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The emphasis on energy conservation has focused increasecl.intcrest on in: 
. . 

sulating giass window units for building construction. These are made *by separating 
two or three glass panes with hollow metal spacers which contain a sorbant for water 
and organic vapors. The structureis bound together by an organic mastic which 
functious as both a strucfurai component and as a.barrier to slow -the pa&ge:of 
water vapor to prevent condensation on -the interior surf&es. Ob$ousiy, wh? this 
occurs light transmission is aEected and thewindoW must W.imaidy lx_replakd at 
considerable expense- _I VT* 1 -, -_-..-: ._ _ _ T 1 

In addition t0_ producing increased dew points-water vapor*in sukiently high 
concentration may. actuaily displace the organic binder. z$tlje glass interface causing 
loss of adhesion and subsequent structural .weaknessf~~;_ __; ---I: :- . - _ 

_-- : Anoth~ deleterious effect of water vapor is produce&as-the ultr&olet light 
from the sun concentrates at the inter&e due to multipIe_reflections_from the~giass 
surfaces- The radiant. energy absorbed py the organic-binder_qn&b_arriers ~tends to 
cause f&e ra&cals to form because of polymer cission.: :-t-iir-S;P - -0; : -: _L- I- -_ -.. __ 

c -5 i I++e presence of water molecules they arc tc - &TX& *us ge~e_rating~bw- 

&&kd&vei@ .wmpounds._inste@- of _recombiig-i&2_some,~diEert& ,but I&h 
mow con&uratio&Xhe foriner may have a reasonably high-_va~i~pressure _ at. 
.-spminer_thue t&t S -.within the uku.iow_J%d.licli car&e* high*-@&Glight 

causes_ the. vaporized .organk m&%eri&l~t$depo&.on-~t6e_ 
~_inte&r‘g&s &Eti4to pro+ce ~_&iesiia&fo~~ 1. ..r;mic>z -,:_+gl<: _-_‘,;_;_& .=‘cA-z< ;.rs 

z- _- _* -. : - -_.. , , _.._e _ . - 92. - -. : 
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However, as long as there is sufEicient active sorbant withiu the spacers both the 

aqueous and or_eaic vapors- am sequcsttred and prevented from causing harm. 
Utimateiv,‘bf axuse~ the former becomes saturated and-the unit has b-be r&aced_ 
ObviousQ~~ theu the life span of the window is determined by the barrier efficiency 

of the &t or binder and the sorptive capaC;ty of the materials within the spacer_ 

It is, therefore, important to obtain information on the moisture vapor tmns- 

mission of the sealant qstem, its fogging potential and the sorptive capacity of the 
descant in the spacer in order to project the performance and longevity of an 

insuhting glass window- 
In this paper, onb the MVf aspect wilI be discuss&_ It is not its purpose, how- 

ever, to describe all the methods which have been used to determine the MST 
characteristics of fihns, Hcwever, two methods in common use are the Honeywell 

tester4 and the Payne Cup; so they deserve special discussion. 
In the former case, a mechanically perfkct membrane of approximately 122 cm2 

in area is mounted bctwcen 2 half ceils_ After insuring a perfect seal between the 
membrane and the cells, water vapor at some definite pressure and temperature is 
admitted at one side and allowed to permeate through the film until a change of 1% 
in relative humidity is attained (from IO-I I”& which is measured by an electronic 
hydrometer_ The time required to reach this condition is used to calcniate the MVT 

usually expressed as ‘: Grams/100 in.‘/24 Hours- 
The Payne cup6 is simply a metal container for a desiccant such as calcium 

chioridt, Across its top is mounted the film whose permeability is being measured 
Here a_@n, it is obvious that care m&t be exercised to insure that a membrane is 
obtained which is leak proof_ Tbe rate of weight @in of the unit after exposure to 
conditions of interest is used to calculate the MYT. 

Certain dif5cuhies in these two methods are immediately obvious from what 
has barn descriibed above_ Iu both instances, care must be taken to prepare a mechani- 
cally perfect film, It is then mounted in the all in such a manner as to insure that all 

transmission takes @aa only across the film and not by leakage through spurious 
routes, Experience indicatrs that this is no ez~y task, particularly with films which 
tend to be somewhat brittk or which may become so under the conditions of measure- 

ment- In the C.E of the Payne cup, an additional disadvantage is the weight of the 
_metaicontainerwhichmayexcced thtsensi~vityrangeofthebafanct~todetermine 
the weight gain, par&&uiy for those cases where the f&u barrier properties are 
exceptionaliy good and very little moisture permeates through the membrane. 

Another disadvantage of methods using au unsupported membrane as a bar&r 

is the impossibility of determining how the MVT as well as other functional charac- 
teristics chauge after exposure of the barrier in service, it is usually not $osstble to 
obtain a sampk in the proper condition under these ciraunstaoces. _ - 

One purpose of this paper is to describe a gravimetric method for the determina- 
tion of the bartier propertics of an insulating glasssealant Qxuticulariy-its MVT) 
which ehmina tes some of the disadvantages de&ii above. Application to the 
determination of fogging chamcteristics of sealants as well as the adsorptiVe capacities 
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of desiccants and absorbants such as molecular sieves under varying conditions wilI 
be discussed in alater presentation. ’ - -_ 

The method employs an electrobaIan&, sensitive to fO_’ g which is used to 
measure weight changes under controlled experimental conditions. These data are 
used to calculate a diion and a solubility coefficient_ Their product is equal to the 
permeability coefficient’, This is the important parameter that uniquely defines the 
barrier properties of the film since it is unvarying at constant temperature regardless 
of the pressure differential ( assuming concentration independence) cross sectional q 
thickness and exposure time. _ 

l34uation (1) is the mathematical expression 

Q = PA(Ap)t 

1 
(1) 

Where Q is the weight of volume of gas transmitted at standard temperature and 
pressure, A is the film area, A p is the pressure difference between one side of the 
membrane and the other, t is the time during which the amount Q is transmitted and 
I is the film thickness. P here is the permeabili& coefficient which for most films is 

unvarying at constant temperature regardless of the value of the other factors in 
eqn (1) Substitution of the v*ue of P in eqn (1) permits the calculation of MVT 
regardless of hew it is defined. For those interested in the theoretical background of 
the method descriibed in more detail below, an appendix is included, 

EXPERiMENTAL _ - 

The main features of the moisture vapor transmission apparatus consist of a 
Cahn Electrobalance model RG-HV and high vacuum glass enclosure, Houston 
Instrument series 5000 recorder model number 51 B-5,: Welch Duo-Seal vacuum 
pump model number 1400 and a mnstant temperature box controlled by a West 
802M series temperature controller. The apparatu&~ shown schematically in F;g_ 1 
and photo_graphicaUy in IB and lC_ . . - 

The Cahn EIectrobalance system is not or~Iy’e&nomical~ but also provides 
capability for analyses of tield aged sampIes since only minute specimens are needed. 

The density of the seaIant must be known to make the required gas or vapor 
solubility calculations which are expressed as cubic &timete& -of gas at standard 
temperature and pressure per cubic centimeter of &pie*_.This-is easily determined 
by die cutting a section of the s&&&t and measuring its thickn&s_-Multiplication of 
the area and thickness gives the volume_ _me-weight of the sample is obta@d at the 
start of the determination frdiii which the density.& c&u@zd~-,$%ording to the __ _ __ - ;-_--“ -.-:_ z_ -_ - -_ _ _._ __ :-__ 

__ -- _~ _- - I_ -.: - , ” -- . 
-_ - _ 

--.- _ _I’ _ I _ _--- 

* whikthesklbmy 
_ tisgtoarany&s&_ . -_ ---. 

aad76_~mcobic-.-._ - of v&r -ki!$ &l&s 
azenmkia ofpelynkr, it is cqxpsai.inthc’~ti as 

~ofwatcrMporpacubic~~~ymasinottheq~~~~~a~ 
wtigat. 

. es _-- _ - -. < ‘_ ? - ~ __ :-_-*_:- _ _: _:1_ _ . . _.~--*__-. _--_ 
, I;/: .I> . . --_ -;lta_ _ _( __ .__ z- ._ --- -_ . _ -_*--_ 
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_&f[V formuIa. Whether the samples have been obtained from a previously a,& 
window and are of irregular shape or from uniformly cast films, they can be cut to 

proper size and shape. In the work described here, an American Optical microtome 
model number 900 was used_ Due to the nature of the Cahn Electrobalancc and 

experimental time considerations the samples are prepared so that they weigh between 
30-80 mg and thickness ranges between 0_2!504_75 millimeters (IO-70 miIs). 

After preparation, the sample is mounted on the balance and de:& at 

100°F and ,N I x IO-’ torr until a constant weight is indicated on the recorder_ 

After the samp!e is equilibrated in this manner (about 2 hours) the system is isoIated. 

The next step is to admit water vapor to the desired pressure usually equivaIent to 
75 % to 90% R.H. and record the weight pickup per unit of time, Eventually, there is 

no further weight in- and the difference between the final and original values 

is the amount of water vapor in the sample. This number divided by the volume of 

tie sample provides the weight of moisture per cubic centimeter of sample at the 
water vapor pressure of the experiment- Division by this pressure yields the solubility 

per centimeter of mercury pressure or the solubility coefficient* at the temperature of 
the experiment 

To obtain D, the diffusion coefficient, the time (t) at which Ii2 the equilibrium 
amount of water vapor in the sample is taken from the plot of Q vs. t (Fig, 2) and 
substituted in the equation: 

D = 0.04919/f,,J~2) cm’ mm” 



Wafcrvaporsaptkmauveasafunuioo oftime 

wbcrc I is the sealant sample thickness Sinot D and S are now known, k is determined 
by muhipkation: 

P=Dx~cm’mm-‘~~~‘~=gmin-‘cm-’ 

Fs_eurt 2 represents a plot of water vapor pickup versus time 

(3) 

The foil -wing art examples of the data produQd in these measurements: 
Commcrciaipol~~seaIant 
Density l-8 g CIII-~ 
v01mne3_15 x io-2 cTn3 

Tempezature = 100°F or 37.8%. 
Z&O vapor pressure 3.8cmHgatIOO°Fr78%RH - - 

sampaeem5-21 x 10-=cm(205mils) - 

Sampic Iveight 5.66 x lo-’ g 
Weight g&n at eqaiiibxium @c) 289 x 10e4 g or 9.2 x 10v3 gun-’ of sample 
Whcu @Qe = I/&sT4_4min fiomeqn(2) . , 

. . 
D= 3.2 x Io-5 cm* min-’ 

Solubiliry codikkntr (22) = 242 x 1O-3 g cm’3 per cm Hg 
FromQe=Sxprssum (cmHg) -_ -_. (4) 
Permeability coef5cicnts ^. -. . _-. 

P =DxS=7_31 x IO-‘=gcm-lcmHgmin-‘- 

__ 
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Au example of how the permeability coefficient may be used to calc&e the- 
transmission rate expressed as the nu;nber of grams of water Q transported per 
24 hours per 100 square inches is given below: 

PolysuWe permeability ckefficient (P) = 7.31 x IO-* g cm-r cm Hg mir~‘~. 
Cross section area (A)- = 100 in.’ = 645.2 cm2 (2) = 24 h = 1440 min 
Vapor pressure difference (LIP) from 10 to:lOO~~ at lOOoF per Honeywell 

conditions = 4.5 cm 
Thickuess(l) = 5.1 x 10e2 cm (20 mil Sk per Honeywell conditions) 
Substituting in eqn (1) 

Q = PA Apt/Z (1) - _ 

Q 7.3 x IO -* x 645.2 x 1440 x 4.5 = 

5.1 x lo-= 
= 5.77 BJIOO in2/24 h/S x 10-l mm 

Comparable Honeywell data yield a permeability coefficient of 7.23 .x lo-* and 
a transmission of 5.77 gj24 h 100 in2 (645.2 sq‘cm) _ _ _ - 

A sample of poIyisobutylene tape used as a primary barrier in the ihsuiating 
glass system was also run on the electrobalance. This would not be praktical in 
equipment requiring a perfect membrane sample because the SO~?IXSS and flowability 
of the material would not permit a useful film to be made which would withstand the 
pmssure. -- 

As indicateo in Table 3 the polyisobutylene is a very efficienf water vapor 
barrier being about 300 times better than the polysulfrd& This is the’ basis for an 
important advantage of dual seal system in insulating glass units as explainedbelow. 

The amount of-water vapor transmitted is proportis~al to the d.ifTerence 
between the high vapor pressure on the exterior side and the lower otie on the’interior 
side (other things being equal) of the secondary seal, i-e-,-the polyklfide. This tower 
pressure now becomes the high pressure side of the primary or polyisobutyIene seal. 
The pressure difference on either side of the secondary &l-is now substzktially Iess 
than for the primary which of course enhances its barrier capabilities. Thus, two 
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Fis_3_Rangcofaatasxption forsomctypidcommrcial~measurrdatlOOaF_A = 
silicaGd;x=sio~Gd + MO1 sicw; * = MO1 sicvt, 

benefits accrue by the use of the dual system; one because the polyisobutyleae is 
about 300 times a better barrier by itself than the polysurtlde and the second because 
the IOMET pressure diffkrential across it favors the diminished passage of water into 

the interior of the unit according to eqn (I)- 
Since the ektrobalance is an extremely sensitive weighing instrument,- it has 

been used to determine the sorption cfiaraaeristics of diEerent-kssica.nts. Figure 3 
indicates the range of water sorption for some typicai.commer&I types measured 

at 1OO”F_ In future work, more detailed studies of sorbants will be made_ The Cahn 

apparatus will also be used to quantify fo@ng characterisks of difZkrent sealants 
as weII as their components_ 

The advantages of the use of the ekctrobalance gravimetric method are: 
1. Smafl sampIe needed (about 50 mg). 
2 SampIe need not be continuous as required in other_ methods in which a 

perfect or hole-free B.m must be used_ 
3, Difkuit k&A-ee permeability cell sealing is eliminated_ 
4. May be employed to _z _ JLr barrier property changes which have ocuured 

in kid-exposed units, 
-, 

5. Can determine sorption charackristics of desiccant for-watei vapor-‘Gd 
other volatile materials_ ._; _z er i* _ ,_T‘_ 

6. Can provide quantitative fog _$&a_ 
.-- ___ _ - - I 

7, May be used to study sealant and glazing comp&biities_ 
: _:_- _- _ 
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APPENDIX 
: . 

The basic equation for the gravimetric method deseribed above is 

dc 
-= D d2c 

dt ax’ 

dcldr = rate of concentration change of permeaut within film, D is diffusion coefficient 

and x is distance within the film at any concentration. 
Equation (5) is one of the mathematical relationships deduced by Fick who was 

concerned with transmission phenomena of matter and eneqq: The solution of the 

differential eqn (5) depends on the type of experiment to be run. In the method 
described here, a sample of known thickness (Z) is suspended from the balance and 
exposed to vapor at some predetermined pressure. Under these conditions, the initial 
concentration of vapor within the film is zero and the value outside it being the 
starting concentration (or pressure)_ At equilibrium, there is no 

gkadient within the CIm and the &iution to eqn (5) is:- 

_!&,-- 
8 Y=X 

c l exp, 
- D (2-M + 1)2x2 t 

Qe x2 Y-O (2M + I)+ l2 

Qt = weight gaiu of film at time (2) 

se = equilibrium weight gain of film 
where m = 0. 1,2 etc 

D= diffusion coefficient 
1 =; Slmthickness ___ 

Following eqn (s), the value of r/Z’ for ‘which Qr]Qe = l/2 is written 

within au error-of 0.001 ok eqn (7) may be simpliied to: 

All of tie above make the assumption that D is a constamp. 
The value of the weight gain, when no further change F, is Qi which-is -. 

. 
- -. _- 

concentration 

(6) 
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the~Iubilityoftlie~orvaporC~thiscastH,O)intht~~Sinct~art 
ck&.ng baskally with barrier mate* the amount of vapor~dissohred within the 

film is %isuany quite small and is proporti0Qan.o the-vapor pfessum The&fore, the 
following rclations5ip hokis: - :. ._* _ _ .-_ _- r - 

Q = SP 
-- _ *_ - :-* I.. 

‘(9) 
-_ f _ _ . r -- 

Where S, the proportionality f-r_ is known as Henry% k@r solubility C&&&L 
At cquiiibCurt there is rio f-r weight gain and no change in concentration 

of water vapor within the EIm- ThereGore, dc/dt = 0, _ -- -_ - 

Substituting in eqn (5) 

V d% 
_._ 

o= 
2-F 

hltfzgation of (10) yidds 

whcrePissheinugrationconstant. - - 

_ - 

Cl 

+I- $ =D dc 

u r= 

PI = D(cz - c,) 

s* c = SP (Heilfls Law) (9) 
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