
of the factice-asphelt film, the board would be lass affected by the

scoring operation than would one containing asphalt aelone.

Seeling Alr-Conditioning Equipment

It was desired to insulste 2and seel the air-conditioning
equipment used to maintein the humidity rooms. In order to prevent
condeasation on the enuipment during the hot suomer months, good water—
vapor resistance was needed. The sof't Masonite insmulrting meterinl
coverin;; the shparatns wee laminated with factice-modified as-halt.

The hot, viscous materisl was spolied to the soft laser of Masonite,
spread ont with a trowel, and another laver of insulstins materisl
Placed azainst the film. All the erscks snd corners were plugged with
the warm materisl. It proved very desirable for such uses. 'The finsl
product was soft, rubderlike, resilient, snd not tacky. The success of
this venture cannot be determined until sumuer; the protective fils

mgy prevent the water vapor from resching the cooling equipment.
Toluene Solutions of Factice-Asphalt

It was found that toluene would dissolve or =t least disperse
factice-modified asnhslts. Furthermore, zfter the solvent had been
evaporated, the revidue scemed to possess all the characteristics of
the original mate iel. 'This made it possible to form factice-msnhalt
filme from = cold solution, For certsin zpplications, this might be

mors desirable. COoncentrated toluene solutions (25 ner cent) of factice~
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asphalt were orepared and used to paint films on peper, employing an
ordinary paint dbrush, Such & thick solution resulted in pinholes snd
uneven films. Vhen the concentration of the factice~ssphalt wss lower
(10 per cent), sultadble films could be obtained by painting or spraying
the paver. The film dried quickly, and was very contimous, glossy,
and water resistant. A film formed in this manner, which wesighed only
18 pounds per reem (ethMao) and had » water-vapor permeadility of
1.7 grams per 24 hours per 100 square inches. Hesvier filus gave as
good water-vapor resistance as the shcets laminated with hot factice-
asrhalt. For special types of paners, it might be desirable to cast

the factice-asohelt film from a solvent,
Weterproofing Hope

One of the nroblems confrontiny the Navy Denartment wes the
watersroofing of hemp rope. Manila was no longer available, and damestic
hemp lost 1ts strength after delngz in contact with weter. It was thought
that the factice-modified 2sohalt might be used to waternroof the hemp
cordsze. If the water was nnsble to reach the hemp, degradation would
be prevented =nd the rope would not lose its strength. At the time this
thesis was being written, only the preliminary work on the project hsd

been carried out.

Several strands of rope cordage were imnregnated by dipping
them into a hot factice~asphalt mixture. Seversl other strands were
imnregnated with n toluene solution of factice~asphalt. After the
films had dried, the strands were sizked in water for 5 days. The

actual aging and testing of the treated rope were carried out in
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connaction with another project; hence, these results will de reported
elsewhera. However, the sosking ceused z greet lose in strencsth of the
untrested stranis tmt hed 1ittle inf uence on the trested rope. The
rope trested with the toluene solution of fectice—asohslt gave the
batter results, probably hecause of more uniform imnregnetion., Some
fermentation seemed to trke placs in the sging of the hot treated rope.
The strands trested with the toluene solution retained their original
strenzth and showed no fermentstion. This ovens another field of appli-

cztion for facticemodified asnhslt products.

Ladoratory Uses

Pactice-modified asphrslis proved very useful in sealing the
edges of plastic-laminated papers for water-abgorption tests. The acti-
vated oil »lone proved to be a very good high-vacuum seal at ell tem—
serstures. Two investigators succesafully employed 1t to seal joints

and connections in high~vacuum work.
SUAGHESTED COMIEICYAL PROVUCTION HUIEUDS AND APPLICATIONS

1t hns been stressed throughout this dissertztion thst the
variphles in the nroduction and asnlication of & factice-modified nanhalt
are vary numerous. The types of materiasls which can be prepared are
alﬁost unlimited. Yor best results a speclal product should be
daveloped for each use recuirement. This would involve the prejaration
of meny different mixtures, Perhaps the easlest and best method of
production could he cerried out in 2 centrel plant which would maenu-

facture and sell o stzndardiged nroduct for each use roculrement, With



=1(2=

such a method of distribution, esch in’ividual consumer would be tpared(
the trouble of orevering the factice-asphalt mixtures but, instead,

could purchase the finisned product ready for application. This section
Las been written from this point of view. However, the same production

methods would spoly to emch individual plant.
Activation of the Oil

The activation of the oil can oe carried out in a stesm
Jacketed kettle carrying s stesm pressure of 250 pounds per square inch.
The kettle should be equipved with & good aglimtor ani some Uyoe of air
distrivutor which will serste the entire kettle during the cooking
cperstion, Raw linseed oil 1s placed in the tank and heated to 200° C,,
observing n definite time-temp rature schedule. The time neceassry to
resch maximusm tempersture should be as siort as can De obteined easily
with the sguipment. When the maximum temperature has been reeched,
compressed air is bubbled through the 0il., If this seration is started

while the oil is cool, a serious foam provlem will be encountered.

During the first few activation runs, the 01l should be sampled
at regular intervels so that the chenge in viscosit;, index of refraction,
and factice time can be followed. The results of these tests would glve
a Temily of curves similar to Figures 2, 3, 4, 5, and 6. Such values
could be used to set up techniecsl control standards. Xaving once
gecured these dats, sny desired activity of the 0ill could be obtained
by heating to a definite viscosity and then shutting off the steam and
air. Although it would reouire wowue tlme Jor the oil to cool after

the haat had been removed, activation would poroceed very slowly without

the asration.



~103-

A very simple viscosity tube c-n be constiructed from an ordi-
nsry 25-m). pipet, as described in the Appendix, After technicsl con~
trol methods have heen set up, the operstor crn din » nortion of the
oi) from the tank, asllow it to cool %o 100° *. (or any temperature
taken ns standard), an? detarmine the viscosity of the oil., If an
Abbé refractometer is svailable, the index of refraction cen also de
teken., By reference to the charts, the operantor can determine the

activity of the oil under trestment,

3

When the activation process is completed, the steam snd alr
are shut off nnd the oil is allowed to cool. Under theme conditions a
suitably activated oll should be obtsined im 3.5 to It hours. Assuming
that the testing was carried out ot 100° F. and with spnaratus idsnti-
cal with thet used in this investigation, the refractive index of the
01l should bé in the ranze of 1.4325 to 1.1335 and the rel:tive kinematic
viscosity between 85 and.125 geconds., These values are for oils vhich
will form fsctices in 20 to 30 minutes, using 5 per cent each of sulfur

and Vanderbilt O~16 accelerztor.

Comnerel 211y sctivated oils sre available on the markat nt the
present time, so thet it would not be necesesry for every mill to have
equinment for this sart of the process. Oonjulin, tested in the ex=
perinentel ﬁrogram, 18 an sctivated linseed oil manufactured by the
uohurn Company. The oil proved satisfactory for the nrenaration of
factice-modified materipls. Hovever, 1t is not racﬁmmonded for general
use for severnl reasons. The cost of the activated oil is too high

(about 39 cents par ponnd) compared with 11 cents a nound for lihaeed
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oil, In mddition, the oil possesses zn unesirable odor which is im-
parted to ¢1l naterials predared from it. In the near future, these
two difficultles uny de overcoms ard it msy be desirable to purchase

the sctivated oil rather than to produce it in the mill,
Prevulcanization of the Activated 0Oil

After the sctivated 01l hss cooled to about 80° C., 1t is
given the initial vulcanization treatment. This trsatment could be
carried out in the same stesm—jacketed kettle used for the activetion,
To the oil is added 5 per cent of C-16 accelerator, based on the weight
. of the oll. The mixture must be well ngitated during the sddition of
the aceelerator to insure its complete dispersion throughout the ovroduct.
The temnersture of the emulsion of accelerator snd oil is raised to
100° 0. and held et this temverature until all the water is boiled off,
vhen the mixture is hented to 145° C. Cooking under these conditi-as
is continued for 1 hour, At the end of this time the oil is ready to

be added to the punhalt,

1t mizht prove advantageous to market the sctivated, nre~
vulcanized oil. This oil could be added to molten sanhslt, sulfur
introduced, and the final vulcanization carried out at the nlant
vhere 1t is to be used. In this case, tlie prevulcanized oil could dbe

run into drums for shipment.
Vulcanization Process

The vleanization of the oil=asohelt mixture 18 carried out

preferably in a steam=jacketed kettle, slso equipped with a good
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agitation devide. The asphalt is melted end is heated to a temnerature
of 145° to 150° C. while the o) is being prevulcarized. The oil is
then added to the asphalt, and the regquired amount of sulfur is intro-
duced into the mixture. Heating at 150° C. is continued until the
valcanization has heen completed. The time of cooking depends upon

the activity of the o0il, the sulfur-to-oil ratio, and the quantity of

aspherlt used,

The ty-e and quantity of asnhalt denend upon the use reculre-
nents of the finsl product. For high temperatures (180° to 200° ¥.),
a 200° P. meltiny point asphalt and 20 to 25 psr cent of oil would be
desirsble. For ordinary tempersture ranges, a 140° to 160° 7. melting
point asphalt should be employed. Lower melting point ssphalts could
be used t'; obtain products desirable for extremely low temperatures
(=35° #.). The quantity of oil recuired may vary from 5 to 25 per cent
of the total weight of the oil and asphalt. ¥or olls in the glven range
of activities, 5 per ﬁont of sulfur {based on the weight of the oil)
should de sufficient. The choice of these materials has been discussed

in detail in Part III.

An 01l having the activity stated should be completely wule
cenized &n 1 to 2 hours. Prolonged cooking cannot injure the properties
of the product, becsuse the temperature will never rise above 165° C.
if » stesm pressure of 100 pounds per scuare inch is used. A definite
end point occurs with oil contents of about 20 oer cent, as evidenced
by a great increase in the viscosity of the mixture. With lower oil

contents, the end of the reaction is indicated by the smooth, homozeneous
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texture of tha mixture. The actunl cooxing time necessmsry for ssch

factice-as helt mixture would sbon be learned by exnarience,
Methods of Distribution

After the vulcanization had been completed, the factice~
modified asphalt cﬁuld be pumped into taank curs for shipment to large
consumers, These cars are equipped with steam coils to heat the con~
tents so0 that it could be pumped into the mill. Catre would have to be
t{eken to avoid the use of high steam pressures for any of the heating

processes, since localized overheating will give the product an odox,

Por tha amall consumer, 1t would not be desirzble to ship the
factice-zsphalt in small cans or barrels. The material would be Aiffi-
cult to remove without the anplicstion of direct heat. It would be much
bettar to cest swsll bLricuets or to pack the meteriszl in falrly smell

slabs. This could be accomplished in » number of ways,

The wolten factice—asohnlt could be poured slowly unon a large,
water-cooled, slowly revolving drum. The surface of the iron drum
should be nlated with a thin coat of tin, which is then amalgamated.

The factice-asphalt will not stick to this analgemated surface, snd
the cooled mixture cen be removed by a doctor blade. The flat sheet
thus produced could be cut into slabs, by the use of an amalgamated
blade, and sorinkled with tale or given & slight coat of activated oil
to prevent the slabs from sticking together; the slabs could then be

packed in a carton and ahipnped.

Tor some consumers, it mizht prove more desirable to prepare



the material in smell briouets weighin: meversl pounds. This could be
accomplished dy pourinz the molten factice-as-halt into swell irom
molds which have been vainted with the activated oil. The prasence

of the 0il pravents the factice-asnhalt from sticking to the mold, and
leaves a thin film of oil over the surfmce of the cooled meterial which
removes the tackiness of the briquet. This and the amalzavated surface
wers found to be the only surfaces to which the factice—aahnalt did not

stick,.
Coat of Production

The prasent cost of asnhalt, raw linseed oil, sulfur, end
accelerator used in the production of the factice~modified asphzlt 1s
$17.00 ner ton, 12 cents oer pound, 2 cents ver pound, znd 50 cents
ner pound, remnectively. HNecruse the cost of the oll is the major item
involved, the nrice of the finnl producf will denend largel’ upon the

percentage of oll employved.

Assuming that the product contains 20 ner ceat of oil (based
on the weiht of the asohalt and the oil) =nd 5 per cent each of sulfur
and accelerstor {based on the weipht of the 0il), the total rew material
costs for the mixturs would be absut 3.5 cents ser pound. Processing

costs mizght incresss this figure to Ut cents ner pound,

If only 10 per cent of oil were us=d (all other values re-
wmaining as given above), the laminating compound could be produced at
a cost of 2.3 cents ner pound for raw materigls snd a totsl cost of

not over 3 cents per pound,
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These figures indicate thet the factice~modified asnhalt can

be manufactured snd sold et a reasonadble aricea.
Laminating Process

The factice-modified asohslts can ve spolied with the eculp-
ment now in use for pure as halt lsminstion. The materisl is sozevhat
thermoplastic and will not herden with reagsongble perivds of heating,
so that application rolls csu he euployed to spresd the rmeterizl onto
the gheet. If the oil content of the compound is high, it might Hrove
more effective to apply the laminating mixture at the nip of the squeesse
rolls, as was dons in the senicommercial work curried out inm this in-

vestigation.

The weight of laminating matorial employed between the sheeis
would also be governed by the use recuiresents of the sheet end the
allowable cost of production. It was coincluded from the experimental
work thet 70 to 80 pounds per ream (2ux36—=U30) of laminating material
were optimum. This geve good folding nroperties and felrly zool water-
vapor resistance. Por certain applicetions, this value might be in-

creased.
Sugzested Comercial Uses for Factice-biodified Asphzlt

Laminnted Shests., The greatest application for a material

of this tyve is in the production of large guantities of laminmted
papers. The cost of nroduction is low enougzh 20 thet the materisl can
be employed for the large-scale 1smination of cheap kraft ospers. In

most cases, the substitution of factice-modified acphalt products for
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the asohalt materirls in use at the present time would be a decided
advantage. The flexibility, resiliency, =znd wide temoerature renge

of applicstion make such 2 product desiredle for sll types of outside
coverings for foodstuffs, machine parts, and chemicals. The mzterisl
mi-ht nrove = better lamin-tinz .edlum for the lamingted.metal—foil

baze now employed to obtain the hizhest degree of water-vsnor resistance.
For other sneeciml aomlications, sulfite orf higher grade papers mizht be

cozated with the factice-asohalt dissolved in a aolvent.

The production of multi-wall days onens a large field of
zpolicetion for the m:terial, Bags for tha‘pacgaging of hot cheaicals
could be nroduced, overcoming the danger of tleeding. Bags for low
tamperature apolications could be mzde from factice-asphalt compositious;

these weuld not be injured by flexing or rongh trestment,

Boxboard Uses. A flexible laminated shret would find many

apnlications in the protaction of export doxes. If water and water
vanor could ba kaot away from the box, watersroof adhesives and expen—
siva fillers would Le unnecessars. ZIExoort boxes could be paclked,
wraied in & factice~asshnlt~laminated sheet, »nd sraled with faciice-
esphalt. After arriving at ite dastination, the outside wraprer

could be removed and the box msterizl rapulded. Such sz process would

involve wranding eauimment not avallsble at the preseat time,

If repulping of the hox after it reached its destination was
not of grest imnortence, the outside liner of the hox could be laminated
with the factice-modified asphalt. Scorinz would not cause failure of

the film., After the box wiaa pzcked snd the fleps s-oled, the three ex-
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posed seams on the top and the bottom of the box could de sesled with
a plece of kraft tave corted on one side with factice-asphalt. In

this menner, the box would zgain be waterproof.

An alternntive of the above procedure might be carried out
as & wrapping method. The operation could be carried out on a small
tadle, esquipped underneath with a roll of kraft naper, an application
roll running in a bath of molten factice-asbhalt, and a cutter. The
naper would run from the reel, over the top of the application roll,
over a guide roll, and up to the top of the table. In this manner,
the costed paner would reach the wrapping sabla with the cozted side
up. The overstor would pull as much paner as he needed, cut it off,
set the box in the center of the sheet, snd wrap it. The sheet would
be self-sesling, =ni no unsealed seams would remain. By this mathod
‘the operator would laminste the sheet as he nulled it from the roll,
Becruse the factice-asnhaelt would be hot, the overstor would have to
be properly orotected. This mizht be cousidered a disadvantaze of the

process,

Wallboards snd Insulsting Boards. PFactice-modified asphalts

would find a number of uses in the production of wallboards. Here sgain,
the adventages of a flexible water—-vapor-resistant film would be
evident., During the winter months such a material would give protection
against the vassage of wster vepor from s warm room through the walls,
condensing ia the insulation and causing failure. At the time of con-
struction, all the joints and corners could be covered with a narrow

krait tape, coated on one side with factice-asphalt. The tape could



~111

be nroduced with equipment wimilsr to the wetting devices for gummed
tenes. Wallbogrds suitzhle for outaide use could be orepared, the

outgide liner being impregneted to give it weather resistance.

Roofing Materials. Factice-modifi ed asphalts might find

zoplication in the production of asnhal é&mpregnated roofing napers

or felt roofinz shinsles. It would be »ossible to produce a material
or shingle which would be flexible and not bdreak in cold weather, and
8t111 would not be sticky or tacky durin:; the summer., This is one of
the important rrobleams confronting the roofing industyy. If the ap-
plication of summer—gzrade roofing is sttemnted 1; the winter, the sheet
hreaks as the materisl is uarolled. Likewlise, the winter-grade
roofing is 90ft and sticky during the warm months. A factice~asphalt
material misht be produced which would prove suitadle fo/r both condi-

tions.

Factice-modified asphelts might be an improvement over asphalt
or "tar® roofs. The factice-asphalt layver would remain flexidle over

a greater tem)srature ran-e.

Mooring. A factice-modifled zsphalt product might be used an
a flooring materisl in basements or places where saepage and similar
problems are encountersd. The materisl could be preparsd so that it
would be flexible and resilient, but neither tacky nor soft. The
walls might be conted with the hot mixture to decrenss the pzssage of

water through them,

Weteroroofing Rope. The nreliminary tests on the waterorcofing
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of hesp cordage with a solution of frotice-ssphalt in 2 solvent showed
creet promise. In this manster, the loss of atrength and the injurlious
action of farmentation csused by the weter immersion of the rope are

elimine ted,

Impregnated Paners. It has bdesn shown esrlier that, 1f =

fuctice-zsnhalt laminated sheet is sudjected to = higjh tempersture
(125° C.) for sbout 0.5 hour, the film between the sheats ig dispersed
and impregumtes the entire sheet. The product formed in this manner
is very weter resistsnt, possesses # hright, zlosey, black finish, and
{a 8t111 fNlexible. The product hes no odor and is not tacky. This
material should find smplicetion in the pdroduction of notebook covers

or of smpll water—-registant boxes for packaging.

Boat~Cslking Materisl. The physicrl properties characteristic

of factice-modified asphalts are such that the material might flna use

28 8 calking compound.
SUKHARY

Using semicomnercial methods of presaration and lamii:tion,
i1t was possidle to produce a factice-modified asphalt-combined sheet
posasssin; the same desirable properties characteristic of sheets
prepared in the leboratory. Ho scrious problems wers encounterad during
the entire process, snd the product seemed applicabdle for large-scsle
opsrations. The soft, flexidle, resilient propsrties of the sheet

remained, sand gZood water-venor resistance could be obtained.

It proved expedient to employ larger quantities of material



for laminating nurnoses than are senorally cormon with sanhirlt-laminated
shects, Ratter vater~vasor resistance was ohtrnined without = decresse -

in flexiMhility or f5ldin~ cuslities,

Use~reuirement tests'nroved that the factice-modified
asnhalt conld he employved in a numher of wvars., Export hoxes could be
wreoned to protect the contents, or the liners could be laminated with
factice-naphalt for sood resistence czainst water =nd water vanor. The
senae methods could bhe gnplied to boxes used in culck-freezing: operztions,
Femp cordage could be waterproofed snd nrotected from loss of strength

vith a2 thin factice-asphalt f£ilm.

It vas found th=t factice-modified ashalt could be dissolved
or disperased in solvents such as toluene. Films formed by the evapora=-

tion of the solvent possessed good water-vanor resistance snd flexibdility.

Suzzested metholls of commercial production r~nd anplication

of factice-modified ssnhelt products heve heen given.
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PART ¥

A STDY OF THY PROTWCTION OF ¥ACTIOZ FRUM TALL OIL

Because of the war conditions, the supply of available lin-
seed 01l was rathsr limited: Since this wes ths most availeble of any
of the commereizlly produced oils, the problem could be solved only by
turnin: to £ nractically unlimited source of noncritical material. Tall
oil was such an o0il., It could be obtained in almost unlimited quantities,
vas cheap, and did not have any criticrl war uses. The production of a
suitable lamin~ting materinl from tall oil would not only have the ade
vantage of a plentiful source of raw materlsl, but would alsc prove a
boon to the nulp industry in the developwent of a useful product from a
w.8te materisl. The iderl siturtion would be for the kraft mills to
laninate thelr pener with a material produced from s by-produci of the

cookling operztiou.

EXPERIMIMNTAL

Commercisl tall oil wes not available In the fwumedizte vicinity,

but some of the Sorp wes collected frow : azar-dy mill.

Because the soap of tall oil would not melt upon hemting, it
was necessary to dissolve it in hoiling water. The materir]l was very
solubls. The aguacus golution thus obtained was acidified with dilute
sulfuriec acid and the tall oil (resin and fatty acids) liberated.

Sensration of the oll and water was nccomolished by filtrztion.

The small guantity of oil obtrined by the above method iwas

activated by heating to 350° O. for 20 mimutes. After activation, 30
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grams of the oil were vulcsnized with 5 per ceat each of sulfur snd C-16
aoccelerator. A factice formed ia ~bout 15 minutes which had = very
1ight tan color and was aoft snd {lexible when worm, btut brittle at room
teuserature. Although the production of factice materials from tall

0il seened possidble, the prover conditions of valcaunizeation hzd to be

investigoted.

It a mathod for the production of 2 sultrble laminating material
could be devised using cruds tall o1l ss the row mricrial, the nrocess
would be much more desirsble. It was with this view in mind that a
commercial crude tsll oil wes obtained in suificient ousntities for a
detailed study. The oroduct was a viscous, dirty, blsck oil, contalning
e large quantity of oartlslly crvstrllized materisl, probebly the

resin acids. The composition of the mixture wos given asi

Rosin acids 46.03

Fatt; acids UG.0%

Sterols 7.6%

¥olsture 0.2%

Agh 0.32%
Acid muber 164,

One sample {tall oil A) wes zmctivated by hesting, with stirring,
800 ml. of the crude ail to 250" C. in 15 minutes, holding this neximum
taw serature for 15 minutes, «nd allowln; tue oll to cool to room
temsorature. Yulcnalzation of thie oil with U ner cent esch of sulfur
and accelerator at 145° €. d1d not form a factice in 2 hours; therefore,

the oll was considered im-roperly activated.

A second cuantity of e crude oil {tall oil 3) waus hoated to
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280° C. 1in 45 minutes, kept at this maximum temverature for 45 mimutes,
and sllowed to cool to room temnerature. A considersble smount of
volatile constituesnts was given off st this temper:zture, ond once the
0il flashed and caught fire. Samples of tell oil B were heated for 2
hoirs with 5§ and 10 per cent each of sulfur snd C-16. The oil 414

not become viscous in either case. Upon cooling, a thick sticky meses
was obtained. It was concluded thet some vulcanization had taken place,
but not to a sufficient degrse. Further activation of the oil might

help to accelemtoxthe vitlcanization reaction.

A third portion of the tall o1l (tsll oil C) was sctivated
by heating to 280°A C. in U5 minutes as before; this temper: ture was
held for 10 minutes until most of the volatiles had been rewoved, after
which the tempersture wss increased to 350° C. and held at tiis moximum
for 60 minutes. The total sctivation time was 2 hours. After cooling,
30 zroms of tall oil C were vulcanized with 1.5 grams each of sulfur
and C=16, using the resgular procedure descrided in Part I. At regular
30-minute intervels additional 1.5-grem portions of sulfur were sdded,
until a total of 6.0 graws of sulfur was mixed with the oil. Vulcenlze-~
tion at 11&50 C. was continued for 4 hours. At the end of this time, the
01l was still not thick like & factice. The mixture was allowed to cool
until it wes eonroximemtely as viscous as factice, and sheoets of kraft
psper were leminzted as discussed in fert I. This run wes designated

ﬂsn‘anhoo.

Another 30 .:rams of tsll oil C were vuloanised with 6.0 grams

of sulfur and 1.5 grams of C-16, using the stzudard method of prejaration.



Yuleanisstion at 145° C. wes continued for one hour, after which sheets

were lamineted ss described szbove. This was celled Run 401,

Run 402 was carried out by adding 6.0 grems of linmesd oil
222 to 2 grams of tall oil C and wulcanizing the mixture for 2 hours
at 1N5° C., ueing 2.0 grams of C=16 snd 3.0 grams of sulfur. Kven the
addition of 20 per cent of the highly activated linsesd oil did not
ceuse factice formr-tion. The mixture was -llowed to cool before sheets

were laminsted.
DISCUSSION OF R¥SULIS

Only a few days were available for the work on tall oil, but
durinz thnt time no satisfactory products were prepared. The presence
of the hizh percentage of resin acids probably cesused the difficul ty
of factice formation. It will be recalled from FPart II thrt the addi-~
tion of only 50 per cent of rosin (based on ths weiht of the oil alone)
to highly activated linseed 0ils made factice formestion slmost im-
possidle. It geemed loglesl thet the rosin was again resnonsidle for
the slow vulcsnization. Because rosin is thin and fluid at high tem—
nerptures snd ervatalline and brittle at low tenderstures, 1t imnarts
these undesirsble nroerties to the factice. Nurthermore, the nrasence
of the resin acids may have made the sctiv:tion of the fatiy zcids
more Aifficult. It was concluded thrt tell 0il would not prove a
substitute for linseed o0il in factice-modified asphalts, unless the
resin acids were removed. Any purification of the tall oil would in-
crepse 1ts cost to such an extent that it would lose its advantage over

1insesd oil.
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A suitable lamin-ting material might be produced from tall
oil =lone, if the varisbles of mctivation »nd wulcanization were studied
more complately. This materisl would probadly fail in extremely low or

hizh temperature ranges, but might nrove useful at ordinary temneratures.

Samples of Run 400, U0L, and 1402 were placed in the hot room
et 100° ¥, for water-vanor nermesbility testing. Samples U0l nnd 402
became 80 soft thet the lamin: ting material impregnated the sheet, giving
it & sticky surface. These sheets wers not tested, because the film

hed bLeen broken,

The water-vsaor permeability of Sample 400 we~ 04 graw per
24 hours per 100 square inches for a sample containing 34.U gzrams of
lamineting naterial per 100 square inches. COreased samples wers not
tested., This indicated the zood water-vapor resistance possible with

& film of vulesnized t=1l oil.
SUM}*ARY

The presence of the high percentage of resin acids in crude
tall oil makes 1% unsuitsble as & nossible substitute for linseced oil

in factice-»0dified aschalt materials,

A laminating materinl suitadble for use in a very restricted
temoernture rsange, dbut possegsing good water-vspor resistance, could

provably hs nroduced hy the wulcsnization of crude tzll oil,
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CONCLUSINNS

¥rom a study of the variables involved in the production and
application of factice prepmred from linsesd oil, the following com=

clusions were drawn,

A fectice suitodle for lamin: ting purposes can be oreparsd by

the vuleanization of a oroperly activated linseed oil with sul fur,

The oil can be activated by heating at 350% C. or at a lover
temperature for a longer period of time. Aeration jermits the lowering

of this temnerature to 200° €. without an increase in the activation

tine.

Trom the index of refrsction, viacosity, zud mathod of activa~
tion of an oil, it is posaible to predict accurately the time reocuired
for fectics formation, the o-timum sulfur necessary for vuleanization,

and the general character of the factice osroduced.

Tor n given temperature end sulfur and sccelerator ratio,
the time of formation snd physical charscter of the factice depend upon

the activity of the oil.

Tor s glven temperature, ofl activity, and sulfur r-tio, the
time of formstion and physical character of the factice denend upon

the tyne and quantity of accelerator added.

For a given temnersture, oil activity, zad accelerator content,
the time of form-tion and physicel cheracter of the fectice denend upon

the sulfur—-to-oil ratio. This ratio is of greatest importsnce vith the
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slightly activated olls, but of much less importsnce with highly soti-

vated oils,

For a given oil activity snd sulfur and accelerator ratlo,
the time of fsctice formation dejends upon the tempnerature of vulcanisa~

tion,.

The presence of Piccolyte resins, Falkyd resins, rosin, Headol,
and rosin-beeswvax does not vroduce suitsble laminating materials in com~

bination with fectice.

Paraffin and beeswax cun be modified %o a microorystalline
structure by combining them with factice. These materisls would te

of interest for special uses,

¥insol can be employed to imorove the water—vapor resistance
of factice materials, but at the saume time it introduces undesirable

pronerties.

The properties of factiéo which make 1t desirable for laminating
purposes are as follows: (1) The softy, tacky, rubbery film reteias
ity sroperties independent of temversturs conditions. (2} Factice-
laminated sheets possess good aging properties, irrespective of
tewnersture. (3) réctice-laminatod sheets sve greaseproof o mineral,
lard, and vegetable olls, as well 23 to turpentine. (4) Sheats
leminated with factice are waternroof. (5) Properly presared factice
has 1ittle or noedor. (6) Factice can be prepared easily from relative-

ly cheap raw materisls with very l1ittle ecuipment.
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The undesirable properties of factice for use in lsminnting
are as follows: (1) Coumercisl application might present difiiculties
in view of the tacky, sticky, and nonthermoplastic character of the
materisl. (2) The cost =nd availsbility of linseed o1l is limited
because of the war conditions. (3) Factice-laminsted sheets do not

have zood resistance to the passzge of water vspor.

from a study of the varizbles snd properties of factice-

wofified asnhalts, the following conclusious were drawn.

A materizl, auitsble for lsminsting purnoses snd possessing
a hizh degree of water-resistance and water-vspor repistancg. as well
as other desirable qualities, c¢rn he nrenared dy the wvialcanization of
a properly ectivated linseed o0il in the oresence of lurge quentities

of esohalt,

The incrasse ia flexibility, resiliency, elasticity, snd
other physical pronerties of the factice-modirled asphelts ia the re—
sult of the vulcanized 61l and cannot be obtained unless the properly
activated linseed o0il is vuleanized i1 the presence of the asohelt.
The results cannot be duslicated b mixin, factice and asphalt after
vulesnization, by vuleonization of zn unsctivated o1l with the msphalt,
by wvuleanization of the ns halt slone, or by the addition of rctivated

01l to the asphelt without vuleanization,

The fretice-modified e80halts sre denendent upon the pronerties
of the factice for thelr physicel characteristics, snd upon the type

and cuantity of aschzlt for their water—vanor resistance.
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High melting point asphalts produce materials with detter
water-vapor resistance but less desirsble physical characteristics.
Lov melting point asshelts give beiter physical properties but lass

water-vapor rasistance.

An incresss in the ratio of vulcanizéd 0il to asphalt in &
factice-modified asphalt is accompanied by & sudsequent increase in
flexibility, resiliency, elasticity, and water-vavor permeability of

the product,

The activity of the linseed oil used in vulcanization has
little or no influence upon the water-vapor serme:dilit: of the
finished product. However, it is zn importrnt factor in the physical

chgracter of the material.

Higher sulfur-to-oil ratios in the vulcanization process
sroduce slisht increnses in the water-vapor perme~bility of the factice~
modified asnhalts; at the ssme time a decremse is noted in the resiliency,

‘flexibility, ~ni other properties of the film. High sulfur contents

produce an undesirable sulfur odor in the sroduct.

The vulcanizstion time of the oil in the nresence of the
asnhalt depends upon the activity of the oil, the sulfur-to-oil ratio,
the type and cuantity of accelerator, znd the oil-to-asnhslt ratio.
Continued heating for the joriods of tine.nece:uary in laminating opera-

tions has no injurious effect upon the nroduct,

An incresse in vulesnization temner=ture is accomnanied by a

decresse in the vulcenization time. Temseratures nbove 200° ¢. give
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s dburned odor to the product, cause 2 loas in water-vanor resistance,
and tend to muke the product brittls. A vulcanizatlon temnerature

between 11%5° to 165° C. asems optimum.

By the proper choice of oil activity, oil-to-asphalt ratio,
type of asHhalt, snd sulfur-to-oil ratio, waterproof snd water-varor—
resistant materisls can be produced which will withetand a high degres

of flaxin: at =30° P. s»nd which will not dlaed at 200° ¥.

The lov cost of raw materiamls snd processing of a factice~
modified asohalt, the equipment reguired for its production and anplie
cation, snd the nronerties of the resulting materials make it very

desirable for large-scale nroduction methods,.

The flexidility, waterproofness, and water-vaoor resiatance
of the mate 1=z make 1t desiradle for use in many lsminsting onerztions,
for the waterproofing of rope, and for other anplicetions reruiring

these Dronerties,
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APPENDIX
ERLTURTVERT OF RUTATIVT RINTMATIC YISCOSITY OF ACTIVATFD 0118

The viscosity of linse-d ail undergoes a very rapld chenge
during the sctivation process, ter this remson, the rernge covered
in the messurement of ofls of verious degrees of activetion is very
layre. otivetad oll slwo becomes rather dark 4n ocolor, particulsrly
when notiynted at hish temperntures; thersfors, viscosity wessuraments
by such methods se the fe1ling brll type nre mot suitsble. The vis-
cosity of zctivated linssed oil is mot truly Newlonisn, hecruss much
¥gtruetural viscosity" or plsstic flow is $nwolved. TFor thess ressons,
the mrjority of the ususl viscosity mensurement methods sre not sntin-
Lfectory.

Tor plant control methods, sxact values of viacositise sre
of 1ittle interset. The spraretus should be cheap, essy to operste,
#nd involye 11ttle upkeep. These requirements ceon be fulfilled dy
constructing s vory simple espillrry-tyce viscometer from = standard
pipet. This rlsae of aquipment proved capable of Mstinpuishing
olls af »11 degrees of notivstlon.

Apparntus

T™he tip of » stendard H-ml. pipet was cut off and the end
fire polished until all the rough edges had been removed. However, sare
was taken to =void olosure of the end to form a emell orifice. Aifter
fire poliehing, the stem of the pipet had approximately = sonsient
diraeter. The gleys tubing sbove the body or chamber of the pipet was
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shortened to a length of shout 2 inchee. Since the celibretion mark
on the serticulsr nipet used in the investization was less thsn 1 inch
ebove the body of the instrument, this was taken as the standard

hesd for the viscosity meansurements,

A collapeible rubber bulb (the tyne employed to fill burets)
wvas connected bv » short plece of rudber tubing to the ton stem of the

amerastus, The rubher-tubin: was closed by menns of a piach clamp.

The viscosity tube was held 1n ¢ verticel nosition by neans
of r. Bunsen clsrm sunported b a rins stend. Smell 10-ul. volumetric

fMseks were uged to reansure the offluent from the viscometer,

Operation

All viscosity measuraments were carried out ia » constent
temnersture room at 100° hd 0.5° F. The oils and s narastus were placed
in the room seversl hours before use, so th: t temper: ture equilibrium

would be reached.

The visbosity tuhe wzs filled hy placing the lower stem in
the 11quid, squeezinz the air from the rubber buldb, fastening the latier
to the pipet by means of the rubber tuding, and allowing the oil to
be sucked into the pipst &8 the rubber bdulb assumed its origingl shape.
When the body of the dipet was full and the level of the liguid was
ahove the calibration mark, the rubber tubing was closed with the

ninch clamp end the rubber btuld removed.

The excess lisuid clinging to the stem of the viscometer was
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blotted off, and the li~uid lavel was lowered to the c:1librstion merk
by carefully onening the pinel elamp, thus allowing osart of the liquid
to drip from the tube. With very viscous mnterisls 1t was necessary
to walt a short time pfter leveling the heesd of the liguid, to allow

for the settling of the liouid clinging to the walls of the upper stem,

The tip of the viscometer wag then lowered into a 10-ml,
volumetrie flask. The end of the sten protiruded into the wide section
of the flask, so that the 0il would not flow down the neck of the flask
as 1t drivoed from the viscometer., This precaution was unnecessary

when linuids of low vigcosities were mezsured,

The pinch clamp was nened, #nd the time renuired for 10 m},
to Arein from the viscometer wes measured. After the liguid had
started to flow from the pinet, the latter was raised until the end of
the stem wes ahove the crlibration mark on the flask. When viscous
liguids were boing measured, the flssk filled very gradually anl cvenly,
with no tendency to build up on ons side. The time, in seconds, required
for 10 ml. to drain from the viscometer was taken as the relative

kinemgtic viscosity of the liquid.

Duplication of results proved to be very easy; variation
betwaen measuremants were never greater then 1 per ceant of the relative

viscosity of the ligquid bein-g;‘ mensured,

*

The flasks used for the measursments wvare washed severasl times
with toluene, inverted, alloved to drain, and dried by warming in an

oven. Toluene was also employsd to clean the viscomster,
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Stendardization

The viscometer was stondardized with water znd glycerin at
20° ¢. ahd with glycerin at 100° C. Chsmicslly pure glycerin having
a spacific gravity of 1.2611 at 25° C. was used for this purnose.

These results are given delow:

Temnersture R.X.V.

o c. sec,

Olycerin 37.5 23.2
Glycerin 20.0 85.3

Water 20.0 1.8
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INSTITUTE TURPENTINE TEST FOR GREASEPROO¥NESS (23)

Apnaratus

A plece of plate glass & inches wide and sbout 4 feet long
is mounted horizontally over a mirror which is 30 tilted that the
hottom of the plate glass can be ssaen convenlently im the mirror by
an observer standing in front of it. Fluorescent lights are arranged

to 1illuminnte the bottom of the plate glass.

A suspension of du Pont 011 red 4ye in alcohol is prepared
By grinding the two muterials in g mortar. This suspension is Lrushed
1izhtly over one side of a lerge suzet of cellophane to coat it lightly
with the dyre. After the aftcoh& has evaporsted, the svect is cut inte

li-inch squeres,

Blotter stock cut into 3~inch suuzres is slso recuired in

the testing mnthod,

Flat weights slightly larger than the size of the blotter
and welghinz 170 grams are used to obtaln good contact between the

specimen snd the blotter,

Testing Method

The snecimen to te tested 1s cat to form : Y-inch square,
Both cressad =nd uncreased sreoimens are tested. Crensed soecimens

are prepared sccording to the Institute method ( 22).

A squere of the dre-coanted cellophane is lsid on the Dlate
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glass with the coated side up. The specimen is placed on the cellophane
with the side up which is to be exposed to the turpentins. A plece of
the bdlotter is laid symnetrically on the specimen, and turcentine is
applied to the blotter with a pinet until the blotter is saturated.

The weight is then applied to the blotter te effect zood contact between
the blotter znd the specimen. The stop watch is started at the ssme

time the weight is aiplied,

When the iurpentine passes through the specimen and reaches
the film of dye on tﬁe cellophene, the dye turns o bright red at the
point of fallure. The time required for the first failure, the number
of failures at the end of 5 minutes, and the number after 30 minutes

are recorded,

The test is carried out in an unconditioned room on uncon~
ditioned specimens. The aversge time for the first failure, the average
number of spots at the end of 5 minutes, and the cverage number after
30 minutes are calculated. For development purnoses, the average
number of failures at 5 snd 30 minutes is of considerable interest. If
the number is the same or nrarly the same at the end of 30 minutes
as after 5 mimutes, the failures are probably vinholes or mechanicsl
dafects in the coating ;:r parer. If the number of snots is considersdly
greater at 30 minutes than at § minutes, the costing or naper is
failing generally. In this manner, mechanical defects are distinguished
from intrinsically poor pgressenroof quality a2nd the test is an sid

in planning the course of the development work,
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