
UNCLASSIFIED

AD NUMBER

AD141796

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
No foreign distribution.

AUTHORITY

ONR ltr., 26 Oct 1977

THIS PAGE IS UNCLASSIFIED



UNCLASSIFIED
"LTI /A

fi rmed Services Technical information figeecv
Reproduced by

DOCUMENT SERVICE CENTER
________ KNITT BUILDING, DAYT_ _2,_O al_

i1FOR
MI ICRO-C kRD

CONTROL ONLYO F
NOTICE: WHEN GOVERNME]NT OR OTHER DRAWINGS, SPECIFICATION•S OR OTXER DATA

UR]DD FOR ANY PURPOSE OTHER THAN [N CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S3. GOVERNeMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER-, AND THE FACT THAT THE
GIOVERNMENT MY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPIED THE

j1SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
~IM PLICATION OR OTHERWISE AS DZ ANY WL4NNER LICENSING THE HOLDER OR ANY OTHER
all ~~ wsi~ix %Am~ %z.iiijr x ir vmx&Lj zqz rui nTS OR PERI.MZSION TO MANUFACTURE,

USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO~.

C11A -55-- l-



ini

T4 4R AT VA 10 ?S=.

i~ir I 1111n l INO. - lstl11§114



TABLE OF CONTENTS

Titlm

ABSTRACT ..... .. * , * .....

FOREWAP.D . . . . . . . . . . . . . . . . . . . 2

INT-10DUCTI'N 4

I. LITERATURE SURVEY 6

Defilnitions of Terms . . .. .. . .. .. .. .. ..... 6

General Theorie of Adhxsion .... ...... . ... . 7

Energy of Adhesion and Heat of Immersien. . . ..... 7

The Nature of eorptioa ... ................. 9

Phy-ical and Cherrmcal Adsorption . 10

Adsorptian sotherr:..ý ... .. . 11

IL i1&VESTIGATION uz KHE HEAT OF It-M.RLSION OF

ALUM11A LN SOLU7ION OF VINYL COPOLYMER 17

Procedure . . . . . . . . . . .. .. 17

laterpretatiot of P.u.lts . . ...... .. .. Z0

l, THE ADSRPTiOON OF F-,1 L1 F02MEER BY Mj!,TAiU.

P.DWD fl&. FROM SDILUTWI OF FILM F'ŽPR)ER. 22

Procedir-. , . . . * . . % . ,* , * . . . .. . . 7-

Rzv- dtFcihili-t . . . . .. * .* . . . . -_

Compartso a of Adsorption Iaotherma of

VMCH and VYH. . . . ..... . ..... . 19

Interp)ets4Ofln of Results . . . . ...... . . . . 29



'I itle E&

IV, SUMMARY AND CONCLUSIONT 30

Heat of Immersion Investigation o . . . . , . 30

Adsorption Inwa~tigation . a .. . .,, 31

V. SUGGZTED FUTUTRE WORX . .. . .. . . . . . . 3Z

BIBLIOG P APNX Y . . . . . . . . . . . . 33

A•PPENDIX .. . . . ... . ...... 4 ,* 9e. 35



ABSYRAC T

A study of the in-r-phase t-•-een organic coatings and the metal-
lic Pubstrate has been continued. The nve of iafrar#-d analysis of
lacquer solutions is dewcri'-d ais adaptokblt, to rmultlomponet airatems.

Ad-orpt•c• isotf-erms --arc determined for aluminum oxide in
vinyl acetate-c hl oridv' copolyzaer solutions. Experimental pio.
ceu;u. Li were developed b- which the an.tut Vi lacquer com-ponent
adsorbed from solution bt" al••inumn oside could be determined by
coriipaxison oi OLP, iairaxc. •inlys-is of the solution before and after
shaking with the oxide, La the cases irirestigated. it was found that
t)-e g•reatest adsorption o:: vinyl cbloricle-aeetate copolymers occared
"with the Alm former recog&ized as providing the greatest adhesion.
The infrared procedure r•an bc extended to -mysco-.- syutems
wL'"re the analytical rne.hods used earlier were limited by requiring as
--nany sepi,ýrte analysis as there were components.

Prelimiaary inveetbgat.on c.f the strength of the bond.s orm-ed
i|- the in~erpha&- hat been started. Study of Lie nabtuir f the inter-
phase was initiaMcul V'.igh the construction of a dual calorimeter
ayx,ý.A for the measurement ol Zilati-c nf f irnrmersion of
alurinam oxide in saolutions of lacqrer ingrc-ients. Heat of Immersion
Measuren•.en'p of a!umninum oxrde in solu&tons of lacquscr ingredients
prermises to provide valuable vznd much needed quantitative informa'iont',c mature nf th interahase.
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FOREWORD

This i 'ihe sixth annual report of the investigation of the physicA-
chemical nature of adhesion of organic coatings to non-ferrous metals
by Prof.jsor L. Reed Brantley and nc-worker-.

Two irticles have been published rd five papers have been pre-
sented before the division oi raint, Plastics au,, Pi..i..g -_ _I Cb;h•r .V
of the Ainerican Chermical Society. The papers have been printed
in .ull in the Preprint B-oklets prepared each fall and apring for ihe
mnembers of the Division. Some of the bonklets are still availaNbe
and can be obtained from the Secretary of the Division. Photosw c

complete files of the Divisicn Preprinit Booklets, Such as the New

York City Public iAbrary. The titles are Listed below.

1. "Nature of thz Adherdun of Laccuers Lo Non-Ferrous .e -. "
X-7 Ln:ternation ConS.:es4I of Pure and Applied Chemistry, Sept.
10 - 13, 1951.

2. "Adhesion of Lncquere to Non-Ferrous Meres." L. Reed
Daatey. . Ar ..•,,r W-rni wArd and Go rdoa Carpenter. iud. and Eng.

Clci. 4 Z389. 1952.

3. "IModern Theo!:`.es of J&dhesion," L. Reed Brantley and Gordon
CapenAer., • ficia/ DI[g•et, Fed. Psint ane Varnish ProJuction
Clibs, 374 57. 1952-

4 "h'i•thod of i. %eova..of Goad- , by thc Adhero.m.ete r aund lrnproveinent

in its Design," Preprint Bookiet, Vol. 13, No.l, pp. i40-Z, %arch
1953.

5. 'A Statistical I.udy of the Op'rarion and 'Design of the Adheromeier
- and the C.es,_ .g (hanses." Preprint Booklet, Vol. 14, No.!,

pp. i - 5, March 1954.

6, "A Stud-, of the Adhes-on to Alurminurn uf an Eth•viceUulose Lacquer
in Relation to Certain of its Film Ropertie-," Prelrint Booklet,
Vol. 14. No. Z, pp. 46 - 8, September 1954.

7. "The Adsorptica of Lacquer Components on Aluminum' 0Xle.,"
eeprint Bo,-ct. VoL 15,, No.. .; :, :1 O - 6. April 1955.



S. "The Rclation Between Aft-- ro meter Adyhesion, Bulk. Shear and Othoer
Fi.!r Properties of F-hylceauuioac Castmet.ng " Preprit Booklet,
Vol.. IS, No. Z, pp. 34 - 4(', September 1955.

9, "I1,e Lm-atizadtion of the Naturze of the Forces af A.Ilhesion," -Arx-ual

Rpiport for 0. N. 11. Contract for 195 1 - 55, awa.lIable tLhrcevgh tL.e
11.. S. Department of Corrnerce. Wznhingtoo 25. D.C. in peinted
form as 0. T. S. identiiication Nurmb'er: P.i B. 1=5555 $2- ?5=

The SWAdY o!¶ the adherton. of orgari.: coatings to aietaLUZr subst~-tes
b~g h...n reacolved into ti~e investigetoxi of tthree types of fialure. ramelly
cohsilve faJIur'.- in the rnetail~c substratre: coiiElive fal- -i the
orgzurdc cotaing; and adhesive f&LixLre in the interf-ice we prefer to
call thn ir-tirphase sevaxtating the two. The earlier wzrk ccit.centrated
onl the iire tigotion..1 the xafture of &-e faila-re in the coating bymni
of adlieronmeter Aiifjcsion. -f ýIhrssionll vieiAuremenE mnade with mod-
ifications c-f ine !ne7-ci~e",i-: Aderorreter. A Studiy of the cohesive
failure in the a.-ubstrate is corsidered to be ou-.sid~e of the present fielJd
Of :izvestig;wori.. TIz pao-aes thie study of the ntatre of the irterphaae
next ýr traporta-ace in tihu. Prugza=. Of the inveati.aaiox of tMR Principles
of adheisioa..

'preinainary inve stigakion oa. the nature o~f *! interplha.,c was
uzdzr'.takea -with the& sr.iskan-e of Barbara Sto-M. This took the form
uf experirne'its to determrrne che relative amouns of Lacquer ingredieiXls

vtlc ae '-danrbed an alwruivnm o~xide, which nmakee up 0-i .ab-trate
eýf n aluminum surface. TI; report descr-ibes the contiuzzizao cat

the a-dosorptiov studies o-. W-Ln forarers.



INTflODIUCTION

It is proposed that tne initial adeorption at the liquid/solid inter-

face and the retIting change in interual energy measured as the

energy of adhesiln determines the final value of the air-dry adhesion.

Th- above statemi-ent should be modified to correct for the effect of film I

properties which developed upon evaporation of solvent. riowever,

meacuretnents mr-de of the relative arnounts off f.ilm former at the inter-.

face of the liquid/solid syatem will give valuable information with

which to predict air-dry r4hesion. Atr-..•y ad"g•c-n may I• dcfn-ed
as the a.tractive force between a protective film formed by th.o± evap-

oration of the solvent from a lacquer and the sur'fa.e to w•,•h t;he Lc.-

que:. was applied.

The research work was divided into two yrrijects wich proceeded

simultaneously. One proi.eci wai u.Aezraken -o_ pr h-±rmt of im-

mersion isotherme of VIMCH and VYHH which are film formers of

v,,yl chloride-acetate co-r~polyrers. VMCH has excelleut r.Lr-dry

adhegion azd VYH!F hat -_oor air-dry vdhesion o) clean, srmooth metal.

A differential calari-netar ivra buil't using therm•.istors as the temperat.re

sensiticv .el.e;mentti. The calorimeter was clThraoed :o an overaU a"-

curecy of 5% for tomv.erature Lucrer up to 0.010 C. The temperature

increases expcte6-w unon immersion of alun•ia iz. a c _ol.-me-r IoltiUon

is about 0. 010 C. Thus, the sensitivity of tha 1orii'tert.au _e



icor sezat of immersion measurements. However, diff 'dt~ti in experi-

mental proccduar.z have.r delayed investigation* of heat of ii~nnersion

1eotlitrm.is

in the jecond 8;rt cl the prcoject, & ar~ah%?tion~ isotheyrms were ob-

tamed for VMCH and VYHH. A cornp&?iscti of isoLh~erm-c showed t-ett

high adsorption was indicatlvc of -,w-elent, air-dry adhesion and

c'iwveraei~y that low adsorption wa&. ==lalt-d to poor, a-ir--Iry adlheslcxi.



LITYRATTJRL SURVEY

Uetrnitiior U1,Tzm

.Adhesion is defined in Hack--s Chd-Iycal Diction as Ahe at-

traction or force which holds unlike molecules together. rhis general

defiaition will be used throughout this thesis,

Adsorption iv the ability of a eubstarce (edsorbent) to hold or con-

centrate gase3. liquids or dissolved subata-nes (aisorbate) upon its

surface, a propervy due to adhe-son, qý,..: hence, producing a change

of concentration of the adsorbate on -ne iurface of the :i-•4•r.t rith

resrý.;t to the interior concentration of the adsorbate. I

The heat of immersion is the he&-, evolved w an a clean-, fincly divided,

outgassed solid is immersed in a liquid. The reverse process is tae

heat vi ervisic.rsion.

The work of adhesion (WA) and the energy of adht,sion iDA) are by

defnitic'n the increase Ln free and internal euergy, respectivelyi, in-

volved in the separation of unit area oi the liquid from the solid when

no trace of adsorbed film is left on the surface of we mluId, * h=

process it always ca:.-I";d out in Che revoarze direc .,ii, beginning with

clean solid in a v.aeuum.2



Getiex-l T1heay'ieo L4 Adhesion

There are three theooAeo of adheaouon Those tbeoriec Include

what mrost ireocarcb cheoxiutn agree 6rp the impoltani factors in bondIng.

As yet therr. Is no agreemnent on a gaezreal Rhoory of adhaolon, that c'onid

explain w~hy &-U adheealvca oAhoru to oratwtsen.

The fia'ee theory pugaentn that ndheeinn to dna to ncoeculao attraction.

AUl mattaw cougaiao elocftfiAn fweccs in wwcooa of those needed to hold

the atoine of thi a =Ioecnio together. These tiny electrical forcea ago

eapai~e of pro-Ading a vogy otrou3 anit ct.\o Lotuooua the Meabenie &Ml

and tho anrIageo to h3 boudad,,

Chemical reaction is also baelved ecaponoible for trondiug. In

some Inwcothe adhesaive woactow Ovhmically %,Ath the oayaceon of

the xn-aeriai tu bQ bonded., A chmenilcolho-d informcd abIch lioldo the

two turiln gogether,,

W~ithi pozoun, meerinin, the Edheoive fill the pores a o the mnaterials

being boade&. Mten tho adhonive bagdeas. it ingerloghas the two mnat-

erwno T036ther,,

Euerajy of Arlhngon cand kwat of Lknmeroftu

The method for the direct dpeearmv$un-4ou of the tne tenttrm

used in tho ealeotion of the totnx =Ceray of adlwaiou lavolveen imirxinmnio

of the iinoly divided volid in the llq~td contaiaed io n anr-awaly Oentitive

eClOR-mete),, Since tMe enearuy of iararcnrion of the @lea% SM4Q@0 o i do-

nie'ed,, the colid ahould be outgaoued at as high a temWraprtore as can be

employed vithout affectin, the siwface,,



Calorimetric det•rminationa can ba made of heat of immaaofon of

a metallic powder in liquid. By perfoming awxiliary Qei-rimenti, the

data obtaixed can be tused to give the energy required to oepurate a

volid from a liquid Iinergy of adhesion). 'Thae experimea.to are the aco

curato measurement of the surface area of the powder smd the detel~r-

mrnnation of the variation of ourface a,,vgy oZ a liquid %ith temporatreo 3

The change in internal energy involved where a U .qd I a ceparated

from a oocid at iheIr interface to give cloan ouriticeo of bot~h the --oUd

and ltquida io the energy of adhooiono Tho energy cl adho•oton I='£ Q )

that 1o0 the. anei-gy of adhesion Ito Dimply equal to the bett oa immergion

pluoi the aurf&:e energy of the Riquid0 Thj surface ener•y of the liquid

is given by the Gibbs-WelrmholNt equation*

Whg•• " the oGrface tonalon of the lquitd

'"'a abaolute teniparaftue

the vrriation of aurface tunaion of
5T he liquid with tomperature



The Nature of Adsor'ption

Adsorption i5e the prtocaso by which the atwom or rioe4culea of wle

material baecomea attached to the onriace of twothar or, in a more gen-

eral oence. baeomia concentraftd at an Interface. Thio defitiqlan daea

not make avy otateinent aboig the mechaniom involvcd In efthow phyeictA

or chemiical P-doorption.

While In Wplying the hypotbeoia concerning the ialaciular f1e"10a

the intencity of the agray Boeld ai'olmd the awlecules to of primar~y im"

porvance, at Xerat onw rdfdionet prmncipe mea~t h3 ioed if the directiloa

w~hich any chmioe ý7111 tea.a by iitooe to to ha prcdicted 0 Ao might tra

aqectadD tbe acorne inci of therxacdywnAica iAe of §mod-f1=enteL Uny-m.'

ftymce in Tide coasieegiou. and for thier pgarpece It rcomy b-- otlatd In the

gorms any chauge 'Uhich toakeo ykaCe by Iteoff ina a Oyotom -,,M proceed

In thQ direction v~b~ch ~vlll reoult An a decreoae in the free energy of

the Gynteta TIh-,%a a UneriaC VAIL to-MAd to ~'e!GCPaS in area, Si-Wlo a

rapid vaiatiov- of the intensity of the atray 110Ar v~th the diotance ina

any direction ie accomppAned by a high concentrnAton of free energy,

the second laaw indicafto that in any chwwgc' r-AhIch taltera pir-te by itaeU4

the vagintion in the mtay ftold bacozme Weon abrnpt 5

The xaloviottg diocuooian of the oreiet3Aton of moleenien In a

Ulid/tIqlqid oyotem may bea anplogone to thez Mqaidloolfid nyntern esgept

-that the colid unoailly diovplayn a higbly orientatd cryna~llin narfma.e

"The molecules in the 6urfaces of LlqaIdBoaeem to hQ orientod.
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and in ouch a way that the least activa or least polar groups are orented

toward the vapor phaoe: IF WE SUPPOSE THE STRUCTURE OF THE

SURFACE OF A LIQUAD TO BE AT FIRST THE SAME AS THAT OF THE

INTERIOR OF THE LIQUID, THEN THE ACTUAL SURFACE IS ALWAYS

FORM•ED BY THE ORIENTATION OF THE LEAST ACTIV:e kD•TION

OF THE MOLECULE TOWAR-b THE VAPOR PHASE, AND AT ANY

SURFACE OR INTERFACE THE. CHANGE W1I4CH OCCURS LS SUCH

AS TO MAKE THE TRANSITION TO THE ADJACENT PHASE LESS

ABRUPTo This laot otatement e.o2-aooo a general law,, of which the

adoorption lav, io a opecidl case".

Phyoical and Chomical Adoia.2ton

Phyolcol adoorptiou or van dci' W"a'o adcoi'pton,, otageu thn%

molecelec twe held to the ourface by phyoiatl forcoo which corroopond

to those involved in %he van day Waallo o~etantior ef otato for Smoee. In

chenioorption,. the adoorbed moloecaloo are held to tho ouriJne by

valence foran a of the oame natre as those which bind mtome, Wgethexi

in molocueoo .

Thero axe eharactewiotidc which diatluingsh phyoicol from chemical

amdaorptioa. The- heat evellved wehen physical ad~oo'p~idor occtwo io nonally

similar to the heat of lique -faction of a gaso I. a a ioe htndved cal

per r-ole0 ond the reac Livity of the adoorbed ouboftuee is consequently

not marlhedly altered. The loreoo Involved i chi misorption we muach

stronger than those in van der Waal•o adoorpton, and the heate evolved



are of the oaiie order as thooe liherated in chemic-A react-dano. values

of 10 to 100 kcal per ~nuac being comxnouo Physeical adcorption to

.eazily reversible in contrast te: cb e'~inory !-m weh inI3 ireveralble

or reversible only v~Jtj1 gr~eat difficulty. Furthernwre, phyiVJcal -A-

aorption to eoaentielly non-specific ufth Yeopact to the adoorbeiit and

adoorbate,, wher,ýao cheinicorption Involve o a high dogk-ee of speedficity. 7

Another criteria for physical adoorpoion to thait physical adeoi'ption

decreacoe alib rioing temnperature. The kInetic theory onpiRdno sihy

this mray be? so; the Iduaeie movnmen% of adco-!; omaw"M6cake

increase ~ith creeasing temwarature,, and the ouboatanso ýdt-tjrbed.,

therefore,, tendo t leave the adccoyat, Lwa ftniyagantwoo fzwovor etM

more adcorptidon, L-e ease the thgrnuio oes:cilisos of c2dcorbod aiele-

cueotwo xrart twed anabl~ag tghe von der Waalls fo~coo fto Imwe

effective.

Contrary to the ease of phyffical VACorptian,, chewisogrpooa increaxseo

w~ith inczetsinS teampea aftoe. 8 TbIs incveane is eanpoted, in chernical

reactioaw,, of w~hich chkiie uoerptoa to a spectil eaae limited !to eurface

reaction,, for the role of rep-ction doxnbleo or tr1aie for evewy ten degree

rse43 In telxapewefu're.

Adoorpion- Isotherms

!a zzz, !-a-he-~. -e,,ntrnsd on effort to describ*

adsorption in termsn of isothormu and to anolyao differeat types of onch

isofliermn. An adsorption isothermn to the relationship betrievu the



amount adsorbed per gran of adsorbent at equilibrium and the prea-

sure for a gae/sold system. An Adsorption isotherm for a aointion/sold

!ystern i the reiationanip between the amount oi solute adoo&-bud Pei

gram-n of adsorbent and the <uilibrium concentration of the solution

at Constant temperatuire.

Adsorption icotherms have in many nasea been fittd to equations,

and Table I o-aninaxiaeo •moe of the more important equations that

basis, whilo others are purely empirical,, a has been ndicated in

the last columna. It was noted that the Freundlich'a Isotherm equaition

Is not only the simplest but a more general. equation for it Iv applicable

to physical and chemidcal adsorption. Xurthermore. this relationship

has theoretical as well as empirical confirmation, 9 10,.11, 1

if in F, lluundhsold system one assumes that the solate obzny the

Ideal gas laws or van~g liofis law in dilute solution,, the a~ppliabilty

of Freandlichts equation may be siibstanttlated by its conversion into

kgarithmic fovrna

log at1In log. Ch-og it

k-::a Constant

at-a Conot~w. greater than 1



I/

U , '
if'I[

EQUILIBRIUM CONCENTRATION

FIGURE I

According to Wo. Onwal. and do jgaq•jx•ao.1 3
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If the plot of log a versus lVn log c (log k is a conotant) yields a straight

line the concurrence .vith A~euncdeb equation over a limited range of

In ;I S Al~ flE iC1IF3 14V o otii ji and 1 n

can be obtaLied for each caae by graphical e:•trapola.tion.

Further study of the adsorption phenomena showed. however, that

the lines obtdned by the logarithmic plot were not always otraight

linee, especially at higher concentrations of adsorbate.

Adsorption isotherms retain their shapes wivth increasing temnper-

ature although a decrease in the adsorption maimum indicates the

decrease in physical adsorption, 
1 3
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INVE•STIGATION
OF THE

IMAT ... OF METALLIC

The rel"ao beteen heat, of immersion and concentratdon of VYHN

vinyl chloride -acetate copolymer, is beat shown by a he"4 of immersion

isothermo This isotherm 13 a 3raph of the heat of immersion and the

concentration of film former. Another icotherm is needed for a similax

concentration range for ViICj- vinyl chloride-acetate copolymner in

to compare these tWo polymer.o There film fornevo were selected be-

canag they have difeent air-=dry adheaioao Thuse a compazison of

these isotherms shotud _uggest a pooitive or netyalive correlaion be-

tweeni heat of immersion. and aiv-dgy adheoicm%,

Procedure

A differential calorim--ter uaa builltSAo6 17 uoing thermiftr•r as

the heat oenaitive elements (Figure 16). The theymistors served as

two resistance arma ill a Wheatstone 'ridge and a high senaitivity

potentiometer wan used to detect the increase in temparattuare upon imu

me )AJ aaQr -fl~ _3y -3g-- U V46 ý7_a et,&. -rsnwdla L- I-'-. ras " -T- a r. .1 h- r.- =- A---.-

required that a thin walled, glass blAb containing the aluxuina oatde

sawmql be broken in a lacquego Stirrilg waa vigorously maintained to
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effecg a rapid dioperoion of the powder and thereby more rapgd evolution

of heat.

The valuea of heat of immersion were highly nonaltive to temperaUwe

and to imparitieo in the powder and lacquer. Temperatare variatlono

were minimised by uoin3 a calorimeter conoructod with two identical

cells; one cell ivao uood ac a reference and the other ao the test cell.

"Thus, any room temperature fluctuAtion affected both cello eqaally

andl, conaeqitently, a nPUl in the bridge coil4 be malztoieu more

easily. The effect of impurivleo we-e mroinhlised by obtaiminS enough

powder, oolvent8 and reosn rio that the name source of materiala could

be etisied throughout the investigation.

The aluminum ozdde was of reagent r3radOe Technical grade ethylene

dichloride and commarcially available reams ware noe4o

There were two preliminary ezperlento whch had to be porformed

before an isotherm coxld bu plotted. Firat, the inOsiulment waa c€lo

brated. Second0 an experiment had to be perfovmed to doto oe the

heat evolved , bre0Anjg an empty glano bulbo Only upon rianc'

tOry ealruation on Completion of these V7o perinieenrt could the detear

rmna~tiur of heat of immersion confidently proceed.
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A quantity of 1000 rd of distilled water in the calorinaetez waa

brought to approximate thermal equilibrium by anearo of the heaters

and alight adju.o t of stirr...g rates as Prove.... .... r... S--

f'ietnt time was allowed until the slope of th,. tiume-temperature

curve was not more than 20 microvolt per minute. The eperinient

represented in Figure 5 waa an exceptioixý This took about an hour.

Thermistor readings were made for osi to eight. consecutive minutes

and then current was applied to the heater in the test cell. The exact

tiric at wLflb th **zr: asaz trnd ff waz nt- fttcr

this heating period, thermistor readings aere continued for six

more minutes without interruption. This identical heatkig technique

was repre;,ted two or three more timen. On ch,.er graphs, the

entire procedure was repeatedv however 0 with the application of a

grzltr nn-az. ofcetia.. '-n'es. The th

correspond to the three points on the calibration curve. Fkdrapolationo

to obtain the temperature change were mode to Vie center of the heating

periods. The difference in the temperature was measured with dividers

as the difference in microvolts between the extrapolated linen.

A large graph is advantageous in recording the temperatare increase

eaused by hrealdng the wl-)I h-alb anti the imre-raion of alumina, This

temperature increase is followed bv several successive increases in

order to eaibrate the ;alorimete-e and its contents. This procedure

was repeated for each enperimert.,
1 8
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Interpretation of Results

Z ettlernoyer4 Young# Chessick and Healey reported that heats

o' .-.i'ersion produced a temperature increase of 1o.01°Co20 This

is equal to an evolution of about ten calories according to the cali-

bration experliment The earlier work of Boyd and Harkins substan-

diates the above mentioned iivestigation. ?I The evolution of ten

calories of heat can be measured with a precision of ZA/lOO in this

region ol the calibration curve.

!he cesa v-p -and coreequent large heat is believed due Do

faulty technique in the procedure0

In the second preliminary e2tperiment, difficulty waa encountered

when the heat value of bulb breakage was sought. Unfortunately, the

increase in temperature did not reach a steady state but gradualy

contiinu, tv- ihreana- Mea•urenent of the increase in temperature

waa impossible. This gradur4l increase wan believed due to the bits

of glass acraping against the walls of toe calorimeter and the stirrer.

The consequent friction explained the continual heat increase.

It is obvious; due to the Inability to meanure the heat evolved

upon breaking a bulb, that further investigations would be meaningles

until this difficulty ia surmounted, (See auggeated future wort.)

The time required to overcome experimental difficulties in the calorl-

meter could tn~x, be predicte& a Therefore it appeo ox "h o

to concentrate efforts iL adsorption investigations, for this phase of the



2e

researcb programn showed gr'eat'er pron-doe of ouaccou,.
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INVESTIGATION OF THE

ADSORPTION OF FrXM FORMR BY METALLIC

POWDER FROM SOLUTION OF FILM FOPRER

T:'e purpose of the adsorption investigation was to obtain data

for varloua adsorption isothermo. An ioothevrn illustrat•cs quanti-

tatively the adsorption of film former ao a function of the equilibrium

,oncentration. A comparison of adsorption iaotherrno for the vinyl

Chloride -acetate copolymers of Imown air-dry adhesion should aid in

th c.~rcz- =' Sh'se- !!Aaninton isotherms with Freundlieb's

adsorption equation -would greatly reinforce the experimental work

and rjonld permit theoretical interpretationa of the icotherms,

Procedure

The vinyl chlorideoacetate copolytrero VMCH and VYHH ware

selected because they represent a wide difference in air-dry adheatons.

VMCH and VYHH have excellent and poor are-dry wlhecion,, •r•pooetvely,

on clean, omooth metal. Both resins are of medium polymer waig~ht

VYHH has a composition of 87% vinyl caloride and 137 viayl acetate.

The VMCIJ however, is modified with 1` interpolymeriged dibasic acid

and consists of 87% vinyl chloride and 1276 vinyl acetateo 0

Standard, stock solutiono of 10% VMCH were prepared by weighing

the rsain to the nearear -f 1ch-Apn' dichlorjdae

Concentrations trom 0. 51 to 100%7 were m-ade volarnetrically with a 10 M4



calibrated syringe.

The alutrnina used was the gydzoi arnma form. To vroduce a

mild reactivation, it was heated at 1350 C. for at least ?4 houro and

allowed tn cooll ei a 4oo kc ato~rg't A 1fl- 000 g i~ml

of the powder was then ahalre with ZO. 0 ml of lacquer. A mechanical

ahaker was operated for e•ght to ten hours so that the alumina was

thoroughly dispersed. The eampleo wore centrifuged for half an houx

or more to obtain a clear lacquer for analysis. Three samnples wore

tested to determine a4corption at •l•nted conoentraViono between 0. 5%

VUJ 0 4-1 J A1A&L MJ COaIlklaw wC& ~ O 0ADý" J&D fSlb4

An analyuin of the quantity of VMCH adsorbed by alumnia wao made

with a Becknan IR-1 Spectrophotomctor. This instrument was recon-

ditioned and modified for these aualyaeo.

Two control samples vere manlyad; one control camplo at the Initial

concentration, Then the three test oamnpleo were rapilcy anailysed.

These tent samples yield 75 tranomi~oion Reedinjo Mticl; 7.e between

the % tran•o•r"nion readinga of the contgol Gampleao A linear relation

between % tran•m•noion and concentration of VMCH wan assunmed over

the narrow range of concentration between the two control aampleao

The amount of adsorption wan calculated an ahown in the ap ent•x.i

A simailar analycia was made with a lacquer of VYHHO
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Reprudu• L•uty

The teehniqve of analyzing a control or Imown samples along with

•unka -no was used to caeck thc fcibl al vt in.,-rumpr ', U drft

in the i•rdred epectrophotometer was detected, th. analye!s wae roe

peated.

The experimental variationo of each adsorpton isotherm may be

seen in Figure 1. The average deviation from the mean ia indicated

by a vertical line above Pnd belovr any point. These pointo represent

the avera3e of three detern-nationo. The average deviations oi the

cvtentýtion avre the narne as those in the v-wado bait

are of little conoequence fop' the Lnit measure of the a2da repreaento

fifty unit meagureo alona the VWd.o

Th,.e la•ae difference in the adoorpLion iaot-horme does not war-

rant a i~tatiotical analysis to test vnjiiaty ot tne difference. in the

future, however, a comparison of adsorption ieothorma which have

an overlap of average deviationo may be neceaoarxy Then the

nall hypothesia ohould be applied to daetorine whother a aignilicant

difference existo between the ioothermso
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VIMCH

(Excellent. air-~dry

adbegion)

2o1

S/v

SVYHH

y adhesion)

0 .500 1000

EQUILIBRIUM CONCENT RATION,
-2, ER 20 cc OF LACQUER

IGUR.E 1

ADSORPTION ISOTHEP.RMS CF VLWL CHLORIDE-ACETATE COPOLYMERS
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TABL.E 11

ADSORPTION ISOTHERMS FOR VINYL CHLORIDE-ACETATE

COPOLYMERS N ETHYLENE DICHLORIDE

Ad-Jorpdon laotherma
from* % TransnAiotlon Valeau

(Calculaged fgom TablB 72 and V=

IXiitial Average Equilibrlum
cone ixnation� Ad•e ;tion Cone~nltxatona

ms~ pox, Z0 cc %U1L a m A.03 (initial armoimi-
C! lacv'r Average adsorbed aummnt)

Deviation, ma peo U0 V€ W-
pa,'ta/1000 lacquer

125 715 9o 1.4 190I1000 50

250 i;0 9 1.5 13011000 137

VMICH 500 29°6 1. 5 7611000 304

750 Z§. 6 1's 6111000 304,

IZSO 37.3t Z. 1 64/1000 9ZI

250 7.7 t 2.4 3?0/1000 173

500 Z. 5 fto44 475

VYHH 1000 C.0 1 51.9 1000

i50o 6.3 t 2. 00 320.f1000 143?



IWi 64
' i n

0.6f

0.6

1.6 1~ .8 Z.0 Z.z 24 Z. 6 ~

LOolo MQUILIBRIUM CONCENTRATION,
ma PER ZO cc OF LACQUIER)

FIGURE 2

LOGARITHMIC PLOT OF THE ADSORPTION ISOTHERM FOR VMCH

I
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TABLE III

LOGARITHMIC PLOT OF THE ADSORPTION ISOTHJERM

OF VMCH

Concentration0  10
mg rer ZO cc aaadoorption, cq ufui•bri•u
of lo-quer znq per 3 A120 3  concentration

wfl per 0 c• •e!
lacqe

,•f ý. 875 S 1.00

S0 1o 051 A.136

500 1.::92 Z. 483

750 1,391 ?o 70Z

lZ50 10509 -Z 961
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Comparison of tho Adcorption Xoatherma of VMCH and VYHH

The comparison of adaor•on iootheam- in show un fa1-te 1.

Also, Anrn tha air-djry adhnnlnri la hmori far VMC14 arnd VYAA. the

relation between high adaorptior. ozl air-dry adhesion is preoouted

lutoepick•iun Of Ru oul,

It can bo seon in Figme I that a definite welaaco eaido between

air-dry aftecion =nd adcakeption, The diffovence to olguificant for

the average deviation ftcm the moan (the vertic• l lines) are far from

overlayppt3~. Hirin adoorpm-On of9 a90ou9 f-3 m0gh8 OR sANA3 VamA~e&0

e~cesent ir-4,r eadhe fon and adooyption of about a Z, 5 mg/g of

A12O 3 pawn-elo poor PAY-dy adhoeion.

The coacwreance of ge a dero• tAon icoaher of VMCH to

Frelundlich' adooypion oqmatqon to ohown in Xi&an 2. The oogagithn

of the quantity oi VMCH axiuorbed ii; plioi ad tajaind hE-n 10-sest'nAn Ua

the equi•librium concentration. Since "I five of tho pointo li close

to the atraight line in F'ije 2, the relationship ahoin for VMCH in

Figure 1 16 interpreted to obey Freu•d•chO c equation. The zAorpidon

emponent to 0.5R.
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Iv

SUMMARY AND CONCLUSION

A differential calorimeter for use in heat of immersion experimentO

was constructed. Tho calorimeter was calibrated for temperature in-

creases from OO.001°C. to •.OO•00 C. An overall precision oa 5% was

obtained for the calibration curve.

.aothcr preliminary is2zpaziizent was an orndt

heat evolved upon br.alti'ng the glaos bulb which "ould contain the

tained becauac of the erratic nature of the friction between the broaden

glauIp and the -.wd.l of the c_'ori.rn.0% zion ct•iu-'- - tt!,rnga Xt i2

felt that this euporimentia difficulty can be ourmnouaeied in futire experi-

mout.o (See sugS•oted future work.)

The magnitude of the heats of immersion obtained by Zettlemoyer,

Young0 Chesoic. aend Healey could be measured vith the calorimeter

conmtructedo The e,'.lieO work of Boyd aud H•gaou ut_ t aolu

tion of similar magnitudes of heat. The pooolbility ol compaxison of

air-dry adhesion with heato of Immersion of different lacquers invites

farther iv;gonwth t.k- etr
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Adsorption Investigation

An emarrination of the adoorption toothermn of VMNCH and VYHH0

e stablished that a meastreable relationship emato betw'een air-dry

adhesion and the quantity of VMCH adsorbed by alumina. Hia-h n-

sorption of VMCH was related to its excellent 0 air-dry adhesion0

Conversely, poor adeorption of VYHH was related to ita poci,. MrY

dry adho ioan4

The adsorption isotherm for VMCH waso well fitted to FreundlicL 'a

equation.

In conclusion0 the aduorption inveatlga3sono Save a better under-

standin. of adhesion0 The writer propooca that Mhi adsorption of a

film former by metallic powder may ha a measure of thIe consequent

air-dry Ahesion of the dried fWn Alsoo0 the tubrIation of the ad-

sorption exponent 1/n oa Freundlchso adoorption equation is suggeoted

an a methnd 'veth vhich to comp•re adsorptlon iso-thmurt.s,
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V

SUGGESTED FUTURE WORKt

Heat of Immersion Investigation

1. The degree oi soiublity of alumina in lacquer ohouid be investigated.

2. Friction created by broken Slans from the bulb shotud be minimiaed0

It is ouggeated that the otirrers be r_4oAd one and a half inches

above the bottom of each cell in the calorimeter to ahow the glace

to sette more eauily. A slower stirring speed, which wiU still

maintain uniform dispersion of alumina,n is also ouggeeted0

Adoorption Invastigation

1 Informatiu.. zouz the air-dry adhesion of other vinyl resins

and other lacquers ohtuAd bo obtained from the manutactiuea.

2. Adsorption "%A•herznb vi die vinyl chloride-acetate copolyrmeks

VYLF, VAGHJ VYDR, VYNS-3 and the tLunyl ac•c•es AYAC,

AYAA, AYAT shoulAd be Investigaed and plotted. A comparison

of adoorpt-Ion isotherrms cotld then be made.

3. Conformity w-th Freundlich' a equation- as seen at a straight

line in a log vs. log plot of the adoorption inotherm, ohould be

roted. The value of the comntant It and the adsorption exponent

I/n should provide a better comparison cf adsorption icotherms.
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SAMPLE CALCULATXON FOR THE ELECTRIC ENERGY OF HEAT

The electric energy equivalent of heat ia given by the

eafflftiofl!

F1 XR t
k

*here H: heat (caloriea)
I : current (ampereo0
R= roalotance (ohmg)
t time (minute o)
k conotant (4.184 joulea/caloriea)

An eample ts ohown belot. A current of 00087 =.•npe:ea wao

equivalent heat to:

H =(0.087)?-@ 53ý9) 99, 9)
4§o 184

H 0.96 0-o03 calorieo.



TASLE TV

CALO-RivE T ER CALIBRATION

Increase in Temperaitur'e, in microvolts, Caused by
ti~Appcaeoi ~ ~ W..4Pflentfr

Onef Ga1Oxie

Time. EMr, Time., Eivl7,
minvoincrovolto ltue

0 0 0 331
2 40 a05

3 0 9 5

6 6 10 4

7:30 0 11 0

8:30 02 230

go0 31 3

9:30 40 I14-9n -~

11- W,1 245

11:30 34 13-.30 5

Iz- Z4 17 3

12:30 4 17:30 2-37

13 4 1602

19 Z34

19:30 Z34

20 234

21 231

SAPP1Aed currot of 0.087 fanpcewoo for 99.9 Occondo
SA~ppfed ewrent of 0. 087 aimperoo for 100..? aeceonda
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TABLE IV continued

CALORIME'TER CALIBR.ATXON

Injcreae. in Temperature, in microvoits, Cauaed by
the Apkcation of Electrical ,Eixry v_ qnt to

One Calorie

Time, EMF,
minutes mnc4,ve.to

0 233

1 204

a 204

3 186

40

4:30 2

5 206

5:30 210

6 215

7:30 192

8 196

9

10 1 5

o Applied current of 0. 89 ampereo for 100. I econdo
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TABLE V

CALORflvIETJR CALIBRATION

Increase in Temperaturev in microvoltes Ca•ued by
the Appnioation of Electrical Eneray Eqaitvalent to

Five Calorieo
Time, EMo Time 0  EMFO

minutes Mnirovolto minutea muicrovolts

0. 0 157

1 51 1 157

z 77 3 17Z

3 100 4,5 185

4 57 5 102

50 --- 6 176

5.5 154 700 ---

6 190 7.5 9Z0

6.5 Z3P 8 239

? ZZ6 8.5 2680

0. 249 9 355

0.5 223

9 209

10 220

11 175

12 Z20

0Applied cuxrent of 0. 198 amperes for 100.o3 econda.
00 Applied current of 0o 198 arapereG for 144. 5 oecond•.



TABLE V coutinued

CALORIMETER CALIBRATION

Increase in Temperature, In microvcolt, Caused by
the Application of Electrical Energy Equivalent to

Five Calories

Time, EMF, Time, EMFQ
minutes mic ovolto minute8 microvelto

i0 317 1.? 508

11 330 i8 532

1z 317 19 500

13 334 20 548

14

150 2z 540

15.5 41Z 23 5Z3

16 452 2400 512

16.5 508 24•5 600

z5o 5 695

Z6 699

27 690

?a 695

29 672

SApphied current of 0. 196 aa~ea fo0z 100,0 accond.o
00 Applied current of 0. 198 aipareo for 100. A secondo



iAMPL.E CALCULATION FOR AZLORPTION ISCTHELI1~MS FROM

TRAUNSMIýSSJNVA.L~UE S

The &mount o~f VMCH oje VYHH adoorbe4 by one 13 of alumins 10

calculated from -the folloting equation:

a-- (Al (t/T) (1/10)

fter. a =the quantity of film former (iigrams) adsorlbed by
One "mar of alumina

t- the diffewenc- in r, S ? ý~A-nif Ohe i4-1 nl -1th
eqtUilbwriw concentralion (ma per 20 cc of lacquer)

control canipleo a Cw paR ZO cc ciI Iaequnox)

T~ the dife;,enxce in%~ traumil oon of the Rwo control uawPlec

An camule Wa talen from Tahie XT. Parg A and tn'lahi.go at In'Tabl-e V_

The calculations are.-

a (tZ§) (90.2 95ý510 0-94. 5) (A/10)

R=7.~5 1.dmgpowgAl2 O

The eqmilibrium concentration (caq) is the difference bg@tween

the leltial concentr~oati Cce) aud the quantity of film former

aciow-bad by Ifan gaoof Al Z0 3 '(10 6) enpt-eaoed in mtg per ?,0 cr.

of lacquer.
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ceq cl o 10a

125 - 10(7. 5)

S50 mg ,u" 20 cc of iacquer
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TABLE VI

MNITIAL CONCENTRATION OF VMCH AND VYHf LACQUERS

Lacquer Initial Density Initial
Concentration. g per cc Concentration. 0

per cent mg per 20 cc of
by wveight lacquer

uo 50 1. 125

io00 1.252 250

VMCH 2.00 1.253 500

,. UU I. k53 -f so

5.00 10o55 1250

I.o, 1o249 z50

2.00 484 100
V Y31-

4.00 1.247 1000

6.00 1o246 1500

CCoX'osted from initial concentration in per cent
by 'weight naing the follovvLng equation:

ca-= (1/) H• Mv (10oo)
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TkBLE VII

iNi-RARJLD ANALYSIS OF THE ADSORPTION

OF VMCH BY ALLvUINA

Per Cent Tranarnaoolon Valueo for Selected Concentrationo
Part I pc Cnt by Weirht) of VMC-

Ethylene Oe 50070
Dichloride Sa.• N_.ber Control

A Control - 3

100.0 98,2 98.2 98.Z 96 0
95.0

Control 1 2 3

95,0 9 i.5

I1 00% 053SaplX e Number 7,
Con~A- 23 Control

C 91, o5 90V0 899 90,0.

91.5 0o1

z cz

D Grazol 3 Congpol

84,8 83,9 84.5 84.0 7719

3%. 4%7 Sample Number 317*
Control Control 1 2 3 Control

105.6 100,0 101o0 102,1 109.1 94.1
94o 2
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tAZLE: VM

INFRARLD ANALYSIS OF THE2 ADSORPTION

OF VYHH BY ALUMIVANA

per Car t w.neriaoi=~ Vo-lug owSaetdCnnrfi
Part (PoR Cent by Weiaht) of VYRIH

stahylee Num beo .06%
.Dlchlowido 1 Z 3 Contol
Control

109.5 100l.0 100.6 9904 95.0
107o5 97.4

Control _ _ • 2 -Z 3 Control

9-30 0090 09.0 92,0 09.6
97.4 84.0

3 o00% SaMPle NM•ewy 4%
Control l 1 3 Cougtol

c 82,3 75.0 69,0 73.o 74- .
71-3

Cc, ro1 C-olitrol Samul1e r-Imber 6%7
_31 2 3 Conwol

100o0 99.0 80.0 86.0 0oo. 06.0
0?00
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