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ABSYRACT

A study of the in*~rpbhase litween organic coatings and tae metal-
lic ~ubstrate has been continued., The nye of infrared analysie of
lacguer solutions is descrided as adaptable to multizomponet syvitems,

Adeorptinn isothermse wcre Getermined for alumninum oxide in
vinyl acetate-chloride copolyraer solations, Experimenial pro-
cedusre 8 were developed br which the anwunt ~f lacquer component
adsorbed from sclution by aluminum oxide could be determined by
comparison of the infrared analysis of the solution before and after
shaking with ihe oxide, Ia the cases investigated, it was found that
the greatest adsorpiion o vinyl chloride-acetate copolymers occured
with the lm former recogrized as proviaing the greatest adhesion,
The infrared procedure ran bk extended tv wulticompenant syatems
whnre the aralytical msthods used earlier were limited by requiring as
Tnany seperate analysis as there were components.

Preliminary investigation of the strength of the bonds {ormad
ia the interphas« hae been started. Study of wne natures of the inter-
pk2se was initiated through the construction of a dual calorimeter
systow for the measuremernt of zclative hsats of irnmersion of
alurminam oxide in zolutions of lacqner ingredients. Heat of immerzion
measuremen*s of aluminum oxide in solutions of lacquer ingredients
promises to provide valuable and much needed quantitative information
aboul the natore of the intarphase.



FOREWQORD

This ie ¢he sixth annual report of the investigadion of the physicale
chemical nature of adhesion of organic cuatings to nun-ferrous metals
by Profuenor L, Reed Brantley and =c-workers,

Two articles have been publithed 2.ad five papers have been pre-
sented before the division of r'aint, Fiastics aud Frinting Ink Charmiatry
cf the Ainerican Chemical Society. The papcrs have bLeen printed
in fali ia ths Preprint Booklete prepared each fall and apring for ihe
members of the Divieion, Some of the bonklets are sti\l available
and can be nbtained from the Secretary of the Division. Phoicstatic
copies of the papers can be obtained feom libraries which maintain
complete f{iles of the Divisicn Preprint Booklets, Such as the New
York City Public Library, The titles are iisted below.

1. "Nature of the Adhesiun of Y.accuers to Non-Ferrcus Me'als."
X1 Internation Congress of Pure and Applied Chemistry, Sept.
10 - 13, 1951,

2. "Adhesion of Lncquere to Non-Ferrous Metals, L, Reed
Erantley, Artror Wondward and Gordoa Carpenter, ind. and Eng,

Chem, , 4% 2729, 1952,

3, "Modern Taeories of ndhesion,” L.Reed Brantley and Gordon
Carpenier,, Oficial IMgeat, Fed. Paint and Varaish Production
Clabs, 374 57, 1952,

4. ")icthod of Removal of Coatings by :bc Adhavaornetsr and Improveinent

° inits Deeign,” Preprint Bookisi, Vol. 13, No.l, PP. 140-2, March

1953,

5, 'R Statistical Study of the Opcration and Design of the Adherometer
- and the Raeaulting (Changes,”” Preprint Booklet, Vol. 14, No.l,
PP. i = 5, March 1354,

€, "A Studr of the Adhesfon to Aluminum of an Ethvicellulose Lacquer
in KRelation to Certain of {ts Film Properties,'' Preypriat Bookiei,
Vol, 14, No. 2, pp. 45 - 8, September 1954,

7. "The Adsorpticn of Lacquer Components on Aluminum Oxiie,"
Freprint Bocklcs, Vol 15, No. 1. pn. 20 « 6, April 1955,




8. "The Rclation Between Adherometer Adhesion, Bulk Shear and Other
Film Properties cf Ethyiceliuiose {ostinge,'' Prepriat Bookle?,
Vol, 15, No. 2, pp. 34 - 40, September 1955,

9. "7he Invistigation of the Nature of the Forzes of Adbesion,” Arrual
Report for O, N, R. Ton‘ract for 1954 ~ 55, avallahle thrcogh the
1. S. Department of Commmerce, Wachington 25, D.C, in printed
form as O,7T.S, identification Nuraber: ¥, B, 121558, $2_26.

The Stiidy o!f the adhesion of organi: coatings to metallis: sabst->tes
bze heen resalved into tue imrestigation of three types of faslure, ramely:
cohssive fajlur: in the metallic sgbstrute; cobezive foiiure i the
organic coating; and adhesive fallure in the interface which we prefer to
call the irtsrphase separating the two. The earlier work concentrated
on the hirvertigationu! the naturce of the failure in the coaldng Ly mcarne
of adhierometer adncsion of “hession" rneasurements inade with mod-
ifications cf the Interchercit4l Adberometer., A study of the cobesive
faiiure in the substrate in corsidered tc te outside of the present feid
cf invesatigaiion, THsplares the studyof the natrre of the interphzase
next ir unportance in this program of the inveastigalion cf the principles
of adhesion,

“» preliminary investization oa the neture of *’c interphase was
daretaken with th: assistance of Barbara Stoit, This took the form
experiments to determine cthe relative amounts of iacquer ingrediects
hich are adaorbed on alwrinum oxide, which reakes vp - Cubrtrate
an aluminum surface, Tulis report describes the coniizuzmon of

adsorptiop studies o1 fiixn formerse,
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INTRODUCTION

1t 1s proposed that tne initial adeorption at the liquid/eolid inter-
face and the resulting change in iniernal energy measured as the
energy of adhesisn determines the final valua of the air-dry adherion,
The above staternent should be modified to correct for the cifect of flm
properties which developed vpon evaporation of solvent, rowever,
meacurements mede of the relztive amounts of film former at the inter-
face of the liguid/eolid system will give valuable information with
which to predict air-dry edhesion, Air-dry adhczicn may Lo dafined
as the actractive force between a protective film formed by th: evap-

oration of the solvent frorn a lacquer and the surface to which ihe lac-

quer was applied,

The research work was divided into two prnjects which proceeded
simultaneously, Une projeci wed undertaken o compars heszy of ima
meresion isotherms of VM(.H and VYHH which are {ilm formers of
vinyl chloride-acetate conelymers, VMCH heae exceilent 2ir-dry
achesionu and VYHI! hae poor air-drv sdiesion on clean, smooth metal,

A diiferential calevi-nster #as bulit neing thermistors a# the temperatere
sonsitivo :lementt. The calorimeter was calibraied 10 an overali ac~
curacy of 5% for tamnerature incres==: yp to 0,01° C, The temperature
increases expssted upon immersion of alunuva v a copolymer solution

is about 0,01° C, Thus, the sensitivity of the caiceimister 17 adunusce



for kezai of imnersion measurements. However, difficulties in experi-
mental proccdiures have delayed investigationa of heat of iinmersion
isothzrms,

In the Jecond axt of the project, adearption isotherms were ob-
tained for VMCH and VYHH. A compariscu of isothermse showed th=t
hish adsorption was indicative of axc:ellent, air-dry adhesion and

¢nnversely that low adsorption was w=iznted ¢ poor, air--iry adhesion,



t

LITERATURE SURVEY

Det:zition ui Tezims

Adhesion {a defined in Hackh’s Choitdcal Dictionary as ihe at-

traction or force which holds unlike rnolecules together. This general
definition will be vsed taroughout this thesis.

Adsorption iy the ability of a suustacce {adsorbent) to hold or con-
contrate gases, liquids or dissolved substarces (aiiscriate) upon its
surface, a proper*y dve to adhealon, q.v.: hence, producing a change
of concentration of the adsorbate on ne surface of the ads~rhent with
resr:.t to the interior concentration cf the adaorbate. 1

The heat of immersion is the hea: evolved wizn & clsan; fincly divided,
outgassed solid ls immersed in a liquid, The reverse process is tae
heat vi ennnncraion,

The work of adhesion (WA) and the energy of adh.sion (nA) are by
definition the increase in free and internal euergy, respectvely, in.
volved in the separation of unit area of the liquid {rum the solid when
no trace of adsorbed film is left on the surtace of the aoviid, Tac zgiuz!
process ig always caziicd oui in the ravarse direciin beginning with

clean solid in a vncuum.z



General Theories of Adhesion

There are three theoxian of edhecion, These theorizs inelude
what most sesearch ehemisko agree are the irapostant factors in boading.
As yet therr 12 no agreement o 4 general theory of adhosion that weuld
explain why al} adhesivaes adhere %o ovricces,

The flzoe theory fuggesto thnt edhesion 15 dus to moleenlar atvraction,
Al matisy contndas elogtrical forecs in eucoos of shose neaded to hold
the atomo within a molecvlo together, These tay slectrical forces aro
capatie of providing o vory Otroug agtrection botreen the adhesive flon
and tho ouzfrzes 0 &2 sonded,

Chemical vreacdon i8 aloo balMeved reaponsible for bondiag, In
some japr2acen, the adhesive wooets ehemically vwith the poxfaces of
the magterial ¢ be bonded, A chemieal bond io formed Thich Lolds the
two wmatesials gogether,

With porous materials, the adheoive £illa the pores of the matedais
beins bonded, When ¢he adhosive bardens, it inRerleciks the two mat-
erialo togethex,

Enezgy of Adhasion and KenR of Immeroien

The metod for the éirect determination of the impourtant term
uged in tho calenlagion of the tokal euergy of adeesion iavolves immeraion
of the finaly divided colid in the lguid contvined in oo astremaly censitive
eslorimeter, Sinece the enargy of immarcion of the cleas surface 1o de-
sired, the colid schould bz ouwigooosed ok as bigh a temperatere a8 can be

employed without affocting the surinse.



Calorimetric determinations can be made of hest of immsroien of
a metallic powder ia liquid, By performing awdliary experiments, the
date obtainad can be used o give tha enargy required fo ceparate a
solid from u liquid (snargy of adhesion), Thase expeslmonts are the aco
curatc measuroment of the gusfoce aren of the powder and the deter-
mination of the varintion of surface crargy of a liquic with tomperature. 3
The ehange in internal oncrgy invelved where 2 liquid 1a separated
from a oolid at thoir interfoce %o give eloan gurfaces of both the colid
and lquid, io the energy of adhaofon, Tho enargy of adhouien BCEY)

ing

g‘\(su_) T E €5 "B =k, = o

that i0; the. anergy of adhesion i oimply cqual %0 the heat of immersion
plus the surface coergy of the liguid. Ths surface energy of the liquid

is given by the Gibbs-Helmholes equation?

-+ S§v
CL =Y - | BT
Where Yy = the surfacs ¢onoion of the liquid
T =  the absolute temperatuss
Sy the variation of surface tenoion of

<he liquid with tempsrature



The Naiure of Adegorption

Adsorption is the psocesa by which the atomo or molecules of one
materinl becomes amnnched to the curface of aaothey oF, in a mo¥ve gene
eral cenoe, bzcome conceatrated ot oo ioterfaee, Thio definidoa dees
not make npy otatement abor the meehoniom iuvelved in eithor physieal
oer caemieal edcorpiion,

While in applying the hypotbesisc concorning the molzevlar ficldo,
the intemoity of the otxay fleld arovnd the molecules 10 of primary ime
sorance, ot least one additionsl principle must bs voed i the direction
whieh oy choage wild tako by itoclf {0 to be predieted, As migik be
axzoeted; the cosord law of thertnedyanmics 18 of ferndomentnd impore
eance in thio conngedon, and for this purpese ¢ may be ototed i the
forms any ehango which takes place by 42ca) fo a syotcm 7ill prosecd
ia the direciion which will rocui? i o deercase in the free emergy of
the syotem. Thus a surface will tond te decronse in avens Siact a
rapid variotion of the inteasity of the oteay field vrith the dictance im
ony dircetlon i3 nccompenied by a high concentration of frec crergy,
the necond law indieatss that ia any change which takes pizec by itvelf,
the variation in the oteay Bald bacome less abrupt, 5

The followring diccuccion of the orientation of molecules in a
Bquicé /liquid oyotem taay ba snalogous o the liqwd/nelid pyostem eseeopt
that the ooild voually <isplays a highly oriented eryotalline ouxfoea,

"Ths molecules in the surfaces of ligudds seem o be oricated,



10

and ia ouch a vray that the laast aetivas or least polar groups are orienfed
toward the vapor phase: IF WE SUPPOSE THE STRUCTURE OF THE
SURFACE OF A LIQUID TO BE AT FIRST THE SAME AS THAT OF THE
INTERIOR OF THE LIQUID, THEN THE ACTUAL SURIFACE IS ALWAYS
FORMED BY THE ORIENTATION OF THE LEAST ACTIVE FORTION
OF THE MOLECULE TOWARD THE VAFOR PHASE, AND AT ANY
SURFACE OR INTERFACE THE CHANGE WHICH OCCURS I3 SUCH

AS TO MAKE THE TRANSITION TO THE ADJACENT PHASE LESS
ABRUPT, This laoe statement espreades a general law, of which the

adgorpiion lawr 10 a speeial ease’s 6

Physical and Chomieal Adsoa >tion

Phyoieel adgorption oy van dexr Wanlls adcorpdion, otagesn that
molecules ase held go the surface by phyosical forees which c¢orreopond
%0 thoge involved in the van der Waalls equntlon cf stats for gases, In
chemi oorption,, the adsorbad molecnles are held 90 the surlace by
valeneg foreas of the same nakture as thoss which bind stema together
in moleeulas,

There ave characterioties which distaguish paysical fzom chemi;:al
ad35orptica. The heat evelvad whon physical adcorption eccuvrs i6 vonally
similar %o tho hsat of lique-faction of a gas, 1.6., & fow™ huadred cal

~pez male, and the reactivity of the adoorbad substonee is consequently
not markedly altersd. Ths forces involved in chomisorption ave much

stronger than those in van der Wanlisc adsorption, and the heats evolved



are of the same order as those libsrated in chemiecal reactions, values

of 10 o 100 keal per mole being common, Physieal adcorption is

casily reversible in contrast to chernicorption whieh i ieveversible

or zeversible only with great difficulty., Furthermore, physical a2d-

sorpticn 18 escentdally non-speeifie with reopect o the odoorbaat and

adoorbate, whercas chemicorption iavolves a high degres of sgeegigisyﬂ
Another esiteria for physical adoorpiion io that physieal edeavption

deereases with rining temperature, The kinetle theory explaing why

aleamlana
SL e &

this may bz so; the kinetic movamen? of adcorted viomsd 5 &t
increace with incxoasing tomparafuse, and the substence zdeorkad,
therefors, tends %o loave the adosvbant, Low temperntuxas faver 8l
more ndcorptlen, b2cange the theormal oceilintlons of cdcorbed mele-
eules axs wapkoned ennbling the van der Waallo foreco to 52 more
eHactive,

Comtrary to the ease of physical adcorpticn, chemicorpiion increaseo
with increasiag tompesz ature, 8 Thin increane 10 expacted in cherndcal
soactions, of which chemisorption i5 a speelal casc limited o gsurfacs

roaction, for the rote of vecction doubles or txiples for every ten degres

sioe 1o temperatiure.

Adgorption Isotherms
----- a wnob hao hosn rancontrated on offort to deseribe
adsorpdion in terins of isotherme and %o analyse different types of such

isotherms. £ adsorption icotherm io the rolationship betweou the



R Es)

amount adsoxrbed per gram of adsorbent a2 equilibrium and the pres-
sure for a gas/solid oystem. An adsorption isotherm for a solution/solid
Systern is the relationship between the amount of soluie adsorbed per .
gram of adsorbent and the ¢guilibeium coneentration of the solution
at constant temperaturae,

Adsorption inotherms have in many sases been fitted 20 equations,
and Table | summarizes some of the more important equations thag
save bosa employeds Soins of these equations have & theorctienl
basis, whils others aye purely empirical, as hao been indicated in
the last column, It Was noted that the Freundlichis icotherm equakon
s not only the simpless but 2 more general equation for it is applicabls
2o physicel and chemical adsorption. Furthermore. this reladonship
has theoretical as well as empirical confirmation, $,10,11,12

¥ in a Hanid/solid system one assumes that the solnte obzays the
ideal gas laws oy vaxn’t Hoffls law ia diluge solution, the applicability

of Freundlieh?s equation may be substantiated by i2s convereion into

lcgarithmic forrns:

s skell®
log a=1/a log eslog k
TE DA T O OISl DULUA UGS
¢ zeguliibrium concentraddon
k=sa constant

n=8 conotant grestsr than l
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EQUILIBRIUM CONCENTRATION
FIGURE }

Neszal Adzosption Isothesrm in Liguid/ Solid System

According 0 Wo, Ostwald and de [zaquirze.l3
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U the plot of log a veraus 1/n log ¢ {log k is a conotant) ylelds a straight
lire the concurrence with Freundicl o equation over a limited range of

a0t o3 d
wnia X aopa xfn

coaentratinn is accompliahed. The valnes of the cons
can be obtainred for each cage by graphical extrapolation,

Further study of the adsorption phenomena showed. however, that
the lincs obtdned by the logarithmie plot were not always straight
lines, especially at higher conceatrations of adnorbate,

Adsorption isotherms retain thelr shapes with increasing temper-
ature although a decrease in the adsorption maximum indicates the

decreanse in physical adsorption, 13
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INVESTIGATION
OF THE
HIMERSICS OF METALLIC POWDER

' I PLL DY AT o AT 2y f o=t
LUTION OF FlLM FOCRMER

3

}EAT C

oue
AN

E’u

The zelatioa between heat of immersion and concentration of VYHH
vinyl chioride-acetate copolymer, io bast shown by a heat of immereion
igotherm, This isotherm i3 a graph of the heat of immersion and the
concentration of flm former, Another icotherm is needed for s similax
to compare these ©Wo polymers, There film formero were selected bz
cause they have different air-dry adheosion, Thoo, a comparicon of
these isotherms should suggest a pooitive or nemagive corrclation bee

tween heat of immerosion and aip~dgy adhesicn,

Procedure

A differential caloxim:ter was buile!5:28:17 yaing thermistors ao
the heat senaitive elements (Figuvre 16}, The thermiotors served as
two resigstance arme in a Wheatstone hridge and a high sensitivity
potentiometer was used to detect the increasc in tempewature wpon imeo

e sz ok €2 Y. 2 aleeenie Lo 3 'y an-2
TICT 505 Of AATGAY G3VaALEH alumisum o ums i she LELEST o Ths progIan®e

roquired that @ thin walled, glass bulb containing the aluminurn oxide

sample be broken in a lacquer, Stirring was vigoroualy maiatained o



effect a rapid dioperoion of the povder and thexreby more rapid evolution
of heat,

The values of heat of immexrsion wese highly sensitive to temperature
and to impuritieo in the powder and lacquer, Tomperatuse variations
were minimised by ucing o ecalorimetor construetad with two identieal
cells; one cell was ugod a0 o reference and the other 20 the gest cell,
Thus, any room temperature fluctuation affected both calls equally
and, consequently, a null in the bridge eould de mantiuned more
easily. The effect of impuritles ware minlmised by obtaining znough
powder, solvent, and resla so that the came source of materials could
be vtilised throughout the investgation,

The 2luminum oxdde was of reagent Zxade, Technical grade ethylens
dichloride and commoreially available reoins ware voed,

There wero two preliminary experimonts whieh had to be porformed
before an isotherm could by plotted, Fiwxog, the instrument was c2lio
brated, Second, an experiment had %o be performed %o doftormine the
heat evolved vonn breaking an empty glasa bulb, Only upen satiolee-
tory evaluation on completion of these $wo experimonta could the deges-

minations of heat of immeroion confidently procsed,
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A quantity of 1000 i of digtilled water in the calorimetes wag

brought to approximate thermal equilibrinm by means of the heaters

ficient time was allowed until the olope of the time-temperature
curve was not more than 20 microvolt pexr minute. The usperiment
rvepresented in Figure 5 was an exception. This took about an heur.
Thermigtor readings were made for olx to eigh’ consecutive minutes
and then current was applied to the heater in the test cell, The exact

P e R I I S Gy
3A11IC A WUALG U MIT LULAACUL STa0

appiied aad turned off was noded, After
this heating period, thermistor readings were continued for sin
more minutes without interruption, This identical heatiug technique

was vepreated two or three more timen, On cthex graphs, the

entire procedure wag repeated, however, with the applicadon of a

correspond to the threc points on the calibraton eurve, Exntrapolatiouns
to obtain the temperature change wese rmade to the center of the heating
periods, The difference in the temperature was measured with dividers
as the difference in microvolts between the esstrapolated lines,

A large graph is advantageous in recording the temperature increase
caused by brealking the gl2s3 balb and 2he immeraeion of alumina. This
temperature increase is followed by several suecessive increases in
ordey to calibrate the calorimeter and igs contents, This procedure

was vepeated for each ezspezimet.tow



Interpretation of Results

Z cttlomoyer, Young, Chessick and Healey reported that heats
of tmimersion produced a temperature increase of 9,01°C, 20 This
is cqual to an evolution of about ten calories according to the cali.
bration experiment, The earlier work of Boyd and Harkins subatan-
tiates the above mentioned investigation, 2l The evolution of ten
calories of heat can be moasured with a precision of 22/1000 in thia
region of the calibration curve.

The exceaa slops and confequent large heat o believed due o
faulty technique in the proceduxe,

In the second preliminary experiment, difficulty was encountered
when the heat value of bulb breakage was sought, Unfortunasely, the
increase in temperature did not reach a steady state but graduaily
coniinued S increana. Measurement of the increase in termnperature
was impoesible, This gradunl increase was believed due go the bits
of glass scraping agalnst the walls of tne calorimeter and the stirrer.
The consequent friction explained the continual heat increase,

1t is obvious; due to the inability to measure the heat evolved
upon breaking a bulb, that further investigations would be meaniagless
until this difficulty is surmounted. (See suggested future work,)

Ths time required to overcome oxperimental difficuities in the calowi-
meter could nce be predicted, Therefore it appearcy suvsl Jdvoatasrous

to concentrage efforts in adsorption investigations, for this phase of the



research program showed greater promise of suecess.
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INVESTIGATION OF THE
ADSORPTION OF FILLM FORMER BY METALLIC
FPOWDER FROM SOLUTION OF FILM FORMER
The purpoge of the adsorption investigation was to obtain data
for varlous adsorption isotherms. An icotherm illustratcs quanti-
tatively the adsorption of filin former ac a funciion of the squilibrinm
concentration. A comparison of adsorption isotherms for the vinyl
chloridc-acetate copolymero of known air-dry adhesion gshould aid in
the concurrenct of theoe udanrntion igotherms with Freundliehls
adsorption equation would greatly reinforce the experimental work

and vould permit theozetical interprotations of the ivotherms,

Progedure

The vinyl chloridec-acetate copolymrers YMCH and VYHH wore
selected because they reprecent a wide difference in alr-dry adhesicns,
VMCH and VYHH have excelleat and poor air-dry adnecion, r¥especiively,
on clecan, smooth metal, Both resins ave of medium polymer waighy,
VYHH has a compasition of 87% vinyl chloride and 13% viayl acetate,
The VMCH however, is modified with 1% interpolymerized dibasic acid
and consints of 87% vinyl chloride and 12% vinyl acetate, 22

Standard, stock solutions of 10% VMCH were prepared by weighing
the resin 10 the Bearess miiliys e wad Ly 22dicdan ~f athulena dichlorids,

Concentrations from U, 5% to 10% wers made volumetrically with a 10 ml,
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calibrated syringe.

The alumina used was the 2ahydroua gamma form, To produce a
mild reactivation, it was heated at 135° C, for at least 24 hours and
allowed ta & A 10,000 g sample
of the powder was then shakex with 20,0 ml of lacquer, A mechanieal
shaker was operated for eight to ten hours so that the alumina was
thoroughly dispersed, The samples were centrifuged for half an hour
or more to obtain a cleas lacquex for analysis. Three psampleo wazre
tested to determine adeorpion at sclected coneentrations between 0, 5%
v 6% A fouith sar

An apalyois of the quantity of VMCH adsorbed by alumiisa was made
with a Backman IRo)l Spectrophotometer. This inotrumecant was vecon-
diddoned and modified for these analysed,

Two control samples were analyned; one contxel sample o8 the initlal

o - 3 el ool
- -~

P, -~ Antoal ageanla A a
sampics and ancther songzel sample ol 2 legsger

exel role o]
concentration, Then the three test sampled were rapidly anralysed,
These test samples vield % transmiosion veadiage whick Me between
the % transmiscion readings of the control samples, A Unear relation
between % transmission and coneentration of VIMCH was acsumed over
the narrow rango of concentration between the two control samples.

The amount of sdsorption was calcunlated as shown in the appentix,

A similar gnalysis was wmade with a lacquer of VYHH,



ReproduciLidity

The technique of analyzing a control or known samples along with
unikae Tag wad used o caeck the reliability of the instrumert, I
in the infrared opectrophotometer waa detected, the analyels was re-
peated,

The experimental variations of coch odsorpdon isothexm may be
seen ia Figure 1. The average deviation from the mean is indicated
by a vertical line above and halow any point, These points represent
the average of three determinations, The average deviasions of the
mm coneengration are tha samae as those in the y-asds but
are of little congaquence fos the unit measure of the s~-axds vepregents
fifey unit measures along the y-asdo.

The larpge difference in the adsorptiion ioothermas does not waro
rang a statiotical anaiysis to test vaiidigy of the difievence. In the
future, however, a comparison of adsorpiion isotharms which have
an overlap of average deviations may b2 pecesoary, Thes the

null hypothesis should be applied to detormine whether a oignificant

difference exists between the iootherms,
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FIGURE 1

ADSORPTION ISOTHERMS CF VINYL CHLORIDE-ACETATE COPOLYMERS
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TABLE O
ADSORPTION ISOTHERMS FOR VINYL CHLORIDE-.ACETATE
COPOLYMERS IN ETHYLENE DICHLORIDE
Adsorption lsothermo
froin % Transmiosion Vaivas
{Calculoted fxrom Tablcas &I and VIO)

Inigial Average Egquilibriusn
Concengration, Ads ption Concentrations
mg per 20 ce smf  © § AO3 {initial amowmt-

of laequer Average adaorbed amount),
Deviation, mg per 20 cc of
paxea /1000 lacquer
125 7.5 $ 1.4 150/3000 50
250 13:3 51,5 130/1000 137
VMCH 500 196 21.5 76/1000 304
780 28.65 1.5 81/1000 304
1250 32,3 82,1 64/1000 927
250 7.7% 2.4 320/1000 . 173
500 2,5 3 4,¢ _ 475
VYHH 1000 €.0£3,9 - 1000

1500 6.3 2,00 3201000 1437

172

e Yooy IR

I
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FIGURE 2

LOGARITHMIC PLOT OF THE ADSORPTION ISOTHERM FOR VMCH



TABLE 111

LOGARITHMIC PLOT OF THE ADSORPTION ISOTHERM

Oor VMCH
Initial log. & log. €
Concentration, 10 10 “eaq
mg per 20 c¢ acadoorption, c‘,qsaqumwmm
of lo~quer mg per g Aly04 concentration

wng par 2C ee of

" lecquer

128 n,. 875 1,700

50 1,087 2.136

500 1.292 2,483

750 1,391 2. 702

1250 1,509 2,967



Comparinon of ¢tha Adcorption (octherms of VMCH asd VYHH

The comparison of adsorption isotherms is shown in Figure 1.
Also, oinee the alredry adhasion {a knovn for YMCH and VYAH, the
re}ation betwaeen high adsorptior and alr-dry adheslon i3 predented.
Intespretation of Raoulio

I2 eon bo oeom in Figure 1 thai & dofinice rolagien exdngs batveen
air-dry adhooion and adcorption, The difforcncc io nignificant for
the avorage doviation {rera the mean {the vortical lines) arve faxr from
overiapping. High adoorprion of nbout £3 mg/g of Aly03 paraiieio
excellent alrodry adhesion and adcorption of about a 2.5 ma/g of
£1503 parollelc goor air~dry adhooion,

The concussence of the adscrption Loothese of VMCH o
Froundlich's adoorption oquetion 40 shoewn in Figure 2, The logarithm
of the quaniiiy oi VMGH advorbed io piotied ageinsl the iogarithm of
the equilibrium concontration, Since all five of tho points Mz clooe
to the otraight line in Figure 2, the relationchip shovm for VMCH ia

Figure ! 15 intespreted ¢o obey FroundMeh®s aquation, The adsosption

exsonent 4o 0,52,

29
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SUMMARY AND CONCLUSION

ilcai vi lnuncs sivu invesiigativn

A differential calorimeter for use in heat of imwmersion experiments
was constructed, Thea calorimeger wao calibrated for temperature in-
creases from 0,0001°C, 20 0.0:°C, An overall precinion of 5% was

obtained for tho calibration curve,

tained hecauae of the erratic notuxe of the friction between the broken
glase and the wellg of the calovimetes upon soatizuna sddgping. R ie
felt that this exporimental difficulty can be ourmounied {n future experio
meuts, (See suggested future worlk,)

The magnitude of the heats of immerscion obtained by Zettlemoyer,
Youang, Chessick, and Heeley could b2 measuzed with the ealorimetay
conctructed, The ea.liex work of Boyd end Haslixw sesuiisd in avolue
tion of similar magnitudeo of heats The possibility oi eomparison of

air-dry adhesion with heats of immersion of different lacquers invites
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Adsorption Investigation

An examination of the adsorption isotherms of VMCH and VYHH,
established that a measureable relationship existo between air-dry
adhbesion and the quantity of VMCH adsorbed by alumina., High ad-
sorption of VMCH waso related to 128 excellont, air-dry adhesion,
Conversely, poor edeorpéion of VYHH was related 90 iga poor, alve
dry adheoion,

The adsorption isotherm for VMCH was well fitted tc Freundlick's
equation,

In conclusion, the adcorption inveotigations gave a better undere
standing of adheoion, The writer propooe? that high adsorption of o
film former by metallic powder may bz a mcasure of the consequent
ale-dry adhesion ¢f the dricd film, Aloo, the tabulation of the ad-
sorption exponent 1/ of Freundlehio adgsorpion equation i3 suggeoted

a8 a methad with which to comparz adsorptinn lsotherms,
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SUGGESTED FUTURE WORK

Heat of Immaerosion Investigation

1

2,

The degree of solubllity of alumina in lacguer ohould be inventigated,
Feiction created by broken glass from the bulb should be mimimiced,
It is suggested that the otirrers be raloed one and a half iaches
above the hottom of cach cell in the calorimeter to allow the glang

to settle more eauvily, A slower stirring speed, whizh wil selll

maintain uniform dispersion of alumina, is also suggested.

Adgorption Invastigation

1.

Zo

3.

Informativ.. 2bout the air-dry adhesion of other vinyl reoina

anc other lacquers shuuld be obizgdnzd {rom the manuvfacturen,
Adoorption Lsaiherma i the vinyl chbloride-acetate copolymerxs
VYLF, VAGH; VYDR, VYNS-3 and the vlavl acetates AYAC,
AYAA, AYAT should ke investigated and plotied. A comparison
of adporption lsotherms could then be madse,

Conformity with Freundlichfs aquation 88 20en ar a straight
line in a log vs, log plot of the adoorption ioothexrm, should be
noted, The value of the coritant k and the adsorption exponent

1/a should provide a better comparison cf adsorption isotherms,
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APPENDIX



SAMPLE CALCULATICN FOR THE ELECTRIC ENERGY OF HEAT

The electric cnergy equivalent of heat io given by the

aquation:

H-1%R ¢
"

where I : heat (caloriea)
1 - current {amperen)
R = rooiotance {ohma)
t - time (minuten)
k - conotant {4,184 joules/calories)

An example is shown below, A eurxont of 0,087 amperes wan

squivalent heat is:

H= (0.087)2 {5,329) {99.9)
4,184

H 0,96 = ,03 calories,
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TABLE 1V
CALORIMETER CALIBRATION

fnereade in Temperature, in microvolts, Caused by

the Applicasion of Elasivical Energy Eguivalent 20

On: Calorie
Time, EME, Time, EMF,
minuges microvolto miputen microyclis

0 0 0 331

2 40 8 252

3 0 9 252

6 6 10 247
7:30 0 11 230
8:30 0 12 230
9 aco 31 230
9:30 40 1490 eco
11: - 55 15 245%
12:30 34 15330 258
13- 23 i7 231
12:30 4 17:30 237
i3 4 18 229
19 234

19:30 234

20 234

23 231

@ Applied current of 0,087 vompered for 39,9 ocecondo
=% Applied eusrent of 0,087 amperas fox 100.7 gaccads



TABLE IV continyed

CTALORIMETER CALIBRATION

Increase in Temperature, in microvelts, Caused by
the #Aipplication of Electrical Energy Equivalent to
One Calorie

—o e i SR e ——

Time, EMF,
minutes miecrovelrs
0 233
1 204
2 204
3 188
40 oo
4:30 224
5 206
5:30 210
6 215
T:30 192
8 19%
9 197
10 135
11 185

¢ Appled current of 0, 89 amaperes for 100,} seconds



TABLE V

CALCRIMETER CALIBRATION

Increase in Temperature, in microvolts, Cansed by
the Application of Eleetrical Energy Eqidvaleut to
Five Calorles

Tlemne, EMF, Time, EMF,
minutes microvolts minutes microvolts

0 8i 0 157
1 51 b 157
rd 77 3 172
3 100 4.5 185
4 57 5 182
50 oo 6 176
5.5 154 700 cow
4 190 7.5 220
6.5 232 8 239
7 226 8.5 288
8. 249 9 355
8.8 223
9 209

10 220

i1 175

12 220

13 200

¢ Applied eurrent of 0,198 ampsres for 100.3 seconds,
a8 Applied cursent of 0,198 ampored for 184, 5 oceconds,
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TABLE V coutinued

CALORIMETER CALIBRATION

Increase in Temperat;ureg in microveles, Cauvsed by
the Application of Electrical Energy Equivalent to
Five Calorizs

Time, EMF, Time, EMF,
minutes microvolto minutea microvclis
i0 3¢5 1? 508
11 330 18 532
12 37 19 500
13 334 20 548
14 333 oo coo
152 oeo 22 540
15,5 412 23 523
16 452 2499 512
16,5 508 24,5 600
25 652
25,5 695
26 699
27 690
28 695
29 672

s Applied current of U, 193 ampezes for 180, 0 sceonds,
P

o3 Applied current of 0,198 amperes for 100, 1 seconds



SAMPLE CALCULATION FOR ADSORPTION ISCTHERMS FROM %
Eap - =S "~ W S = SR " 3 i ITx R, a2 —_‘f

TRANSMISSION VAL UES

The smount of VMCH or VYHH adoorbed by one g of alumina 18
calculated from the following equation:
a- (A £/T) 0/10)

whete a = the quantity of film former (milligrams) adsorbed by
one gram of alumina

t = the difference in % tranaminaion of the Inigial ond the
equilibriuen concentration (g ner 20 cc of lacquer)

A=the Uezence in B tressmiosion DETTACH EHE TWO COMEEOL

coatrol pamples (mg par 20 ec of lacguer)
T=the diffe:ence in 9 travomiocion of the ©wo eontrol samples
An exomple 40 taken from Table XY, Part A and tabulated in Teble ¥,

The caleulations aves
2 ={125) {98.2-95,5/100,0-94,3) {21/10)

a=-%5 l.dmgperg 21,03

The sguilibrium concentration (cegl is the difference between
the initial comesntration {e!) and the quantity of 8lm former

adsorbad by 2en grams of Al,03 {10 8} eupreoded in mg per 20cc

of lacquer.



ceq e Ci - 10a
= 125 -~ 10{7,5)

+ 50 mg pur 20 ce of lacquer

2



43

TABLE V)

INITIAL CONCENTRATION OF VMCH AND VYHH LACQUERS

=
VmelEST = =T

l.acquer Initial Density Initial
Concentration, g per cc Coneentration, 2
per ceng mg per 20 ec of

by weight lacquer
U, 50 1,251 125
1,00 1.252 250
VMCH 2,00 1,253 500
3,00 1,253 750
5.00 1.255 1250
1,00 1,249 250
2,00 1,248 s00

VYA

4,00 1.247 1000
6,00 1,246 1500

“Coavogted from initlal concentration in per eent
by weight using the following equation:
€ = (%) (D (v} (10C0)



TABLE VI
INFRARED ANALYSIS OF THE ADSORPTION

OF YMCH BY ALUMINA

- ey

Per Cent Transmiosion Valueo for Selected Conzoentrations
Pave { Per Cant hv Welght) of VMCH

= ——

Ethylene 0,500%
Dichloride Sample Number Contzol
A Control —— 1 2 3
A : oo e AN N s S I ey
100.0 9803 98‘2 9802 9650
25.0
0,500% Sample Numbes 1,00
Contsol 1 2 3 .
B %0, 0 94,5 95,2 95.6 92,5
35,0 $ 1.5
B e = == T R
1.00% Sample Number 25
Contigl -~ 1 2 3 Contro)
< 91,5 90,0 89,9 ¢0,0 84,8
91.5 84,1
) ."-nsm—' e s
2% Sample Numsesy 2%
D Gountsol 1 2 3 Congzol
84.8 83,9 84.5 84,9 779
b4, 1
39 4%
Control Control 1 2 3 Control
E s ==l
105.6 100,0 1010 102,1 102,12 94,1
940 Z

Tmme—— - e, A e e o B T e - —
psam-oumps et tureing. » = = == =T LT T T T T T T TS e S S




TABLE Vill
INFRARED ANALYSIS OF THE ADSORPTION

OF VYHH BY AL UMINA

45

== e e

For Ger: ironomioolen Voluoo for Selected Congentrotono

Payt ( Pox Cenk by Welght) of VYHH
Gehylens - Sampgle Numbes 1,006%
¥ Dichlogide 1 2 3 Control
Control i
109.5 106,0 300, 6 9%.4 95.0
107.5 97,4
1,065 o T T Sample Number L 00%
Coutyol ) 2 3 __Control
D
95,0 89,0 89, ¢ 92.0 89.6
97.4 82.0
3.00% Sample Number 4%
Contrel - 1 2 3 Coatsol
c 82.3 75,0 69.0 73,7 14,1
71.1
A% 5% )
Ce _xol Control Sample Numbex 6%
1 2 3 Congvol
D S T e e T = s
100,90 92,8 88,0 86,0 88,2 86.0

87,0

Thta D
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