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I. IN'rROi>UCTION 

Cellulose nitrate is one of the oldest synthetic 

plastics. Its first a.onlication was in 1~6~ when John 
'~ ... 

w. Hyatt produced a material for billiard balls by 

mixing cellulose nitrate and camphor. This product 

is known as celluloid. The production of cellulose 

nitrate plastic in t.he United 3tates increased to a 

peak or an annual production of 113,161,000 polmds in 

1946, then gradually decreased to 5,266,000 pounda 

in 1954. Although new plastics have largely replaced 

it, cellulose nitrate plastic has many excellent prop-

erties and is still needed in many applications. 

In the processing or cellulose nitrate plastic a 

serious problem, checking and warping, is encountered 

during drying. In the ordinary process of drying by 

convection heat, the liquid content differences are set 

up from center to surface, and the surface tends to dry 

and shrink before the interior. This has two bad 

effects. The first is that there may he developed a 

hardened layer on the surface, known as case-hardening, 

which retards the dif.fusion of the remaining internal 

liquid. The second effect is that·. the shrinkage will 



cause the material to warp or check, or otherwise 

change its gross structure. To avoid these effects 

controlled rates or drying must be employed. 

In the case or drying cellulose nitrate plamtie 

humidification of the drying air with alcohol might be 

the most effective method ot control, but it is not 

practical and inYolves fire hazard. It seems possible 

that the hum.1dif1cat1on ot the drying air with water 

might serve the same purpose. 1,,rater from air diluting 

the alcohol on the surface ot a solid will lower the 

vapor preasure or alcohol and decrease its rate ot 
evaporation from the surface of the solid. If, in 

addition. radiant heat is applied, acting by penetra-

tion into the solid and increasing its temperature, it 

should increase the diffusion rate or liquid in the 

interior or the solid. Ir the rate of evaporation ia 

decreased and the rate or diffusion increased, it should 

be possible to prevent the shrinkage and uneven drying, 

thereby decreasing the overall drying time and reduc-

ing warping and checking. 

The purpose of this investigation was to determine 

the effects of relative water humidity of the air, con-

vection heat and radiant heat for air drying cellulose 

nitrate plastic. 



Cellulose N&trate 

The properties of cellulose nitrate plastic and of 

the solvent to be removed are reviewed in this section 

as their effects are closely interrelated. 

Nitrogen Content 2r Cellulose Nitrate. The cellu-
lose llOlecule(lS) ia a polymeric chain consisting ot 
repeated glucose units. Each of these monomeric units 

contains three reactive hydroxyl groups as C6H702(0H)3. 

Coneequently 1 three kinds ot nitrates are expected to be 

formed after nitration. namely: mono-, di-, and tri-

nitrate. It is not possible to prepare a cellulose 

nitrate with only one degree of substitution, a mix-

ture of the three degrees of substitution accompanied 

wi~h different nitrogen content always being formed. 

The nitrogen content(l9, 25) for cellulose nitrate used 

as plastic is from 10.9 to 11.2 per cent. The prop-

erties exhibited by cellulose nitrate depend mainly 

on the relative proportion or hydroxyl groups and 

nitrate groups. 

4iqohol in Celluloa~ N~trat~. After the nitra-

tion of celluloee< 12•20)• fresh water is added to 



-4-

purity the products. Upon completion of the purifica-

tion treatment, the slurry of cellulose nitrate in 

water is pumped to draining bins where the major por-

tion ot wa~er drains out. Presses apply pressure which 

forces out more water. The remaining water is removed 

by displacement with alcohol which is pumped through 

the cellulose nitrate while held under pressure. A 

large part of the alcohol can be recovered. The 

remainder of the alcohol must be dried out carefully 

in order that· a satisfactory finished product can be 

obtained. 

ItP2r Pretsqf! gt Ethx& Alcgbg\-Wa~er Solution!• 
Chu{9) compiled the data of Jonas(lO) on the vapor 

equilibrium data for the binary system or ethyl 

alcohol and water. The data are shown in Table I 

for the temperature or SO •c (122 •r). It is shown 

that at the same temperature the total vapor pressure 

decreased with decreasing mol per cent of ethyl alco• 

hol in the liquid. The mol per cent ot ethyl alcohol 

in the vapor decreased with that in the liquid. While 

these data apply to vapor in the absence or air, the 

partial pressure or the components in air at any pres-

sure can be calculated. 
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TABLE I 

Vaeor-Liguid Eguilibriu~ Data J!! 
Ethz~ Alcohol ~ Water 

Mol % of Ethyl Alcohol Temperature Pressure 
in 

Liquid Vapor •c mm Hg 

4.6 29.0 50.50 133 
9 .) 42.4 50.52 157 

12.25 4~.2 ;0.25 164 
15.g 50.1 ;0.75 177 
:u ... 25 5~L.6 so.; 196 
JJ.J 59.0 50.51 200 

51.3 64.9 50.2 207 

g2.4 84.5 50.2 220 

90.8 91.0 50.s 22.5 

Chu, J. c., R. J. Getty, L. F. Brennecke and R. Paul: 
"Vapor-Liquid Equilibrium Data," p. 90. 
Reinhold Publishing Corp., New York, N. Y., 
1950. 

Jones. c. A., B. M. Schoenborn 1 and A. P. Colburn: 
Ind. gng. Chem., ll, 666 \1943). 
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Pro2erties !nd ApRlieations of Cellulose Nitrate 
Plastic. Cellulose nitrate plastic(l?, 26 ) is the 

toughest of all thermoplastics and has good dimen-

sional stability. It has excellent chemic.al resist-

ance as to animal and vegetable oils. dilute acids, 

alkalies. and water. The water absorption is very low, 

o.6 to 2.0 per cent for 24 hours immersion. 

The chief disadvantages.of' cellulose nitrate plas-

tic are its flammability and decomposition on continued 

exposure to light. This undesirable characteristic 

has been improved to some extent in recent years by ,. 

the use of plasticizers containing chlorine and phoa-

pba te. Another disadvantage ot the material is its 

tendency to discolor and become brittle under sunlight. 

Usually, cellulose nitrate plastic is not used at 

te111peraturee above 140 •r because it so.ttens in the 

·region of 15S •p. 

Cellulose nitrate plastic is not adapted to 

compression or injection molding because or its sensi-

tivity to heat, and hence is not marketed as a molding 

powder. By the methods of fabrication of drawing, saw-
ing, blowing, and blending, this plastic can be made in 

the form of sheets, rods, tubes, and films, which in 
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turn are converted into many items of decora~ive and 

functional value, such as personal accessories, sports 

equipment, tableware, toilet articles, and industrial 

pieces. 

~heo!:I of .Drf!r!g 

The most important process for drying 11quida( 27• 28 ) 

from solids depends upon first vaporizing the liquid 

after which it is carried away in the vapor form from 

the structure by which it was held. If air or some 

inert gas is used to carry away the vapor formed, the 

process is called air drying. It circulating water is 

used instead or air, the process is called water drying. 

If the vapor is passed to a condenser, a pump being 

employed to withdraw the air from the apparatus, it 

is spoken of as vacuum drying. The process used in 

this research ia air drying. 

Mtcha,~iem ot Air U[Yigg or Solid Ma~erials. The 

general case of drying< 4 l may be considered as the 

transfer of liquid from the interior of a solid into 

the drying medium. It involves two steps: first, the 

diffusion of the liquid through the interior of the 

solid to the surface, and second, the evaporation 



\ 

.g .. 

from the surface of the solid into the main stream of 

drying medium. 

Assume that over the wet solid there is flowing 

a stream of air of constant temperature, velocity, 
-direction, humidity, and pressure. This process is 

known as drying under constant drying conditions. A 

typical rate of drying eurve( 6 ) under constant drying 

conditions is shown in Figure 1. 

In the initial stage of the drying of a very wet 
(6 21) I solid ' under constant drying conditions, the sur-

face is completely·wet with liquid, and the drying is 

similar to the evaporation of that liquid. As long as 

the surface is wholly wet with liquid, the rate of 

evaporation is independent of the solid but is essen-

tially the same as th~ rate ot evaporation from a free 

liquid surface, and,under constant drying conditions 

the r~te of drying is eonatant. This stage is termed 

the "constant rate period," as.!! in Figure 1. How-
ever, at some definite liquid content the rate ot 

I 

drying begins to decrease, and the range from there 

to dryness is called the "falling rate period," as 

all portions of the curve below b in Figure 1. The -\ 

liquid content at the point~ is.called the "critical 
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liquid eontentn which indicates the end of the constant 

rate period and the beginning of the falling rate 

period. When dried for a very long time, the liquid 

content of the solid approaches an ultimate value 

which depends primarily on the relative humidity ot 
the air and is termed the nequilibrium liquid or 

moisture content". 

The Constant Rat• Period. During the constant 

rate period< 21>, liquid ia diffusing to the surface ot 
the solid at a rate equal to that ot evaporation from 

the surface, and the ra~e of drying is controlled by 

the latter. The solid assumes a constant equilibrium 

temperature, just ae a free liquid surface assumes the 

wet-bulb temperature of the air. When the heat nec-
essary tor evaporation ie supplied only by conduction 

through the same surface air film through which the 

vapor diffuses, the surface assumes the wet-bulb tem-

perature of the air. When heat is supplied in other 

ways, such as by radiation or by conduction from dry 

surfaces in contact with the material, such as the 

shelves on which it rests. the surface temperature is 

higher than the wet-bulb temperature, and the rate of 

drying is increased. 
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The Falling Rate Period. The falllng rate 

period( 23) is in general divisible into two second-

ary periods or sones, which from the mechanism of dry-

ing may be called the "zone of unsaturated surface 

drying\ or the first falling rate period, and the 

"zone where internal liquid diffusion controls", or 

the second falling rate period. 

The zone or unsaturated surf ace drying follows 
immediately after the critical point, as .2,! in 

Figure l, page 9. The decrease in the rate of dry-

ing in this zone is due to the decrease in the wetted 

surface of the material. The surface is no longer com• 

pletaly wetted, but dry portions of the solid are 

exposed to the air film, ao tbat the rate of evapora-

tion per unit of total surface is reduced. The eftec-

tive wetted surface in this zone is frequently a linear 

function of the water content, so the curve representing 

the rate of drying against liquid content of the solid 

is straight in this region. ·rhe mechanism ot drying 

is essentially the same as during the constant rate 

period. The rate is independent ot the thickness ot 
the material being dried, and the factors discussed 

below as influencing the rate of drying in the constant 
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rate period have similar ~ffeets on the rate or drying 

in this ssone. 

The i:1aximum. rate of dif.f'usi·)n of liquid to the 

surface decreases with the liquid content of the mate-

ri.al, so that a second critical point, as .! in Figure 1, 

page 9, is reached bayond which tha resistance to 

internal liquid diffusion is greater than the surrac• 

resistance to vapor removal. This is the zone as co -
in Figure l, where internal liquid diffusion controls 

the rate of drying. 

The Poosible Cases of Act~al Dtying. Aa pointed 

out above, the constant rate(6, 24) period $nds at the 

critical liquid content. In ease the critical liquid 

content is less than the desired final liquid content. 

the c(:matant rate peri;:>d constitutes the whole drying 

prQcess. In ease the initial liquid eontGnt is le3s 

than tho critical, no constant rate period appears. 

Obviously, if the initial liquid oontent is less than 

the second critical point, intarnal liquid diffusion 

will control throughout the dr;ing process. 
(29) . 

Wenzel re'ported thQ. t, during the constant-

drying-rate period, the increased roughness of the 

solid surface may lead to higher rates or evaporation 
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than from a free liquid. He also pointed out that 

during the falling-drying-rate period, different kinds 

of variation in drying rate curves may be obtained. 
(7) They may be concave upward or downward. Badger 

explained that the point of discontinuity in the 

falling rate period of the curve, as £ in Figure l, 

page 9,. does not always occur, since the first falling 

rate period corresponds to that part where the wetted 

surface continually decreases, and the second falling 

rate period begins when the surface is completely 

dry. For the cases where the change or drying rate 

from partially wetted to completely dry surface is 

very gradual so that no sharp change is detectable, 

discontinuity between the first falling rate period 

and the second falling rate period will not occur. 

The Factors Affecting the Rate of Drzing. The 

major operating factors affecting the rate of drying 

are velocity of the air• humidity of the air, direc-

tion of the air, and the solid stock temperature. 

Air Velocitz. During the constant rate 

period< 22 ) and the first falling rate period, 

the rate of drying is controlled by the rate 

of vapor transference through the surface air 
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film. Factors which affect thickness of the air 

film influence the rate or drying in these two 

periods. Perhaps the most important one of these 

factors is the velocity of the air past the sur-

face. It bas been shown that the rate of drying 

could increase in proportion to the o.a power ot 
the air velocity during these two periods. How-

ever. the velocity or air has little effect in 

the second falling rate period. 

Air ~Wliditt• Vapor from the surface or the 
liqu14( 2l) on the solid mu.st diffuse through the 

air film in contact with the surface. The driving 

force for this dittu.sion is the difference between 

the vapor pressure of this liquid at the inter-

face and the partial pressure of vapor in the air 

stream. Thus• in the first two drying etagea 

when evaporation controls, if the humidity or air 

is increased, the rate of drying must decrease; 

and the rate ot drying may be accurately con-

trolled by controlling the humidity of the air. In 

the second falling rate period• the hwn.idity or 

the air only affects the equilibrium water conten,. 
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Air Direction. (2) In tho first two stages 

when evaporation controls the rate ot drying, if 

the air is flowing perpendicular to the surface, 

the rate of drying should be higher than if the 

flow is parallel to the sur.taoe, since under the 

tormer case the film is thinned down more by the 

air flow than in the latter. The air direction 

has no effect if diffusion controls. 

Solid Stock Tem2erature. Increasing the 

temperature of the stock(3) by increasing the 

air temperature increases the rate or drying 

in both the evaporation and the diffusion phases. 

If evaporation controls, increased temperature 

increases the rate of evaporation, because the 

per cent saturation of the air at the inter.face 

deereaaea, and so the driving force becomes 

larger. If diffusion controls, the rate of 
diffusion is increased because or decreased 

viscosity. In general, increasing the tempera-

ture will increase the drying rate to a greater 

extent if evaporation controls than when diffu-

sion controls. 
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Ettecta .~r Shri~age. (7) An important factor in 

controlling the drying rate is the shrinkage or the 

solid as the liquid content is lowered. At the start 

of drying, the liquid content may be uniform through 

the solid, but an appreciable liquid content gradient 

is soon set up from center to surface. In the ease 

of a material which shrinks as it dries, especially 

as colloidal and fibrous materials, the surface tends 

to shrink before the interior, and unless the mate-

rial is sufficiently elastic to take up the resultant 

strains some permanent distort.ion, such as warp or 

surface eraek1ng1 results. In other oases, as the 

surface layer dries and shrinks it becomes relatively 

impervious to the diffusion of the remaining internal 

liquid, producing the so-called case-hardening effect. 

When these effects must be avoided, controlled 

humidity drying ia employed, uaing air of sutficiently 

high humidity to decreaae the difference between the 

vapor pressure or liquid on the surface of the solid 

and the partial pressure ot vapor in the air stream, 

thus reducing the rate of drying. This often makes 

it possible to keep a small liquid gradient from the 

inside to the outside of the solid, and so decrease 

the effect of shrinkage. 
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~quilibrium Liqui,d Content. 
(5) When a wet solid 

is brought into contact with air under constant condi· 

tions and the exposure is sufficiently long tor 
equilibrium to be reached, the solid will reach a 

definite liquid content that will be unchanged by 

further exposure to this same air. This ia known as 

the •equilibrium liquid or moisture content" of the 

material under the specified conditions. For air ot 
zero humidity the equilibrium liquid content ot all 

materiala is zero. 

For any given relative humidity, the equilibrium 

liquid content varies greatly with the type of mate-

rial. For the same material, the equilibrium liquid 

cont•nt decreases with an increase in the air tempera• 

ture. 



Characte~~ati2s of Radiant Heat 

The characteristics or radiant heat are presented 

as follows. 

General. The radiant energy ( 1 ) , not being 

absorbed or obstructed by the atmosphere through 

which it passes, ean penetrate the substance being 

dried. As the radiant energy encounters the substance 

and is absorbed, it is converted into heat. Nelson 

and Silman(la) stated that all heating by radiation, 

whatever the nature of the source, is largely depend-

ent on radiation ot those wave length&. The infrared 

or heat rays correspond to wave lengths from g,ooo 
to 4,000,000 l which are longer than those normally 

visible with the human eye, but for most industrial 

applications th~ range may be narrowed down to a range 
• from 8,000 to 2,500,000 A. 

Nelson and Silman also stated that energy must 

be radiated to the receiver at as high a rate as 

possible, so tha~ loss by convection is limited. 

Also, the surrounding air should be kept at as high 

a t.emperature as possible so that the receiver will 

not tend to lose heat until it has reached the tempera-

ture or the air. Such considerations are important it 
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the effects of radiant heat are to be shown with any 

accuracy. 

Nelson and Silman further stated that in the 

application of radiant heat to drying one must not 

forget that despite the fact that radiant heat can 

supply the heat to evaporate the liquid, the vapor so 

formed must be removed rrom the immediate vicinity or 
th• material. Radiant heat cannot perform the latter, 

so a flow of air is necessary. 

Infrared Radiant Heat. Carber and Tiller(g) 

stated that infrared radiant heating has found applica-

tion in many vaporization processes, including the dry-

ing of textiles and explosives. When using infrared 

radiant heat on materials having low thermal conduc-

tivities. such as plastics, unless great care 1a 

exercised the heat will not be conducted away trom 

the surface fast enough and burning may occur. 

Radiant heat has been employed alone and combined 

with convection heat to produce heat transfer rates 

which are higher than those available with convection 

heat alone. 
In the drying or sawdust, sugar, celotex, filter-

cel, cloth, and calcium carbonate' Winegard. and 
J ~ 



Rozier(JO) reported that infrared and steam heated 

air combined gave the highest drying rates and the 
lowest drying times. Infrared alone was next in 

order with respect to rates and times. and steam 

heated air resulted in the lowest drying rates and 

the longest drying times. 

Other Influencea. Oarland(l)) stated that the 

use or radiant heat must be applied with good sense 

to a drying problem. In the drying or wool felt 

using mild heat, the outside ot the material waa 
not damaged but the interior was badly scorched. 
This was not due to extreme penetration of the heat. 

but because the outside of the material was cooled by 

air currents while the interior was not so cold. 

During the drying of wet insulating board, a thermo-

couple penetrating the interior of the material showed 

a drop in temperature to the freezing point, while the 

outer surface was badly scorched and charred. Too 
rapid heating of the surface had caused such a rapid 

rate of evaporation ot the liquid that the large tem-

perature drop had resulted •. The radiant heater may 

be placed as close as possible to the material, but 

the dryinr rate will determine the final position. 
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Asswae that the total radiant energy(l4) falling 

on a substance is unity, then the addition of all the 

fractions absorbed, reflected, and transmitted by the 

substance must also be unity. The majority of engi-

neering materials are opaque substaneea having zero 

transmissivities, but there are none which completely 

absorb or reflect all the incident energy. If a body 

had a complete or unity absorptivity, it must be a 

perfect black body. 

The quantity of radiant energy converted into 

heat by the substance depends on the amount of energy 

it absorbs. 



Drxin& of Cellq,!ose ~itrate Plaa~ic 

A search of the literature revealed V9ry little 

work on the study of the drying of cellulose nitrate 
(11) plastic. However, Johnson reported that drying 

of cellulose nitrate plastic employing radiant heat 

was faster than drying employing only convection heat 

from air. The interior temperature of 0.045-inch 

thiek cellulose nitrate plastic was increased by 

31 °F by employing radiant heat. The source ot 
radiant heat was from one electric hot plate whose 

surface temperature was 600 •v, placed five inches 

from the specimen. Johnson also reported that there 

was a cooling effect on the drying specimen due to 

high air velocity. Air velocity of 979 feet per 

minute over a drying specimen or cellulose nitrate 

plastic lowered its interior temperature from 103 

ea 76 •r. 
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III. EXPERIMEN'fAL 

This section of the thesis contains the purpose or 
the investigation, plan ot experimentation, materials 

and apparatus used, data and results obtained, and 

sample calculations. 

Purpose of Invest1gatio~ 

The purpose o.f ·this investigation was to determine 

the effects of relative water humidity or the air, con-

vection heat, and radiant heat for air drying cellulose 

nitrate plastic. Proper control of conditions should 

result in improvement in the drying of cellulose nitrate 

plastic and shortening the drying time. 

flan of ExEerimentatio~ 

The plan of experimentation used in this investi-

gation was as follows: 
Literature Review. In reviewing the literature 

special attention was given to the publications con-

cerning the solvents and properties of cellulose 

nitrate, the theories of drying, air conditioned dry-

ing, and the effect of radiant heat in drying. 



Test Material. Cellulose nitrate plastic sheet 

containing nitroe:en f'rom 10.9 to 11.2 per cent was 

used as the test material. Ten gra-rna (for a thin 

sheet) or thirty grams (for a thick sheet} of the 

plastic was saturated with ethyl alcohol, diftused 

uniformly. '!*hen the wet specimen was dried to con-

stant weight under controlled conditions. 

Preliminao: Tes~. ?rel1minary tests were eon-

duc~ed to determine the required dif'tuaian time or 
alcohol in the plastic, the nature of the general 

influence of relative water humidity in the air, and 

the air temperature on the drying rate ot cellulose 

nitrate plastic. 

Operational Test.a. After the results of the 

preliminary tests were obtained, operational testa 

were conducted, controlling the variables, as fol-

lows, all with a constant air velocity of 50 feet per 

minute. 
Ef'f'ect of' Relative Jater H~lld.dity. Testa 

were made with relative water humidities of' JO, 

40, .50, and 60 per cent at a constant air tem-

perature of 120 •F. 
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Effect of Convection Heat. Tests were made 

with air temperatures or 110, 120, 130, and 

140 •r at a constant relative water humidity ot 
4.0 per cent. 

Effect or Radiant Heat. Tests were made at 

different internal temperatures or the plastic by 

supplementin~ the convection heat with radiant 

heat at constant air temperature and relative 

water humidity. 

Analrsis of Results. The data obtained from 

the above tests were used to analyze the effects ot 
the variable conditions and to evaluate their possible 

advantages in drying cellulose nitrate plastic. 



Materials 

The following materi.als 1·.rere used in the experi-

mental work. 

Alcohol, gthyl. Technical grade, 95 per cent, 

meets ACS specifications. JVianufactured by U. s. Indus-

trial Chemicals, Ine., Baltimore, .Maryland. Used as 

solvent for cellulose nitrate plas~ic. 

Desiccant. Sulfuric acid, technical grade, 

96 per cent. 1'4anufactured by J. T. Baker Chemical 

Co., Phillipsburg, New Jersey. Used to dehydrate 

the dried samples. 

Plastic. Pyralin (cellulose nitrate plastic 

sheet containing nitrogen from 10.9 to 11.2 per cent). 

Gray .... eolored pieces, 0.1$ centimeter thick; brown-
colored pieces, o.60 centimeter thick. 0bta.ined from 
E. I. du Pont de Nemours and Co., Arlington, New 

Jersey. Used as test material. 

Steam. Steam was drawn directly fro~ the power 

plant main running to Davidson Hall. Used for heat• 

ing and ror humidification. 



Thread. Six-cord, No g cotton thread. 0btained 

from Black-Logan Co., Blacksburg, Virginia. Used to 

suspend sample in the drying chamber from the balance • 

.!!!:!.• Copper enameled, thermocouple wire, B & S 

gage, No JO. Jbtained from Leeds and Northrup, 

Philadelphia, Pennsylvania. Used in thermocouples. 

Wire. Constantan enarneled, thermocouple wire, 

B & S gage, No 30. ')btained froiri Leeds and Northrup, 

Philadelphia, Pennsylvania. Used in thermocouple. 



The following apparatus was used in the experi-

mental work. 

Anemometer. Taylor, model No 3132, fan type, 

diameter 4 inches, reading in feet. Obtained from 

Taylor Instrument Co., Rochester, New York. 

Balance. Laboratory type, triple beam, division 

O.l gram, ca}Xtcity 311 r:rams. f)btained from Fisher 

Scientific Co., Silver Spring, Maryland. Used to 

weigh specimen. 

fteaker. Pyrex, capacity 600 ml. Obtained from 

Fisher Scientific Co., Silver Spring, Maryland. 

Used to hold ethyl alcohol in which the specimen was 

immersed. 

Blower. Centrifugal type, belt drive, wheel 

diameter 14 inches. Obtained from Sturtevant Mill 

Co., Boston, !"'faesachusetts. 

Bottle. Glass bottle, with tight cover, diameter 

of mouth 7 cm or larger. 0btained from Fisher Scien-
tific Company, Silver Spring, Maryland. Used to hold 

the wet plastie for the first three hours' diffusion 

of alcohol. 
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Desiccator. Glass, removable top, diameter 10 cm. 
Obtained from Fisher Scientific Co., Silver Spring, 

Maryland. Used to hold the plastic for thorough dif-

fusion of alcohol, and to dehydrate the dried specimen 
to constant weight. 

Drzer. Air conditioned. Framework: or angle iron 

overlaid with galvanised sheet iron, and insulated 

with l/2-inoh cellotex. The construction is shown in 

Drawing lt page 30. 
Heater. Autemp, laboratory hot plate,. ae, 115 v, 

450 w. Obtained from Fisher Scientific Co., Silver 

Spring, Maryland. Uaed as radiant heat source. 

Motor. Three hp, 1720 rpm, ac, 220 v, 60 cy. 
Obtained from General Electric Co., Schenectady, 

New York. 
Potentiometer. Brown, portable, model No l26WJ, 

range from 0 to 71 millivolts. Obtained from 

Minneapolis-Honeywell Regulator Co., Philadelphia, 

Pennsylvania. Used to measure electromotive force or 
the thermocouple connected to the drying specimen. 

Relative Hum1ditz Recorder. Bristol recording 

humidigraph, model 44, 4-ineh recorder. Obtained 

trom Bristol Co., Waterbury, Connecticut. Used to 

record the relative humidity of the air. 
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Te~2erature Recorder. Bristol recording ther-

mometer, model No 17501-lg, serial No 576129, range 
0 to 300 •F. Obtained from Bristtol Co., ' ... Jaterbury, 

Connecticut. Used to record the air temperature in 

the drying chamber. 

Thermometer. Mercury 2 glass, range 0 to 300 •r. 
Obtained from Fisher Scientific Co., Silver Spring, 

Maryland. Used in calibration of thermocouples and 

the relative hwU.dity. 

Timer. Electric, ae, 115 v. Range 0 to 1000 
minutes. Graduated in hundredths of a minute. 

Obtained from Fisher Seientifio Co., Silver Spring, 

Maryland. Used to time drying test. 
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Method of Procedure 

The method or procedure employed in the experi-

mental work is described and explained in the order: 

preparation of specimen, control of drying conditions, 

operation of drying test, determination of dry weight, 

and opera.ting conditions of tests. 

~reearation ot Specimen. The preparation of 

specimens consisted of three stepa: cutting cellu-

lose nitrate plastic into proper sise, soaking in 

ethyl alcohol, and conditioning the wet specimen. 

The grey plastic sheet, o.1g centimeter thick, 

was cut into pieces s.2 by 4.9 centimeters in size, 

while the brown plastic sheet, o.6 centimeter thick. 

was cut into pieces 5.0 by 7.6 centimeters in size. 

The drying surfaces of the specimens were g5 and 81 
square centimeter•, respectively, and they were of 

convenient size for soaking and drying. 

The specimen was suspended by a tine copper wire 

in 95 per cent ethyl alcohol contained in a beaker. 

The beaker was covered and the specimen allowed to 

absorb alcohol. In the preliminary tests only the 

grey specimen was used, and the soaking time was two 

hours. In the operational tests the grey specimen 
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was soaked for two and 1Jne-half hours and the brown 

specimen five hours. If soaked for a longer time , 

the plastic would sw-11 and lose its shape. 

After soaking, the specimen was conditioned by 

hanging it in a closed glass bottle for different 

periods of time, to perrnit uniform diffusion ot alcohol 

through the specimen. In the preliminary tests the 

grey specimen was tested with different lengths of 

diffusion time: three and one-half hours, eight hours, 

and thirty-six hours. In the operational tests the 

diffusion time was increased to three days for the grey 

specimen and four or five days for the brown specimen. 

This wae done by hanging the specimen in a closed 

bottle .for the .first two and one-half hours for t.he 

grey specimen and eight hours for the brown specimen; 

then the specimen was removed a.nd laid on the plate 

of a desiccator containing soine alcohol in the bottom. 

With this procedure the wet specimen neither lost its 

shape ~.~. to hanging too long nor due to adhering to 

the plate of the desiccator. 

Control of Drxing Conditions. The operating con-

ditions in the dryer were controlled as follows: 
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The blower was started. Air was taken from 

outside, or mixed with recirculated air from the 
drying chamber when a high humidity was usttd. Air 

was heated by passing over tha steam coils into the 

humidification chamber. The steam valve in the 

humidification chamber was opened and steam was mixed 

with the warm air. By adjusting: the heat from the 

steam coils and the steam from the pipe, the air was 

adjusted to tb.e det>ired temperature and humidity. 

The conditioned air flowed through a perforated 

baffle plate into the dryin.g chamber. When radiant 

heat was used, a desired temperature of the specimen 

could be obtained by adjusting the temperatures on 

the electric hot plates and the distances between 

the specimen and th$ two hot plates. A piece of dry 
plastic was used no determine the required stock, 

or internal, temperature before the test began. One 

and one-half hours were required to set these condi-

tions. 

02~ration of D!:fing 1•eat. The conditioned speci• 

men was hung in the dryer on the loop of a thread 

which ran from the balance through the ~op of the 

dryer. The initial weight and time were recorded. 
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The sur.faee te~perature and. internal temperature of 

the specimen were recorded periodically. The surface 

te~i1peru.ture of the speciro.en was obtained by sticking 

a thermocouple directly on the surface of the speci-

u1fim. The internal temperature of the s:i>ecimen was 

measured by pl.'lcing a thermocouple in a l/16-inch 

diameter hole bored in the center of the specimen at 

the lower end. 'l'he time int:trval for reeordin~ the 

we1r;ht of the drying specimen increased as the alcohol 

content in the ~;peoimen decre.;ised. When the weight of 

the specimen decreased no ~ore than 0.01 gram during 

a one-half hour interval. the specimen was considered 

free troro. alcohol. Usually, 1 t took two days for dry-

ing to this extent, and during the night between these 

two days the specimen was moved from the dryer to a 

closed bottle in the room. 

Determination of Drr Weight. The original weip;ht 

of the specimen could not be used as the dry weight in 

the calculation of drying rate &$ some plastic dissolved 

into the alcohol during soaking. The dry weight was 

determined by removing the specimen from the dryer and 

placing it on the plate of a desiccator containing 96 
per cent sulfuric acid. The vapor pressure of water 
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in such a coneentrati?n of sulfuric acid is prac-

tically zero; hence, the relative humidity of the 

air in the desiccator was considered to be zero. 

After the weight of the specimen had become constant 

during a one-day interval, it was assumed that this 

constant weight was the dry weight. Usually, it took 

seven to nine days for the grey specimen in the desic-

cator to reach constant weight, while the brown S})('Ci• 

men required fifteen to eighteen days. It was shown 

that such a dried specimen would not decrease in 

weight a.gain by more than .four per cent at the room 

conditions even for as long a time as three and one-

half months. 

Qeeratin~ Cond~tions of Testa. The conditions 

used for the pnlil!linary tests are shown in Table II 

and the conditione used for the drying tests are shown 

in r.J.1able III. 
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'rABLE II 

qeerating Conditions ,2l PreliminaJ:I Test 

Air 
Purpose Run No Diffusion 

Time Relative 
Water Temperature 

Humidity 
hr % ., 

l 3 ... 1/2 40 120 

A 2 s 40 120 

3 .36 40 120 

4 3-1/2 )0 120 
B 

; J-1/2 ;o 120 

c 6 .3-1/2 ;o 110 

Specimen: 0.18 x 4.9 x s.2 centimeters; grey 
cellulose nitrate plastic sheet; 
immersed in alcohol 2 hours. 

A: To determine the effect of diffusion time of 
alcohol in specimen. 

B: To determine the nature of the general 
influence of relative water humidity. 

C: To determine the nature of the general 
influence of air temperature. 



TABLE III 

02erating Conditions g,! Drzigg Tests 

Purpose Run 
No 

7 
A 8 

9 
10 

11 
lla 
12 

B 12a 
13 
l)a 
14 
14& 

c 15 

Specimen: 

Air Internal 
Tempera tun 

Specimen Relative Tempera- by Radiant 
Water ture Heat 

Humidity 
!C •F ., 

gny JO 110 no radiant heat 
grey 50 110 no radiant heat 
grey JO 130 no radiant heat 
grey so 1)0 no radiant heat 

grey ;o 130 154 
brown JO 1)0 158 
grey )0 110 1)0 
brown 30 110 132 
grey. so 110 128 
brown so 110 130 
grey 
brown 

grey 

Grey; 

Brown: 

;o 110 114 
so 110 119 

53-'6 84-86 no radiant heat 

0.18 x 4.9 x ~.2 centimeters; immersed 
in alcohol 2-1/2 hours; ditf'usion time, 
3 daya 
o.6 x 5.0 x 7.6 centimeters; immersed 
in alcohol 5 houra; dittusion time, 
S daya. 

As To determine the effee~ of relative water humidity 
and air temperature. 

B: To determine the effect or radiant heat. 

C: To determine the drying rate under atmospheric 
conditions. 
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Jata and Results 

·rhe data and results obtained from this investiga-

tion are presented in tho following section. 

r~ffeqt of Diffusion '~ime of Alcohol in tl;>;e, SI?eC!• 

..!!!.!!• 'fhe results of the preliminary study of the dry-

ing rates of cellulose nit.rate plastic after different 

peri,:>us of alcohol diffusion in th~) specimen, 3-1/2, S' 
and Jo hours, are ~ivon in Tables IV, V and VI, pages 

44, 45 and 46, respectively. Figure 2, page 47, shows 
the correspondinc: curves of t.h01se drying rcttes.. The 

re:rults of the preliminary tests showed that the dry-

ing rate, VE~rsus the alc:>hol content of the opecimen • 

was inversely proportional to 'Che length or diff'usion 

time until the alcohol content was reduced to 0.15 

gram per grat.n dry weight. After the alcohol eon tent 

was ro,iuced ·to 0.15 gram per grarr1 dry weight the dif-

ference in di:ff\tsion time had no effect on the dryir..g 

rate. 

General Influegc' ~! f!el,§tive watet gumidi\I• 
The results tJf the preliminary study of the drt/ing 

rates of cellulose nitrate plastic at difterent rela• 

tive water humidities of 30, 40 and 50 per cent are 

given in Tables VII, IV and VIII, pages ~. 44 and 49,. 



-40-

respectively. Jiffusi;:,n time cf three and one-h~:tlf 

hours and air tetrperature of 120 •F were used in all 

o! these tests. Figure 3, page 50, showa the cor-

responding curves of' these drying rates. 'rhe results 

of the prelirnin::,ry tests showed that increasing the 

relative water hu.'l'flidi ty of the air deer-eased th~ dry-

ing r.ate. 

Ganeral ~n.flue,nce of ,dr Tom:e~rat:ure. The resulta 

of the preliminary study of the dryin~ rates Qf cellu-

lose nitrate plastic at different air temperatures of 

110 °F and 120 •F are given in Tables IX a.nd VIII. 
pages 51 and 49. Jiftu.sion tL~e of three and one-

half hours and relative water hmn.Liity ot )0 per cent 

were used in all of these tests. Figure 4, page 52, 

shows the corresponding eurves of these drying rates. 

The results of the preliminary tests showed that inereaa-

ing tbe a.ir temperature increased the drying rate. 

Effects of Relati!e Wa1f,er Humiditt E!;nd Air Tae.!rt• 

ture. With a soaking time of two and one-half hours -
and diffusion time of three days, it was believed that 

alcohol was diffused uniformly in the specimen. Then 

the operational tests were conducted under conditions 

of air tern.peraturee ot 110 °.F and lJO •F, and relative 
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water humidities of 30 and 50 rui:ir cent. The data and 

results are gi 'Fen in 'l'abl.,s X, A:I, XII and XIII, 

pages 53. 54, 55 and 56. Figure 5, ?lit~• 51, ahowa 

the corresponiiinh curves of these drying rates. Th• 

result.a of the operational tests showed that both the 

air temperature and the relative water humidity 

aff'ect.ed the drying rate, but the air temperature had 

a greater effect. Figure 6. page 58, presents the 

'time required to dr; the wet plastic by convection 

.heat. It was indicated that with these operational 

conditions there was n~ case-hardening and within 

these limits the higher temperatur$ and lower rela-

tive humidity shortened the time required to dry oft 
the same per cent alcohol from the W'!t specimen. 

Figures 7 and 8, pages 59 and 60, present the effect 

of the internal temperature of th$ specimen on the dry-
ing r~te of the plaotie. It was indicated that the 

internal temper,_iture of the specimen was increased with 

the increase of drying time to a maximum value and then 

remained constant. 'I'ha drying rate versus time was 

inversely proportional t.o the internal temperature of 

the specimen. 



dit•.terent internal te<!iperatures of the specimen by 

suppl~m3nting the convection heat with radiant heat. 

The ,jata .ind r<&sults are given in Tables XIV, XV, XVI, 

and XVII, pages 61, 62, 63 and 64. ;faen the internal 

t·J~nperatures of the plastic were 154 °F, 130 °F and 

12S °F at trui r,.~lative w~tter humidities of 30 and 50 

per cent. ease-hardening and warping and checking 

occurred. \:hen the internal temperature was lowered 

to 114 °F at 50 p~r cent relative humility the plastic 

was drie<l uniformly without these defects. ltti,~%"9 9, 
page 65, shows the corresponding drying curves under 

these condi t.1ons.. Figur~s 10 and 11, pages 66 and 67, 

show the comparison of the drying rates of plastic by 

convection heat alone and by supplementing the convec-

t ion heat 1'lfith radiant heat. It was indicated that the 

drying rate of the former was slower than that of the 

latter. 

Four additional specimens of brown color were also 

tested in the operational test. It. was thought that the 

darker color might cause greater heat absorption and 

that the greater thickness might affect the operation. 

The data and results are giver~ in Tables XVIII• XIX, 
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XI and III, pages 6g, 69, 70 and 71. Figure 12, 

page 72, shows the corresponding curves 0£ these dry-

ing rates. It was shown that the brown plastic reached 

a higher internal temperature than did the grey plastic 

under the same conditions. In the first three tests, 
lla, l2a and lJa, the brown specimen suffered badly 

.from case-hardening, bubbles and cheeking. In 

test 14a very few bubbles formed in the specimen. 

Dtying Rate under Atmospheric Condi~ions. The 

drying rate of cellulose nitrate plastic under atmos-

pheric conditions is shown in Table XIII, page ?J. 

Figure 13, page 74, shows the corresponding curve ot 
the drying rate. It was apparent. that the drying rate 

of plastic under atmospheric conditions was very slow, 

compared to that at the other conditions. 



'l'ime 

hr 

o.oo 
0.1 
0.2 
0.4 
0.7 
1.0 
1.3 
2.3 
3.3 
5.3 
7.3 
9.J 

TABLE IV 

Preliminarl .!!!l .2f. Orving ..!:l.!l! 2.! Cellulose Nitrate Plastic 

after Three and One-half Hours Diffusion --- ................................... .......... ........... ~ 

Run: No l 
Air Temperature: 120 °F 
Relative ·,,Jater Humidity: 40 ~ 

Weight of Wet Total Alcohol Alcohol 
Specimen in Specimen Evaporated 

gm gm gm/gm. dry wt gm 

Drying Rate 

gm/sq cm/hr 

Specimen A: Ury weight, 9.03 gm; drying surface, g5 sq cm 

13.15 4.12 0.456 -- --12.77 3.74 0.414 0.3~ 0.0447 
12.41 3.38 0.374 0.36 0.0424 
12.07 ).04 0.336 0.34 0.0200 
11.59 2.56 o.2g4 O.M~ 0.0155 
11.33 2.JO 0.255 0.26 0.0102 
11.14 2.11 0.234 0.19 0.0075 
10.75 1.72 0.191 0.39 0.00459 
10.52 1.49 0.165 0.23 0.00271 
10.20 1.17 0.131 0.32 o.oou~f! 

9.97 0.94 0.104 0.23 0.00136 
9.$0 0.11 0.0853 0.17 0.00100 

Test interrupted 
o.oo 9.64 0.61 o.0677 -- --1 9.56 0.53 0.0587 o.m~ 0.00094 
2 9.51 o.4g 0.0532 0.05 0.00059 
2.75 9.48 0.45 o.049g 0.03 0.00047 
4.75 9.41 o.3g 0.0422 0.01 0.00041 
1.15 9.J) 0.30 0.0333 o.oa O.OOOJ2 
a.15 9.31 o.2a 0.0310 0.02 0.00024 

Specimen B: Dry wei~ht, 9.3g gm; drying surface, ~5 sq cm 

o.oo lJ.65 4.27 0.455 -- --0.1 lJ.18 3.ao 0.406 0.46 o.05lt-2 
0.2 12.84 J.46 O.J69 0.34 0.0400 
0.5 12.23 2.~5 0.304 0.61 0.0236 
0.7 11.97 2.59 o.2g6 0.26 0.0153 
1.0 11.70 2.32 o.24g 0.27 0.0105 
1.5 11.40 2.02 0.216 0.30 0.0070 
2.5 11.05 1.67 0.17$ 0.35 0.00412 
3.5 10.63 l.45 0.155 0.22 0.00259 
5.5 10.;J 1.15 0.123 0.)0 0.00177 
7.5 10.J2 0.94 0.100 0.21 0.00124 
9.5 10.16 0.78 o.oa32 0.16 0.00095 

Test interrupted 
o.oo 10.00 0.62 0.0662 -- --1 9.94 0.56 0.0596 o.06 0.00071 
2 .9.g9 0.51 0.0544 0.05 0.00059 
2. 75 9.g7 0.49 0.0523 0.02 0.00032 
4.75 9.ao 0.42 o.044g 0.07 0.11141 
7.75 9.71 0.33 0.0352 0.09 0.0003 5 
8.75 9.69 0 • .31 0.0331 0.02 0.00024 



Time 

hr 

o.oo 
0.10 
0.35 
0.50 
0.75 
1 
l.; 
2 
3 

'l'ABLft; V 

~reliminary ~ g£ Drying .fi!li .2! Cellulose Mi trate Plastic 

aft.er r.:1:7-ht Hours Diffusion Time --- --- --- ----- -
Run: No 2 
Air Te~perature: 120 °F 
Relative 'rJater Humidity: 40 % 

Weir.ht of Wet Total Alcohol Alcohol Drying Rate 
Specimen in Specimen Evaporated 

gm gm gm/gm dry wt gm gm/sq cm/hr 

Specimen A: Dry weight, $.~7 gm; drying surface. g5 sq cm 

13.15 4.2g 0.4~1! -12.t!O 3.93 0.433 0.25 0.0294 
l~.3; ).48 0.392 0.45 0.0212 
12.16 J.29 O.J?l 0.19 0.0149 
11.91 3.04 0.343 0.25 o.011a 
11.73 2.A6 0.323 0.1~ o.ooss 
ll.Jg 2. 51 o.:z~3 0.35 O.OOf!2 
11.10 2.~?3 0.251 0.21'.t o.0066 
10.70 l.~3 0.206 0.30 0.00353 

Test interrupted 
o.oo 9.73 o.r!6 0.097 
1.25 9.57 0.10 0.07~9 0.16 O.OOlSl 
).2; 9.42 0.55 0.0620 0.15 O.OOOEJ9 
5.25 9.23 0.46 0.0518 0.09 0.00053 

Specimen B: Jry weight, 8.A7 gm; drying surface, g5 sq cm 

o.oo 12.60 J.7J 0.422 -- --
O.l 12.41 J. 54 0.39~ 0.19 0.0224 
0.2 12.25 3.3g O.Jf!l 0.16 0.01~9 
0.5 11.90 3.0:; 0.351 0.35 0.0137 
0.75 11.69 2.g2 0.316 0.21 0.0099 
l 11.1+2 2.65 0.299 0.17 o.ooi:to 
1.5 11.25 2.38 0.259 0.27 o.oo637 
2 11.02 2.15 0.243 0.2) 0.00542 
3 10.67 l.AO 0.203 0.35 0.00412 

Test interrupted 
o.oo 9.go 0.93 0.105 -- -1.25 9.65 o.7g 0.08~ 0.15 0.00142 
3.2; 9.49 0.62 0.070 0.16 0.00099 
5.25 9.3g 0.51 o.05g 0.11 0.00043 



Time 

hr 

o.oo 
0.13 
0.24 
0.40 
0.50 
0.75 
1.00 
1.50 
2.00 
J.00 
4.00 
6.00 
9.00 

11.00 

TABLJ~ VI 

Preliminaa !m .2!, Orvin~~ 2£ Cellulose ~Titrate Plastic 

after ?hir~x-5ix Hours Diffusion Time 

Run: Mo J 
Air Temp~rature: 120 °F 
Helative 'ater Humidity: 40 % 

Weight of Wet Total Alcohol Alcohol 
Specimen in Specimen Evaporated 

gm gm gm/ g;Ln dry wt gm 

Drying Rate 

gm/aq cm/hr 

Specimen A: Dry weight, 8.67 gm; drying surface, 35 sq cm 

i3.2g 4.61 o.;32 -- --12.96 4.29 0.494 . 0.)2 o.02a1 
12.?ll 4.11 0.474 0.18 0.0212 
12.54 3 .F!i'l 0.447 0.24 0.0176 
12.43 3.76 0.434 0.11 0.0130 
12.18 J. 51 0.405 0.25 o.01ui 
11.95 3.28 0.379 0.2) 0.0108 
11.52 2.91 0.336 0.37 0.00~7 
i1. ~~a :.z.61 0.301 0.30 0.00707 
10.79 2.12 0.245 0.49 0.00577 
10.46 1.79 0.206 0.33 O.OOJlt9 
9.98 l.Jl 0.151 . 0.48 o.002a3 
9.4g O.i!l 0.0934 C.50 0.00194 
9.31 o.64 0.0738 0.17 0.00100 

Test interrupted 
o.oo 9.06 0.39 0.0450 -- --1.25 9.03 O.J6 0.0415 O.OJ 0.00026 
3.25 g.97 0.30 0.0346 0.06 0.00035 
5.25 8.93 0.26 O.OJOO 0.04 0.00024 

Specimen E: Ory weight, g.70 gm; drying surface, g5 sq cm 

o.oo 12.77 4.07 o.46g 
0.13 12.45 ).75 0.432 
0.23 12.)0 3.60 0.416 
0.42 12.07 ).J7 0.38:1 
0.50 12.00 3.30 O.J~O 
0.75 11.SO J.10 0.356 
1.00 11.61 2.91 0.334 
1.50 11.31 2.61 0.)00 
2.00 11.06 2.26 0.260 

-~ ~~ 

0.32 o.02a1 
0.15 0.0177 
0.23 0.0141 
0.07 0.0103 
0.20 0.00946 
0.19 0.00695 
0.30 0.00611 
0.25 o.oo~~ 

3.00 10.66 1.96 0.224 
4.00 10.37 1.67 0.194 

0.40 0.00472 
'0.29 0.00342 

6.oo 9.94 1.24 0.143 0.4J 0.00253 
9.00 9.;o o.so 0.092 

11.00 9.3) o.63 0.0725 
0.44 0.0017; 
0.17 0.00100 

·rest. interrupted 
o.oo 9.oe o.;;s 0.04.)8 
1.25 9.02 0.32 O.OJ64 
J.25 9.01 0.31 0.0356 

--o.06 0.00057 
0.01 o.00006 

5.2; g.97 0.27 0.0310 0.04 0.00024 



RUN NO. I 
X - SPECIMEN A 

@-SPECIMEN B 
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RUN NO. 2 
o - SPECIMEN A 
A - SPECIMEN B 

.2 .3 

® 

.4 

RUN NO. 3 
• -SPECIMEN A 

+ ~s P ECIMEN B 

t NO. I, 3f HRS. 

.5 

ALCOHOL GRAM PER GRAM DRY WEIGHT 

FIGURE 2. EFFECT OF DIFFUSION TIME OF ETHYL ALCOHOL ON 
THE DRYING RATE OF CELLULOSE NITRATE PLASTIC 



TABL;,; VII 

Preliminarx !.!.!!?. .2! Drx;in,e: ~ tl GellulQtt~ ~itrate Plastic 

in !!!: 21: JO .. ~ Relative Hum141tY 

Run: N'o 4 
Air Temperature: 120 °F 
Alcohol Diffusion Time: .3-1/2 Hours 

Time Weight of ~iiet Tot.al Alcohol Alcohol Drying Rate 
Specimen in Specimen. Evaporated 

hr gm gm gm./gm dry wt gm gm/sq cm/hr 

Specimen A: Dry weight, 9.16 gm; dryin;.~ surface, ~5 sq cm 

o.oo 1J.J3 4.17 0.454 -- --0.1 12.~2 ).66 0.400 o. 51 0.0600 
0.2 12.45 J.29 0.359 0.31 0.0436 
0.5 11.77 2.61 o.2a5 o.6lt o.o:?67 
0.7 11.49 2.33 0.254 0.28 0.01645 
l ll.20 2.04 0.223 0.29 0.01140 
1.5 10.J!g 1.72 0.16~ 0.)2 o.01-s2 
2 10.70 1.54 0.166 O.lf! 0.0424 
J 10.!..h l.JO 0.142 0.24 0.0262 
4· 10.J8 1.12 0.122 0.1~ 0.0106 
6 l0.02 o.86 o.093g 0.26 0.00153 
g 9.~3 o.67 0.0732 0.19 0.0112 

10 9.71 0.55 0.0602 0.12 0.00071 
Test interrupted 
o.oo 9.62 o.46 0.0503 -- --l 9.54 0.)8 0.01 .. 15 o.oe 0.00094 
2 9.49 O.JJ 0.0360 0.05 0.00059 
5 9.39 0.23 0.0251 0.10 0.00004 
9 9.29 O.lj 0.0141 0.10 0.00003 

Specimen B: Dry weight, 9.16 gm; dryin~ surface, ~; sq cm 

o.oo l.3.21 4.05 0.442 -- --0.1 12.73 3.57 0.)90 0.4f! 0.0;65 
0.2 12.6g 3.22 0.31~ 8:6a 0.0412 
0.5 11. 9 2.53 0.2 .. 0.0251 
0.7 11.J.0 2.24 0.245 0.29 0.0171 
1.2 10.99 l.~:; 0.200 0.41 o.ooa<)6 
1.7 10.74 1.58 0.172 0.25 0.00546 
2.2 10.58 1.42 0.155 0.16 o.0031a 
J.2 10.37 1.21 0.132 0.21 0.00247 
4.2 10.20 1.04 0.113 0.17 0.00200 
6.2 9.97 0.81 o.gg4 0.23 0.00136 
8.2 9.79 0.6) o.0687 o.v! 0.00106 

10.2 9.68 0.,52 o.o;6g 0.12 0.00071 
Test interrupted 
o.oo 9.60 0.44 0.04~0 -- --
l· 9.52 0.)6 0.0393 o.oa 0.00094 
2 9.47 0.31 o.033g 0.05 0.00059 
5 9.37 0.21 0.0229 0.10 0.00003 
9 9.21 0.11 0.0200 0.10 0.00002 



TASI .. E VIII 

Preliminaa ·rest ,2! Dryinr: llate !!! Cellulose Nitrate Plastic 

.!!'! Air ,gl, 20 ;& Relative Hwud~t,y 

Run: No 5 
Air Temperature: 120 •F 
Alcohol Diffusion Time: 3-1/2 Hours 

Time Weight ot wet Total Alcohol Alcohol Drying Rate 
Specimen in Specimen ~"ra.porated. 

hr gm gm gm/gm d~/ wt gm gm./ sq cm/hr .. 

Specimen A; 0ry weight, 9.07 gm; drying surface, 1!5 sq cm 

o.oo lJ.15 1+.oa 0.450 -- --0.1 12.75 J.68 o.4o6 0.40 0.0472 
0.2 12.45 3.33 0.373 0.30 0.0353 
0.45 12.00 2.93 0.323 0.45 0.0211 
0.10 11.66 2.59 0.286 0.34 0.0160 
1 11.45 2.J$ 0.26) 0.21 o.oog23 
1.5 11.16 2.09 0.231 0.29 o.006a4 
2 10.99 1.92 0.212 0.17 0.00400 
2.5 10.84 l.?7 0.19; 0.1; 0.00390 
4.2 10.48 1.41 0.156 0.)6 0.00250 
6.4 10.21 1.14 0.126 0.27 0.001~5 
6.2 10.04 0.97 0.107 0.11 0.00111 

Test in~errupted. 
o.oo 9.49 0.42 o.046h -- --1 •. 4 9.49 0.42 0.0464 ? ? 
2.5 9.49 0.42 0.0464 ? ? 
).9 9.46 o.:;9 0.0430 - 0.03 0.00025 

10.4 9.41 0.34 0.0375 0.05 0.00009 
13.4 a.;s 0.28 0.0)09 o.06 0.00023 
14.4 ll.34 0.27 0.0298 0.01 0.00012 

Spe~imen B: Dry weiP:ht, ~.9'1 gm; drying surface, ~5 sq em 

o.oo 12.63 3.85 o.42g - -0.1 12.1.,7 3.49 o.3g9 o.)6 0.0424 
0.2 12.20 3.22 0.359 0.27 0.0)16 
0.4; 11.77 2.79 O.Jll 0.43 0.0202 
0.1 11.49 2.;1 o.2go 0~2g 0.0132 
l 11.2.5 2.27 c.2;3 o.:i4 0.0094 
1.5 11.02 2.04 0.227 0.23 0.00542 
1.75 10.91 1.9) 0.215 0.11 0.00516 
2.25 10.76 1.76 0.198 0.1; 0.00390 
4 10.41 1.43 0.159 O.JS 0.002)6 
6 10.2) 1.15 o.12g 0.2~ 0.00165 
g 9.96 0.98 0.109 0.17 0.00100 

Test interrupted 
o.oo 9.40 0.42 0.0468 -- ---1.4 9.40 0.42 0.-046:1 ? ? 
2.; 9.40 0.42 0.0468 ? "> . 
3.9 9.38 0.40 0.0446 • 0 02 0.00016 . . 

10.4 9.31 0.33 O.OJ6S 0.01 0.00013 
13.4 9.27 0.29 0.0323 C.04 0.00016 
llo4 9.2s 0.27 O.OJOO 0.02 0.00024 



RUN N0.4 
• - SPECIMEN A 
+-SPECIMEN 8 

0 
0 
o .. 
)(60 

a:: 
:::I 
0 
:c 
a:: 
"" 0.50 
a: 
"" .... 
"" 2 
.... 
~4~ 
o I 

~ I 

~ I 
a 
Cl) 

a::3 

"" Q. 

2 
<l a:: 
(,!) 

...J 20 
0 
:c 
0 
0 
..J 
<l 

"" 10 .... 
<l a:: 
(,!) 
z 
> a:: 
0 0 . I 

RUN NO. 5 
o -SPECIMEN A 

~-SPECIMEN 8 
RUN NO. I 

FROM FIGURE 2 

0 

~N0.4, 30,-. R.H. 

t* .~.1 
/ + f NO. I, 40% R.H. 

/ 0 _ _5-NO. 5,~0% R.H. 

.b I I I 
.2 .3 .4 

ALCOHOL GRAM PER GRAM ORY WEIGHT 

FlGURE 3. NATURE OF THE INFLUENCE OF RELATIVE WATER HUMIDITY 

ON THE DRYING RATE OF CELLULOSE NITRATE PLASTIC 



Time 

hr 

o.oo 
0.1 
0.2 o.; o.8 
l 
1.5 
2.) 4.; 6., 
8.) 

TAB!.& II 

Pr•l!minar.z "re~j£ of 2I.Ying Ra~ g,!: Cellulose Nitra\e Plastig 

!!!. A!_l: !1 1 JO !! 

Run: No 6 
Relative Wat.er Rumidityt )0 ,C 
Alcohol O!tfuaion Time: 3-l/2 Hours 

Weight ot Wet ·rot.al Alcohol Alcohol 
Specimen in Specimen Evaporated 

gm gm gm/gm dry wt gm 

Drying Rate 

gm/sq cm/hr 

Speciiuen A: Dry weight. 9.2a gm; drying surface, a5 sq cm 

12.81 3.5) o.3g1 -- -12.4, J.17 o.;42 O.J6 0.0424 
12.23 2.95 o.31g 0 .. 22 0.02;9 
11.76 2.~ o.26B O.l.,7 0.0178 
11.J+i! 2.20 0.237 o.2a 0.0110 
11.33 2.05 0.221 o.1s o.om19 
11.07 l.79 0.193 o.26 0.0061 io.a1 l.5) 0.165 o .. 26 o.003g3 
10.47 1.19 o.12g O.J4 0.00200 
10.27 0.99 0.107 0.20 0.00116 
10.12 o.84 0.0906 o.1s o.00089 

Test in:~errupted. 
o.oo 9.48 0.20 0.0216 - --1 9.46 o.1a 0 .. 0194 0.02 0.00024 
2 9.45 0.17 0.018) 0.01 0.00012 
4 9.43 0.15 0.0162 0.02 0.00012 
5.25 9.42 0.14 0.0151 0.01 -0.00010 

Specimen B: Dry weight, 9.00 gm; drying surface, ~5 sq em 

o.oo 12.56 3.56 0.396 -0.1 12.19 ;.19 0.3;4 0.37 o.oi..36 
0.2 11.95 2.95 0.323 0.24 o.02a2 
0.45 11.52 2.52 o.2go 0.43 0.0202 
0.10 11.21+ 2.24 0.249 0.2~ 0 .. 0111 
l 11 .. 0l 2 .. 01 0.224 0.2; 0.0108 
l.J 10.84 1.84 0.204 0.17 o.0061 
1.8 10.64 1.64 0.182 0.20 0.0047 
2.6 10.45 1.45 0.161 0.19 0.00255 
4.6 10.13 1.1) 0.126 0.32 o.oouta 
6.6 9.94. 0.94 0.104 0.19 0.00112 
8.6 9.79 0.79 o.oga 0.15 0.000~9 

Test interrupted 
o.oo 9.19 0.19 0.0211 - -l 9.17 0.17 0.0189 0.02 0.00024 
2 9.16 . 0.16 0.0178 0.01 0.00012 
4 9.14 0.14 0.0156 0.02 0.00012 
5.25 9.1) 0.1; 0.0145 0.01 0.00010 
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RUN N0.6 
• -SPECIMEN A 

+-SPECIMEN B 

. I 

-·· 

.2 .3 

RUN N0.4 

FROM FIGURE 3 

;i5 NO. 4, 120° F. 

IL N0.6, 110°F. 

I 

.4 .5 

ALCOHOL GRAM PER GRAM ORY WEIGHT 

FIGURE 4. NATURE OF THE GENERAL INFLUENCE OF AIR 

TEMPERATURE ON THE DRYING RATE OF CELLULOSE 

-HITRATE PLASTIC 



TABLE I 

DTting Rate 2! Cellulose tiitrate Plas11ie 

~ l!Q !f: !!!!! JO 1f; Relative Hwnidi tI 

Run: No 7 
Specimen: Grey; dr-1 weight, 8.81 gm 
Alcohol Diffusion Time: ) days 

......................... _. ................... ~ ................................................................ ,._ ... ~ ........................................... ~ ......................................................... ~ .... ----------------................. .. 
Time Weight; or Wet 

Specimen 

hr gm 

o.oo 11.89 
0.1 U.78 
0.2 11.69 
0.4 ll.;6 
0.1 11.40 
1 11.28 
l.; 11.15 
2.) 10.% 
3 10.67 
5 . 10.26 
7.3 10.'~J 
9.3 9.6a 

11.J 9.jJ 
lJ.) 9.45 
Test interrupted 
o.oo 9.~3 
) 9.lJ s 9.09 
7 9.04 

10 9.00 
lJ.) 8.98 

Total Alcohol 
in Speeiun 

gm gm/ gm dry wt 

).08 0.350 
2.9'7 0.33i 
2.tt! o.;2 
2.75 0.312 
2.57 0.291 
2.47 0.280 
2.)4 0.266 
2.os 0.233 
1.ft6 0.211 
1.4, 0.161,.. 
l.12 0.127 o.tr? 0.099 
o.6:? 0.07l 
0.55 0.063 

0.42 0.043 
0.)2 O.OJ6 o.2a 0.0.32 
0.2; 0.027 
0.19 0.021 
0.17 0.019 

Alcohol Ur-ying Rate Internal 
Evaporli.ted Temperature et 

Specimen 

gm p/sq em/hr •F 

- -- --0.11 0.0129 -0.09 0.0106 96 
0.13 0.00765 9a 
0 .. 16 0.006;0 99 
0 .. 13 0.00477 102 
0 .. 11 0.004JO 104 
0.30 0.00353 104 
0 .. 19 o.oc32n 104 
O.hl 0.00242 104 
0.33 0.00169 104 
0.25 O.OOllt7 104 
0 .. 15 0.0001"9 104 
0.08 0.0001~1 104 

--0.10 0.00039 
0.04 0.00024 
0.05 0.00029 
0.04 0.00016 
0.02 0.00007 



Time 

hr 

. o.oo· 
0.1 
0.2 
0.5 o.6 
1.2 
1.7 
2.7 
3.7 s.1 
6.9 . 
9.9 

10.9 
12.9 

TABLE II 

Qrt1'!& 1!!1.!.2! ~ll!!lose N1~-~t~ Pla•tic 
~ 110 !f and 20 ~t Jl!;lative ~~m1d1t:r: 

Run: No ti 
Specimen: Grey; dry :weight, 8.g4 gm 
Alcohol Oittusf.on Tiu: 3 Daya 
r~1faximum Internal Temperature: 104 •v 

Weight 0£ tlet 
Speclaen 

Total Alcohol 
in Jpeciman 

Alcohol 
&va:porated 

gm gm . gu1/ gm dry wt. gm 

11~95 J.11 0.352 --ll.86 3.02 O.J42 0.09 
11.?tl 2.94 0.))3 o.oo 
11.5! 2.74 O.Jll 0.20 
ll.44 . 2.60 0.29.t. ( 0.14 
ll.26 2.42 0.274 O.lf! 
11.10 2.26 0.2;6 o.·16 
10.83 l.90 0.226 0.27. 
10.58 1.74 0.197 0.25 
10.23 l.J9 0.157 0.35 
10.0~. '- 1.20 0.136 0.19 
9.? 0.92 0.104 o.za 
9.69 o.ss 0.096 0.07 
9.50 o.66 o.01s 0.09 

Test internipted 
o.oo 9.4J 0.59 0.067 . --
2 9.33 0.49 o.oss 0.10 

i 9.28 0 .. 44 o.o;o . 0.05 
9.23 O.J9 0 .. 044 o.os 

ll 9.13 0.27 0.031 0.10 
13 9.11 0.25 0.028 0.02 

.( 

Drying Rate 

gm/sq cm/hr 

--0.0106· 
0.0094 
o.007g7 o.oosso 
0.00430 
0.0037~ 
0.00316 

. 0.00273 
'0.00206 
o.oout1 
0.00110 
o.OOOS) 
0.00053 

--0.000;9 
O.OOOJO 
0.000)0 
0.00029 
0.00012 . 



TABL& XII 

Dryin~ Rat;e gl Gellulo!e P.;itra" Plastic 

_n lJO !! ~JO .f.' J!!'latiive Huf!!1d1!-! 

Run: lo 9 
Specimen: Grey; dry weigbt, 11.?S gm 
Alcohol Diffusion Time: 3 days 

Time Weight. of' Wet Total Ale-:>hol Alcohol Drying Rate 
Specimen in Spetf!imen Evaporated 

hr gm gm gm/gm dry wt gm gm/aq cm/hr 

o.oo 11.53 A ro 0.318 '• - -0.1 11.35 2. 0 0.290 0.18 0.0212 
0.2 ll.20 2.45 o.2ao 0.15 0.0111 
0.3 11.10 2.3s 0.269 0.10 o.011a o.6 l0.S7 2.12 0 .. 242 0.23 0.00904 
l 10.~ l.S9 0.216 0.23 o.0061a 
l.; 10. 1.61 0.184 0.28 o.0065S 
2.) 10.0S l.JO O.l-49 0.)1 o.004S9 
).I! 9.6a 0.93 0.106 0.37 0.00291 4.a I 9.S3 0.7{! o.oa9 0.15 0.00177 5.a 9.)9 0.64 0.013 0.14 o.0016S 
6.g 9.29 0.54 o.o62 0 .. 10 0.00118 9.s 9.11 0.36 0.041 0.18 0.00071 

10.8 9.0S 0.30 0.034 o.06 0.00071 
i2.a ~-99 0.24 o.cns o.06 0.00035 
Test in~er1-upted 
o.oo 9.01 0.26 0.029 --2.5 ?!.~9 0.14 0.016 0.12 0.000;7 
6.J g.74 0.09 0.010 o.os 0.00014 

-

Internal 
Temperature of" 

Specimen 
., 

-101! 
115 
119 
121 
12) 
124 
124 
124 
124 
12 .. 
124 
124 
124 
124 



Time 

hr 

o.oo 
0.1 
0.2 
0.) o.6 
0.9 
1.2 
2.2 
).2 
l.,.2 s.2 
6.2 a.s 

10.5 
12.5 

TABLJ!: XIII 

Dt?ing Rate 2! C•ll!!lose Nitrate P\agtic 
~ lJO !f .!!!!! 22..,j Relat.1 ve RwnidiU 

Run: No 10 
Specimen: Grey; dry weight, 8.66 gm 
ileobol Dif.fUsion Time: 3 days 
Maximwl Internal Temperature: 124 •p 

Weight of Wet Total Alcohol Alcohol 
Specimen in Specimen Evaporated 

gm gm p/gm dry wt gm 

ll.S6 2.90 0.335 -11.)8 2.12 0.314 0.1~ 
u.26 2.60 0 .. )00 0.12 
11.16 2.j() 0.289 0.10 
10.91 2.25 0.260 o.2s 
10.71 2.05 0.2)6 0.20 
10.56 1.90 0.219 0.1; 
10.17 i.;1 0.174 0.)9 
9.70 1.01 0.120 0.47 
9.52 o.s 0.099 0.16 
9.40 0.74 o.Ms 0.12 
9.31 0.65 0.01; 0.09 
9.16 o.;o o.o;s 0.15 
9.07 o.u 0.047 0.09 
9.01 O.JS 0.041 o.o6 

Drying Rate 

gm/sq cm/hr 

--0.0212 
0.011+1 
o.011s 
0.0091 
0.00787 
0.00590 
0.00459 o.ooss3 
0.00212 
0.001.a. 
0.00106 o.oooe9 
0.00053 
0.00036 
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TJ.me 

hr 

o.oo 
0.1 o.z o.s 
1 
1.5 
2.5 
4.5 6.; 
8.11 

TABJ:..Ji~ XIV 

Qrxing ~t.! of Grey Cellulose Nitrate Plas~ic with 

Radiant Heat ,!.ru! la !I Internal Te!!(?!t;atttre 

Run: No 11 
Dry Weight: 8.a2 gm 
Air Temperature: lJO •p 
Drying SUrf'aee: ~5 sq cm 
fialati va .later Humidity: JO 1: 
Distance b~tween Specirnen and Hot Plat.es: 9 in. 
Surface Te.11perat.ures nt Hot Plates: 360 and )00 •p 

Weight of Wet Total Alcohol Alcohol Drying Rat;e 
Specimen in Specimen E-vaporated 

gm gm p/gm dry wt. gm gm/sq cm/hr 

11.37 2.55 0.290 -- -11.l.5 z.33 0.265 0.22 0.02;9 
ll.01 2.19 o.24g 0.14 0.016; 
10.61 1.79 0.202 0.40 0.0157 
10.2) 1.41 0.160 O.Ja o.oog9 
·9.93 1.11 0.126 o.;o 0.0011 
9.51 0.69 o.01s 0.42 0.0050 
9.14 0.)2 0.0)6 O.J7 0.0022 
8.94 0.12 0.014 0.20 0.0012 
iL1!6 0.04 o.ooq, o.oa 0.0004 

Temperature ot 
Specimen 

Surf a.Cit Intern.al 
•v ., 
-- -.... --147 150 
147 lSO 
147 lSO 
147 lSO 
150 151. 
150 154 
150 154 
1;0 154 



Time 

hr 

o.oo 
0.1 
0.3 
0.5 o.e 
1.2 
1.7 
2.7 
J.? 
4.7 
6.2 
3.2 

10.2 
12.2 

TABLE IV 

Il£Y1M Rate .!?! grez: Cellulose Nit.rate ~last1& w1 th 

Radiant. Heat and lJO .!l ~nternal '.t!!!R!r&la!re 

Run: No 12 
Dry Weight.: 8.t17 p 
Air 'l'eritperature: 110 •1 
Drying surface: SS sq cm 
Relative /later Humidity: 30 ~ 
Distance between Specimen and Hot ?late.a: 9 in. 
Surface Temperatures of Hot Pla~es: 330 and ) 50 •F 

Weight of Wet Total Alcohol Alcohol Drying Ra'te 
Specirnen in Specimen Evaporated 

gm gm gm/gm dry wt gm gm/sq cm/hr 

11.5) 2.66 0.)00 -- --ll.30 2.4) 0.274 0.23 0.0271 
ll.05 2.18 0.246 o.2s 0.0141! 
10.8'7 2.00 0.226 0.18 0.0106 
10.68 l.Sl 0.204 0.19 0.0015 
10.49 1.62 0.1*13 0.19 0.0056 
l'0.27 1.40 o.1sa 0.22 0.0052 
9.91 1.04 0.117 0.)6 0.0042 
9.67 o.eo 0.090 0.24 o.002E! 
9.53 o.66 0.015 0.14 0.0017 
9.)4 0.47 o.o;; 0.19 0.0015 
9.19 0.)2 0.036 o.1s 0.0009 
9.10 0.2) 0.026 0.09 0.0005 
9.01 0.14 0.016 0.09 0.0005 

Temperature of 
Specimen 

Surface Internal ., OF 

- -Ila 114 
122 i1a 
122 120 
122 122 
124 126 
125 127 
12i 130 
12t 130 
12lf 130 
12$ 130 
12g 130 
12a 1)0 
12~ 130 



Time 

hr 

o.oo 
0.1 
0.2 
0.3 o.6 
l 
1.5 
2 
J 
4 
6 
9' 

11 
12 

TABLl·~ XVI 

.Qry!ng Rate _g! Grex Cellulose flitrate Plastic~ 

Radiant ~ .!f.!!! ill !! Internal Tem2et§t.u~ 

Run: No lJ 
Dry 'Weight: 9.00 gm 
Air Temperature: 110 •r 
Drying Surface: ~S sq cm 
Relative '1:ater Humidity: .50 ;.t 
Distance bet.ween Specimen and Hot Plates: 9 in. 
Sur.face Temperatures of Hot Pl.ates: J)O and 350 °F 

Weight 0£ Wet Total Alcohol Alcohol Drying Rate 
Specimen in Specimen Evaporated 

Temperature of 
Specimen 

Surf' ace Internal 
g!'.;l gm gm/gm dry wt gm gm/sq cm/hr .,. •F 

12.31 3.32 O.J68 -- - - -12.02 3.02 0.336 0.29 0.0342 -- --11.fl.5 2.65 0.316 0.11 0.0200 122 122 
11.73 2.73 0.304 0.12 0.0142 124 124 
11.45 2.45 0.212 0.28 0.0110 124 124 
ii.19 2.19 0.244 0.26 0.0077 124 126 
10.93 1.93 o.2M 0.26 8:·~~ 126 l.24 
10,71 1.71 0.1 0~22 126 128 
10.LtO 1 .. 40 0.156 O.Jl 0.0037 126 121! 
10.13 l.18 0.131 0.22 0.0026 126 12! 

9.92 0.9) 0.103 0.25 0.0015 126 126 
9.E!? 0.87 0.097 0.06 0.0003 126 128 
9.87 0.1!7 0.091 o.oo 0.0000 126 12lt 
9.87 o.a7 0.097 o.oo 0.0000 126 12g 



'1'1me 

hr 

o.oo 
0.1 
0.2 
0.3 
0.5 
l 
2 
3 
4 
6.5 
7.5 a.s 

10.S 
11 

TA.BU IVll 

Otying Rate .2! 2.!::!,t. ~tllglo~e Nitrate Plastie l!!'.!!!! 
Radiant Heat !!l2, .fil .!.f: Internal Ternoerature 

Run: lo 14 
Dry W'oight: 9.09 gm 
Air 'l'Gm~ra.ture: UO •F 
Drying ~urrace: g5 sq cm 
Relative Water Humidity: 50 :ft, 
Dis~nce between Specimen and f!ot ?l~tes: R in. 
Surface ·remperatures of Hot Platea: 1~.5 and 19S •p 

Weight or '.'4et Total Alcohol Alcohol Drying Rate Intema.l 
Specimen in Specimen Evaporated Temperature o~ 

Sf}ecimen 

gm gm gm/gm dry wt gm' gm/sq cm/hr •p 

- - -- -- -- --12.68 ') J.73 o.u6 -- -- 102 
12.73 ).64 0.400 O~lS 0.0177 105 

. 12.71 ).52 o.3ag 0.12 0.0142 1Qg 
' 12.)7 ).2a 0.)60 0.24 0.0142 111 

12.00 2.91 o.;20 0.37 e.eettt 11.a 
11.U 2.)2 0.25; 0.59 0.0070 114 
10.9) 1.$4 0.202 o.48 0.0057 114 
10.64 2.55 0.171 ' 0.29 0.0034 114 
10.19 1.10 0.122 0.4; 0.0021 114 
10.06 0.97 0.101 0.13 0.0015 114 
9.96 0.81 0.096 0.10 0.0011 114 
9.ttl 0.72 0.079 o.1s 0.0009 114 
9.76 0.67 0.074 0.05 o.ooos 114 

~ .... ~ .... ----~----~~~-~~~ ..... ------~~--------------~~~~----~~~--~~ .............. ~ ....... --~ ................. 
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Time 

hr 

o.oo 
0.1 
0.2 
0.4 
0.7 
l.O 
1.4 
1.9 
2.9 
4.9 
6.9 
9.1 

TABLE X.YIII 

Drlin:; Rate or §rown G•~lult>S! ~atrate Plastig with 

J!!d1aqt . .tl.!!l ,!!!! .!2!! ![ Internal Temperature 

Run: No lla 
Dry Weight: )2.19 gm 
Air Temperature: 1)0 •F 
Drying Surface: ~1 s~ cm 
Relative i-\'ater Humidity: 30 % 
Distance betwee~ Specimen ami Hot Plates: 9 in. 
Sur.race ·remp~ratures of ~ot Plates: )60 and )80 •F 

,,, . ht f '' t waig o i·1e · Total Alcohol Alcohol Dryin~ Rate 
Specimen in Specimen 'Evapoi-ated 

gm gm gm/p dry wt gm gm/sq cm/hr 

)2.76 5.07 0.157 - --)7.16 4.97 0.155 0.10 0.0124 
37.0S 1+.a9 0.152 0.08 0.0099 
36.9.5 4.76 o.14g 0.1) o.ooe1 
)6.82 4.6) 0.144 0.13 0.00j4 
,36.62 4.4)' o.1:;a 0.20 o.oo 2 
36.45 4.26 O.l.33 0.17 0.0053 
36.Zl 4.02 0.125 0.24 0.0059 
)5.87 J.68 0.111 0.34 0.0042 
35.25 2.96 0.092 0.62 0.0038 
34.ao 2.61 0.081 . o.i..s o.002a 
J4.J8 2.19 o.068 0.42 0.0023 

Temperature of 
Specinten 

Surface Internal 

•v ., 
-- -- 126 
136 l)t9 
139 141 
11.S 150 
150 15) 
150 156 
152 15g 
152 lSd 
152 1sa 
152 156 
152 i;g 



'time 

hr 

o.oo 
0.1 
0.2 
o-.J o.6 
1.0 
l.; 
2.0 
J.O 
4.0 
5.0 6.; 
S.5 

10.5 
12 • .5 

TABLE XII 

Dryi!!I !!.!!! .e!. Brown Cellulose Nitrate Plastic 'ttth 
Radiant J!!!!. !!!S ll2 !I Internal T~mJ?er&ttu::e 

Run: No 12a 
Dry Weight: 32.67 gm 
Air T~rature: 110 •F 
Drying Surface: Sl sq em 
Relative Water nmnidity: JO % 
Distance between Specimen and Hot Plates: 9 in. 
Surface Temperatures of Hot Plates: 330 and 360 •p 

Wei.~ht oJ: Wet Total Alcohol Alcohol Drying Rate 
in -Specimen Specimen ~~vaporated 

gm gm p/gm dry wt gm gm/sq era/hr 

J9.99 7.)2 0.224 -- -)9.84 7.17 0.220 0.15 o.01as 
39.73 7.06 0.216 0.11 0.0136 
J9;02 6.9, 0.212 0.11 Oi.0136 
39.)9 6.72 0.206 0.23 .0.0095 
39.12 6.4.S 0.197 0.21 o.ooa4 
)g.75 6.08 0.185 O.J? 0.0091 
38.50 5.83 0.178 0.2; 0.0062 
3g.12 5.45 0.167 0.)1! 0.0047 
J?.92 s.2s 0.161 0.20 o.002s 
37.69 4.92 o.1;o 0.23 0.0028 
37.35 4.66 0.143 0.34 0.0042 
36.94 4.27 O.lJO 0.41 0.0025 
36.64 ).97 0-.121 0.)0 0.0019 
36.37 ).70 0.113 0.27 0.0016 

Temp&ra'tUre ot 
Specimen 

~Jurtac• Internal 
., •F 

-- ---- 112 
121 122 
122 llJ 
12) 12! 12S 12 
126 1)2 
126 132 
126 132 
126 132 
126 132 
126 132 
126 1)2 
126 132 
126 1)2 



Time 

hr 

o.oo 
0.1 
0.3 o.6 
1.0 
1.5 
2.5 3.; 
5.5 
S.5 

10.5 
11.; 

TADU! IX 

Drying !!:!!. !?!, Brown Cellulose Nitrate Plastic ,!!!:!! 

Radiant Hea.£ ~ ll<? !! Intern!J T•!Q?!ra,ture 

Run: No 13a 
ary weight: .32.ll gm 
Air Temperature: 110 •p 
Dry1u.g Surface: 81 sq cm 
Relative ~later Humidity: SO % 
Distance between Specimen and Hot Plates: 9 in. 
Surtaee Temperatures ot Hot Plates: 330 and )60 °F 

Weight o-f wet Total Alcohol Alcohol Drying Tlate 
Specimtm in Specimen Evaporated 

p gm gm./gro. dry wt gm gm/sq cm/hr 

.39 .. $6 7.7; 0.242 - -)9. Jf) 7.;9 0.236 0.16 0.0198 
J9.48 7.36 0.230 0.21 O.OlJO 
39.z9 7.18 0.224 0.20 o.ooa2 
.39.ll 7.00 0.213 0.18 0.0055 
38.(1; 6.74 0.210 0.26 0.0064 
)8.52 6.41 0.199 0.33' 0.0041 
.)8.2'.J, 6.10 0.190 0.)1 o.003g 
37.73 5.62 o.11s o.46 0.0029 
37.ll! 5.07 0.158 o.;5 0.0024 
36.SJ 4.72 0.147 0.3; 0.0022 
J6.<13 4.72 0.147 u.oo 0.0000 

Temperature ot 
Specimen 

Surface Internal 
op ., 
-- ---- -123 126 
124 127 
125 12g 
126 130 
126 130 .. 
126 1)0 
126 130 
126 1)0 
126 130 
126 1)0 



Time 

hr 

o.oo 
0.1 o.J o.; 
1.0 
1.5 
2.5 
J.S 6.o 
7.0 a.o 

10.0 
10.; 

TABLE :UI 

Drzing .E!ll 2f Brown Cellulose Nitrate Plastic ~ 

&!d1ant Heat .!!14 112 ..2 Intemal ~emra<irat.u~ 

Run: No ll+a 
ary weigh~: ;o.1agm 
Air Temp~ratnre: 110 •F 
Dryintt 3iirfaee: ~l sq cm 
Relative ;,;ater Humidity: 50 % 
Distance between Speci!l'len and Hot Plates: $ in. 
Surface Tea1perature of Hot Platas: 18; and 195 •F 

Weight of ·wet Total Alcohol Alcohol Drying Rate 
Specimen in Specimen Evaporated 

gm. gm I!}&/ gm dry 1'r't gm gm/sq cm/hr 

)6.74 6.56 o.21a -- -36.6S 6.50 0.216 o.o~ 0.0099 
36.56 6.)$ 0.211 o.1z 0.0074 
)6.48 6.~o 0.20i! o.oe 0.0050 

I 36.31 6.lJ 0.203 0.17 0.0042 
)6.18 6.00 0.199 0.13 0.0032 
JS.99 5.fl 0.194 0.21 o.0026 
35 .. e4 5.66 0.187 0.1; 0.0019 
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3;.1.3 s.2s 0.166 0.10 0.0012 
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TABLE llII 

Dr.:t11g ~ate 2f. Cellttlo~ Nit.rate Pl.astis 
ll!!der Atmos-pheric Cond1t1one 

Run: No 15 
Dry tleigbt: 6.61 gm 
Drying Sur:t"'aea: 8; sq em 
Air Temperat.uro: 8; •.r 
Relative Water fiumidity: 55 ~ 

Weight ot We~ Total Alcohol Alcohol 
Specimen il'l Specil'llen !!ivaporated 

gm p gm/g'ffl. dry wt p -
14.43 5.62 0.638 --u...,32 S.Sl 0.624 0.11 
14.22 S.l1l 0.615 0.10 
13.96 s.1s o.s~; o.26 
lJ.70 4.S9 0.571 0.26 
lJ.~ 4.67 0.530 0.22 
13.16 4.35 0.494 o.;2 
12.91 4.10 0.46.5 0.25 
lZ.66 J.tts 0.437 0.2; 
12.48 J.67 0.416 o.1a 
12.05 ).24. 0.36~ o."'J 
11.9' 3.11 0.360 0.01 · 
11.86 3.os 0.346 0.12 

' 11.75 2.94 0.334 0.11 
ll.6S 2.g4 0.322 0.10 

'lest interrupted 
o.oo 11.00 2.19 -- -1.0 10.97 2.16 0.245 0.03. 
2.0 lO.d9 2.08 0.236 o.ott 
4.3 10.76 1.95 0.221 0.1) 

Drying Rate 

gm/sq em/hr 

--0.0130 
0.011~ 
0.0102 
0.0061 
0.00;2 o.oo:ut 
0.0029 
0.0029 
0.0021 
0.0020 
0.0016 
0.0014 
0.001) 
0.0012 

-0.0004 
0.0094 
0.0012 
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The sa..~ple calculations involved in the experi-

mental work are given in this section. All data ror 
illustrations or the sample calculations are taken 

!rom run No l, Table II, page 37. 

Total Alcohol in seecimeg. The total alcohol in 

the specimen was calculated as follows: 

where: 
W • weight or wet specimen during drying, gm 

wb • dry weight or dried specimen, gm 

W0 • total alcohol in 1pecimen during drying, 
p. 

At 0.5 hour the total alcohol in the specimen 

was 
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Alcohol Gram Rer Gram Dry Weight. The alcohol 

gram per gram dry weight was calculated by th& follow-

1ng expression: 

a 
w 

- 0 w;-
where: 

a • alcohol gram per gram dry weight. 

At 0.5 hour the alcohol gram per gram dry weight 

0.4)4 gm per gm. 
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Alcohol.Evaegrateq. Alcohol evaporated was calcu-

lated as follows: 

b • Wl - W2 

where: 

w w2 • weights of wet specimen at two conaecu-l• tive weighings, gm 

b .. alcohol evaporated, gm• 

From 0.5 to 0.75 hour the alcohol evaporated was 

i2.43 - i2.1a • 0.25 gm. 



-1•-

Qrz~ng Rate. The drying rate was calculated as 

follows: 

b 
p 

b 
• 

where: 

b • alcohol evaporated, gm 

as (sq cm) 

61 (sq cm) 

Pt P' 

• drying surface or grey specimen of 
dimensions 0.16 x 4.9 x e.2 cm 

• dryin~ surface of brown specimen of 
dimensions o.6 x 5.0 x 7.6 cm 

time of two consecutive weighings 
for w1 and W2, hr 

• drying rate or grey specimen and brown 
specimen, respectively, gm/sq cm/hr. 

The drying rate of the grey specimen for the 

interval from 0.50 to 0.75 hour was 

0.25 • 0.0118 gm/sq cm/hr. 
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IV. DISCUSSION 

This section contains a discussion of the opera-

tions and a discussion of the results. 

Discussion of Qperationa 

Qeeration ot the Drrer. An unsatisfactory point 

in the operation of the dryer was that the air tempera-

ture could not be held constant above 140 •r. Another 

defect in the operation was that, at a relative humid-

ity of 60 per cent, moisture condensed on the wire by 

which the specimen was suspended and the weight could 

not be determined. These factors limited the range 

of test conditions. 

Source of Ra_41ant Heat. Two electric hot plates 

were used as a source of low temperature radiant heat 

to increase the internal temperature or the plastic. 

By adjusting the distance between the hot plates and 

the specimen and by regulating the surface temperature 

on the hot plates, any desired internal temperature 

could be obtained in the specimen. The maximum tem-

perature was dependent on the susceptibility or the 

material to heat. 



Determination of Air Velocity. Air velocity has 

little effect in the second falling rate peri,~d. In 

this work the :aajority of the drying time was in that 

period, and the air velocity in all tests was kerpt 

constant. The maximum air velocity obtainable with 

the centrifugal blower, 50 feet per minute in the 

drying chamber, was used. 

Mea1uar!m~qt of SRecimen Temperature. Both the 

surface and internal temperatures or the specimen were 

determined by copper constantan thermocouples. The 

difference between the internal and suri"ace tempera-

tures of the brown specimen, o.6 millimeter thick, was 

6 to ,., ., t while that. of the grey specimen, o.1e 
millimeter thick, was 4 to 2 °F. A greater tempera-

ture gradient existed in the thicker and darker speci-

men with the same source of radiant heat. 

Determination of ,Jrz Weit~ht. When cellulose 

nit,r.a.te pL1.stic was soaked in alcoh{>l some plastic 

~nd camphor plasticizer d1ssolv~d in the alcohol. 

An attempt was iu.de ti:? determine the dissolved weight. 

The solution was evaporated and the residue was 

weighed. The weight thus obtained was ~lways negli-

gible. This was prJbably because the extracted 
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camphor vaporized. Since the loss could not be deter-

mined• the original weight or the specimen could not 

be used as the dry weight for the test. 

The dry weight was obtained after the specimen 

was removed from. the dryer and dried in a zero humid-

1 ty desiccator until its weight became constant for 

a one-day period. 

It was found that such a dry specimen decreased 

in weight less than 4 per cent after 3-1/2 months 

exposure to air. 

Determ.inatAon of the .Regyired Di~f\ls~on Tlme. 
It was first attempted to dry the wet cellulose 

nitrate plastic as soon as it was taken out of the 

alcohol with no time for the solvent to diffuse 

uniformly. It was found that the initial drying 

rate of such a specimen was ve:r.r high, decreased 

very rapid.ly in the first half hour and became very 

low after two hours. It was apparent that the 

alcohol soaked up by the specimen did not diffuse 

uniformly and most of it was held on or near the 

surface. 
The plastic to be dried in the factory is in 

colloidal form with the alcohol distributed uniformly. 



In order to determine the requirements tor uniform 

distribution, three preliminary tests were made with 

different diffusion times, 3-1/2, S and 36 hours. The 

drying rate was .found to be inirersely proportional to 

the length of diffusion time when the alcohol content 

was above 0.15 gram per gram dry weight. After the 

alcohol content fell below that value, the difference 

in diffusion time had no effect on the drying rate. 

This can be explained as follows. The shorter the 

diffusion time, the more alcohol remained on the sur-

face or the specimen instead or penetrating into the 

interior. As long as there was alcohol at the surface 

the drying rate was controlled by evaporation and was 

rapid. It should be borne in mind that the diffusion 

action was not· only in the so-called diffusion time, 

but also started at the time of soaking in alcohol and 

coniinued during the drying time. Diffusion should be 

good while the specimen was being dried at the eleva• 

ted temperature. .By the time the alcohol content was 

reduced to 0.15 gram per gram dry weight, all the above 

three tests had been running for more than four hours. 

It was believed that after four hours at the drying 

temperature diffusion was uniform in all the 



specimens. After that, the drying rate dapended only 
on the conditions in the dryer, and the original dif-

fusion time. 3-1/2, e and )6 hours, was no longer a 

factor. 

Control of the Drxing Rate bt Rela~ive Water 

Hwd.ditI• The use of alcohol humidity in the air tG 

control the drying rate o.f' cellulose nitrate plastic 

shoul<.i be most e.ffective, but it involves a fire 

hazard and is not economical. The use or relative 

water humidity or air to control the drying rate waa 

based on the principle or 'the depression or alcohol 

vapor pressure by dilution with water. 

When the relative water humidity in the air is 

increased. the difference between the vapor pressure 

of water on the surface of the wet specimen and the 

partial pressure of water vapor in the air stream is 

decreased, and the drying rate is lowered. When the 

partial pressure of water vapor in the air is greater 

than the vapor pressure of water on the surface of the 

wet specimen, the water in the specimen will be pre-

vented from vaporizing and some water vapor will con-

dense from the air stream on the surface of the speci-

men. The mol per cent and the vapor pressure of the 



pure alcohol in the specimen will be decr$ased and, 

consequently, the drying rate of the pure alcohol 

component is lowered. In this way it should be pos-

sible to control the drying rate and avoid shrinkage 

and eaes-hardening. 

The quantitative effect can be shown by the fol-
lowing ex.ample. The 95 per cent alcohol by weight ia 

$9 mol per cent of alcohol. According to Table I, 

page 5, such a solution is at equilibrium with 91 mol 

per cent or alcohol in the vapor, and at 50.5 •c 
(122 °F) it pr·oducea a total pressure ot 225 Inilli-

metera of mercury. The vapor pressure of water in 

the solution must be 225 x (1 - 0.91) • 20 milli• 

meters of mercury which corresponds to a humidity of 

0.168 pound of water per pound of dry air. From the 

humidity chart at 122 °F this is 20 per cent of satu-

ration. Thus, any water hu..~idity larger than 20 per 

cent in the air should prevent water in this alcohol 

solution from vaporizing. 

Another example can be used to show the compoai-

tion of alcohol solution under equilibrium conditions. 

Suppose the conditioned air used to dry the specimen 

was 122 8 F and 40 per cent water humidity and zero 
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alcohol humidity. .Fror~ the hu.rtldity chart the amount 

of water in the air is O.OJ pound per pound of dry 

air. The corresponding partial pressure of the water 

is 34.9 millimeters of 1aercury. From Table I, page 5, 

tt2.l+ mol per cent or alcohol in water (84.; mol per 

cent in vapor) at 122 °F has almost the same vapor 

pressure or water calculat.ed as follows: 

220 x (1 - o.a45) • 34 mm Hg vapor pressure of water. 

Thus, theoretically when 95 per cent alcohol is dilu-
ted to 82.4 mol per cent the partial pressure of the 

water component will be equal to the vapor pressure 

of water in the air atreatn. At that time water in the 

wet specimen can begin to vaporise with pure alcohol, 

but the composition of pure alcohol and water must 

remain as g2.4 and 17.6 mol per cent if equilibriua 

is ~o be maintained. 
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Discussion of Results 

Daing Curve of gellulo•e Nitrate Plastic. Since 

the cellulose nitrate and 95 per cent ethyl alcohol 

formed a colloidal eystez:, there was no constant rate 

period in the drying curve. 'Phe portion of the falling 

rat• period. that was studied was betwean 0.4 an.d 0.04 

gra.m alcohol per gram dry plastic. In t..b.is ran,;r,e the 

eurve was concave upward, since the vaporization rate 

of the alcohol decreased very rapidly until the 

~leohol content was reduced t~ about 0.15 gram per 

gram dry plastic, and much more slowly below this 

point. The fast drying period range,above 0.15 gram 

alcohol per gram dry plastic, was considered to be of 

the greatest importance in this study. rr thi3 rate 

was too high, ease-hardening. checking and warping 

resulted and the final drying rate wa~ lowered. In 

this range the rate was mat~rially affected by ex:ter• 

na.l drying conditions, while in the lower range humid-

ity had no effect. Thia indicates that humidity con-

trol should be applied in t.he upper drying range, only. 

~ffecy of Air Tem2ara~ure and Reiat1V! Water 

HBmiditX• Both ~he air temperature and relative water 

humidity influenced the drying rate and drying time. 
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The air temperature had a great.er eftect than humidity. 

Increasing the relative humidity decreased the drying 

rate and this effect was greater at an air temperature 

ot 130 •r than at 110 °F. It became less as the alco-

hol decreased and disappeared at 0.22; gram per gram 

dry weight tor 110 •p and at 0.17 gram per gram dry 

weight tor 130 •r. These ettects can be explained as 

followa. 

The increase ot relative humidity resulted in a 

decrease 1n the di!f erence or vapor pressure or water 

at the surface of the wet specimen and the partial 

pressure of water vapor in the a.ir stream. Thus, the 

driving force for evaporation of water from the speci-

men was lowered and the drying rate decreased. At a 

higher air temperature the drying rate was ~reater than 

at a lower temperature. ,:hen theae two rates were 

reduced by the same percentage by relative humidity, 

the actual amount of reduction in the tormer case waa 
la.rger than in the latter. 

As stated above, the drying rate affected by the 

relative humidity was only in the higher range where 

evaporation controlled. In the second falling rate 

period the relative humidity had no effect because 



the drying rate or the wet specimen was controlled by 

the diffusion rate or alcohol in the specimen. The 

points' of 0.225 and 0.170 gram alcohol per gram dry 

weight might be regarded as two critical points. 

Below them the drying rate belonged to the second 

falling rate period where the relative humidity had 

no effect. 

An increase of air te~perature raised the inter-

nal temperature of the specimen which, in turn, 

increaaed the drying rate in both the evaporation and 

diffusion periods. When evaporation controlled, the 

vapor pressure of water at the surface or the speci-

men was increased and the drying rate became larger. 

When diffusion controlled, the increase of internal 

temperature decreased the viscosity and increased the 

rate of diffusion. Thus, the total drying time was 

shortened by increasing the air temperature. 

The Ett~ct of Shrinkage. When a specimen was 

tested at a relative humidity of JO per cent and air 

temperature of 140 •F, warping and checking occurred. 

This indicated that the temperature was too high and 

relative humidity was too low, so that the surface of 

the wet specimen dried faster than the interior and 



the surface tended to shrink, following which warping 

and checking occurred. 

"'ilien the internal temperature or the thick brown 

specimen was raised to 130 °F by supplemental radiant 

heat, many bubbles formed. The reason for this was 

that at high internal temperature some alcohol Yapor-

ized in the interior before diff'using t.o the surface 

of the specimen. 

The Effect of Radiant Heat. Cellulose and its 

derivatives, as cellulose nitrate, have a long chain 

molecular structure. The secondary bonds between the 

chains can be broken by heat and the int~rior becomes 

softer. The thicker and darker the plastic, the more 

radiant energy ia absorbed under constant radiation. 

The intenial temperature ia, therefore, the critical 

factor rather than the temperature of the radiating 

surface. 

By using the same source of radiant heat the 

internal temperature of the brown specimen was raised 

2 to 5 •F higher than the. grey specimen. This was due 

to the darker and thicker specimen absorbing more 

raJliant energy to increase its internal temperature. 
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Another factor in radiant heatint_; was· indicated 

in runs No 12, 13, 12a and l)a. When the air tem-

perature was 110 °F and the relative humidity was 

increased from JO to 50 per cent, the internal tem-

perature of the specimen was decreased by 2 to 5 •r. 
This indicated that the water vapor in the air had 

absorbed some of the radiant energy. The internal 

temperature should have risen, as the effect or higher 

hwnidity was to slow the rate of drying and thereby 

decreaae the rate of cooling. 

The Advantage of Radiant Hea~. The internal tem-
perature of the specimen could be raised either by 

convection or radiant heat. However, a higher air 

temperature would require a higher moisture content 

to maintain the relative humidity. By radiant heat, 

the internal diffusion rate could be increased without 

affecting the effect of relative humidity in slowing the 

vaporization rate. Curves are shown in Figure 11, 

page 67, for teats in which the temperature was raised 

10 °F by radiant heat and 20 •r by convection heat. 

The slope ot the first curve (run No 14) was greater 

than that of the second (run No 10). This indicated 

that ~he total drying time, calculated by extrapolation, 

in the former case would be shorter. 
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Recormnondations . ..._........._ __ 
The following recommendations a.re presented for 

tuture study or the drying of cellulose nitrate plas-

tic. 

Se!ciri:~l!· T!1e specimen should be taken from 

commercial colloidal :naterial instead of preparing 

it from dried plastic sheet. The solvent is uniformly 

diffused in the colloid and uniform diffusion is dit-

ficult to obtain in finished plastic. 

Continuou.s Process. A continuous process ot 
drying without interruption should be used, and the 

spec1~;1en should be dri~d to equilibrium nlOisture con-

tent. Then, a butter comparison could be made of 
total drying time unc\er different conditions. 

Oper:atine~ Cond~~1.ons in Different Drr+na: R(\ngee. 

It seems that it is worth while to vary the operating 

conditions for a specimen in the drying process. Low 

temperature (:J.nd high humj.d.ity can be used. in the 

evaporation periods to prevent case-hardening. while 

in the diffusion period a higher temperature can be 

used to increase the drying rate and the control of 

humidity is not necessary. In this way the optimum 

conditions may be obtained. 



Range of 02et~ting Con~1tio,ns. Drying air of 
temperature higher than 130 •v and relative humidity 

beyond the range of 30 to 60 per cent should be used. 

The radiant heat should be applied in various cases. 

Construction o~ Drrer. In order to obtain opti-

mum conditions, a new dryer should be constructed in 

accordance with the following ideas. The size ot the 

dryer should be reduced by reducing the height or the 

lower part and the width of the dehumidification 

chamber; then the time required for adjusting the 

air to the desired conditions can be shortened. An 
automatic temperature control and humidity control 

are necessary to maintain the exact air conditions. 

A set of dehumidification equipment or refrigeration 

coils should be installed in the humidification 

chamber t;o lower the humidification below JO per 
cent. The high pressure steam can be used to raise 

the air above 130 °F. The internal temperature ot a 

specimen by radiant heat should be easily raised to 

any degree. This may be accomplished by utilizing a 

rheostat control with the electric hot plates. The 

shape and size of the electric hot plate should be 

made to fit different specimens. 
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~tudx of Radiant)!eat. Radiant heat has rarely 

been applied to the drying of cellulose nitrate plas-

tic. This is a good field of study, not only for 

cellulose nitrate plastic but also tor other kinds 

ot plastics and surface coatings, and should be 

further investiga~ed. 
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Limitations 

This investigation was conducted under the follow-

lng limitations. 

Specimen. Thie cellulose nitrate used was 

pyralin made 'by E. I. du P?nt de Nemours a.nd Company 1 

plasticized wi.th camphor. Two types of specimens 

were tested; one was grey color, 0.18 milli~eter 

thick, and the other was bro"ffl color, 0.6 millimeter 

thick. 

Air Ve~~~it?• Air velocity was kept constant 

at 50 feet ~er minute. 

Solvent. The solvent used was 95 per cent ethyl 

alcohol. 

Alcohol Content. In most cases, the drying tests 

were started below an alcohol content or 0.4 gram per 

gram dry weight or plastic. 

Relative ,Hwtµdit.I• The relative hwnidities were 
limited to )0, 40, ;o and 60 per cent. At 60 per cent 

moisture condensed on the smspension wire and the data 

were not taken. 

Air T~mperatu:i;t. Air temperatures in the dryer 

were lLi:rdted to 110, 120, 130 and 14.0 °F. At 140 •r 
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the difficulty of m.a.1ntainin~ a constant temperature 

prevented making a complete test. 

!qtter:nal Temgerature 0£ S;eecimen bx Radiant Heat. 
By supplementing convection heat with radiant heat the 

internal tec;1perature or the grey specimen waa 

increased to 114, 128, 130 and 154 •r, and or the 

brown speciJ!Kln to 119, 1;0, 132 and l5g •r. 
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V.. CO~iCLUSI'lNS 

The invastigation of the effects of relative water 

hurnidity, convection heat and radiant heat on the dry-

ing of celluli:>se nitrate plastic led ~;o the following 

concluai:.ms. Unless otherwise stated all plastic :nen-

tioned below is 0.18 millimeter thick grey cellulose 

nitrate plastic with tha corm~ereial name of pyralin. 

l. When the internal temperature of the wet plas-

tic was raised from 104 to 114 •r by supplementary 

radiant heat, with drying air at 110 •r and 50 per 

cent relative humidity, the drying rate ot plastic was 

increased without causing case-hardening or warping. 

·rhe drying time was reduced from 12.9 hours to 10.2 

hours for drying the plastic from 0.352 to 0.075 gram 

alcohol per gram dry weight. 

2. When the internal temperature of the wet plas-

tic was raised to 12$ and 130 •v by supplementary radi-

ant heat, with dryin€~ air at 110 •r and 50 and JO per 

cent relative humidity, respectively. the dryin,~ rate 

of the plastic was increased, but physical damage to 

the plastic resulted. 
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3. The maximum safe air temperature for drying 

cellulose nitrate plastic without radiant heat was 

between 130 and 140 °F, physical damage to the plastic 

occurring at 140 •r. 
4. 'l'he effect of tncreasirv: the relative huntidity 

was to decre:.a~e the dryin;:; rate at higher alcohol eo:!-

tent of the plastic, and the effect lncreased with 

increase of air te!aperature. It became less c:ts the 

alcohol content decreased and disappeared whan the 

plastic had been dried to 0.225 gram alcohol per gram 

dry weight at 110 °F, and 0.17 gram alcohol par gram 

dry weight at 130 °F. 

5. An increase in humidity caused only a slight 

increase in drying time to alcohol content of 0.10 gram 

per gram dry weight and an increase in air temperature 

shortened the drying time much. To dry the plastic 

without. physical damage from 0.315 to 0.100 gram alco-

hol per i;ram dry weight required 9.g5 hours at 110 °F 

and 50 per cent relative humidity, 9.5 hours at 110 •F 
and 30 per cent relative humidity, l;..~ h'.')ure at 130 •F 
and 50 per cent relative humidity and 4.3 hours at 

130 •F and 30 per eent relative humidity. 



6. Radiant haa't wa~~ effect..ive in raisinr': the 

internal tenperature of the wet plastic without damage 

to the material, and the effect ',"1-as slightly s~reater 

with a thicker specimen of dark color than with a thin 

specimen of 11£~ht color. 
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VI • SUM:\tARY 

In the manufacture of cellulose nitrate plastic 

so:ne physical da!llage of the finished product always 

results durinri: dryint?;. The drying conditions should 

be studied and improved. 

The purpose or this investigation was to determine 

the effects or relative water humidity, convection heat 

and radiant heat on the drying of cellulose nitrate 

plastic. The conditions causing case-hardening and 

physical damage were obs~rved, drying rate was deter-

mined and drying time compared. 

Specimens of cellulose nitrate plastic sheet, 

plasticized with camphor, were soaked in 95 per cent 

ethyl alcohol. They were first dried in a compartment 

dryer by conditioned air, with or without radiant heat. 

Then, they were removed to a zero relative humidity 

desiccator to be dried until the wei~ht became constant 

within a one-day peri~d. 

The values of relat:tve humidity studi•d were 30, 

40, 50 and 60 per cent. The air temperatures studied 

were 110, 120, 130 and 11..0 •F. The detailed data were 

not obtained at 60 per cent relative humidity and at 
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140 •F because these eonditL)n!'.l could not be controlled. 

The radiant heat was supplied from two electric hot 

plates and used t0 increas13 the int£~rn:.il te:nperature of 

the plastic. 

The effect of' incrcn.tsint: the relative humidity was 

to reluce or av,.)id. da~nage to the plastic and to reduce 

the drying rate at higher alcohol content. This effect 

increased with the increase or air temperature and 

became less as the alcohol content decreased. It dis-

appeared at 0.225 gram alcobol per gram dry weight as 

dried at 110 °F and tempi:lrat,ure, and at 0.17 gran:; per 

gram dry weight as dried at 130 •v. 
Increasing the air temperature increased th11t dry-

ing rate and shortened the drying time. The maximum 

safe air temperature for drying cellulose nitrate plas-

tic without radian~ heat was between 130 and 140 •p. 
physical damage occurring at 140 °F. 

Radiant heat could be applied to raise the internal 

temperature of the wet plastic and to inerea~e the dry-

ing rate without causing case-hardening, the effect 

being slightly greater with a. thick plastic of darker 

color than with a thin plastic or light color. 
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When the internal temp•arature 0f tha wet plastic 

was raised to 12g a.nd lJO °F by supplementary radiant 

heat, witr1 drying air of 110 °F and 50 and 30 ~r cent 

relative hurnidity, respectively, the drying rate was 

increased, hut physical da.maee t(> the plastic resulted. 
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