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ADSORPTION ISOTHERM STUDIES 
OF UUSUPPCRTED ORGANIC FILMS 

IHTRODVCTION 

History of Protective Films 

Paint is perhaps one ot the mo t ancient contri­

vances of man (2, p . 350 ~356) . There exists today. in 

Western l!.urope, paintin a executed by our pr1mit1ve 

nee tors some 50 ,000 year o. Although these pre ­

historic paints ar extremely orud , th y re obviou ly 

durable . In the period between 8000 B. C. and. 1000 B. C., 

th .Egyptian civilization became highly a ept in the art 

or preparing and applyinp coatinrs for decorative and 

protective purposes , a the rem in1 nrtif cts of their 

culture so adequately evidence . 

Although the advanced art of the Egyptians pa sed 

with time, and the world drifted lnto the hadow of the 

dark ages, the need for protection of surfaces g inst 

the elements continue • Around 500 A. D. to 1500 . D. we 

find many recipe , mo t of th m de p secret , for the 

manufacture or rust preventin~ compoun to be used on 

th steel armor or the day. 

In the F r East , lacquers nd varnishe ot high 

qual!ty wer beln@' develop d 1ndependently •. any 

articles with a nJapan" finish are in an excellent st te 
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ot preservation today , after a veral hundred years . 

These oriental aaoquer u ed pigments similar to tho e 

common in Western practice, nd a binder obtained trom 

~ Vernio1tera, a varnish tree . 

'l'he nineteenth century brought the first hint of 

the technological race now in progress; the quality, 

quantity, and variety ot p int product increased eno~­

moualy compared to that of prior times . There wa , 

however , verr little science in the manufacture ot paint , 

and almost without exception, only naturally occurring 

oils, pigments , and resina were ua d. 

Synthetic m teri la made their appearance at ap­

proximately the b ginning of the present century . Large 

qu ntitiea of nitrocellulose were lett unused t th end 

ot the Firat orld ar, and in a short time methods wer-e 

found to convert it to useful lacquers . At about the 

same time, tung oil began to be imported. Tung oil oan 

be us d with lower grade resin in order to produce a 

lower coat varnish with good qu 11ty. Soon a low cost 

synthetic resin, abietic triglyceride, wh1eh her tofor 

had been unuaeable was prepared and sold as a varnish 

component in large quantities . The Second World War out 

ahort the importation of tung oil nd in order to keep 

up production ot vital paints , ways ot improving tbe 

charact r1atics ot the dom stic drying o1la were 



neces y. Fortunately, they wer found . 

Corrosion 

faint has al ys been ed to protect iron and 

steel from attack by water and air , with varying degree · 

of sueo ss . Some coatings applied to ferrou metals 

will fail within days or even hours under severe con~ 

ditions . There are also on record ca na of paint pro­

viding adequate protection of ste 1 structure for forty 

to fifty years . 

A the technology of paint advanced, so did the 

art of tood pr servation. It'rom tho first r al ntin" 

can, evolved the modern low co t at 1 contain r bich 

is produce , distributed , and used profusely. 

One or the greatest problems of the canning indus • 

try 1 that of prevontinv corrosion nd tLle corresponding 

adulteration and spoila~e of pre erved food . In order to 

achiev this, eoatirw,s are applied to the inside of the 

can which, 1 t is hoped , stop or .,reatly reduce the r t 

or corro ion. At first metallic coatings ere used, and 

to some extent they are still u ed, but the greater part 

of the c ns used today are protect d by a very thin layer 

of a non-piamented synthetic resin varn1 h . Th re are 

many types of resins used for thi purpos • nd each type 

has merits, but no coati~ is completely effective . 
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Tfm PROBLEM AND METHOD OF' ATTACK 

Filiform Corrosion 

As stated previously, steel, even when protected 

by paint film, is still subject to rusting. In the 

p rticular case of a steel can with thin varnish film 

end high concentrations of water vapor, a very common 

type of failure is known aa filiform corrosion. tne 

name s uggests 1 a filament of rust is formed which 

eventually will de troy th u eful surf oe of the st el . 

This type of corrosion as named by c . F . Sharman (4, 

p . 621• 622)(5 , p . 1128-1127) and h s been described by 

VanLoo et !!· (7, p . 277 - 283) . 

In filiform corrosion defect in the protective 

film appears to start t he process . Soon a small '*hee.dn 

ppear which moves underneath the film loaving a 

rai ed thread of hydrated ferric oxide behind. The head 

is the main subject ot interest since in it take place 

the reactions which start the proces and which keep it 

in action. The he d is green in appearance , t h front 

semicircular and t he rear V ahap d . In t h progros ot 

this action one filament never cro ees another, but i 

d fleeted aw y from t dry r ust deposit . 

This type or corrosion t kes pl ce wh n t he rela• 

tive humidity is above 65~ , nd under films which are 
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permeable to gases . It is independent of light , grain 

tructure of the underlying metal , and biologic l 

activity. Filament prowth is taster under thicker films 

and with wider filaments a.t high humidities . Figure lA 

and lB display typical examples of filiform corrosion. 

A l'i!echanism 

A mechanism for filiform corrosion has been dvanced 

by • B. Sl b h and Morris Grotheer (6, p . 1014- 1016) . 

According to this theory , water vapor trom the atmosphere 

above the film permeates the film by osmotic action 

carrying soluble ions pre nt in the film with it as it 

does so . Th ese i ons, now in water solution, are deposit­

ed on the iron surface , probably with a certain amount 

of atmospheric oxygen. A partial oxidation of t he iron 

takes place causing a very concentrated Feii solution 

ith dark een color to be formed . The pressure due 

to osm.osi.. now becomes quite high , since t h e vapor pres ... 

sure or the solution is lowered greatly bee use of it 

concentration. The prsssure is great enough to break 

the film to metal bond in the weake t spot around the 

initial head . The subsequent liftinp; of the film in the 

direction of the eakest bond cause the movement hieh 

is observed . After the solution diffuses to the under 

urface of the film, tmosph ric oxyg en complete the 

oxidation and ferric oxide is form d which 1mmediately 



COATED STEEL PLATE SHOWING PHOTOMICROGRAPH OF SEVERAL 
APPEARANCE OF FILAMENTS (I X) FILAMENTS, SHOWING ORIGIN AT 

COATING DEFECT ( 2 0 X) 

FIGURE I A 
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SKETCH OF A FILAMENT ( 100 X) 
B. CROSS SECTION OF HEAD 
D. FERRIC OXIDE DEPOSIT 
E. HEAD, CONTAINING Fe: II SOLUTION 

FIGURE 18 



a 
coordinates the neces ry water from the solution to 

become the r !liar rust fil ment . 

The Role of the F11! 

In vi w of the propos d mechanism, it would seem 

that the characteristics or the film used to protect 

steel which corrodes holds the key to the problem. Since 

water vapor and other gases must pass through it , a 

study of the permeability ahould be usetul in determining 

ways o.r topping filiform. Another characteristic of 

the film wh1oh should be of ~reat inter st is the appar ­

ent presence of soluble ion • Undoubtedly , a gre t deal 

could be learned by a detailed examination or the solu­

tion present in th corrosion head . ~'he substances 

found there would most cer tainly g ive clues a to their 

or igin and manner of formation. 

Perhaps the most fruitful appro eh is a study ot 

the way in which water vapor is tr n mittcd through the 

film . Since large pre sures are apparently present in 

the head, the nature or ti~ film as a semipermeable 

membrane exercises the controlling influence on the 

procos$. 

By obtaining adsorption isotherms one might expect 

to obtain highly relevant information about the surf ee 

of the film , the pores which it obviously contains, and 

eomethin~ of the way in which soluble materials are 
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,. 

removed from it. 

The Attack 

lt was deeided t hat the best way to approach the 

problem was from three standpoints: 

A. In order to obtain adsorption 1 otherms of several 

types of films, an apparatus is needed 1n hieh to place 

the films , remove the air, and admit a gas. After the 

films are established in a vacuum and their temperature 

regulated and accurately measured, a means is necessary 

to continuously eigh the eamples as the adsorbate gas 

is admitted . This is a standard gravimetric adsorption 

apparatus, except t hat since the films are known to 

exhibit quite small adsorptive properties , it must be 

capable of detecting very small weight cha~~ee ithout 

at t he same time decreasing the precision. As an adsor• 

bat gas ater vapor is no doubt t he best choice since 

it can b e ed at ordinary temperature and since the 

corrosion process is so obviously characterized b'2t the 

film's physical and perhaps chemical reaction to water 

vapor. The !'irst pproach, t hen, is to construct a 

highl y sensitive water vapor adsorption apparatus and to 

use it in the accumulation of adsorption data. 

B. A correlation bet een t h e adsorption charaoteristies 

ot t he film used to coat steel cans and t he corrosion 

properties or t he coated steel is necessary in order to 
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evaluate the experimental results . Therefor , there is 

i1.eed for information bout the manner in which the 

coated st el fails under a variety of conditions . This 

information may be gained by placing sample of film 

coat d steel in three humidity c nambers , noting the 

f111forms which result and by aom method of comparison, 

obta1n1~ the relative rates of corrosion. It is perhaps 

impractical to stud~ the effect or temperature on this 

process since the chamber must be so large and so long 

a time i involved . By placing thin layer of v r1ous 

substances on the sur:faoe of the r1 coated steel , one 

mi~ht obtain 1nteroatinr changes in the proce s . Washing 

the coated plates in an attempt to remove solubl com• 

pounds before the humidity tost m1~ht also prove to be 

useful test . 

c. The time relationships which exist b t een placement 

of the test p nel in a high hum1d1t~ atmosphere , the 

first failure of the film . and development of a corrosion 

filament are the object of the third dir ctlon of attack. 

The best a1 of recordin~ these things is by means or 
motion pictures . In order to speed u the otion, rela­

tively long intervals between p1oturos are needed . 

Slight m nif1cation is also n ce sary to make the ub­

ject easily visible . This t chnique may also br ing to 

l~1ht new a pacts of the process hicb would otherwise 

be unnoticed because of their slo ness . 
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EXPERIM:KNTAL METHOD AND APPARATUS 

Adsorption App ratua and Use 

Figure 2 and 3 illustrate the appar tus used to 

obtain the ad orption data . It is a stand rd gravimetric 

type . Th sample of film (a) hanrs su ended freely on 

a thin glass rod (b) with a hook on both ends . Three 

sm 11 alip cut f rom a dis carded spring fasten the 

bundle or film to t he rod , The hook prevents it from 

slipping of£ t he end . The other end or t he rod is 

hooked through a loop at the end of the spri (c) . 

The spi'l:ng is composed of 300 to 400 turns of copper 

beryllium wire 0 . 010 inch thick and wound on a on - half 

inch form. In ord r to make a useful spring, heat treat­

ment was necessary . The treatment used consisted of tour 

parts: 

1. Wind the wire on a form wh1oh conduct heat 

rapidly . uch as an iron rod or, better, a copper tube . 

2 . Quickly hoat to 760 - 780° c., and remove 

rter t o or three minutes if an i r on rod form is used 

cr about forty • .five s&conds if a copper tube is used . 

3 . Immediately quench in cold water. 

4 . Reheat to 316° c. for three hours and eool . 

The sprin~ t hus for med has a sansitivit. ot bout 

one mg . /mm. t 30° C. o.nd a maximum load or 200 - 300 mg . 
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if the rate of drift is to be kept small . The drift 

rate after aging was f'ound to be 0 . 1 - 0 . 2 mm. per day 

1th maximum load . 

The upper end of the spring is fastened to another 

glass hook sealed into the closed end of a tround glass 

joint section (d) . This section fits into a long ~lass 

tube (e) which extends down to enclose the stretched. 

spring and ends in a ball Joint (f) . The .function of 

the upper joint ie to permit removal and insertion or 
the spring from. the top where it is mo t convenient, 

rotation of the entire suspension , and adjustment of 

spring length. Inserting a link between the hook and 

the spring end, thus making the spriflb lollL"er , or hooking 

t he spr1n~; further down, making it shorter , is accomplish• 

ed here . At the ball joint is attached a short length 

of tubir~ with another closed end . This encloses the 

sample . 

Nine such columns are used , four on each side 

house the eight spr,ings with t heir attached sample, and 

the central one contains a t hermometer, in order to 

measure the tem,perature of the air bath. All nine 

columns pass through wooden box, lined with aluminum 

f'oil' and faced with g lass . Each column is connected 

through a separate stopcock to the vacuum system. The 

stopcocks permit localization of small leaks . It was 
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necesaarJ to lap the ball joints with silicon car'bic:le 

compound to prevent tine leaks from developing. 

Copper-beryllium 8pr1ngs are quite sensitive to 

temperature changes . To keep the temperature constant, 

a blower (g) circulated air over a cooling coil 01), a 

lamp bulb (1), and through the enclosure. The lamp 1a 

controlled through. an electronic relay (j) by a b1•metal• 

lie thermo-regulator (k) moWlted at the center of the 

bath. 

Considerable d1ft1oulty was experienced in main• 

tab1lng a temperatur which was adequately constant. 

The thermo-regulator and thermomet r respond so slowly 

to air temperature changes, tnat any adjustments were 

required in order to r produce the 30° o. chosen. A 

certain amount of drift 1n the thermoregulator was noted 

th1a required periodic adjustment even after the correct 

temperature was initially re ched . The temperature aa 

noted on the thermometer in the center tube did not vary 

more than 0.1 • 0 . 2 degree with close attention, which 

caused a spring movement ot about o.l mm. 

The lower tube sections, containing the film 

samples, are immersed 1n a water bath (e) which is main­

tained at the proper temperature bf an arrangement s1m1lar 

to that UB d for the air b th. This temperature W&S V8r'J 

constant and did not vary more than 0.1 degree, burins 
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equipment failure . A pump (n) elrculatea water from the 

r aervoir (m) to the tar nd or the bath, whereupon 1 t 

flows over the sample tubes , through a siphon, and back 

to the reservoir. Large tubes are uaecl to insure rapid 

otroulation, and aa a result no detectable temperature 

difference ex1ated 1n the system. 

fhe means of measlll"lng epr1ng ext naion 1a shown 

1n Figure a. The thin glass rod between the end of the 

apzt1ng and the sample holds a short rod segment which 11 

sl1ghtl~ larger in diameter. Olear cement holds the 

segment in place. Behind the column is mounted a light 

source wh1ch cons1 ta of a s1x volt automobile lamp (o) 

and a condensing lena of the type used in eight m1ll1• 

meter motion ploture projectors (p) supported 1n an 

aluminum trame. In front of the tube 1a a telephoto 18D8 

ot six inch too 1 length. ~he eoncienaing lens toousea 

the lamp filament image on the rell!' element ot the tele• 

photo lena , and atter prop r adjustment, an image of the 

two roda is preJect d on a chart (q} fastened to the 

wall of the laboratory. In thia way a magn1f1oat1on of 

approximately thirteen times 1s achieved. The inset or 
F1gu•e S ahowe the appearance ot the projeoted tmage. 

A circular t1eld 1a produ.oed and 'lfhen the weight ot the 

aample changes 1 the 1mag ot the rod moves thirteen timea 

as far as the rod itself. The segment cemented to the 
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support rod is cut o th t its 1m e is lightly short r 

tr...an the diameter of the field , thus when the top of the 

rod irn e disappears, the bottom comes into view a11d the 

working range is nearly doubled. The chart is covered 

with a ro ~h surfaced clear plastic sheet so t h at pencil 

markings may b easily erased when a run is finished . 

Each column is so equipped and current for the l~ps 

is distributed by a solenoid actuated rotary switch. A 

push button above the chart controls the solenoid and 

switches current from one lamp to the next , from the 

first through the ei~hth and then repeats . Readings of 

all eight columns can be made within one minute . 

In order to find the adsorption curves of on to 

eight samples , the films are first weighed on an nalyti­

cal balance to the nearest milligram, placed in the 

columna, temperatures regulated , spring length adjusted , 

and the chart positions marked . Th n pumping is started . 

A two stage mechanical pump was sufficient to reach a 

pressure of one to ten microns . 

fter a time when all dsorbed material 1s thought 

to be removed , the chart is again marlled . By using 

previously obtained calibrations , the true dry weight ot 

the sample 1s calculated . There i an error in weight 

by this method since when the air 1e removed o is ita 

buoyancy on the. suspended objects . The error was calcu­

lated to be about 2 milligrams , hich wa found to be 
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insignificant. Chanr ing the temperature of the wa.tor 

bath had no effect on the chart readings . 

Now the run is started . The tube (r) containing 

previously degassed water is opened, and closed when 

approximately the desired pressure is noted on the oil 

manometer . This readinp- is 16. 5 times larfr er· t h an the 

mercury manometer readinp. and so is much more accurate 

at low pressure • It wa found that a ga of some sort 

diffused very slowly out of the oil and caused a small 

error in the pressure reading, of two to four rnm. of oil 

in 48 hours . This also was ne~lected as insignificant . 

After sufficient time for equilibrium, t b e chart is 

marked , the manometer read and recox•ded, and more vapor 

admitted . The chart readings are converted into weight 

changes by use of the spri~r calibrations . Continu tion 

of this process results in a complete isoth erm. 

Preparation of Films 

The films wer e supplied as varnish coatings on 

CM~ steel plate selected for uniformity of surface nd 

composition. Table I g ives t he identification nnd 

approximate weight of t h e co ting s . 
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FIGURE 2 ADSORPTION APPARATUS 
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Table I 

DB.SIGNATIOll OF POLYMER FILMS 

Film ·umber T:ypo 

I 

II 

III 

IV 

v 

VI 

VII 

VIII 

Oleoresinous P- 9 22 

Phenolic P- 2 17 

Vinyl X- 21 Heavy 26 

Vinyl X - 21 Light 13 

lkyd 10 ­ E- 55016 22 

EpOX}' E- 5 17 

Hydrocarbon DX-15 18 

Hydroc bon DX-168 20 

An electrolysis method as u d to remove the 

contins s . Pl tes three by four inche were first pl ced 

in a te bath for one to three hours , depend1n~ on 

th typ of coating , then el ctrolyzed in 1% sodium 

carbonate solution ~sing a potential of six volts . A 

platinum foil was the po itive electrode , and the steel 

panel the negative electrode . El ctroly is continu d 

until hydro -" en formed on the ateel sur.f ce completely 

loosened the film. There is probabl y a eharu3e in th 

oh r cter of the fi s due to t his treatment , but it is 

an eff'icient me thod that is r;enerall'Y ccepted . An 

attempt wa made to apply varnish to plates with a layer 
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ot a mercury- tin amal ~am on the surface, but it as not 

successf"ul . 

The ~reatest difficulty was experienced in trying 

to keep the films made in this ~ay in one p1eo • After 

remov 1 from the electrolysis bath , the plates were im­

mersed in distilled water and t he films elipped off . 

After w shing, t h e films were dried on a frame of glass 

rod, either at room temperature or in an oven at 80° c. 
or less . Upon drying , the film almost invariably stuck 

to the frame, and it as neees ary to cut around the 

edges to remove it . Several of t he films are very fr 1le 

and brittle when dry. Film II gave the greatest diff1 ­

culty in this connection . i t h suf'fic1ent ti.rne and 

patience , however, approximately 250 mg . of' each type 

was obtained in larg e enough pieces to permit suspension 

f'rom a pr1ng without the use of a bucket . 

Corrosion Tests 

Three humidity chambers were u ed to find the 

rel tive corrosion rates of the various coated panels 

at 70, 80 , and 90 percent rel tive humidity . The e 

chambers were large g l ass cylinders w1th a flat g l as 

plate sealed to t he top with gre se . Saturated salt 

solution kept the humidity const nt; ammonium nitr te 

and potassium chloride for 70%, monium ul fa te for 80% 

e.nd sodium c ar bonate decahydr•ate for 90%. No ttempt 
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YIS.S made to control the temperature of these chambers, 

even though a temparature cf>qnf! e caused a humidity chan , 

s ince only a. comparison of corrosicm rates as desired . 

The variation in room temperature was not r;rea.t enough 

to cause important error • 

Three by four inch plates with the eight different 

types of coatings were placed in each chamber. Forty­

eight additional plates were pl ced in the SO% chamber . 

Each of the eight types were treated in six. w ys . The 

treatment consisted of applying a two percent solution 

of: 

a . sodium chloride 

b . sodium hydroxide 

e . sulfuric acid 

d . po tassium chromate 

e . thiourea 

The sixth treatment was a 14 day immersion in running 

water (w). Only half of the plate was treated, the othor 

half being left as a comparison. The solutions also 

contained two percent deterg nt whioh was neoessal"'Y to 

wet the film with a break free layer of solution. 

Exposure of all the plates was started at the sam 

time, and they were periodically oxamined . After a 

reasonf.1)l.e amount of corrosion had occurred, a plate was 

removed and placed in a dry box to stop the action. All 
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pl tea still in the chambers after nine months wer al o 

removed. The time of expoaur • the trea.tm nt, and. the 

humidity were m rked on each plate . 

Photos r m 
The meat convenient corrosion system to follow 

photographically was a vinyl film with sodium chloride 

eoatlng at 90 p roent relative humidity. F111forma grow 

rap14ly and are about one millimeter wide. Th 1 are 

very characteristic ot tb.ia type of corrosion. 

A sixteen millimeter motion picture camera with 

"through the lens" focusing was uaecl . A olenoid oper­

ated cable release actuated the single tr e rele se on 

the camera. Light was provide by a ring of ten siX 

volt flashlight lamps . Current for the lamp originated 

in three two volt lead•aeld cells connect d in ser1ea 

and w s controlled b'f a relay. i'he wet cella were kept 

continually charged by a trickle charger upplying 0 . 25 

ampere . 'l'he lamp consumed 0 . 5 ampere each for total 

ot five amperes . The fil nt temperature was me sured 

with a pyrometer and found to be around 3500°, so tnat 

color film balanc d for a 3400° aource was used without 

compensation. 

The olenoid and relay were connected to a t1m1ng 

unit con 1st1ng ot a recycling ttmer and two thermostatic 

delay rel ys . In operation, the lamps are turned on. 
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followed in t!~ee second by operation of t he solenoid, 

hich cause the c era to photograph one f rame . After 

t o seconds more , t he solenoid is relea ed nd 1n another 

t hree seconds the lamps are extinguished . The complete 

cycle is repeated at i ntervals dep nding on t h gear 

combination used in the r cycling timer . A fifteen 

minute i nterval was found to be satisfactory for an 

apparent rate of growth suitable for detailed examination. 

Two methods for obtaining magnification ere used . 

The first utilized extension of t he standard l ens so t hat 

1m e distance was maller t han object di tance . This 

as unsuccessful b c use t h e lens did not have suff icient 

r solution and flatness of field in t hat arr ngem nt . 

The second method used a t~~ee inch telephoto lens 

on t he camera with the standard one inch lens fa ten d 

to t h e front so t hat t he light passed through the one 

inch lens in a reverse fashion. The two lena arrangement 

resulted in much better picture • 
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THE DATA 

Ad orption 

Several adsorption runs were made . The curves ob• 

tained showing the least divergence of points are re­

produced in Figure 4 . Along the absciss is plotted 

the pressure of water vapor in millimeters or mercury . 

Alons the ordinate is weight cha~3 e or the sample in 

milligrams per gram of film . The temperature or the 

samples was held at 27° c. The adsorption and desorption 

curves wore made in approximately 14 step , each with a 

60 minu te interv l between to allow equilibrium to t k 

place. A period of 12 hours el psed between the nd of 

the adsorption curve and the start of desorption during 

hioh time the pres ure decreased spontaneously and the 

eight increased. 

The two vinyl films, III and IV, showed such very 

little a.d orptive properties that no me ningful data 

could be obtained . Indeed, the buoyancy effect of the 

ater vapor proved to be greater than t heir weight 

change at lower pre sures, and the increased adsorption 

at higher pressures near the top ot the curve at111 did 

not provide measurements gre t er than the errors of the 

sy tem. The buoyancy effect on the other samples was 

relatively very small and ~as neg lected . 
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It is observed that neither end ot the curves meet 

in most cases . Even extended pumping periods did not 

cause the springs to return to their original positions . 

This behavior was not due to spring drift since the 

original drift figure , 0 . 1 mm/ day, ~rew smaller as time 

passed and e.t the time of the run was practically 1m­

measureable over periods of a week or two . Also , the 

wide variance of nonreturn characteristics is a negative 

indication of drift, since all prings had nearly equal 

drift rates . 

Curves were also obtained at 17° and 37° c. using 

the same techniques as at 27o . Three or these are dis ­

played in Figure 5 . The axes are the same here except 

for an expanded ordinate seale in order to better show 

tho 37° plots . The other samplest behavior bears a 

similar relation to the 27° data as the three shown do . 

The verage slope increases ao temp rature decree. es , 

as does the shift in endpoints . The shape does not change 

appreciably with temperature . The 27° curves ere omitted 

for clearness sake . They li approximately midway be­

t een the 170 nd 37° lines . 

While the e.pp ratus waa still being adjusted nd 

improved , partial isotherms were obtained over a long 

period of time using films I , II , and VII . These had 

v rying intervals between readings but usually were 
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several hours . Th y reached only to 14 mm. ot pressure 

because of leaks developinG in the system. 

The points gathered than were rather widely scat­

tered and therefore were not seriously considered since 

it wa thought that when apparatus improvements were 

completed, this scattering would cease . 

Later , when improvements were finished, isotherms 

on all films were done at three different temperatures 

using a 30 minute equilibrium period. Thi was eon ider­

ed quite suffici nt since diffusion or water vapor 

through the films has been shown to take place very 

rapidly ( 3) 

In spite of the high diffusion rate , the fitms 

still appeared to gain weight upon standing for periods 

longer than 30 minutes . In order to find a satisfactory 

interval, a rather rough experim nt as carried out to 

determine the relation between adsorption to equilibrium 

conditions and the time involved. The experiment seemed 

to show that 60 minutes would be a better interval. 

Aeoordingly , complete adsorption-desorption isotherms 

were run at three temperatures using a eo minute interval. 

These are the subject of Figures 4 and 5 . Prior to this 

time , desorption isotherms wore not attempted. 

Tho endpoint shift and apparent hysteresis still 

pointed to a lack of equilibrium. 
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Then the early long- time curves were reoalled . It 

wa thought that a comparison of these, the 30 minute and 

the 60 minute plots, would give an indio tion or tbe time 

required for true equilibrium. Figure 8 compares these 

isotherms . The time required to reach 14 mm. pressure 

is marked near the corresponding curve . Obviously, 

equilibrium is not reached in any reasonable length ot 

time, at least in the ease of I and VII. Drift cannot 

ccount for the divergence for it is not rapid enough; 

also the lack of divergence in II neg tes that possibil­

ity. 

It seemed as though a very slow reaction was taking 

place bet~een the film and water vapor . A kinetic study 

of the films appeared to be the next reasonable step . A 

plot of sample weight as a :function of time is shown in 

Figure 7 . At time 0 at the tar lett of the plots a 

pressure of 9. 6 mm of vapor was admitted at 170 c. and 

more tor the first few hours to ke p the pressure con­

stant . All the films bmnediately adsorbed a certain 

amount, but then a slow continuous increase began which 

was considerably greater than the pring drift rate . At 

74 hours , the solid line indicates a raise ot temperature 

to 270 c. , pressure to 2lmm, and a lap 8 or ten days . 

Film number II, VII, and VIII gained sueh a large amount 

that they were no longer measureable . The weight of the 



oth r is ahown by a small hor1zont 1 ltne. 

Aft r the ten day period• the vapor was removed 

and the amount or desorption shewn occurred witb an 1n• 

verted form of the adsorption curve. Th w14e variance 

ot nonreturn again P>inta away trom spring drift as .an 

explanation. 

All the evidence so tar pointed toward a very slow, 

possibly irreversible, hydrolysis reaction. In order to 

prove this assumption the rilm samples were removed and 

reweighed, it being obvious that they muat be cona1derab]J 

he vier than when first installed in the columns . 

Every sample waa found to have exactly the e 

weight a recorded earlier. 'l'hia was in eecl urpr1a1ng. 

The only poe ible explanations tor the app rent weight 

gain were a larg adsorption ot water vapor e1tb r b7 

the apring or b1 the glass au pension rod . The tact that 

the phenomenon was s.low tended to .discount the posaibilit,­

ot pur physical adaorpt1on, since tbia 1a nearly alw ya 

quite r p14 on simple surtac s . The most reasonabl 

choice ppeared to be either a reaction at the spring 

surface or alow physical daorption on a mod1t1 complex 

spring eur1'aoe caused by th r1gore ot heat tre tment. 

The v ry am 11 amount ot gl s present m de 1t seem 

extremelJ unlikely that 1t could be r esponsible . · 

I n t he mall amount or time available, n expertment 
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as conducted to determine the effect of high humidity 

on the spring s . All eight s prings were loaded with g lass 

w i ghts of approximately the same weight as the samples 

t he springs previously supported . Four of the columns 

were evacuated and t he other four ere filled with water 

vapor to reach about 00 percent relative humidity. 'l~e 

positions or the springs were marked at the outset and 

every 24 hours thereafter . At t his writing, two springs 

have been exposed 72 hours , two 48 hours , and :tour for 

24 hours . 

All the spring s experienced a s mall initial drift 

which di appeared after an hour or two . The dry springs 

did not go beyond this point . The prings exposed to 

w ter vapor in all cases continued tole ! t hen with the 

passage of time. However, t he greatest chang e appeared 

to occur during t he first 24 hours . 

Even though t he data on this pha e of the problem 

are meager , t he humidity accelerated pr1ng dr1..ft seems 

to aeoount satisfactorily for all t he d1sorepano1es noted 

t hu:s far . If this position 1 held , then it appears 

t hat the film samples actually did come to equ ilibrium 

1n 30• 60 minutes and so the isotherms in Figure 4 are 

not so tar from the true ones as orig inally thought . 

There is of course a sizeable error b cause of the faulty 

spring performance, but in t he relatively short time used 
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to make the runs , the adsorption curves provide sign1t'1• 

cant characterization ith which to relate the ti a t o 

each other. 

Corrosion 

As stated earlier , all the test panels :rere removed 

from t he humidity chambers after nine months hether 

significant corrosion had taken place or not . 

The untreated panels wer remarkably resistant to 

corrosion. As a result , the plates exposed at 70 percent 

and 90 per cent and those untreated ones exposed at 80 

percent relative humidit, :ere all left in the chambers 

the full nine mont hs and even then little or no filiform 

ppeared . EJtceptions er those coated with .film III 

and IV , which fail d quite rapidly. Because of this 

state of affairs , it as not possible to compare the 

r te of corrosion of t h e untreated panels , nor to deter • 

mine the effect of humidity. 

A method of 5rading the corrosion resistance was 

still needed, however , and therefore the performance of 

the treated panels as used . All t h e panels having a 

slmilar tre tment ere pl oed 1n descending order of 

failure . · This as done by first separating them into 

groups of equal exposure time , then visually arran3ing 

the panels within a group according to the amount of 

corrosion present . The grouping according to time ot 
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exposure was given precedence over the visual comparison. 

This process resulted in six arrangements of the ei~ht 

plates . Each plate was then given one of eight numbers 

according to 1ts position in o. particular arrangement. 

A g iven type of plate then had oix numbers . The average 

of these position numbers gave a relative corrosion 

resistance value ranging from 1 1'or the best to 8 for the 

worst . Table II lists the values resulting from this 

procedure. 

TABLE II 

Relative corrosion 
Film t.iJ2e resistance value 

I 

II 

III 

IV 

v 
VI 

VI! 

VIII 

5. 2 

6 . 4 

1. 4 

1. 6 

4 . 2 

4. 0 

5 . 2 

s.o 

Figure 8 is a graphical presentation of the effect 

of various subs tances on the rate of filiform formation 

according to the method outlined on page 20 . Tho type 

of coatine is listed in the first column, the treatment 
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in the next . The letters rerer to the type of treatment 

as listed on page 21. A heavy horizontal line indicates 

the effect of the treatn1ent on the rate of corrosion as 

determined by comparing the treated half with the un­

treated half. A he vy horizontal line extending from 

the center (NCJ may end in GR , greatly retarded; R, 

r tarded; A, accelerated; or GA , gre tly accelerated . 

The short lines through the t~C position indicate no 

chang e or rate . As stated before, the corrosion r te 

was very slow in most cases, and t herefore some of the 

panels showed no corrosion on either half' . In these 

cases it was not possible to determine the effect of 

the treatment, and the line is omitted in the graph. 

!lotion ~1gtures 

Many d1ff1cult1es have beset this undertaking and 

as yet no suitable films are ready. 
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ANALYSIS 

It was thou~ht that perhaps the surface areas would 

furnish a correlation to the re 1st nee of the films to 

corrosion . Th adsorption data, although in error, can 

b used to calculate the surtaoe area of the :films . For 

this purpose the classical method ot Brunauer , ~mmet and 

Teller 1 used (1, p . 309• 319) . This theory has b en 

explained in ne rly very discussion of surf ce ch emistry 

for the past ten years , and therefore there 1 no re 1 

need to repeat here . 

The adsorption data obtained up to about 30 perc nt 

relative humidity is us d to calcul te the area, and so 

the in trumental difficulties discus ed prev1ou ly are 

to a 1 r ge extent byp seed in the isotherms made using a 

60 minute interval and shown in Figure 4 . The areas 

calculated are tabulated 1n Table III. 

TABLE III 

Film txe• Surface area u2f.B 
l 12. 9 

II 33. 4 

v (26 . 5} 

VI 18. 6 
VII 27 . 4 

VIII 40 . 8 
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All the isotherms g ve good B. E. T. plots from 5 to 

35 percent relative humidity except film V whos pointe 

exhibited oonsiderabl scatter. This was expected from 

the shape of the isotherm, siPAe an S hap d curve or at 

l a t one concave downward is necesa ry to give a g ood 

B. E. T. analysis . The best straight lin was dra n, how­

ever , and the area calculated in order to compare with 

the oth r films . An area of 10. 5 square Angstroms was 

ssumed for the watex• molecule. Tne 17° isotherme were 

chosen bee use th adsorption takes place at low pr ssures 

and the ef.fect of h h humidity on the springs was partiel­

ly avoided. It was assumed that the effect would b con­

siderably reduced at lo pre sures , although no rigorous 

experiments have been done to prove this point. 

The B. E. T. plots are not reproduced here since , to 

be ot any value , the points must be hown in th ir 

r elation to the straight line cho en and th1 requires 

a larg e graph which is not practical on account of the 

number ot films studied . 

Heats of Adsorption 

The conventional Clausius •Olapeyron equation as 

used to calculate the isosteric heats of adsorption in 

the hope that this might shed light on the situation. 
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TABLE IV 

Film Typ 
Heat ot adsorption

Kcal/mol 

I 9. 5 

II 

v 9 . 7 

VI e.s 
VII 10 . 2 

VIII 10 . 1 

These heats , g iven in Table IV, were ca.lcul ted u 1ng 

the amount adsorbed to form a monolayer as determined 

from the B. E. T. analysis . Data at 17° and 270 were used . 

The high pressure.s necessary to form a monolayer at 37° 

ruled out its use due to t he greater errors whioh would 

necessarily be present . Even ao, there is undoubtedlJ 

a fairly large uncertainty factor involved . 

If the difficulty with t he s prings had not been 

present, no doubt t he adsorption- desorption curves would 

be closed t t h e ends . Then, !f t h desorption and ad­

orption were not coincident, a calculation ot pore size 

distribution would have been possible. The unexpected 

spring behavior prevented this . 
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CONCLUS ION 

Correlation 

Upon comparing Tables II and III, we find a certain 

similarity. The vinyl films, III and IV, show the lowest 

corrosion resistance and they were also the poorest ad• 

sorbers hence they had the lowest surface area. At the 

other extreme is film VIII with t he highest corrosion 

resistance nd the h heat surface area. There are many 

discrepancies with the other comparisons, although there 

appears to be a significant trend . 

There re surely many ways of explaining this tre~ 

We might say that those films having a majority of large 

pores which pierce the film would readily pa a the w ter 

vapor necessary for the corrosion mechanism to operate, 

and because of their size would not adsorb nearly as much 

vapor as am 11 capillaries which fill readily due to the 

larger surface forces present . On the other hand , a film 

having many fino capillaries which do not pass through, 

ould tend to adsorb water vapor easily but not transmit 

as much to the st el panel underneath. 

Naturally , t here are many bad assumptions in this 

theory, and until consid rably mor data is obtained, 

speculation 1s useless . 

The adsorption heats are seen to be reasonably 
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close to the heat ot cond nsatlon or w tar. Again there 

are variations which cannot be attributed to any det1n1te 

phenomena. The t ct that the heats are small remoye the 

po aibility or chemisorption. 

The rapid failure ot tilma III and IV mar be ex• 

pla1ned by partial hydrolysis ot the chlorid polym r 

to release chloride ion. 'I'he chloride ion appears to 

have this effect on all the tilma as seen in Figure s. 
This may b expect 4 since the chloride complexes with 

iron readily. removes any ox141 zed iron formed , and thus 

eliminates the possibility ot a paas1vat1ng layer. 

The efteot or ulturic ae1d is also consistent. 

This is r asonable since t he ttaek ot iron by hydrogen 

ion is thought to be an important step in the corrosion 

process . 

In view ot this, it would be expected that sodium 

hydroxide would tunct1on to eome extent a an inhibitor .. 

The tact that in moat cases the corrosion rate did not 

increase upon application or th1a substance, and ctuallJ 

decreased in one ae ms to bear out, at leaat partlallJ, 

this prediction. 

Potassium chromate and thioure are generally 

accepted as corrosion inhibitors; however , their action 

is somewhat erratic. In this case there is apparently 

no consistent etfect. The acceleration noted may be due 
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to the wetting agent present in all the treatments . 

Further Studies 

Obviously , an investigation of the behavior of 

copper b ryllium springs 1 nee s ary 1f these are to 

be used with any degree or accuracy . Prob bly much 

better result can be obtained i th quartz springs . 

The most doubtful procedure in the experiment 1 

th method of removing the film from the steel panel 

beoaus there is no way of determining what changes 

occur during the process . Some rnethod should 'b round 

to produc the film without a support, thus elimin t1ng 

the electrolysis st p. 

The eorro ion experiment miEht be red sign d to 

give comparable failure in a reasonable time . This 

might be done by addition of m 11 amount of a 

volatile nonselective eorro ion occeler ting agent to 

th humidity chambers . 
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