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I INTRODUCTION

Interest in thermal imsulation should be universel from both the
domestic end the industrial stendpoint. The obvicus resson for domestie
insulation is that of comfort and s seving of money in the home. From
an industriel stendpoint, the use of thermal insulation is importent te
prevent the loss of heat which is a direct loss in dollars. Another reason
is that a well operated plant depends largely upon the ascurate control
of temperature, since the tendency is towards chemical processes where
definite temperature control is required. Air conditioning hes elso come
to the foreground, Ome of the most important needs in proper air
conditioning is thet of thermal insulation. (1)

In the Summer of 1987, Dr. P. G. Scherer of the Virginia Polytechnie
Institute discovered that upon adding elkali to viscose, a china like
meterial of considereble strength was produced. Upon adding aluminum to
the mix hydrogen wes evolved, and a porous mass was produced whioh upon
setting and drying formed an excellent insulating meteriel, porous in
character.

In 1088, J. A. Redspinner investigated the product further and
attempted to improve the product by the use of various fillers. He found
that gypsum, when used in this capscity imcressed the strength and
decreased the cracking upon setting. However, the difficulty remained
that upon drying the product warped comsiderably. (15)

The problem is to find efficient means of drying to prevent warping
and still produce a product of good insulating value.



II REVIEW OF LITERATURE
A+ Insuletion

1, Insulating Haterials

8 Thermal c.guouﬁgz The thermsl conductivity of a substance
is defined by Fourier's equation which states thet the fundmentel law
of conduction is that the rate of heat flow is proportional to the area
of oross sedtion A and to the tempersture gradient = dt/dL, both teken
at the point. The proportionality factor k is called the thermal
conductivity and is defined by the equation: (25)

dq/de = - kadb/dL

Low values of thermal conductivity ere essential for efficient insulation

bs Insulation Development  In 1841 Peclet published his piomeering
experiments in the field of measuring the conductivity of metels, The

Tormulas which he derived applied equally well to the heat flow through
insulating materials; and therefore with a method of sctually messuring
the property of conductivity and with rapid strides in industriel end
mechanical fields, the development of insuleting meteriels assumed ites
rightful plece in ever increasings proportions.

Starting in the early seventies ceme the first commercial development
of pipe covering in the form of plastic cements mede from clay and asbestos
fiber; next lime was mixed with sewdust, wool waste and paper pulp, with
a flower adhesive or anything that would stey in place on a pipe and
could be troweled on. How insulation development in both pipe covering and
block form have passed through the steges of generalities where one type



of material was used for all purposes, to the stage of specialiszation,
where each rather narrow range of tempersture and limiting condition of
service has its own special material or materials, scientifically designed
to give maximum efficiency and service. In the late seventies the first
covering of definite thicknesses were developed end took the form of
corrugated asbestos peper wrapped up to form an air cell type of covering.

In 1885, the now well known 85 per cent magnesia was discovered
end it repleced the air cell type of covering for all but the low pressure
steam lines, This material showed great effectiveness in preventing
heat losses and became the gemeral all eround insulstion. However, for
cases of severe servise, where, due to being subject to external demage
this meagnesia proved unsuitable, a molded material of asbestos fibers
and weater gless was being developed. As this latter mﬂﬂﬂ‘m less
efficient than magnesis as an insulator, it beceme desirable to find &
materiel as effective as megnesia and ss duroble as the molded fiber
material,

Leminated asbestos felts were next fabricoted into insulators, the
leminations at first being wired together and later being cemented by
sodium silicate. Various methods were used to improve the effectiveness
of the leminated insulstor, the most successful one being the imbedding
of particles of cut sponge in the esbestos felts. Indenting the asbestos
felts to form air pockets became another general practice.

In 1895 pure corkboard and pure cork pipe covering were developed
for refrigeration purposes. This material contained no foreign bonding
agents, since the natural gums sufficed for the purpose upon heat treatment
of the meterial,



Fifteen years leter, brown argillaceous material (limestone) was
mixed with asphalt snd formed into a synthetic cork-like insulation for
refrigeration work.

When superheated steam came into gemeral use and ordinary steam
temperature crept sbove 550 F., it was discovered that megnesia was not
the correct insulation because of its tendemecy to céloine and ersck.
Consequently by 1925, there had been developed = series of compositions
employing distomaceous earths as a base. Molded meterisls consisting
mainly of lime for temperstures of 1000°F. to 1200°P. and of diatomsceous
earth for temerstures of 1200%F to 1600°F, came into use. For temperatures
between 1600°F, to 25000F., dietomeceous earth and clay were burned
together into a brick form and this combined form affords satisfeotory
insulation for this type of service. (2¢)

6s Insuletors end Their Ranges Various insulstors are available
for different renges of temperatures. For low temperatures we have
available vegetable corks mimeral wool blown from mineral slsgs and rock
wool blown from argillaceous limestone both bonded with asphalty kapok
fiber; laminated wool=felt paper; insulation board mede from bagssse fibers;
insulation boerd made from licorice roots, various kinds of shredded
lumbers, wheat strawss felted cattle hairj; corrugated kreft paper; and
most recently aluminum foil. For medium temperatures we have corrugated
esbestos board; 85 per cent magnesia; laminated ssbestos papers of various
kinds, some conteining indentations to provide air spaces, some conteining
small particles of cut sponge to space the laminationss verious types of
materials consisting only of ssbestos fiber molded to shape with inorgenie
bindersy and warious types of rock wool products. For higher temperatures



of from 1200°F, to 1600°F. the aveilable insulators are more limited., For
the lower part of this temperature range, diatomaceocus earth may be used
in either its matural form in brick shapes or where larger sizes are
desirable it may be bonded with & smell emount of asbestos fiber or some
megnesium carbonate, For the upper pert of this temperature range, the
distomaceous earth is bonded with such materials es cleys emd grog and
then caleined at temperatures higher then those for which the material is
recommended for use. '

There is also available a general] line of cements specially designed
for a purpose. The esbestos cements are generally not used for insulation
in themselves, but find application as finishing cements to protect other
insuleting materials applied directly to the unit. However, there are
magnesia cements, diatomeceous earth cements, and rock wool cements which
are used to insulate surfaces which are irregular so that pipe covering
blooks cen not be used. (24)

4. Domestic Insulators  Scheeffer (16) has divided the field of
domestic insuletors into three clesses depending upon types,.

1. The application of loose £ill insulation maberisls to
buildings alresdy erected.
2+ The installetion of iunsulating materials in the form of
bats between the studding in the walls of new houses or of
buildings already erected.
8« The use of insuleting board applied during or after the
erection of a home. |



8. Requirements of Insulators In general the properties of em
insulating meterial should imlnda‘ chemioal end physical stebility, it
must not mold, powder, oxidisze, disintegrate, crack, erumble, shrink or
deteriorete in any way that will impair its originel thermal or mechanical
efficiency.

More tp.oiﬁ.uny)m requirements of an insulator are: for low
temperature work it must 'bc‘ highly resistent te moisture penetration or
else entirely protected from moisture penetration. Further it must be
resistant to mold growth. To date, no insulator has been found thet is
completely resistant %o moisture pemetration and the cost o: protecting
the insulator mey be prohibitive. It must be repellant to vermin or at
least not harbor them, particularly if they are to be unﬁ for food storage
insulation, For satisfactory service they must maintain their strength
which in itself must be satisfectory even with the conteined water on the
surface which it might pick up during uses

In the low pressure field, insulators are mainly required to be
sturdy, light in weight to permit of as light a structural suppoert as
possible, easy to apply end sufficiently effective to show adequate return
on the investment.

For medium and high temperature fields, insulations of a more
refractory nature sre required, which will not ersek, spell, or unduly
compress under reasonable loads. The meterial must be proof against chemieal
decomposition or dehydration which would impeir its insulating wvalue.

The guiding factors for the choice of en insulator for a specific
purpose are the temperature of operation, the thickmess required, the
weight required end permissable, the mechanicel strength and the
resistivity, restrictions on the method of applicetion, the presence of

fumes or moisture, the overall cost to obtein the desired heet seving end



low meintenence charges. (24)

2, laterials Similer to Scherer Insulation
Several produoﬁ have bﬂa developed which are similar to Scherer

Insuletion, in that a reection producing e gas cccurs giving a porous
structure ﬁo the specimens.

8. Porous Cementitious Mixtures Among these are the products
developed by Johan A. Erikssom (6), Bruno Neuhef (12), Wellace A. Caldwell
(1), Tomes Coxon (4) end Noel A, Hill (8). Eriksson's work involved a
mixture which set to a porous mass after admixture with water end contained
cement, lime and a metal such as ginc or sluminum which reacted with the
other ingredients to generate a ges upon the addition of water, This gives
a high degree of porosity with the pores separated by partitions so
thet air cireulation is prevented. It has a high insulating value and can
be molded into bricks, plates end walls. It also has a high strength
which can be increesed by decressing the éomity. Neuhof prepared light
stone, pleaster and heat insulating materials by mixing mineral materiels
such as lime, cementend cley with the weste sulphite or sulphate lye from
cellulose manufactures, Alkali carbonates were also used. Caldwell used a
conerete mixture having a pH of 11.5 to 18.5 incorporsted with a material
such as powdered aluminum to evolve a ges with the slkali present and
thus produce = porous structure. Coxon produced a plaster setting with a
cellular structures It contained finely divided enhydrite; a small
amount of one or more accelerators such as potassium sulphete, sine
sulphate or aluminum sulphate; a small smount of gas producing ingredient
end & smell emount of portlend cement., Hill produced porous asbestose
cement compounds by mixing cement, ssbestos and a metel such as aluminum



or gine powder with water and feeding the slurry onto a paper machine
wherein laminated sheets are formed. The sheets are then treated with
o; solution of sodium hydroxide with or without an accelerator. Clay,
diatomeceous earth, glue, starch or lime mey be inoluded.

be Porous Cellulosio Derivative Mixtures  George Sehneider (17),
Reginald O, Hergug end Hellmut Hoffmenn (7), and George A. Fletcher (6)

have mede porous products with the aid of cellulosic derivatives. Schneider

used a derivative such as the acetate and mixed it with sodium carbonate

or bicerbonate which would decompose under the influence of heat alone

and at a temperature below the fusion point of the cellulosic derivative.

Hergug end Hoffmann used e viscose solution beaten into a foam and

poured into molds where it was coagulated by treatment with an acid

gase Molds having gas permeable walls were used. Fletcher used particles

of & metal that would react with sodium hydroxide evolving hydrogen and

mixed these particles with a solution of viscose to form e porous mass.

On coagulation emd regeneration it forms a porous solid structure. The
evolution of hydrogen may be retarded by the use of castor, Turkey red

or other oil before addition to the viscose. Flax, hemp, cotton, jute,

or other fibers mey be edded to the viscose,



Be Drying
1, Principles of Drying
8, lMechanism of Drying The air drying of a solid involves the

veporization of the liquid contained by the solid, followed by the
removel of the vapor in a stream of air. The outstanding questions in
the drying of solids are those concerning the method in which water
travels through the solid up to the surfacej; how and where evaporation
takes place; and how these factors affect the moisture distribution in
the sclid, the temperature of the material and the rate of evaporation
under different conditions of the drying air such as its temperature,
humidity end velocity. (18)

The process of drying fallk into either or both of two stages; the
constant rate and the falling rate periods. (26). For the sake of
definiteness, conditions such as the following will be assumed. A sheet
is to be dried which is sc large in comparison to ite thickness that
drying from the edge of the sheet may be assumed to be neglipgible.
Assume also thet the initial moisture concentration is uniform and
sufficlently high so that the surface of the sheet is thoroughly wet.
s soon-as the sheet is brought into contect with the warmer air, the
water on the nrtaoo‘bogiu to eveporste and the vapor flows through
the sir film into the surrocunding eir end is carried off by the air
streems The decrease in the moisture concemtration et the surfece causes
liguid water to flow to the surface from the interior of the solid,
depleting the total water content of the sheet. So long as the surface

remains sufficiently wet, the evaporation proceeds at a constant rate.
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If the eveporation is continued, the surface concentration of the liquid
eventually becomes so low that the surface no longer behaves as though
Q were thoroughly wet, and hence the evaporation rate deoreeses and the
so-called falling rete period begins. The moisture content at which

the drying rate starts to decrease is cslled the critical moisture
content.

The flow of liquid m the interior of the sheet to the surface
is by diffusion (9)s The m processes, diffusion and eveporation from
the surface go on simultenecusly until the drying operation has been
suspended or the sheet hes come to equilibrium with the drying sir.

In some cases the resistance to surface eveporstiom is the controlling
factor in drying, while in others the resistance to diffusion is the
controlling factor.

be Drying Hygroscopie Solids The vapor pressure of water over
e very wet solid is thet of ligquid water at the temperature of the

solid, If the water is progressively removed, a moisture concentration
will be reached where the 'ajueous vepor pressure over the solid ﬁ-gi.u

to decreese and becomes les: than thet over water st the seme temperature.
Materials that have a considersble water comtent at this point are |
hygroscopic solids, This suggests that the total water content of a

solid may be divided into two classes, free and bound weter. Free

water may be defined as water which exerts its full vapor pressure and

is held in the voids of the solid. Bound water is water which exerts

less than its normel vapor pressure and may be liguid in very fine
cepillaries, water with salts dissolved in it in cell or fiber walls,
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or water in chemical or physical combinstion. The relation between the
vapor pressure of water over the solid and the water comtent of the
solid is determined by experiment and is generally given a8 a curvé of
moisture content wersus the relative humidity of the air in equilibrium
with the materisl. The moisture content corresponding to 100 per cent
relative humidity divides the free and bound water areas. Absorption
end desorption curves do not coincide, the desorption curves being
higher in weter content for a definite humidity end are the ones used
when drying e solid, By assuming thet only free water diffuses through
the solid as weter vepor, to show the difference in rates of diffusion
between free and bound water, end that water wvapor diffusing thraugh
the solid is et any point in equilibrium with the solid as shown by the
desorption curve of the material, the mechanism of dtying may be
represented in the following way: Since the dry&aé rate decreases after
the oritical moisture comtent, the partisl pressure gradient im the air
od jacent to the solid decresses; and since the heat requirement also
decreases, the temperature gradismt in the air deoressss. Up to the
eritical point the eir at the air-solid interface is saturated, If the
humidity decrenses and the temperature um'cuﬂ' at the eair-solid
interface, o condition arises where the air at the interface is no
longer suturated. This indicates that free waoter must have been
vaporized before it resched the surface or if vaporizetion is occurring
et the surface it must be from bound water, end that at the oritical
point the concentration of moisture at the surface is equal to the
equilibrium moisture content corresponding to satureted sir at the
temperature of the solid at the air-solid inbterface. During the
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constent rate period the tempersture at the air sclid interface is the
wet bulb temperature of the eir. s the drying process continues, the
temperature at the surface contimues to rise and the partiel pressure

to falls This indicates thet if wveporization of free moisture is
osccurring, such vaporigation is taking place &t a continually

retreating planes Free moisture veporizes from the center line of the
solid to that pim and bound ﬁtnr from the plane to the elr solid
interfeces At any point in this latter sone, tho alr is in equilibrium
with the solids If the substence is non-hygroscopic, the vaporigzation
e -veporisebion-is confined to e nerrow gsone inside the solid, and if
hygroscopic, & considerable portion of the evaporation tekes place between
the vaporization plane and the sir solid interfaces For hygroscopie
solids, all of the heat is not used to veporize free water as a good
deal is retained in the zone of vaporization to veporize bound water.(1l)

8o Constant Rate Period  In the comstant rete period,
Sherwood (20) has stnted thet the surfece is completely wet with

weter and that the rate of drying is similer to the evaporation of
water from a free surface. Carrier (2) has discussed this type of
evaporation end has shown that that the rate of drying depends upon the
followings
1. The vapor tension of the moisture in the material
corresponding to its temperature.
2+ The wapor tension of the moisture in the air
correspouding to its absolute humidity or dew point
temperature.
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3+ The effective veloeity of the air over the surface,
4, The physicsl end chemical properties of the material
~ being dried.
He has shown that the rate of evaporation at sny instant per unit
surface is proportional to the differemce in vapor pressure between
the liguid end the vapor of that liguid in the immediate vioinmity,
This relatiouship is shown by the following equations
dwfot ® x(e' - @)
This hold only for the following:
1. For e free liquid surfece or for the wvapor pressure
of the liquid at the surfeces of a wet material.
2, When the totel pressure is greater than the vapor
pressure of the liguid.
8. Constant oconditions of air velocity and its direction.
4+ Yhether the liguid is above or below the temperature
of the surrcunding atmosphere.
6o The quantity x is probably independent of the latent
heat of eveporation, but varies directly as the molecular
weight of the evaporating liquid.

Carrier hes also found that the rate of evaporation increases
directly with an ineresse in the wvelocity of the eir, The effect of
the velocity is apparently to inorease the rate of diffusion of liquid
to the wetted surface. There is undoubtedly a surface film of vapor
saturated at the liguid temperature which is admixed with the air,
broken up and removed in direct proportion to the wvelocity or squere
root of the surfece-frictionsl- hesd_-effects by atmospheric movement.



This may be expressed es follows:
dw/fit # (a = br)(e' « @)

where a is the rete of evaporation in still air,

b is the rate of increase in the evaporation with the veloeity

e' is the vepor pressure of the ligquid in the solid

@ is the wapor pressure in the atmosphere

A free wetted surfece tends to assume a definite minimum
temperature of evaporation with a correspending vapor pressure e's,
The temperature is dependent upon the latent heat and the specific
weight of tho satureted veporyfhe specific heat and the density of the
atmosphere m the degree of initiel seturstion with the vepor. It is
known as the wet bulb temperature. In becoming saturated with moisture,
the atmosphere cools down to the wet bulb temperature end the latent
heat of the water or other liquid evaporated is equal exactly to the
loss of sensible heat of the atmosphere. When the air passing over a
moist surfece drops towards the wet bulb tempersture, ite wvepor
pressure and dew point rise towards the wet bulb condition. It follows
that the wet bulb temperature remeins constemt, although the dry bulb
temperature drops. If the material is eveporating freely, the temperature
is therefore substentially constent at the wet bulb value. The rate of
eveporation may be shown to be directly proportional to the wet bulb
depression as well as to the difference in partial pressures, and it can
in turn be shown that the wet bulb depression is proportional to the
partial pressure difference. Shermood (20) has confirmed the views of
Carrier as applied to the constant rate period of drying in solids
stating that the driving force causing the heat flow is the wet bulb



depression and the driviang force causing vapor diffusion is the
“difference between the psrtisl pressure of the water vapor in the air
end of the water in the solid, This is upset if heat from other sources
then the sir (rediation), the temperature tending to be decressed and
the partial pressure difference incressed. The liquid temperature is
therefore increased sbove the wet bulb value and the rabte of evaporation
is inecremsed. Another way te supply heat to a very wet solid is by
conduction through the dry edges or other dry surfeces of the solid.

in the case of a block or sleb, one or more of the faces are covered

or water proofed and the heat inflow through these adjoining dry
surfaces raises the liquid temperature and thus the rate of evaporation.

de Pelling Rate Period  In desling with the falling rate period,
Sherwood (19, 20) noted thet it might be divided into two distinet
divisions; one of unsaturated surface drying in which the resistance to
surface evaporation controls, and ‘m other in which the resistance to
difrﬁaion of the liguid controls the dryimg process. In the case of
unsatur-ted surface drying, the nffceﬂﬂ wetted surface is lower

since the surface is no longer completely wetted end thus ceuses a
Wetion in the rete of evoporation. The effective wetted surface is
usually & streight line funotion of the water content so thet the rete
of drying ourve is & straight line in this region. The mechanism of
drying is similar to that during the comstent rete period and is
therefore independent of the thickmess of the specimen. Water is
evaporated as fast as it diffuses to the surface end the resistance to
internal diffusion is small as compsred to the resistance of surface
evaporations The rate of water diffusion to the surface decreases,



however, with the water content of the material, so th.t‘ a second
oritical point is reached beyond which the resistance to imternal
diffusion controls the drying process.

Ezp'Mu by Chang (19) showed that a difference in humidity
affected the rate of drying during the zone immediately following the
first eritical point but did not gffect it after the second critical
pointe It was therefore concluded that the intermal diffusion did not
control during the first zone m did after the second critical point,
Sherwood tested some whiting, and showed that in the first sone the
drying process was unaffected by the thickness of the semples This
further supported the contention of the possibility of two distinet
gones ocourring during the falling rate period.

Oversll C sient at Trens It is imstructive to
measure the temperature of the midplame of the sladb es the drying run
progresses in the falling rate period. (19, 20). If the overall
coefficient of heat transfer U decreases considerably during the
falling rete period as compsred to the constant rete period, it is
clear that the thermel resistemce of the interior is inereasing owling
to the retreat of the plane of vaporiseation. During the zone of
unsaturated surface drying, the overall coefficient of heat transfer
is substentially the same as thet during the constant rate period,
showing that evaporation is occurring essentially at the surface of
the slab. In the second zone, where the rate of diffusion is the
controlling factor, since the evaporstion of water is more repid than
the arrivel of moisture at the surface, the plane of evaporation tends
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to retreat into the solid due to depletion of water from the surfaces
This probably only takes place inm porous or fibrous soclide and not in
colloidel materisls. When evaporation takes plece within the solid,

the vepor formed must diffuse not only through the surface air film
but also through the relatively dry surface layer of the sclid. The
actuel evaporstion tekes place at such a distance from the surface that
the rate of diffusion of the wapor through the solid eand the air film
resistences will equel the rate of internal liguid diffusion. It cen
reedily be seen therefore why a drop in U cccurs during the second zone
of the felling .rnt. period, The g_lm of wvaporization waes shown to be
distributed thréugh e relatively dry pulp in experiments carried out
by Sherwood (20) and showed an evaporating sone of apperently large
thickness,

In the drying of highly porous solids
oupillerity plays a considerable part (28); while in the drying of none

hygroscopic solids containing grains of non-uniform sigze, the movement
of moisture is contrelled by capillarity and not by moisture gradients.
In the drying of & gremular solid, the cepillaries are néither circular
nor straight, but the water is drewn through the passages in a manner
similar to the movement through e tapered cepillery, Water evaporates
from the small meniseci exposed at the surfaces. The smell curvature of
these menisci exert sufficient capillery pull to draw water through any
passages ending in air water interfaces of larger ourvature. The water
drawn to the surface is necessarily replaced by alr which enters the
solid through the larger passages comnected with the larger openings at



the surfros. Beosuse of the complicated interconmecting passuges
bensath the surfuece, it is possible for the necessary air to enbter
through a relatively few surface openings and thus for the water
concentration at the surface to remein reletively highe The water
continues to rise to the surface through sny system of interconnecting
passages until sll of the various menisei at the lower ends of the
oolumns have the same radii of curvature a9 the small menisei at the
surface from which ewvepor:tion is taking plsce. At this point, a smell
mm«mpr‘amm'mmu«mwmmn;mw
of these surfece menisci into pessages of smaller cross section and
the increased ceplllary tension is sufficient to draw sdditional weter
to the surfaces. It is possible for this ineresses tension to drew
some of the meniseci at mlmrw&m@mm&hﬂw
inte larger savities and thus reduce the temsiom required to osuse
movement to the surfece. The memisci in the pessages at the surface
can then rise to their former position and the process continue. is
this process contimues, the menisoi et the lower ends of the water
columns beceme sbout the seme size es the smellest meniscl at the
surface, and water will no longer be drawn through these pessages to
the surface. Bvaporstion will continue through the surface wenisei
and the water will be depleted in these psssages thus ceusing the
retreat of the surface menisel into the solid, The rate of drying will
consequently be retarded beceuse of the necessity of the diffueion of
the vepor formed through the air filled pessages to effect removel from
the solid, As n solid dries, the tension emerted by a espillary results
in & corresponding compression of the solid structure snd = conseguent



strong tendency for the materiel te shrink,

He He Congloke smd Os A+ Hougen have imvestigated the effect
of cepillerity on the drying of varicus gremler solides (8).

8, Drying Equations

8e He Bs lowis (8) By sssunming & linesr molsture gradient
during the drying process beceuse the diffusion law gave e eomplionted
function, lewis derived approximete equationms for the drying rate
during the falling rote period. The egquation he derived iv the following:

In{Woekfi=B) 2 K8 = where K ® 84R/L(420L)

Wy 18 the initlal free water content at the eriticel polnt
E is the equilibriwn weter content

@ is the time

4 end R are comstants.

The drying coefficlent K varise with the rate of diffvsion and
the surfuce evaporation snd alsc with the thickmess of the material
being drieds If surfoce eveporsilon is the comtrolling feaotor in the
drying process, then il mey be neglected K being equel to 22/l 1f
diffusion contréls the process, thea 4: may be seglected X being equel
to 84/12, When the rate of diffusion is the comtrolling faotor, 1t is
to be noted that the rete of drying depemds upon A which in Surn depenis
upon the temperature incressing repidly with it. This is made use of in
_drying substences which harden snd shrink but must not be permitted to
mnmpmn:f;b:;;::mhtanhWMh
permit the highest rate of liguid diffusion to the surface, mnd slso
at a high humidity in omder to prevent to rapid an evaporation setbing



up strains and stresses in the solid ond csusing rupture of the
gurface.

bs Ts K. Sherwood 8herwood has proposed an equation for the
falling rate period (19). In order to get a simpler equation propoded
so that it might b- used for approximations, he assumed the rate of
drying to be a linear function of the total moisture comtent per umnit
welght of dry solid with & rate of zero at T equals T, exnd a rate of
s“, et T equals Ty, The following is the equationt
| 1n B' = 9'Se/(T, = T¢)ADR
where:
T is the water content, weight of weter/weight dry solid
Te is the critical water conbent
Te is the equilibrium water content
E' is the free water content/free water content at the eritical point
and is given by 1-%e/To~Te
® is the time after the falling rate period begins
R is ome~helf the slab thiclkmess
A is the surface area
D is the density
§ is the rate of drying, loss of weight/unit time
85 is the rate of drying at the eritical point and equals the rate
during the constant rate period
Sherwood has also derived equations for the some of the falling
rate period .in which the resistance to intermal diffusion is the
controlling fector as compared to the surface evaporstion resistance. (18)



He assumes & neglipglible surface evaporstion resistance which corresponds
to a negligible free water concentration at the surface, since no
moisture gredient is required to cause the water to diffuse through the
surfece air film. The slope of the moisture gradient line is then
proportional to the rete of diffusion of water at any point within the
solid, and falls off from the surfece to the center line when drying
at two faces and approsches gero et the center line. The following is

the equation:
Pl ot s T
o 4le + ﬂwuoon{

I#s‘.i. +% A \ “J

As B, Newman has derived similar equations for solids of various shapes.(13)
Botween the limits of E equals 0.9 snd 0.5 lewis's spproximst equations
have been shown to be fairly sccurate. The above equation is based on
the constance of K, the diffusion comstent; a uniform liquid concentration
throughout the solid et the stert; diffusion taking plece wholly normal
to the planej evapor-tion taking place at the surface and Rg, the
resistance td surfece evspor-tion being negligiblej end the velidity of
the diffusion eguation:

dv/de = Kadv/ax?
where:
v is the moisture concentration per unit volume
@ is the time
x is the distance of the poifit from the surface of the sheet
K is the diffusion comstent

The theoretienl relation for the drying of an infinite slab where



the resistance to intermal diffusion controls the process is given
above. 1t is appliceble, however, only to materisls where the initial
moisture distribution throughout the solid is uniform at the stert of
period where the resistance to internal diffusion combrols. Frequently
as in the drying of wood and clay, the period of internal resistance
controlling follows the comstant rate period, and the moisture
disrtibution at the emd of the constant rate perioed is more nearly
parebolic than wuniforme. The above equetion does not hold for this
cases It would uppo@r that an equation similar to the ome above, but
besed on the sssumption of en initial persbolic moisture distridéition
would be usefuls Sherwood developed the following equetion for this

o R o N
%)l .‘ L % ® '*‘.% @ * sesnosuses

purposes

sem Ll L

-
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wheres

E' is the ratio of total free water to free water content at the
eritical point.

K is the diffusion constant of water through the solid with concentration
as weight per unit volume.

p is equal to Ewg'/4r2



R is one~half of the slab thickness

T, is the free moisture concentration per unit weight of dry solid
at the center of the slab while at the ecriticel point

Ty is the same as that above except that it is at the surfece of the
sladb

o' is the time after the criticel poinmt.

Ge Ae Bs Hewman  As has been mentioned before, Newman hes
derived equations for the drying of selids of various shapes where
internal diffusion m’bioh the drying process throughout and the
moisture distribution is uniform in the solid at the start of the
drying period. (18). He has lately derived equations based on the
resistance to internal liquid diffusion emd to surfuce ‘ewaporation,
with the rate of drying being influenced by a continuously decressing
1iquid concentretion at the surfece. At any instant the rate of drying
is directly proportional to the free liguld comcentration at the
surface at the time, the laws of diffusion being valid, and the diffusion
equations must be consistent with the varying surface concentration.(14).
Ts K+ Sherwood and E. W. Comings (22) investigated Newmen's equations
both for initial uniform comcentration of liquid in the solid and for
initiel parsbolic molsture distribution. They concluded that Hewmen's
theory of chenging importance of the resistance to internal liguid
diffusion end the resistemce to surface evapobation feiled to explain
experimentally determined rate of drying curves.

4» Evapovation at the Surface  An equation is derived ia
Welker, Lewis, M®Adems end Gillilemd (27) for the dryimg of a solid



by evaporetion at the surface during the felling rete periocd. It is
besed upon the diffusion lews end the sssumption thet the falling rate
period is preceded by e constant rete period such that the moisture
distribution curve will have approached & parsbolic forms The equation
derived is the following ones
ln T)-B/1-E & 9/L(ryers) sko
where1
ry = L/8D
ry = (Tgo=E)p/a = (Tgo=B)p/k® (BgoeE)

Either or both of the resistances may be important during the drying

process. The terms above are defined as follows:

T, T1,Tg¢ is the total moisture content, weight per unit weight of
bone dry solid, T corresponding to time @, T, %o sny time in
the felling rete period, T,, to the eritical point value at
the surfaces :

E is the equilibrium water content, weight per unit weight of bome dry
material corresponding to the tempersture and humidity of the air,.

@ ig the time

L is one=half the thickness

ry and r, are the resistences to internal diffusion snd to surfece
evaporation respectively.

K is the drying coefficient in units of reciprocal time

D is the diffusivity of the liquid

p is the weight of bone dry stock per unit origimel volume

a is the weight evaporated per unit time per unit of wet surfece in
the comnstant rate period.



H, Hge is the absolute humidity, weight per unit weight of bone dry
eir, H corresponding to the main body of alr, Hy, corresponding
to saturation conditions at the surface temperature during the
constant rate period. }

k' is the evaporstion Mﬂgh@. based on humidity difference,
weight per unit time per unit wetted surface.



III EXPERIMENTAL

M—W This investigation comcerms the drying
and warping properties of Scherer Insulation and its purpose is to

determine the proper drying conditions se that the product would neither
wWarp nor orack.

Plan of Proocedure.

Mizing, The following methods of mixing were proposed:
1. Lime, gypsum plus aluminum added to viscose,
2, Viscose added to lime, gypsum plus aluminum.
8+ Gypsum plus lime added to viscose and them incorporate aluminum,

Forming, The following methods of forming were proposed:

1, Casting.

2. Rolling.

8+ Extrusion.

4. Heat treatment to set the structure.

Drying. It was proposed to lrymﬁm specimens at different
temperatures, humidities and air wvelocities.

liaterials.

Sulphite Pulpe mﬁnw pulp manmfectured by the Brown Co.,
New Hemshire wes used for the mamufecture of viscose. Its properties
as determined by chemical analysis weres
moisture - wememwn 4,6 per cent




alphs cellulose seeseeeses 98,86 por cent (dry basis)
COpreYr NUMbEY wewmeosssees (gd

lime, Mssoms liydrated Lime made by the Ripplemeade Lime Co,
iipplemesade, Virginie was used for the preparation of Scherer Insulation.

Sypsume Bem Franklis Agrisultural Gypsum made by the U. 8. Gypsum
Coe, PlastercoVirginia was used.

Saustics Teohnical grede sodium hydroxide, about 96 per cent
mw.mwmmcmzm.mmumm
18 per cent caustic solutiom required for the production of viscose,

keagent grade carbom bisulphide made by the
General Chemieal Co. wus used for the xenthation process in the
 preperation of the viscose sclutions

Muninum, Guaranteed Chemically Pure Aluminum « Sronse Powder
nade by the Us S+ Bronse Powder Works, lno., Wew York, H. Y. was used
for the production of Scherer Insulation.

Oresses Socony lotor Gresse lNo. 3 wes used as the lubricsting
agent for the pans in which the imsuleator wes formed.

Apparatus.

Hydreulic Fress, A Watson=Stillmen Coe, New Tork press Job 41421
was used for pressing the dipped pulp to the desired welight,

Zenthetion Drume The xenthator wes menufectured by the Mex Ams .



Chemical Engineering Corporation of Bridgeport, Comn. It is 12 inches
in diemeter and 12 inches highe It is shown in Pigure 1.

Pfleiderer
lixers A Werner-Xfimwier mixer, 10 by 11,5 by 8,5 inches was

used for the disintegration of the pulp in the preparation of the viscose
and also for‘tho mixing of the powders with the viscose for the
preparation of Scherer Insulation. Figure 2 shows the mixer very

clearlys It is made for a capacity of 600 grams of dry sulphite

pulpe

Motors. In order to dissolve the xanthated cellulose for the
production of the viscose solution, a Sears-Roebuck motor was used. It
wes a type SIC 61614, 0,26 HP,, 1725 rpm, 110 volts, 4.9 amperes,

60 cycle, 1 phase motors

Forming Apparatus. The product was cest ini- galvanized sheet
metal containers 16 by 16 by 2 inches riveted at the four cormers.
A sheet metal plate 14 by 14 inches was used for application on the
top surface of the specimens after its formation. The specimens were
leveled off by a strip of sheet metal nailed to a wooden guide which
was run along the edges of the sheet metal container. These are shown

in Figure 3.

Driers A tray drier mamufactured by the Proector & Schwartz @o.,
Ines of Philadelphis, Pa. series no. H 8122 was used for drying the
specimens, It is illustrated in Figure 4.

diodulus of Bupture Teste Figure 5 shows the testing apperatus used.
A lever arm with weights at various points provides the required force



XANTHATOR

WERNER-PFLEIDERER MIXER

FIGURE 84



FORMING APPARATUS.

FIGURE 8.



PROCTORSCIWARTZ TRAY DRIER,

FIGURE 4.

MODULUS OF RUPTURE TEST.

FIGURE Be



These were performed in e standard

Tinius=Olsen machine set for a 1000 pounds maximum load.

Tnermel Conductivity Test. Tests of thermal conductivity were
mede by lr. C. Be Ruehr on equipment designed by and constructed by

Dr. G. M. Johmston of the Mechanic:1 Emgineering Department of the
Virginle Polytechnic Institute and is described in a departmental

thesis.

lethod of Proceduree.

Preparation of Wiscoses The viscose solubtion wes prepared in the

following manners |
1. Dip sulphite pulp in 18 per cent sodium hydroxide for one hour,
2. Press to 5,35 times the slphe cellulose content.
Pfleiderer
8+ Grind in Wernerwiifdeuder mixer until the Bulk No. is 190 to 200,
4. Age at 18°C, for 48 hours.
6+ Xenthete with carbon bisulphide using carbon bisulphide in en amount
equal to 87 per cent of the alpha-cellulose contnet of the crumbs,
6+ Dissolve the xentheted crumbs prepearing e 7 per cent cellulose and
& 5.5 per cent alkeli solution of viscose.
7« Ripen for 24 hours at 18°C.
8+ Mix with powders the composition of the mix being im parts by weight:
Viscose ===e=el00 |
ZYPSUN s—=e=we2d
lime ~weemwe-=$0
aluminum eeeee0,2



9. The actusl procedure in hendling the specimens will be discussed
more fully in the next section.

10, Drying in the ProctoreScwartz tray drier at desired conditions of
temperature, humidity end air velocity. The high sir velocity is 474
feet per minute, and the low air velocity is 273 feet per minute.

Preparation of Specimens and Results.

411 specimens are prepered on the basis of, in parts by weight,
100 viscose, 30 lime, 24 gypsum and 0.2 alumimim.

Preliminary Experiments = Bun 1. 411 the specimens were mixed

by hend in & bell jar. '
8. Specimen 1A A dry mix of alumimum, lime, gypsum was sdded to
viscose and placed into & pan which it filled. It was dried at 108°C,.
overnight inm an oven. In the morming it wes seen to have risen above the
pan's top level with a domed top like breed. The top surface was smooth
but hed several wide cracks and e shrinkage of sbout 14 per cent
along the length and width hed occurred. The color of the sides and the
top were green while the bottom was white, the sides end bottom having
flet surfacess The specimen hed e sulpiide odor and wes warped so that
the entire specimen was concave on the botteoms The color distribution
was not uniform on & cross sectionel ares, most of the color being
concentrated at the top of the specimens. large pores were at the
bottom of the specimens while small ones were at the top surfece. The
specimens broke easily with crumbling end showed lots of strains as
evidenced by large cracks in the interior structure.



be Specimen 1B, A dry mix of lime and gypsum wes sdded to the
viscose end after dispersion of the powders, the aluminum wes
incorporated. The specimen wes placed into a pan with high sides and
dried et 108%, overnight, In the moralng the top of the specimens wes
slightly comeave, greeanish in color snd hed myrisds of ersckes The
sides snd bottom were smooth, the bottom belng convex im nsture. About
16 per cont shrinkege along the width and length hed ocourred. The
epecimen broke eesily and showed a greenish segregation at the bottoms
The poroSity wes gquite uniform, buit cecssionsl pockets of lime amd
gypsun compersble in sisze to the size of the pores were noteds Un a
cross-sectional ares, the top and bottom were greenish, the center
colorless,

Upon sosking in water, the specimen softened slightly, sulphides
being leached out end the pgreenish color spresd throughout the mass.

Upon prolonzed heatins over & bunsen {leme, the specimens became
lighter, becoming fragile snd crumbly end turning s greyishebleck solor
due to the cerbonizeation of the cellulose. Contimmed heeting turned it
to a white color end produced a very porous structure of lime and
gypsume The eollulose was completely drivem offe No burning hed ocourred.

-Pfleiderer
e The Verner<Sideudex nixer wrs used

with 1lime snd gypsum being sdded to the viscose wnd after imeorporstien
of these powmders the sluminum wes edded. Mive minutes of mixing time
before the sddition emd five nminutes after the addition of the aluminum

were the conditions of the rume The mix could neither be cast mor rolled ,
s it jJelled inte a rubber like spongy nass and wes worthless ss an
insulators The viscese solution prepered for this run had appeared to



be very thick and alwost je'ly like in nature.

T gingee Bun 8, In this rus two methods of

nixing were sttempbed; that of edding the lime, gypsum and alusinum

to the viscose and that of edding the 1ims sad gypsum to the viscose and
& Series 84 The powder mix of lime, gypeum end alumimm were

added to the viscose, five minutes of mixing time, sterting with gore time

mmwu««wmnmmanmmmm
Pfleiderer

on were nixed in the Werner-RElxader mixers The powders dispersed
repldly snd geve = smooth mix, beinz tesky in neture snd definitely
oould not be rolled. The first specimens formed proved the imebility
of the rolling process to prove suscessfuls Specimes Sie) was sot in e
pan £illing 1% to the top and permitied So stend thus for eme houvy
at room temperature.s During this time it rose 26 per cent and enused
the materiel to flow over the sides snd thus oreeck the tos surfece.
After drying overmight st 108%., the specimeds color wes greenish
and it showed a S0-78 per cent rises 1t was all broken sand oracked in
the pan end hed shrunk ewny from the sides. Thers was a green segrogation
at the bottom of the specimen concentrated mainly at the centrsl portion
and extonding half the depth of the specimens Vo powder pockets were
noticed snd despite hollows and oracks in the imbterior of the specimen,
it siowed considerable strengths

Specimen SieB, while mixed in e menser similar to SAe) was,
however, placed into a pan filled to the top with a cerdboard sheet
Mnupwmawmztmmmrmiuﬂ%u
one houre stending pericd et room comditions. The cardbosard collepsed in




the centers After drylug at 1060Cs for ome hour, it wes removed to
sake room for snother specimen end then air dried overnight. The next
morning the oardbosrd wes cemented to the top of the specimen and gave
s smooth flut tops Under the cover, the specimenm wes still demp and
“n.mmzwmmmmwmnmunm
levels of the specimen except for & thim top layer of extremely smsll
pores.

be Series Be For this series lime and gypsum were added to the
visesse end mized for two mimutes. iluminum wes them sdded for a total
mixing time of five minubtes. The specimens formed were put into a
high sided pan not completely fillimg its The specimens formed were
tacky end hondled in Jumps but flowed together forming mgood: specimens
upon Jugglings

Bpedimen SB-1 was air dried for O 75 hours and them dried overnight
at 106%. The specimen rose over 100 per cemt heving a greenish top with
-mwmmmwmmwms»uuzm
siin, There were nany cracks and hollows in the specimen but 1t showed
good strengthe A slight segregation of line,gypeum particles were

Specimen 88«2 was sir dried overnight and then dried at 1089¢, It
had & gresn top with a porfectly smooth flut an after sir drying
though it was still damp and soggys It was flrm enough to support its
own weight but could not be removed from the pen in which it wes formed.
Aftey drying the surfuces of 'he specimen were green, but hed a white
intericrs The porosity wes uneven and hed some erecke in the interior
which were fewer in mmber than for most of the other speclmens provicusly



formed, The sides and the bottom were oven and the top slightiy
domeds A skin effect occurred at all of the surfaces.

For these specimens a dry mix of lime, gypsum end sluminum wes mixed
ummmmnmumuwuwamums&mumm
with gresse to fucilitete removel of the specimens frem the pans. The
specimeons were formed 0.8 inches high by cutting sercss the teop surfece
with & sheot of galvenised netel sttuched to & board end uweing the pen
sides as guides. Series 1 wes dried at high sir veloeity, series bwo at
low air velocity, being 474 and 278 feet per mimute respectively, The
specimens were dried from all six surf.ces, ul:;:dﬁ?tmlvmyw
been dried {rom only ones 176°F and 60 por cont were the temperature
and humidity comditions.
8 Series 1. For series 1 the .owders were placed om top of the

viseose in the mizers Tines of sixing were as followst

bim]l wwmeossees § alnntes

bhe) eweememess § mimstes

40e]l ewnemeaces 12 ninutes

4wl wewwenwees 16 minutes.
Specimens A and B showed some rise but were very warped and orecked. Specimens
¢ end D showed no rise whatever and also werped and eracked. The specimens
were dried in the "roctoreSchwarts tray drier from all six surinces.

be Series B+ For series 2 the viseose was added to the powder with

mixing times as followss



el eemeemewes § ninutes

4Def wemmmassen 18 ninutes
These spovimens hed the seme defects es the series 1 and im addition
the dispersion of the powlers wes oxtremely poors Powders in the dottom
of the nixer and in the corners were not incorporsted into the mix.
These wore dried in & memmer similar to series 1 but st a lower air
velooitye

s dry mix of lime, gypoum and aliminum were sdded grsdually to the
visooses The wmount of slusimum used wes helved and doubled to see the
effeet on the rete of evolution of ges. '

& Series 1,0n8-quarter the mormel smount of sluminum wes used and
the mixing times were as follows:
Thoy wore formed in the pans 18 by 15 by 0.6 inches as before snd sir
dried for 18 houre, alter which they were removed from the pans end
dried in the ‘roctor-Schwarts tvay drier et 176°F end 60 per eont humidity.
After forsing » thin mass of fluid rose to the top of the specimens
Surfesé and formed in a very short while & herd surface. The specimens
were dried et the low alr welocity and were mhmlywma;m
hours of drying, Specimen GA-1 is shown in Figure 6. These specimens
showed no poresity whatsoevers
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WARPING DUR TO SKIN FORMATION.

0¢26 normal amoynt of aluminum used.

FIGURE 64



be Series 2, These specimens were formed with four times the
normal smount of aluminum. After two minutes of mixing time, the mass was
completely blown up and porous and became rubber like after five
minutes of mixing time. The temperature due to evolution of heat was
1220F, The temperaturc rise jelled the viscose solution. It was of

course impossible to forme

Time of Mixing to Incorporate Aluminum = Run 8s For this run
the powder mix of lime and gypsum was added to the viscose and after

ten minutes of mixing time, the sluminum wes added. It wes attempted
to wet the aluminum with water to facilitate incorporation into the
mix but this proved to diffiocult and the sluminum wes added dry. The
specimens were agein formed 15 by 15 by 0.6 inches.
ae Seriesl, MNixing times after the addition of the sluminum were
a8 follows:
Biw]l wwmwemeewe § minutes
Gﬂnlw § minutes
8Cel =rwwememee 7 minutes
Al11 these specimens were air drieds A skin formed on the top surface
of the specimens after forming and after 67 hours of air drying, the
specimens were warped into almost a pipe shape.
bs Series 2. The times of mixing were as follows:
i ceeveeec-= 3 minutes
6B=2 mecnwssw=s § ninutes
Glw2ennnaneenee 7 minutes
monpeimwgutmtrnulwithunmrorubom and then
eir dried. No warping had ocourred during the steaming period. The



lwnnmmﬂm.mouaﬂmm
shrunk and cracked snd warped,

Stesn Setting » Bum Ts memmnnu“mm
edded to viscose, the latter nixing time teking five minutes. The
elusinun wes then edded. The same pans, sise «nd forming mebhod were
Mmundrzdhuwmwamnin%.
and 50 per cemt humidity, Series 1 wes dried st high eir veloeity, and
series two st low air veloelity.

&8s Series ls The ndxing times after sddition of the aluminum were
as followss

Tiwl weomsmew~s & sinutes

Thel erweneeces § ninutes

Towlmmmannanees 7 ninutes
It wes then eir dried for two hovrs to attaln full rise, stoamed fouy
hours, air dried twelve houre, removed from the pens end dried in the tray
drier from six surfrces. The stesm trectment blew the specimens up
giving e billowing surface, but it did not werp on stesming or drying.
The "t "specinen wes tacky, herd to form and unsuiteble due to its high
density. Spooimen TBel iy shown ia Figurs 7.

bs Series 2, lixing times after the eddition of the sluninum were
as follows:

Tim weemesmmeneneseasses § 0l Ges

Tiel wweweernaesssancssees § oinutes

Flol encconscscamnemenes 7 ginubo:

These were air dried for 18 hours and then dried in the tray drier from
a1l six surfecess These specimens wore almost flat, but o bit eracked
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STEANING WITHOUT TOP PLATE « BILLOWY SURFAGE.




in one spot on the sids. They were still green at the end of the dryinmg
runs In drying they ﬁrst werped toward the tép end later streaightened
out and warped towerd the bottom. The skin effect was agein noted.
Specimen ¥C~2 is shown in Fignn 8

Introduction of Ton Plate « Run k for this run a mix of lime

and gypsumwas edded to the viscose for a total five mimutes of mixing
tine (powders to viscose) snd them the eluminum was incorporated.
Immediately after forming a smooth plate of galvenized sheet metal
with grease on it was placed on top of the specimen. These plates were
14 by 14 iiches.
8+ Series 1. The hxing times were as follows:

8hw] ecccesesws Iminutes alter adding aluminum

8Bel mememsees § minutes sfter edding eluminum
They were air dried for 18 hours after applying the top plate and then
dried at low air velocity in the tray drier at 176°F. and 50 per cent
humidity. The specimens had a good porous top surface except that trapped
air caused poom formation to occur. The specimens werped in two
directions.

bs Series 2. The mixing times were as follows after the incorporation

of the aluminume

8im2 wewscemeces § ninutes

8Bw2ewneevcememw § minutes
After spplying the top plate, the specimens were air dried for 2 hours,
steamed 4 hours, air dried 12 hours and them dried in the tray drier at
low air velocity and 176°F, and 50 per cent humidity. It wes still soft



WiRPING DUR TO SKIN FORMATION.

FIGURE B8,



after long drying but it retained its shape in the drier, however, and
had a good structure,

Steening With or Without a Top Plate = Run 9, The seme mixing conditions

were used. Lime, gypsum mix was edded to viscose for fiive minutes of mixing
time and them tho aluminum was incorporated.
a, Series 1, The times of mixing after the addition of the alumimum
weres
9A=1 $ minutes

9B=1

. § minutes
The top plate wes applied immediately after forming the specimens, them
air dried 18 hours, steamed 4 hours, removed from the pens and dried from
6 surfaces at 176°F, and 60 per cent humidity in the tray drier. These
specimens warped in two directions agein proving the skin formation theory.
Ho skin appeared in these specimens except those due to air pocket
formation on the top surface. The B specimen is dnn!' and a portion of
its rise was cut off during the forming and some v squeezed out
during the mixing operation.
be Series 2. The times of mixing after the addition of the aluminum

were as follows:

Am2 wemmeecees § ninutes

9Be2 weewwsse-s § minutes
The top plete was not applied here. After formation the specimens were
air dried 18 hours, steamed 4 hours, and then dried from 6 surfaces at
176%F. end 50 per cent humidity inm the tray driers. A skin formed during
the eir drying period and the specimens warped during the stesming
period and then eracked during the drying period.



Steaming vs Air Set - Runs 10, 11, The seame method of mixing es in

Bun 9 was used. The plate on the top surface was, however, placed on
one hour after formation of the specimens. |
as Bun 16, Series 1., The time of mixing after the addition of

the aluminum wess

10A«] ewwswemwcee § minutes

10Be] evecswewes § minutes
Af'ter one hour the top plate was put om, the specimens were them air
dried overmight and then dried in the tray drier at 176°F, and 60 per
cent humidity and high air velocity. The top was not setisfuctorily
porous, a skin formation having occurred. There was, however, a
negligible amount of trapped gas pockets. The dried edges on the specimens
were out off before drying and the specimens were almost entirely flat,
In the first few hours of drying they warped to the top of the specimenm,
then later straightened out and finslly warped towards the bottom of
the specimen. They cracked at ome point on the edges during the drying
operatione

be Bun 10, Series 2. The mixing times here were as follows:

104=2 cmccecns-e 3 minutes

10B=2 wwecwmecee § minutes
The top plete wos put on one hour after the formetion of the specimens,
eir dried a total of 2 hours after forming, steamed 8 hours, air dried
13 hours, removed from the pans end dried from 6 surfaces st high air
velocity end 1750F, and 50 per cent humidity. These had the same top
surfece a8 Series l. They werped towards the bottom, however, during the
steaming operations In the drier the shape did not alter.
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©s Run 11, Series 1, The mixing times after the sddition of the
ﬂmnna?oum:
mu-a. $ minutes
11Me] wesmemsnie § nimites

The top plate wes put om 1 hour after formimg, it was then eir dried a
total of 18 hours after its formetion, steamed 5 hours, and then dried
at low air velooity and 176°F, and 50 per cent humidity from 6 surfaces.
On forming the skin was produced and in the stesmming operation the
specimens were blown ups It held its shape during the drying operation,
however. The B specimen was poor. The edges of tihe specimens appeared
cese hardened prior to the sctual drying process.
4. Eun 11, Series 2, The tiyes of mixing after the addition of

the aluminuwmwere as follows: |

11402 evececeewes § minutes

1162 eccwwese=e 5 minutes
The specimens were formed without a top plate, air dried for 18 hours,
steamed 3 hours, them dried at low air velocity end 176%F, end 50 per
cent humidity. A skin formetion ocourred during the eir drying period and
hh. specimens warped considerebly end were unsuitable. Ag-in the B
specimen showed g lower porosity them the A specimemns. The edges of the
specimens sppesred to be csse hardeneds prior to the sctual drying

operation.

Iime of ‘pplication of Top = Buns 12, 18, From Run 12 on the
seme method of mixing wes used throughout. A dry mix of lime and gypsum
wes ineorporated WBW viscose in five minutes and then the addition

e w2



of the aluminum, three minutes mmulmumemn@mm
8¢ Bun 12, The treatments were as follows:
1241 =« Plece top on in & minutes
12«2 == Place top on im 15 minutes
The specimens were air dried 2 hours, steamed 8 hours, eir dried 13
hours and the dried in the trey drier at high air veloeity, 176°F.
and 50 per cent humidity from 6 surfaces. Specimen 12«1 was slightly
warped with & moderately porous top surfece, which was however, unevenly
blown ups No ges trappinmg occurred. Specimens 12-2 wes warped and had &
noneporous surface which was also unevenly blown up. Ho ges trapping
oceurred. These specimens were trimmed to remove dried edges before
the actual drying oporation.
be Run 13, The treatments for these specimens were as followst
13«1 «« Place top on in 5 minutes
13«2 == Place top om in 15 minutes
The specimens were then air dried 156 hours, steamed 3 hours, and then dried
from 6 surfeces at high eir velocity and 176°F. end 60 per cent humidity.
Before drying the specimens were trimmed to remove case hardened edges.
Again as in Run u; the 2 specimen had a poorer structure thaen the Mn'
1 specimen. The specimens both warped and cracked with some gas tnpp&
oceurring in both specimens.

Ar Setting With and Without a Top - Runs 14, 16, The seme method

of mixing as wes used in Runs 12 and 13 wes repented here, this method
being edopted for a 1 fubture runs.
&8s fun 14, The treatments were as follows:
14-1 -= Place top on in 6 minutes
14«2 <= Place top onin 15 minutes



The specimens were air dried 18 hours and then the top plefie removed.
The air drying was then continued for e total of 66 hours. At this
point, the specimens had warped comsiderably and during the drying
at an intermediate air velosity and 176 F, and 60 per cent humidity
warped and cracked wide open.
bs Run 15, The treatments were as follows:

16=1 == Place top on in § minutes

15«2 ~= Place top on in 156 mimutes
The specimens were them air dried to 66 hours with the top plete and
then dried after trimming at en intermediste eir velooity and 1750F,
and 650 per cent humidity. The specimens both warped, specimenx 15-2
more than 16«1, The 15-2 specimen wes less porous than the 15«1,
The phenomenon of double warping is showa by specimen 15-2 in
Figure 9, |

Reduced Time of Steaming - RBuns 16, 17, 18, 19, The method of
mixing used was the seme as that used in Euns 12 and on. It was ettempted

in this series of runs to determine the optimum time required for the
stean tregtment to obtain the desired setting aoction.
8 Run 16, The treatments were as follows:
16=1 == Place top on immediately
16+2 == Place top on in & minutes

These were then air dried 2 hours, steamed 1 hour, eir dried 15 hours,
and toen dried at high air velooity and 176 F. and 50 per cent humidity
from 6 surfeces after trimming. These specimens did not warpg both
tops were satisfactorily porous eand gave good specimens.



USE OF T0P PLATE « DOUBLE WARPING.

FICUEE 9+



bs Run 17, The treatments were as follows:
171 == Place top on immediately
17«2 == Place top on after five minutes
These were then air dried 17 hours, steemed 1 hour, then removed from
the pens, trimmed and dried from 6 surfaces at low air veloeity, 178°F,,
and 50 per cent humidity., The top surfaces of the specimens were
satisfactory but the specimens warped nevertheless. The werping occcurred
during the steaming operation and this structure was mainteined during
the drying period.
¢. Fun 18s The treatments were as followss
18«1 == Place top on immediately
18«2 == Place top on in 6 minutes
The specimens were then air dried 2 hours, steamed 2 hours, air dried
14 hours, and then removed from the pans and dried from 6 surfaces after
trimming at high air veloeity, 175°F, and 50 per cent humidity. Specimen
18«1 had a good porous surface with a flat top but was cracked at one
edge, Specimens 18«2 developed a skin =nd werped in two directions,
d. Bun 19, The treatments were as follows:
19«1 == Place top on immediately
19«2 == Place top on in § minutes
The specimens were them air dried 16 hours, steamed 2 hours, removed
from the pens, trimmed, dried from & surfaces in the tray drier at
low air veloeity, 1756°F, and 50 per cent humidity. Both of these
specimens warped during the steaming operation, but showed no eppreciable
change during the drying operation.



Rete of 0@.%’ After “‘% = Runs 20, 21, This series of runs

attempted to find the effect of slow cooling of the specimens after
the steaming treatment. The method of mixing was similar to thet of
Buns 12 and “.' |

8e Bun 20, The plate ﬂtep‘of the specimens formed was put on
within 6 minutes after theformation.

B0ed oo M &0y § Dowss, Mhesi § Nour, seed sienlly A5 boambng
apparatus, mdrylﬁw. remove from pen, trim, dry
from 6 surfaces at high air velocity, 176°., 60 per cent
Ivmniuty.

20=2 == Seme conditions as mbove, except that the specimen was
cooled repidly after the steaming operation.

Both specimens were similer as to structure, surfaces and general
appearance which were good.

be Bun 21, The top plate was put on within 5 minutes after the
specimens were formed.

2l=1 == Adir dry 17 hours, steam 1 hour, cool slowly in
steamer, remove from pans, trim, dry at high air veloecity
in tray drier, 176 F., sod 50 per cent hwnldity, 6 surfaces
exposed.

21«2 =~ Seme conditions as the sbove, except that the specimen
was cooled repidly after the steamin; operations

Specimen 21<1 was fairly flat with a good structure and surfece, but was
at several of its edges. Specimens 21-2 warped during the steaming
treatment and meintained this shape during the drying process.



High Temporsture Dry Heet Seb » Run 23, -The ssue methed of mixing

a8 Run 12 end on was used. The top plate was put on within § minutes

after the formation of the specimens. It was attempted to set the structure
of Scherer Insulation by a dry heat treatment., The method of treatment

wes as follows:

22«1 -= Air dry 2 hours, dry heat treatment in tray drier at 220°F
for 1 hour, air dry 15 hours, trim and dry from 6 surfaces at
low air velocity, 176°F, and 60 per cent humidity.

2242 == Air dry 17 hours, dry heat treatment at 220°F. for 1 hour
in tray drier, trim and dry from 6 surfeces at low air
velocity, 1760F,, and 50 per ecent humidity.

The specimens were flat and generally satisfactory. Specimen 22-2
wearped 8li htlye During the dry heat treatment the specimens cracked wide
open and considerable trimming Hed to be dome before drying thems

Prolonged Alr Setting = Run 28, It was attempted here to set the

structure of the tuihm by & prolonged air setting period. ?h-’
same method of mixing s used inm Runs 12 and on was repeateds The top
plate wes put on within five minutes efter the formation of the specimens.
23-1, 85-2 == Alr dried 6 days, trim and dry from 6 surfaces in
the tray dn;r at high alir velocities, 175%F., 50 per cent
humidity.
After 6 days of eir setting, the specimen was firmly set and the edges
were hard to trim. The spocimens hed shrunk ewsy from the sides of the
pens. The specimens had a good surface after drying, bubt warped

considerably.



Drylng st 176%F., 50
same method of mixing es used in Runs 12 snd on wes repeated for these

runs. The top plate was pu‘é ‘oa within § minutes after the formation
of the specimens, |
e Bun 24, The methods of trestment were as follows:

24~1 == Air set 2 hours, steam 1.5 hours, eir dry 15 hours,
remove from pans and trim, dry from € surfaces et
high eir velocity. ‘

24~2 == Same as above, eiooyt to dry at low air veloecity,

These specimens proved to be gooa flat specimens with good structure
and surfaces except for erecks occurring om the edges. Sgneim 24-2
is shown in Figure 10,

bs Bun 26, The metiods of trestment were as follows:

2651 == Ar set 16 hours, steam 1.6 hours, dry in my drier
from 6 surfoces at high air velocity.

26~2 »= Seme a8 sbove except that it was dried st the low
air velocity.

These specimens were good but were slightly werped,and in this ‘nlpoet
inferior to the specimens of run 24.
Ss Bun 26s The methods of treatment were as follows:

26«1 ==~ Air set % hours, dry heat trestment 1.5 hours, the
treatment carried cut at 178°F., air dry 14 hours, dry
from all 6 surfaces in the tray drier after trimming at
high air veloeltys

26=2 =~ Seme as above except that it wes dried st the low
air veloeity,

Both specimens were slightly warped, specimen B88~1 being partly ruined
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FIGURE 104



by sccidental loeding on the center of the top plate during the
dry heat treatment.
‘ds Hun 27, The methods of treatment were:

27«1 == Alr set 16 hours, dry heat treat 1.5 hours at
176°F., dry from 6 surfeces in tray drier after
trimmdng at high alr velocity.

27«2 == Come treatment es the above except thet it was
dried at the low eir velocity.

Specimen 27«1 was flat and hed e good top. Its structure appeared

dense. Specimen 27-2 was warped and cracked and n}xinod because the

edges of the top plute were trapped by the lpoei-én causing warping

when the specimen wes shrinking during the dry heat period. Both
specimens showed cracking efter the dry heat periocd and required trimming
before actual drying.

D at 200 F., 50 per cemt « Runs 28, 20, The same
method of mixing es used im Runs 12 end on was repeanted. The top plate
wos egain applied within § minubtes efter the formation of the specimens.

8. RBun 28, The methods of teeatment were as follows:

28«1 == Air set 2 hours, steam 1.5 hours, air dry 14 hours,
remove from tray, trim and dry from 6 surfeces at high
air veloecity. _

28«2 == Same us nhove except that it was dried at the low
air velocity.

The specimens were flat but oracked considerably at th e edzes.

be Eun 28, The methods of treatment were as follows:

29«]1 =~ Air set 16 hours, stesm 1.5 hours, remove from pan



trim and dry from 6 surfaces at high air velocity.
20«2 =~ Same treatment as the above except that it was
dried at low alr velocits
The steaming operation warped these specimens, but geve them a permenent
set and they retained this shape in the drier, See Figure 11 of
Specimen 29~1.

Adr Drying = Buns $0, Sk The seame method of mixing e used in

Huns 12 eand on were egein repeated. The top plate was applied within
5 minutes sfter the formation of the tpnim-
8y fun 80, The method of treatment was as follows:

80=1 == Air set 2 hours, steam 1.6 hours, remove from pen,
trim, end eir dry at room conditions from 6 surfaces.

80w2 == Alr sct 16 hours, steam 1.5 hours, remove from pen,
trim, and air dry at room conditions from & surfaces.

Specimen 30«1 was flat with good structure and surfaces, while specimen
80~2 was slightly warped. Specimen 501 is shown in Figure 12. No
erscking occurred in either of the specimens.

be Bun 3ls The method of treetment wes as follows:

Slel == Alr set 2 bours, dry heat treatment at 150°F. for
1.6 hours, remove from pens, trim, air dry completely
from € surfaces.

81«2 == fir set 16 hours, dry heat trest l.5 hours at 1609F,,
remove from pan, trim, dry et rcom conditions completely
from ¢ surfeces.

Both specimens were trimmed, cese hardening with no cracking occurring
at the exposed edges during the dry heat period. A very slight warpage
during the drying operation.



STEAMING TEE DAY AFTER FORMING.

TOP PLATE.

FIGURE 1l
AIR DRYING SPECIMENS STEAMED ON FORMING.

FIGURE 124



-muwwmummmhumum%mmw
for this seriess The top plat wes applied within § mimutes after the
spocimens were formed.

Bs fun 32, The methed of trestuent weses follows:

82») == Air set B hours, steam 1.8 hours, air dry 15 hours,
trim and dry from 6 surfeces at high sir veclelty,

0wl == Same trestment as the ebove except to dry at low
air velocity.

The specimens were {lat and hed & good surfeee structure but eracked at
the edpes on dryinge
bs Bun 88, The method of treetment was as follows:

58-1 »= Air set 17 hours, steam 16 tours, trim sod dry from
all ¢ surfzces st high eir veloecity.

38w == Same treatment es ebove exeept tv dry at the low
Mrwhoiﬁc

Both specimens were warped after the drying operstion. Initiel
warping Oecurred in the stesming operations
&s Bun 84, The mothod of teeatasnt was as follows:

840l == idir set 2 ho rs, dry heat tveat for 1.6 hours at 160°F,,
air set 16 hours, trim and dry from all & surfeces at
the high eir velocity.

84e2 we Seme trentment es the above exeept to dry at the low
sir velooity.

ipecimens B4-1 wes wvery slightly werped snd gesve & good structures Specimen
Bd=2 was o it warped also,



dy fun 35, The method of treatment was es follows:
SBel ~= iir sok 16 hours, dry host treatment et 150 Fs for
146 hours, trim and dry from 6 surfaces abt high eir
wveloocitye
Bbwl we Semo trestment s sbove except thet the drying is
at the low eir velocity.
Spevimen 86~1 wes flet while 86-2 wurped e bits The structure of both
was good sud the surfeces were elso goods Specimen §6e1 is shown in

uamli’.nulu-m
$1lustrative of verious inteormel structuree of Gchever Insulatien.
Figure 14 shows sn exemple of poor structure ceused by segregetion of
aluminume This csused t:e blowholes to forms Ihe specimens produced
wes wonk and brittle.

Figure 16 represents a specimen prepared without eny thermel
trentment, while Figure 17 is & stesned specimens The steemed specimen
hes larger pores then the ome whieh did not Muw.thn;ﬂummo
The thermdl trestment coused grestsr expension of the etructure of
the product.
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DRY HEAT TRUATED SPECIMEN.

Figure 14
EFFECT OF BEGREGATION OF ALUMINUM COR

INTERNAL STRUCTURE.
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STRUCTURE OF SPECIMEN NOT S8ET

BY THiiMAL TREATHENT

FIGURE 1564

STRUCTURE OF SPECIMEN SET BY

STEAM TREATMENT,.

FIGURE 164
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Test Date end Hesults.

o] rbies of The properties of Scherer
Insuletion are listed in Table 1.

The per cent shrinkege is the average change in length of the
specimen based on the length before drying.

The modulus of rupture is defined by the equatioms

8 & Mg/t

wheres
& is the msximum unlt stress 1b./sqe ine
i is the mexioum bending moment, lb. in.
¢ is one~half the height in inches.
1 4s the section modulus (imohes)®,

The values of thermel coniustivity, modulus of rupture and
orushing strength from Teble 1 are plotted sgeuinst the density of
 Scheror Insuletion in Graph 1.



Table 2 « Properties of Scherer Insulation.

MTpecinen | Hise | Chrinkegq vensity | odulus | Lrushing | Thermel
cont | per eont b /red of Etrength Cond.
wwz; 1/ine? | 870/hr. 42

B! 200 11,6 | 16eb 187 04576
1081 1786 Geb 21.2 2185 06886
12«1 2786 B Y 13.7 k&4 0878
1242 225 2.7 | 177 100 | 0u575
13«1 228 185.4 18,8 171 148

lé=l &2 e 18.0 78

17«1 328 10.2 178 118 138

16=1 200 15.8 18.8 154 Ge668
19«1 200 187 20.8 110 08568
19«2 228 18.8 22.8 194

20=1 176 12.4 14.0 G686

20m@ 200 13.7 18.8 688

2le1 226 12,6 2044 188

28-1 200 8.8 14,6 88

bl 800 16.0 | 14,8 68.8

Bimd 800 1049 15.1 7.0 B2.2

27«1 260 a2 26,8 166 0e8686
0wl 275 12,8 1l.6 99 0.621
Fowd 328 15,0 16,8 100 Ge621
Sl 226 18.7 18,8 143 160

Sl 176 1640 81.7 202 04566
G2=1

With skin| 385 10.2 1646 107 100

Without | 526 10,2 | 128 86
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Alr Prying Steemed Specimens, The data for specimens 30-1
and 30«2 is given in Tables 8 and 4. CGraphs 2and 8 eare plotted for

this data, the former for moisture content vs time end the latter for
drying rete ve moisture content.
sSpec 1

moisture content on forming e=eee«w §7.8 por ¢ nt

average drying erea ~=396 8qe cme
specimen stemmed 2 hours efter forming

Specimen 30=-2,.
moisture content on forming eweee=w §7,8 per cent

average drying area - 399 sq. ome
specimen steamed 15 hours after forming.



Zable 8y

Moisture Content vs Time = Air_Dm!s Steamed Specimens.

Tpe-imen BO~1 “Tpecimen BO=E
| Time | Weight | Woisture Time Welight | loisture
16 1334
40 1066
88 770
116 760
| 286e8 | 788

Isble 8
Drying Rate vs lMoisture Content = Air Drying Steamed Specimens.
Upecimen SOwl Tpecimen B0-2
Tolsturs Trying iste Tsture T Tmte
Content aoetigh/em solid 29,
5

0586 0+0000886

Celdl 00000028 Ced 000003812

Chw e 00 Osd 0.0000828
Oad 00000186
0s2 0.0000100
0s16 +0000069
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Adr Drying Dry Heat Trested Specimenss The date for specimens
$l-1 end 31-2 is given in Tables § and 6. Graphs 4 end 6 are platted

for this data, the former for moisture oontu‘ ve time eand the latter
for drying rate vs moisture content.

Specimen Sl=-1

moisture content on forming weeewecewws (7.8 per cent

average drying area - ‘ 295 sqe cms
specimen dry heat treated 8 hours after forming.

Specimen 51-2
moisture content on forming e-=weeewws §57.8 per cent

average drying aree 809 8qe. oms
specimen dry heat treated 16 hours after forming.



Zable S.

Moisture Content vs Time = Mr-Dm pg Heat Treated Specimens.

[Fpecinen 311 | T Soecinen Si-2
Time | Weight| gl Conbtent Time | height mum
| 80 g .

hours % % 1id | hrse &% solid
e %0 P . [+ %
18 785 (4821 2146

. -
1890 0+868
40 654 0373 6046 258 Ua2890
&8 427 0.0886 i1 819 Qe106
116 429 0,068 116 781 0.08656
15845 429 Q068 p13 767 040588
Isble G,

—

Drying Rate vs Qloiqtm G"{"tﬁ}& - ,A:i_.r‘D@g Dry Heat Treated Specimens.

Tolsture Tying iete Tnisbure “Urying iate

Content  |gmet,0/im solid Content | Gmeiigl/gm solld

UeB 00000834 07 00000472
e e 0666 Deb 00000871
Ttk (340000438 Ued GeO00O268
Ul D« OUUDRED Qe Ge 000202
Geld Oe 0000167 4% | 0.0000118
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Drying at 1509F., 50 per cent Humidity, 278 Feet per Mimute
Air Veloeitys The date for specimens 32-2 and 34«2 is given in

Tables 7 and 8, Graphs 6 and 7 are plotted for this data, the former

for molsture content vs time end the latter for drying rate v8 the
noisture contant.

moisture content om forming 578 per cent

average drﬂng arees 458 iq- Clle
Specimen steamed 2 hours after forming.

Specimen 34-2,
lioisture content on forming e=ewe~wesfl.6 per cent

average drying area : wme 272 8. ome

specimen dry heat treated 2 hours after forming at 1600F.



s Vs

Moisture Content vs Time - _ELSO’OFL » 50 per cent Humidity.

possaosanw oy §

Drying Rate vs Moisture Content - 1750°F. , 50 per cent Humidity.

Tpecimen sde?

Tolsture
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Drying at 176%., 5O per cent Humidity, The dete for specimens
3&-1 and 2¢-2 is given in Tables GM Graphs 8 and @ are plotted

for this dats, the former for moistm content vs time and the latter
for rate of drying ve moisture content.
Specimen 24=-1.

loisture content on forming ew~wwewewwe 56,7 per cent

average drying area - 433 sqecme
specimen stesmed 2 hours after forming.
dried at 474 feet per minute air welocity.

Specimen 24=2.
Hoisture content on forming wewe=eeecess 56,7 per cent

average drying area - : » 431 sgeome
specimen steamed 2 hours after forming.
dried at 278 feet per minute eir veloeitye.



Moisture Content vs Time - 175°F., 50 per cent Humidity.

I‘ ' Tpecimen 24«8 I
g.% 5 i «.... ‘r_f aolid
1.286 ls24 1.168
2.88 1s88 1,018
325 | 1600 Ve P00
4,25 1508 0,786
Be2b 1422 (4688
Ge28 1381 0.882
, T«28 1269 G800
8.26 Ge812 8,28 1219 Cedda?
P20 | 087 0.268 P28 1188 0.388
Bo4 , 2 11 02586 .
Iable 10,

Dyying Rate vs Moisturs Content - 175°F., 50 per cent Humidity.

&

Tpecimen 24-~2

i

D26 Qe 00T & S R
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Drying at 200%F,, 60 per cent Humidity, 273 feet per mimube Air
Velocitye The data for specimens 28«2 and 20«2 is given in Tables

11 end 12, Graphs 10 and 11 are plotted for this date, the former for

moisture content ve. time and the latter for drying rate vs moisture
contents

Specimen
licisture content on forming weewewew<e §7.4 per cent

Average drying area . 574 sqe oms

Specimen steamed 2 hours after forming.
5 28=2

Moisture content on forming s—eeseseesB7.4 por cont

Lverage drying area 409 sge. om.
Specimen steamed 16 hours after forming.



2nble Je

Moisture Content vs Time --.200"’3.‘, 50 pe‘rigpnt Humiditye.

Tine | ;ﬂ '
117 1814 1.070
‘ 2.17 1700 Q4940
5417 |laba Ce B0 Gel? 1800 0.827
4.17 |1364 QT84 4417 1460 0.885
5417 |1308 0666 6417 1426 0.628
8417 |3R60 046082 0% 4 1860 OB
Lradr fzos | o688 27 | 3500 | o.ese

Table 120

Drying Rate vs Moisture Content = 200%F., 50 per cent Humidity,

Tpe imen Z0-8 Cpecinen B9-8
Hoisture Tois ture
Content Content
. P A
1.0 1.0
Cud e
Ou8 0uB
0.7 07
Ol Oub
Q458 Ss8
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IV DISCUSSION

Mixing, By the experiments cerried on from runs 1 te 12, it
was found that in order to best incorporate the powders inkte the
viscose the lime and gypsum were mixed first. Five minutes wes then
found to be sufficient time to imcorporste these powders inbo the
viscose, the powders being added to the viscoses. At the end of this
period, the powdered aluminun wes sdded for en edditionsl three
minutes of mixing time. This procedure afforded sufficient time to
incorporate the powders into the viscose and permit the forming of
the specimens by ecasting before emy appreciable resction between the
alunminun end the alkali of the viscose solution cccurred.

Drying Difficultiess The colloidal nature of the mix offers
the major difficulty to drylnge. The specimens shrink considerably
during the drying operation, averaging about 12 per cent as seen in
Table 2. Should the rate of drying be different at different surfeces
of the solid, then the shrinkege would not be uniform and streins are
set up in the -pns.m.' iIf the temsion produéud by unequal shﬂnhso
is great enough, the specimens would then warp or erack or do both.
In order to produce as far as possible, uniform drying, the specimens
were removed from the pans in which they were formed and dried from
six surfaces. Also, for specimens of small height, such as the one inch
high, es en average, specimens prepared during the course of the investigation,

the edge and corner effects play an importent pert in the drying operation.



ad

Excessive drying occurs at these points producing excessive shrinkage
there. The tension thus set up will effect werping and oracking if
great enough.

The problem therefore was to determine conditions such that
drying should oecur as uniformly as possible tron qil surfzces and also
to determine conditions such that edge snd cormer drying will not

cause orackinge

Skin Effects. Immedistely after forming, e thin wash of liquid
rose to the top of the specimen which hardened in a very short while.
The cese hardened surface offersed considerable resistance to the pessage
of moisture which hed diffused from the interior of the solid to the
surface out into the main air streem. As & result drying occurred at
a greater rate from the sides and the botitoms of the specimens which
in turn ceaused excessive shrinkege et these points. The tension set up
by thinh unequal shrinkage caused the specimens to warp towards its bottom
surfoce due to insufficient rigidity of structure. The phenomenon of
skin formation wes noted as esrly =s the first rum, when an exeaminetion
of the structure showsd smsll pores st the top surface while larger ones
existed et the center snd the bottom of the specimens. Buns 2 and 8
showed the tendencies of the specimens to warp towards its bottom surfece,
considersble cracking occurring beecuse et that time no grease wasbeing
used to lubricate the sides of the forming epparatud end thus permit
free shrinkege of the specimens. Also in several instences, cracking
ooccurred because the pens were filled to the brim and overflowed when
the specimens began to rise. later runs used high sided pans und were
well greased. Run 4 was the first of these runs. All specimens which



permitted a skin formation csused warping or crecking to oocurs

Skdm Bliminetions In fun 8 e sheet of galvenized metal was used
being applied to the specimen‘s top surface after formation. s noted
in the experimental section the phenomencn of double warplng ccourred
upon spplicstion of this top plates That is the specimens warped in
two directions. Also trapped gee pockets were evident on the specimen's
top surfaces The skin Tormation hed , however, been eliminated by the
use of this sheet metnl plate,

Runs 8 through 19 show thet the optimum eonditions for the applicsntion
of this top plete, so s8 %o produce s minimue of trapped ges pookets and
to prevent a skin formstion, wes %o apply the plate withim five ninutes
after the formetion of the specimens., This permits time for the eseape
of g::i::alm in the resetion snd prevents  skin formstiens The plate
oust be epplicd slowly and carefully so as not to trap say sir undernsath
ite

Deapite the skin formetion elimimation, the specimens still werped.
This was onused by the imsufficient ripidity of the specimen's structure
wiich permitted warping to cceur as a result of excessive edpe and
corner dryings The problem rem ined, at this poiat, one of determining
a method of setting the structure of the specimen so thet it would mot

(ne method of setting the
structure of the specimens ws o give them s live stesm trectoent
either niter forming or 18 hours afbter formings (lthough the setting by
stesm 18 hours sfter forming wes carried oub throughout this work, it




is not recommended. Since time esn be substituted for temperature,

an initial setting cotion occurs while stending overnight before

sctual steam trestmentend them when actuelly applying the sbeam treatment
the specimen blows up snd warpes considerably. Specimen 29«1, whose
picture is shown in the experimentel section (Figure 11), is illustrstive
of this type of sction. The specimens stemmed the same day gave flat
surfoces and hed good structure. The time of steuming was found to be

1.6 hours, too long & trestment giving poor specimens with poor surfaces.

Runs such ns the 11«2 serie: proved that it wss essential to
use & top plete within five mimutes after forming even when steaming.
If this is not adhered to, the specimens form e skin end then warp in
the steam chest.

Runs 20 sand 21 showed thet it was not necessary to cool down the
specimens slowly after the steeming treatiment, both slow and repid cooling
for specimens steamed on forming giving good, flat produets, while those
stecmed the followingdey gave poor, warped products on both slow cooling
on both slow eooling and rapid coolinge

Effect of Ury Hest Treatment on Setting, The method of setting the

structure of the product by jelling the viscese binder with a thermal
treatunent at M’b wes aleo found to be suitable. This operstion
pernits some drying to occur during the treating period and necessitates
tie use of the top plate tp prevent skin formetion end excessive drying
which would ceuse cracking end warping.

Buns 22, 26, 27, 81, 84, end 85 involved the dry heat treatment,
Run 22 ettempted the trestment at 220°F, Runs 26 end 27 et 176%°F, , both
sttempting the trestment the ssme day and sfter setting in air overnight.
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The high temperature csused considerable drying at the exposed edges

of the tmim. and caused them to orack wide opens Rm 81, %4 and 35
attempted the treatment at 150°F. aud this proved to be satisfactory,
setting the structure without ceusing werping or eracking to occur.

The length of trestment is 1.6 hourse

Effect of iir /peing on Setiing., Upon ettenpting to substitute
. time for temporature end cruse the setting metion %o occur by merely

permitting the specimens to stend et room conditions for seversl days,
uns~tisfectory results were obtained. Bumn 6, attempting complete air
drying proved unsuccessfulj series 1 because it was formed without a
top plate and = skin fomﬁon csused warping, and series 2 beceuse
of o similar skin formation plus excessive steamin time. Series 2 had
been stesmed overnight and the structure of the specimens wes impeired
by the leaching eetion of the condensing steam in the stean chest,

In Runs 14 and 15 a three day setting period snd in Run 23 a six
doy setting period, prior to actusl dryinz a Proctore-Schwarts tray drier,
proved unsuccessful. The three day period was not long emough to set
the structure of the spocimens firmly, while the six day pericd did,
However, the six day period did not make the structure suffieciently
rigid to overcome the effects of edge and cormer drying and they warped
end cracked upon dryinge

Effect of Trimming om Dryings It wes found adviseble to trim the

specimens before actual dryinmge During the steeming operation and the
dry heat trestment, the edges become cnse hardened and would produce



difficulties in drying. The top plate e:peses about 0.26 inckes on
ench sides It wos mede thus to prevent it from estching et the cormer
and being trapped t&n while the specimens nre in the process of
rising due to the evolution of gas.

Surface Eveporations The rate of drying curves with the rate of
drying plotted sgainst the moisture content show that the resistance
to surfece evaporstion is the controlling fuctor im drying. Thet is the
resistance to diffusion of the liguid from the interior of the solid
to the surface is negligible im comperison to the resistance %o surface
eveporetions This is logieal when the ttmﬁhﬂ of the specimen is mnoted.
For practien!ly every specimen noted, the porosity was greater in the
interior of the solid them at the surfeces. Also om exmmining the surfece
structures, it is noted that the skin formation is common to all of the
surfaces. The six sheet motel contect surfeces in the forming, produces
the same surface on oll sides permitting as uniform drying as possible,

all the surfeces havimg the same skin formation.

Edge ond Uornmer Effects. The actusl controlling fector in
determining tie optimum conditions of drying is the edge «nd corner

drying phenomenon. Excessive drying occurs at these points, and in turn
cousing excessive shrinkege end then ¢racking at the edges. Conditions
were sought so thet the drying would proceed from es rupild e rate as
possible and yet not esusing erscking of the edges to cecur. For the
ste.med specimens, drying must be carried out ss sn air drying operation
in order %o imsure production of specimens which do not erack. Once
stesmed the specimens do not werp in drying. Drying at higher temperasbures



causes excessive edge and corner drying in comparison to the drying
from the center of the specimens end thus causing eracking. Dry heat
treated specimens can best be hendled by air drying or drying at 160°F,
ond 50 per cent humidity without ecusing oracking.

Urylog of Stesmed end Dry Heated Specimens, Dry heat tre:ted
specimens dry st a higher rete than the steamed specimens as evidencedf

by tieair dried specimens and also specimen 34«2 ns compured 32«2,

This is probesbly esused by the différemce in treatment. The dry hest
treated specimens evidently heve = lower resistence to surfoce
eveporation than the steamed specimens =nd dry at a more rapld rate.
i1so becuuse of its ability %o resist oracking at 160°F, it may be
assumed that the differcnce betweem the rate of drying et the edges

and corners as compared to that fromthe center of the specimens is less
for the dry heaet trected specimens than for the stesmend ones. ‘nother
possibility is thet the demser structure of the dry heat treated
specimens makes it more resistant to erveking,

Effect of Time of Setting. Specimems trested the same day dry et
e faster rate than those trected the dsy aftere The eir dried specimens

:nd the omes dried at 200°F, show this effects The tendemcy decreases

when drying at higher temperatures. This differemece in t e rates of

drying depending upon the time of tre-itmemnt may be expleined as follows.
Upon standing mntgh‘t. the surfaces may tend tc harden in the partial
time setting which is slways proceeding, end then during the metusl thermsl
treatment a differemt surfece is exposed than were the specimens treated

immediately after forming., 48 a result the resistance to surface eveporation



is greater and the rate of drying lower for specimens whose structure
is by the treatment the dey after its formation thanif it were trested
immedistely after forming.

Effect of Air Veloeitys At a higher sir veloeity, the drying rate
is comsiderably higher them at the low sir veloclty. Specimens 241

and 242 show this clearly. The effect of air veloeity appears to be
greater than thet of temperature. 3?‘83.““ 24=] dried at = high eir
veloocity has the highest drying rabe of all of the specimens. While being
dried at 1760F, and 50 per cemt humidity, it hes a higher rate &f drying
then the specimens dried at 200°F., and 60 per oent humidity.

Effect of Temperatures Adr drying, of eourse, shows the lowest
rate of dryinge Litile differemce in drying reote is seen by drying at
150, 176 or 200 degrees F. £ll at 50 per cent humidity. Whet does ooeuf,
however, ;l a steeper curvej s more rapid fell in the drying r te
ocourring as the run progresses as the temperature of the drying process
inereeses. This may be explained ss follows, it the higher tempersture,
the surfaces of the specimens are efiected so that contraction and
shrinkage occurs incressing the resistanec to surfece evaporation
progressively, more so than et the lower temperatures. This expleins the
greater drop im the drying rate curves for gpecimens dried st the higher
temperatures, as the run preceads., Why the rotes do not differ appreciably
is due very likely to the chenge in the surfece evaporation resistance
with the temperature. If this rises appreciasbly with the temperature, it
is very possible that the drying rete will not be chenged very much by
& rising temperature.
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Physienl Properties.

General Propertiess Groph 1 shows that the demsity of the specimens
when increasing, couses the medulus of rupture, the erushing strenmgth,
end the thermal conduetivity to inmeresse. The insulating value decronses
because a demser product, while stronger, treps less sir. The skin effect
makes the specimens comsiderably stronger as shown by the tests made
on specimen 52-1.

Structure. Different structures are obteined depending upon the
tre tment of the specimens. Figures 14, 156 and 16 show various structures.
The specimens heve n uniform structure with each pore being segrogeted
and independent of the others. It takes a mail cleanly without cracking.
Stesmed specimens, becsuse of the higher temperature treatment have =
greater porosity tham the dry heat treated oncs. Concurrently, the
steamed specimens have o lower strength ond thermsl conductivity them
dry hest trented ones.

Recommendations.

/mong the recommendstions for fubure work sre the followings:
1. Investigate differemt compositions of ingredients.
2+ Use other metallic agents for gess evolutions
8« Use inhibitor like Turkey fed or casstor oil to eoet aluminum and
prevent gapid reaction
4, Use fiber fillers to increamse the strength
. Further drying investigetion, veorying the humidities.
6+ Prepurstion of various siges and shepes of specimense



Limitations.

The limitations in this investigstion were the following:

1. Use of only on composition.
2. Use of only one mixer, the Werner-siieast kneeder type mixer.
S Bige of equipment vermitted the menufecture of 0.8 inmeh high

specimens onlye



Ve CONCLUSIONS o

1. The best method of mixing is to add & dry mix of lime end gypsum

to the viscose for five minutes, /fter this time sdd the aluminum for
en sdditionsl three minutes of mixing time.

Pfleiderer

2+ The best type of mixer is s Werner~RElxmiex sigma-bladed kneader type
mixer.

3+ The specimens ere best formed by casting, to be carried out immedietely
efter the mixing time of eight minutes is over,

4+ The pens used for the forming must be greased to permit the free
shrinkage of the specimens.

Be £ galveniged sheet metal plete, also gresses, must be applied to the
top surfece of the specimens within fivé minutes after their formetion
to prevent warping.
6+ The structure of the specimens may be set by & live stesm treatment
for 1.6 hours 2 hours after their formation.

7« The structure may alsec be set by a dry heat treatment at I“OF'.',-,for
1.6 hours, 2 or 16 hours after its formation,

8., The dry heat tre'ted specimens are best air dried or driu at 150°F,.,
80 per cent humidity, and 273 feet per minute ai;- velocity,

9+ The steemed specimens sre best sir dried ot room condi ions of
temperature and humidity.

10, The specimens must be trimmed before drying to remove dried cdges
and then dried from all six surfaces.

11l. Steamed specimens have a lower densiby, strength and thermal
conduotivity then the dry heat trested ones.
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vi . SUMMARY &

Scherer Insuletion is composed of 100 parts by weight of viscose,
80 lime, 24 gypsum end Oe2 sluminums It was propesed to dry this product
so that it would not warp or crack.

The colloidel nature of the mix offers the major difficuly inm
drying. The product shriniks considerably upon drying with unegual
shrinkegeg causing craeking end werping. Also upom cesting, & akin
formetion occurs which is resistant to the psssage of moisture inte
the muin eir stream. inother fuctor involves the edge and corner
drying effectss Excessive drying a2t these points ceuses cracking te
occurs

In order to produce as uniform & rate of drying as possible, the
specimens were dried from all six surfaces in the Proctor & Sewarts
tray drier or air dried. To prevent the skin formation, a sheet of
galvanized shect metal was applied %o the top surfece of the specimens
within five minutes after its formetions To contend with the edge and
corner effects, the specimens were set either by & steam treatment for
1.5 hours, 2 hours after its formetion, or given a dry heat tretment
st 150°F, for 1.5 hours either 2 or 16 hours efter its formatiom,.

Time setting proved unsatisfactory. This setting treatment must be
carried ocut with the top plate on and as a result of exposure of edges,
the specimens must be trimmed before drying,

Siutsble drying cond tions involved sir drying of steamed specimens
and either air drying or drying et 1509F,, 50 per cent humidity end 273
feet per minute sir velocity for the dry heat trested specimens. This is



limited to these econditions becsuse of edge and corner effects.
Steamed specimens have a lower themal conductivity, strength end
density then the dry hest treated specimens.
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