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Some Properties of a Glass Used in Paper Manufacture 

Martin J. O'Leary and Donald Hubbard 

The chemi cal durability, heterogeneou s equilibria, hygroscopicity, pH response, dis­
per·sal, and t hermal expansion characteristics of a fiber glass used in paper manufacture were 
investiga ted . The chemical durabili ty of t his glas~, was found to be very poor between pH 
2 and pH - 2, apparently du e to the high alumina"and low silica composition. Above and 
below t his range t he chemical durability greatly improved, showing with t he interferom eter 
no detectable attack for exposures of 6 hours at 80° C either in high concentrations of H 2S04, 

or between pH 4 and pH 8. At a lkalinities above pH 8 t h e durabili ty again decreased as is 
characteristic of man y silica te gla sses. In a ddi tion, t he h eterogeneous equilibria at the 
solu Lion-glass interface, using Ag (NH 3lz+ ions as indicator , showed t he fiber glass when 
leached at pH 4.1. to have an uneven distribution of migratable ions between t h e negatively 
charged glass surface and ambient aqueoll s solutions, to a greater extent t han m ost commer­
cial gla~se~. In accord wi th the very low hygroscopici ty and poor chemical durabi lity, 
clcctrodes prcpa rcd from Lhis glass gave no defini te r esponse Lo hydrogen ion activi Ly of the 
ambient solli t ions. Thc dispersal ch aracteristics of t he fibers in aqueous solu tions foll ow 
t he "cri t ical" poin ts indicated l,by t h e chemi cal durabili ty CllI'VC co vering t he range from 
pH - 8.1 to pH 11 .8. Thc a nnealing and softelling temperatures as obtained from Lhe r espec­
tive expansion cur ves \I'ere found to be higher fo r t he fi ber glass than for either P y rex 7740 or 
Kimble N 51- A. 

Th c chemi cal durabili ty data, t he acid t it rat ion of sodium Silicate, and t he dispersal-pH 
series a re consistent wi th t he fi ndin gs of O'Leary et al. in emphasizing pH 2.9 as a cri t ical 
co nditi on for Lhc m ost slI cccss ful produ ction of paper from fibers of t his glass. 

1. Introduction 

During the developmental stage~ in the pl"odu~tion 
of paper from glass fibers [1,2]1 I t became e~Ident 
that optimum conditions of str~ngth and qu~hty. of 
t he finished product were obtamed upon ad]ustll1g 
the hydrogen ion conc~ntration of t1:l0 ~uspended 
fibers to near pH 2.9 prIor to the fabneatIOn of the 
paper [3]. When the hydrogen ion activity was 
adjusted toward lower or higher values of pH, the 
strength of the finished paper was greatly reduced. 
Of considerable significance from an industrial 
standpoint was the observation that the fib ers dis­
per·sed rapidly at this optimum condition an~ di,s­
t ributed themselves evenly throughout the lIqUId 
medium, insuring uniformity of the resultin g sheet. 
At high pH values the fibers showed a strong tend­
ency to remain in clumps and required a mu ch longer 
time to disperse adequately for paper making [1,3], 

durability, hetel'o,geneolls equilibria, hydroscopicity, 
pH l'esp?n~e, dIspersal, and thermal expansion 
~haractenstlCs <?f a fiber glass (E type, table 1) u ed 
111 thc Pl'O~uctIOn of paper ; a general comparison 
was made WIth a few of the more familiar commercial 
experimental , optical, and natural glasses. ' 

Some of the improved strength of the paper was 
aLtributed to the cementing together of the dried 
fibers by the swollen gelatinous silica-rich Jayer [3] 
that is known to be formed on many types of silicate 
glasses during leaching in acid buffers [4 to 9]. Fur­
ther partial rationalization of the cause for this 
increased strength at or ncar pH 2,9 was postulated 
from the titration Clll'Ve of sodium silicate by H e l 
[10], typical voltage departure curves of the glass 
electrode [11, 12], and t he repression of swelling of 
electrode glasses in Lhe "super acid" region below 
pH 2 [5, 13]. 

In order to obtain t't better understandillg of the 
fabrication of paper from glass fibers, the present 
investigatioll was undertaken to study the chemical 

1 Figures in brackets indicate the literature references at the cnd ot this paper. 
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TA ELE 1. Composition of glasses arranged in the order of de­

creasing percentage of Si0 2 
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" Analyses b y 1', W . Glaze, J, Research N B S 26, 538 (1941) RP1394 
h 'J' ypical composition of obsidian, George W . Morey [301. ' 
, M , Dole [11], 
d Oalculated from batb composition, 
• Approximate composition furnished by tbe manufacturer. 
r Typical composition, R. H . Bogue, The chemistry of portland cement (Hein­

hold Publisbing Corp., New York, N. Y., 1947). 



2. Experimental Procedure 

The determinations of chemical durability were 
made by the interferometer procedure which indi­
cates in terms of fractions of a wavelength of light 
the surface alteration of the specimen after exposure 
to solutions under controlled conditions of time, 
temperature, and pH [9]. The ligh t source used as a 
standard of length was the 5876 A line of the helium 
spectrum. For the range pH 1.8 to 11.8 the Britton­
Robinson universal buffers were used [10, table 57c] ; 
for the more acid exposures aqueous solutions of 
H2S0 4 were employed. All exposures were made at 
80° C and a durability comparison was made on a 
6 hI' basis, al though some of the exposures were 
limited to shorter periods. The surface alterations 
were plotted as positive values in the case of attack 
and negative values in the case of swelling. The 
specimens used in these experiments were polished 
cross sections of the various glasses whose surfaces 
were ground sufficiently flat to show reasonably 
straight interference bands when illuminated under 
a fused silica optical flat. In the case of the fiber 
glass the interferometer test specimens were prepared 
from "marbles" of the glass used in fiber manu­
facture. 

In the experiments on heterogeneous equilibria, 
the uneven distribution of the migratable ions, 
Ag(NHa)2+ and Br-, at the solution-glass interface 
was demonstrated by potentiometric titration of the 
Ag+ and Br- ions. The Ag :AgBr and glass electrodes 
were used as indicator and reference electrode, 
respectively [13, 14]. 

The hygroscopicity values represent the amounts 
of water sorbed by powdered samples, (approxi­
mately 1.5 g that passed through a T yler standard 
150 m esh sieve, equivalent to a U. S. Standard Sieve 
No. 140) upon exposure for 1 and 2 hI' to the high 
relative humidity, approximately 98 percent, main­
tained by a saturated solution of CaS04·2H20 at 
room temperature (6). 

The expansion measurements were made, using 
Saunders' modification of the Fizeau interferometric 
method [15] . 

Glasses of the composit ion given in t able 1 are 
those compared in this investigation. 

3. Results and Discussions 

3 .1. Chemical Durability 

In figure 1, plotted from the data given in table 2, 
the chemical durability of the fiber glass is compared 
with the ch emical durabilities of a N a20 - PbO-Si02 
glass and with three typical optical glasses- B aC 
572, BSC 517, and F 620- over a range pH 2 to pH 
11.8 for exposure periods of 6 hr at 80° C. These 
four types are examples of glasses having poor 
chemical durability. Figure 2 and table 3 offer a 
similar comparison w"ith Coming 015 and three 
glasses of known chemical durability, Pyrex 7740, 
fused silica, and a natural glass (obsidian from 
Yellowstone Park). In these figures the fiber glass 
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FIG URE 1. Chemical durability of the fib er glass used in the 
manufacture of paper compared with three typical optical 
glasses, ESC 517, BaC 572, and F 620: and with an experi­
mental Na20-PbO-SiOz (soda flint) glass. 

Data by Bernard R . Nebel, M. D. 

exhibits poor durability in the acid range below pH 4. 
However , it shows none of the conspicuous break­
down of chemical durability between pH 5 and pH 9, 
characteristic of the optical glasses, particularly 
BaC 572. In the alkaline range the chemical dur­
ability of the fiber glass is inferior beyond approxi­
mately pH 8, as is characteristic of many silicate 
glasses. 

The decrease in the chemical durability indicated 
for the fiber glass below pH 4.1 made it desirable to 
obtain information at still lower pH values. The 
data in table 4 and figure 3 extend the curve for 
chemical durability in the acid range to pH -8.1 
by using aqueous solutions of H2S0 4• Although it 
is obvious that such values as pH -8.1 cannot be 
interpreted in the Arrhenius sense [16], i. e., cannot 
represent concentration of hydrogen ions in moles 
per liter, nevertheless, the pH values calculated from 
measurements by the hydrogen-saturated KCl­
calomel cell are plotted in order to extend the curve 
for convenience in representing the data. 
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FIGURE 4. Comparison of the chemical durabilities over an 
extended pH range of high-alumina glass-bearing cement 
Clinker and Corning 015. 

Exposure 6 hours at 80° C. The ver tical lines at pH 3.96 and p H 10.94 in close the 
range over which precipitat ion or AICOH), takes place. 

Tbe specimens showed very vigorous attack 
between pH 2 and pH - 2, with marked improve­
men t in chemical durability both above and below 
this region. In order to appreciate the significance 

of the resulting curve it is desirable to observe the 
appearance of the specimens (surface colora tions) 
after exposure at each pH (table 4 and fig. 3). From 
pH 1l.8 to pH 4, and from pH - 2.4 to pH - 8. 1 the 
surfaces are clear. The specimens exposed wi thin 
the range from pH 3 to pH - l.5 show in terference 
colors (refl ection-reducing films) on the surface, even 
for those specimens at pH 0 .75 and pH 0 that were 
etcbed and pitted. Such colors are normally tbe 
resul t of preferen tial leaching of cations from the 
glass, thus leaving behind a swollen silica-rich layer 
similar to that exhibited by Corning 015 glass, an d 
by the optical glasses under certain conditions 
(table 2). 

The pH at which color first becomes evident for 
the fiber glass coincides with t he optimum pH 2.9 
for the production of paper from this glass. The 
fact that the in terferometer disclosed attack instead 
of swelling for the fiber glass is t he result of the 
partial sloughing off of the r elatively weak silica-rich 
layer produced initially [13]. The high A120 a, high 
alkaline earth, low Si02 composition of the fiber glass 
(table 1) is the main contributing factor in this 
breakdown. This breakdown does not take place 
in the presence of equal amounts of A120 3 and high 
percen tages of Si02 , as exemplified by t he behavior 
of obsidian (fig. 2). That the effect is not centered 
around the CaO has been demonstrated in published 
work on N a20-CaO-Si02 glasses [6] . This poin t is 
further emphasized in table 5 and figure 4 in which 
is shown the weakening of chemi cal durabili ty con­
tributed by t he presence of relatively large percent­
ages of A1 20 3 in a glassy, high-alumina cement 
clinker. The data indicating the pH values at which 
the transition takes place for the solu tion and pre­
cipi tation of aluminum hydroxide are represented in 
figures 3 and 4 by vertjcallines [17]. It is also sur­
prising how close this pH 3.96 coincides with the pH 
at which the glass fiber begins to show clumping in 
the paper manufactming process. Another interest­
ing feature of figme 3 includes one observation of 
swelling at pH 10.2 shown as a broken line. Very 
likely similar observations of swelling could be found 
between pH 3 and pH - 2 provided sufficiently short 
exposm es had been given [1 3]. 

TABLE 5. Chemical durabi li ty of high-alumina cement clinkel' compared with a soft glass tubing (Coming 015) 

Surrace alteration , 6 h r exposure at 80° C a nd pH or -

Specimen 

o 2.5 3.5 4.1 6.0 8.2 10.2 II 1l .8 
1----------------------- ------.----------------------------

Fringes Pringes Fringes Fringes Fringes Fringes Fringes Fringes Fringes Fringes 
High·alnmina cemen t clinker. ____________ Disintegrated _____ 24A' ____ 6A ______ O.lA _____ ])1.. _- -- ND _. ___ ND _____ :-,TD _____ I) '! ______ ~HA . 

Corning 015 ______________________________ HoS _______________ 710-8 ___ - --- -- - --- - --------- 310-S ___ ~1o-S ___ SO __ ____ Y4+ A-__ - - - - --- --- 2-A. 

• Sym bois expla ined in table 2. 
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L ___ _ 



T A BLE 2. Chemical durability of jiber glass used in the manufacture of glass paper compuTed with three typical optical glasses 
and an expeTimental Ns20 - PbO- Si02 glass 

Su rfacc alteration in 6 hr exposure a t 80° C a nd pH of-
Glass -

_ _ ______ 1 ___ 1._8 ___ 2._0 __ ~_J __ 3_.0_1_~~J __ 5._0_1 __ 6_.0_~ __ ~ ___ 9_.0_~2 ___ I_I _~ 
Fri n{Jes F'ringes Fring es Fringes Fria(Jes Fringes F'ringes Fringes Fri nges Fringes P rin(Jes Friuges ,,'ri n{Jes 

Fiber glass ___ __ _ 210:\ 1\ "'D h 
(purplc) (clear) 

ND ND N D )i"- A g 2%'A 
(clear) (clear) (clear) (clear) (clear) 

B aC 5i 2* ________ O ' A DSd D S DS 
(purple) (d ark er (purple) (green-

purp le) ish) 

I 7.<'+ A 2" A %'A 7.<'A ".A I- A 2%'A 
(dark (slight (pitted , (clear) (clear) (clear) 
haze) reticu- greenis h) 

la tion) 
B SC 5Ii* __ . _____ HoS H oS DS 

(purple) (grcenish) (blue) 
DS 
(bluish) 

D?e 
(slight) 

OA 7.<'A H oA , ~l o+A ,~-A IA 3A 
' i oscr (clear) (clear) (clear) (clear) 
(clear) 

M!' 620' ___ ______ NO ND NO 
(c lear) (c lea r) (clear) 

NO 
(clear) 

? 
(clear) 

? 
(clear) 

DA Ho+A, ?A, 7.<' A %'A 2 ~2 A 
(clear) ,"SC A (clear) (clear) (clear ) (clear) 

Na,O, 20%; }-------- I7.<'S 17.<'S I'bO , 2O% ; 
SiO,, 60% 

*Dat a obta in cd b y Bern a rd H. Nebel (Guest worke r at N BS). 
a A , attack . 
b N D, not detectable. 
e TI , detectable, but not measurable. 
d S, swellin g. 

T A BLE 3. Chemical dumbility of JibeI' glass coml)([Ted with 
obsidian, /1ls ed Si02, PY1'ex, and Coming 01 r; 

8urfac(' aiLrrat ion, n hI' ex posure at 800 C and pH of-

Glass 
4. 1 

----
Fringes Fringes 

Fiber glass 2i oA a :\" D 
Corning 01 5 2 !0-8 'l IO - S 
P yrex 7i40 .:-.ID :-.I n 
Fused SiOz N D :\"1) 
ObSidian ND .\11) 

fl Symbols ex plained in table 2. 
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FIG U IlE 2. Chemical d umbility of jibe?' glass u sed in the manu­
f ac/m e of paper com paTed with obsidian (a natuml glass from 
Y ellowstone) , f used Si02, Py?'ex 7740, and Corning 015. 

3 

17.<'S 

(c lear) 

17.<'S DA D A 

(' '! , ind('tcrmin atc. 
f SC, sudac(' cut at, the oil-butTer intcrf<JCC. 
g )i" - , slightl y less tha n 7.<'. 
h 7.<'+, slightly greater tha n 7.<' . 

'fA R L" 4 . Chemical-durability characterist ics of Jiher glass 
ovm' the range pH - 8.1 to pl/ 11.8 

Solution 

F: xposu re 6 hI' a t 80° C. 

" [ +] 
RurfHCC 

alteration 
S Urfl-.lCl' a p­

PC':'l ranc(' Fiber behav ior 

-------;-- ----- ----

Oritton buffl'l'S _ 

% pU ill. 8 
10. 2 
8. 2 
n.o 
4. I 

3. 0 
2. 0 

Fril1(leS 
1IA ll ____ C lear __ . 
I - A __ _____ d o . __ _ 
~D _____ ___ do __ 
N D _ _ ___ do __ 
N D __ _do __ _ 

OA _____ S li ~htl y d a rk 

~l o - A __ D ar k purple _ 

C lumped . 
Do. 
Do. 
Do. 

Part iall y pep­
t ized. 

PcpLi zed . 
1) 0 . 

O. I . 7 " A __ _ Ligh t pu rple_ Peptixt'd gelat-
in ous. 

1. 0 O. Severe A Etched. pittcd Ge latin ous. 
> 15. 

10 . 0 Se\'ere A _ _do _____ _ Do. 

[

SlI lfUricaCid _ 
25 

50 - 1. 50 

75 - 2. 4 
96 - 8. I 

> 15. 
2 ~.zA __ 

~I O - A __ 

:-.I D_. 
:-.I D __ 

Dark, pitted _ 

Oree nish pur­
I)le . 

C lear ___ _ 
_d o _._ 

Prpt izl'd gelat­
iIJ OLI s. 

Partia ll y pep­
tized . 

C lumped . 
D o. 

• Symbols ex plaincd in ta blc 2. 
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FIG u lm 3. Chemical dumbi lity cha?'acteristics of fib er glass 
oveT the mnge pH = 8.1 to pH 11 .8 fo r ex posw 'e of 6 hI' at 
80° C. 

The vertical lines at pH 3.96 and pH 10.94 enclose th e ran ge over which t he pre­
cipa tion of Al (OH), takes place. 



3 .2 . Heterogeneous Equilibria 

ome insight in to the natu re of the ionic ch arge 
on the glass surface and the disintegrat ing forces 
operating upon glass can be obtain ed by studying 
the heterogeneo us equilibria appearing at the solu­
tion-glass in terface. The uneven distribu tion of 
migratable ions at this interface brought about by 
the presence of the llonmigratable, negatively 
ch arged sili cate ions left after preferential leaching 
of cations must necessarily result in a n excess of 
migratable positive ions appearing in th e glass surface 
a nd of an equal excess of negative ions in the ambi en t 
solu tion. The over-all r esul t at eq uilibrium is an 
excess of electrolytes in the glass surface, which give 
ri se to osmo tic pressure across th e interface, causing 
the surface to swell as long as it is chemically and 
m ech anically durable [13] . Th e un eve n distribu t ion 
of migratable ions gives a ready indication of the 
relat ive chemi cal durabili t ies at pH 4.1 of the glasses, 
as well as a partial pictu re of th e mechanism of the 
interfacial voltage pote nti al between the solution 
a nd the glass surface . Th is procedure is especially 
useful under conditi ons i n whi ch the in terferometer 
m ethod is too insensiti ve. The value p H 4.1 was 
chosen because the in tederometer does not make a 
r eady differentiation of many sili cate glasses at this 
pH, as can be see n from figures 1 a nd 2. 

Figure 5 plo tted from cI a t,a in table 6 sh ows that 
the fiber glass has a g reaLer un eve n distribu tion of 
migratable ion s than the natural glass , obsidian , or 
Lhe chemical and indus trial glasses, such as Pyrex 
7740 , fused silica, or VycO[". Co rning 015 , a special 
glass whose vol tages se rve as an indicator of the 
hydrogen-ion activity of aqueo us solu t ions [11], also 
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FIGURE 5. Uneven distribution of migratable ions between 
the leached sllrface and the ambient solution llsing Ag (N H3)2+ 
ion f or a comparison of a jibe,· glass with other special types 
of indllstrial glasses and obsielian. 

Prclcachcd fol' various lengths of ti me, pH 4. 1 at 800 c. 

5 

T ARLE 6. Uneven dist,·ibuti on of migratable Ag(NH,H ions, 
between the glass sllrface and the ambient sollltion fo,· a fiber 
glass compw·ed with obsidian and fow· special commercial 
glasses 

Excess Ag(Nl I3) ~ ion s in surface of 
spec imens leached at pH 4. 1, 800 C for-

Glass 

\ Tycor ____ . _____________ . ___ ._ 
F used 8 iO , .................. . 
Obsidian .................... . 
Pyrex 7740 .................. . 
Fiber glass ................... . 
Cornin g 015..... . ........... . 

o hr 

A[·eq/o 
O. 1 X 10- ' 

<. 1 
<. 1 
< . 2 
<. 2 
5. 8 

6 h r 

M·e'l /g 
O.3 X 10- ' 

1.4 
0.6 
4.2 
7. 1 

23.0 

24 bl" 

.M ·eq/y 
0.75X 1o-' 

1.7 
2.8 
5.4 

18. 2 
30. 6 

has a larger uneven distribution of migratable ions 
than the oth er glasses. 

It is of in terest to note th e curves for obsidian and 
fu sed sili ca cross , as observed in earlier experiments 
[14], showin g th at the rate at which negatively 
charged s ilicate ions a re m ade avai lable during leach­
ing cha nges for these two glasses. Another in terest­
i ng observation is thaI, und er Lhe condi tions of th e 
Les t Lhe sample of Vycor was superior to the specimen 
of fu sed S i02 • 

3.3. Hygroscopicity 

Valu es of hygroscopici ty (wate r sorbed from th e 
vapor staLe) for the fiber glass compared with other 
glasses arc given in table 7. Low valu es of hy­
groscopicity are indi cat ive of the ability of a glass 
1,0 main tain a clear po li shed surface upon exposure 
to water va,po!" , a prop erty different from ch emical 
dura bili ty. The latter term is ge nerally appli ed to 
the cap ac ity of a glass to with stand attack by solu­
t ions [18]. Th e chemi cal dura bility of the fib er glass 
is inferior , al though its hygroscop icity compa res 
favorably with that of fu sed silica and Vycor. This 
low hygroscopicity is in accord with the high elec­
t ri cal r esistance of the surface shown by the fiber 
glass at high relative humidities [19 , p . 407]. 

TARL E 7. Chemical dllrabi lity, heterogeneous equili bria, hygro­
scopicity and pH res ponse of fib er glass for comparison with 

. a series of Na.O- CaO- Si02 glasses and a few commercial and 
nat1tral gl fLss es 

Glasses Leached 6 hr, 800 C atpH 4.1 W ater sor bed 
pH reo 

Na,O Surface Excess sponse 
CaO SiO, a lteration Ag(NH3)~ 1 hr 2 hr 

---- --------
% % % Fringes M·e'l /O mo/cm 3 711u/cm3 71Iv/pH 

10 20 70 N D n. 3.1 x 10- ' 14 21 0 
15 15 70 ND 5.3 20 36 31 
20 10 70 N D 7.2 35 88 59 
25 5 70 I/HS 42 70 160 59 
26 4 70 2S 63 80 185 59 -
27 3 70 6S 109 92 219 57 
28 2 70 30S 660 108 249 55 
29.5 0.5 70 75S 480b 135 314 42 
30 0 70 126S < 2b 152 379 19b 

- ------
Fused 810, ... . .... ND 1.4 5.6 10. 5 0 
Vycor. ____________ N D < 0.3 5.8 11 0 
Fiber glass ........ N D 7.1 5.9 11. 2 0 
Obsidian . .. . . . ... _ ND 0.6 8. 9 13.9 0 
Australi te ......... ND 1.6 10. 1 15.3 0 
Pyrex ......... . ... ND 4.2 18.5 26 12 
Corning ___ ____ ___ _ 2/1 0-S 23 61 125 59 

• Sym boIs explained in table 2. 
b Values indicate that silica rich layers had sloughed off [13] . 

--- - - - ----
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FIGUHE 6. Comparison oj the pro perties; pH res ponse, hetero­
geneous equilibria (1meven distribution of Ag (NH 3) ~ and 
Br- ions at the solution-glass inteljace) , chemical durabili ty 
at pH 4.1 , and the hygroscopicity of jiber glass, fused 
Si02, Pyrex 7740, Corning 015, and a series of Na,O­
CaO-Si02 glasses containing 70 percent Si02• 

The com position of the reference series is given as weight percent in the ratio 
Na,O: CaO: SiO, . In general the superior utility glasses fall in the hygro· 
scopicity range labeled "Superior". 

3.4. pH Response 

Glass electrodes prepared from samples of the 
fiber glass showed no defini te voltage response to 
hydrogen-ion activity of aqueous buffer solutions 
(table 7). This is in accord with previous observa­
tions that the voltage of electrodes prepared from 
glasses of low hygroscopicity have always failed to 
serve as satisfactory indicators of hydrogen-ion 
activity of aqueous solutions [6 , 11] . 

An over-all picture of the position occupied by the 
fiber glass with respect to other glasses is given in 
table 7 and figure 6. In this figure the proper t ies of 
chemical durability, uneven distribution of Ag 
(NH 3) t ions, and pH response are plotted as vari­
ables dependen t upon the hygroscopicity as the 
abscissa. A series of N a20-CaO-Si02 glasses con­
taining 70 percent of Si02 is included for comparison . 
For qualitative orientation t his series of r eference 
glasses is divided in to t hree utility groups based on 
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commercial experience : superior, intermediate, and 
inferior. It can be seen that the value obtained for 
the un even distribu t ion of Ag (NH 3) t ions for t he 
fib er glass does not coincide wi th t he trend indicated 
by the oth er glasses. This illustrates the fact tha t 
the chemical durability of this glass as determined 
from heterogeneous equilibria data is no t as good as 
the hygroscopici ty might imply. 

3 .5 . Dispersal Characteristics 

The tendency of the glass fibers to disperse and dis­
tribu te themselves uniformly throughou t the aqupous 
medium is illustrated in figure 7. Each member of 
the series consists of 0.25 g of fiber immersed in 50 
ml of buffer at room tempera ture. The seri es was 
prepared for direct observa tion , and compariso n with 
the chemical durability curve for fiber glass shown in 
figure 3. The solutions range from pH -8.1 to 
pH 11.8 obtained with H 2S0 4 and Bri tto n-Robinso n 
universal buffer mixtures. 

It is important to observe the correspondence 
between the pH values indicated by the pep tizat ion 
series and som e of the critical poin ts shown by the 
chemical durability curve. P erhaps the most in ter­
esting observation is that wherever thr glass surface 
after exposure r emain ed clear, the fibers persistrd in 
clumping. This is observed for solutions more 
alkaline than pH 4.1 and those more acid than pH 
- 1.49. In the acid range where in terference colors 
appear on the surface of the exposed specimen, ther e 
is rapid dispersal and swelling of the fibers with the 
formation of gelatinous masses in the beakers for the 
region where the attack is the severest. Th e practi­
cal optimum found for the production of paper wi th 
this glass com es in th e narrow range near pH 2.9 at 
which the first appearance of color begins and before 
the region of severe acid attack star ts. 

Another in teresting feature is that in going from 
pH 2.9 to pH 4 .1 or higher and return, t he dispersion 
and clumpin g feature is reversible as shown by 
repeated cycles. It was interesti ng to observe that 
this pH series of figure 7 main tained its essential 
features over a period of several mon ths. The 
marked improvement in chemical durability of this 
glass in the H 2S0 4 solutions of concentrations greater 
than 50 percen t (fig. 3) has been no ted for oth er 
glasses, particularly in the repress ion of swelling of 
Coming 015 electrod e glass in high concentrations of 
electrolytes [13} . 

It will be of interes t to learn whether fib ers pro­
duced from more durable silicate glasses show this 
same critical pH range for dispersal. 

3.6. Thermal Expansion Characteristics 

Figure 8 shows the expansion curves for the glass 
from which the fib ers are made compared with the 
expal'.sion characteristics of Pyrex 7740 and Kimble 
N 51- A. This figure gives an indication of the upper 
temperature at which paper made from this fiber 
~lass can be successfully used , i. e., approximately 
700 0 C for prolonged periods of time and somewhat 
high er ·temp erature for shorter cycles. Its deform-
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ing temperature as determined by the interferometer 
is appreciably higher than either of the other two 
glasses shown. Inserted in the figure is a portion of 
the expansion curve for the fiber glass in an unan­
nealed quenched condition. It shows the charac­
teristic dip in the expansion as the temperature 
approaches the "critical range" [20, p. 17] near 
630 0 C. 

Early experiments had shown that the tensile 
strength of an experimental batch of paper, in. which 
bentonite had been in.corporated with the glass fibers 
was increased from 386 to 820 psi by heating to 
600 0 C , and that the density was also appreciably 
increased [2]. An adverse effect observed was an 
increase in. brittleness of the fibers, a feature char­
acteristic of glass fibers that have been leached and 
heated. These observations can be partially cor­
related with the temperatures indicated by the 
expansion curve, which shows that the temperature 
of 600 0 C is within the lower limits of the "annealing 
range" for this glass. The additional strength may 
have been brought about by initial stages of fluxing 
the fibers to each other or to the bentonite filler. 
For other glasses , heating after leaching is known to 
improve the chemical durability, decrease the hygro­
scopicity of the surface layer, and greatly lower th e 
vol tage response of glass electrodes to hydrogen ion 
activity of aqueous solu tions [21] . The increase in 
density of the paper at 6000 C would be accompanied 
by normal increase in density that is observed to take 
place in glasses upon being altered from the 
"quenched" to the annealed condition [22] . 

4. Relation of Observed Properties to Paper 
Quality 

The weakness of the fiber glass paper fabricated at 
values lower than pH 2.9 coincides with a sharp 
decline in the chemical durability of the glass . The 
decrease in strength of the paper when formed at 
pH values higher than pH 2.9 is associated with a 
conspicuous tendency for the fibers to clump. This 
clumpin.g probably in.terferes with the most advan­
tageous orientation of the fibers for proper mattin.g, 
and attainment of optimum strength of the finished 
paper, The evidence furnished by heterogeneous 
equilibria data and in.terference colors on the sur­
faces of the interferometer test specimens, seems to 
support the assumption that the gelatinous silica-rich 
layer contributes to th e resultin.g strength of the 
paper by causing the fibers to adhere at their points 
of contact when the paper is produced at the optimum 
acidity near pH 2.9. This feature, however, could 
be studied to advantage with other glasses of dif­
ferent compositions. As to the ultimate tensile 
s trength that might be attain.ed for papers from glass 
fibers, it must be borne in mind that such values as 
400 psi are but a small fraction of the in.itial strength 
of the individual fibers. At the time of their produc­
tion the tensile strength of glass fibers has often 
exceeded 2,000,000 psi [19, p. 72] . 

That the region near pH 3 for maximum strength 
and quality of the paper from glass fiber is a range of 

pronounced transition of propertIes for typical silicate 
glasses can be readily visualized by inspection of 
figure 9. In this figure typical tensile strength data 
for paper from glass fiber are superimposed over the 
chemical durability curves for three silicate glasses 
(fiber glass , BaC 572, and Cornin.g 015) , typical 
voltage departure curve for the glass electrode, and 
a basic silicate-acid titration curve. All of these 
show a gentle to sharp transition in the approximate 
region of pH 3. The same pH region is further 
emphasized by the peptization-pH series, (fig. 7) 
and th e position of the appearance of interference 
colors from reflection. reducing films on the surface 
of the chemical durability test specimens , (fig. 3). 
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There are other observations from this in.vestiga­
tion that arc not primarily concerned with the 
production of paper from glass fibers, but that are of 
more than passing interest. The data for the three 
optical glasses given. in table 2 and. figure 1 when 
compared with results published years earlier [4] 
show the need. for improvement in the chemical 
durability of these glasses; their poor durabilities have 
been contributory to the excessive deterioration of 
optical instruments and spectacle lenses under con­
dition.s of high atmospheric temperature and relative 
humidity [23]. Of equal interest is the possibility 
that peptization of glass fibers and paper strength as 
a function of pH may constitute useful tools in the 
study of the so-called "isoelectric point" r eported for 
silicate solu tions near pH 2.9 [24, 25]. 
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FIC U RE 7. Dispersion tendency shown by glass fib ers over a range p lI 11.8 to pH - 8. 1, 
obtained with Britton-Ilobinson universal bulfers and H 2S04, f o'· compa1"ison with the chemi­
cal durability curve f or the fiber glass shown in fig ure 3. 

FIG URE 8. Ex pan sion 
characteristics of the fi­
ber glass in annealed 
and "Unannea l ed 
quenched" conditions 
compa/·ed wilh the an­
nealed curves oj Pyrex 
774 0 and K imb l e 
N 51-A. 

D ala by Hermanl<'. Shermer. 
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