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Effects of Chrysotile Asbestos Additions

THE three principle characteristics of g
highly refined chrysotile ashestos prod-
uet that apply to paper applications
are:

1. The surface charge—cationic
2. Particle shape—fibrous
3. Surface characteristics

(a) Organic adsorption

(b} Chemical reactivity

These properties differ sufficiently from
those of the more conventional paper
additives to indicate a promising poten-
tial for use in the paper industry. In
addition, refined ashestos is a material
of low cost and is available in sufficient
gquantity to supply a consumer as large
as the paper industry. Advances in
processing techniques have insured a
uniform product that can he supplied
within quite rigid specifications. With
respect to abrasiveness,
determinations have shown that the
purified asbestos 1¢ considerably less
abrasive than ordinary fillers or bleached
sulfite pulp. The properties imparted
ta paper by addition of purified chryso-
tile asbestos, as well as paper-machine
behavior, were determined by experi-
mental work both in the laboratory and
in full scale mill trials. These results
are disecussed in thiz paper,

LABORATORY DATA

The iaboratory results, as reported
herein, were obtained in our own labora-
tortes at Tuxedo, N. Y., and through
the efforts of Professors L. C. Jenness
and A. J. Chase of the University of
Maine, who have acted as our consul-
tants during this program. The tests
were conducted principally in the labora-
tory Nobleand Wood handsheet machine
and, unless otherwise speeified, used a
bleached sulfite stock heaten to a
Canadian Standard freeness of 300 £ 10
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The effects of incorporating a new, highly purified, grit-free chrysotile asbestos fiber
in cellulose paper are discussed, Daota are presented from both laboratory hand-
sheet tests and paper mill trials on the effect of the fiber on both operational factors

and on sheet properties.

Effects discusséd include retention of cellulose fines and

fillers such as Ti0,, freeness, drying rate, pitch control, brightness and opaorcity, soft-

ness, strength, porosity, printability, show-through, and dye retention,

Savings

possibilities and other economic factors are also discussed.  QOperational feasibility
was maintained while important gains in economics, pollution control, and product
properties were obtained with @ wide variety of furnished types.

ml. Handsheets were made at the
standard basis weight of 60 g/sq m and
tested, wherever applicable, according
ta the TAPPI standard procedures.

Effects on Retention

The effeats of incorporating a highly
defibriilated chrvsotile fiber in cellulose
paper were found to be unigue among
inorganic additives. Because of its
electropositive surface charge, the self
retention of the ashestos fiber is very
high when compared with clay or tita-
nium dioxide pigment. As shown in
Fig. 1, this improved refention is signif-
icant on a single pass retention system
or in one where white water recircula~
tion is emploved.  On the basis of single
pass retention, the asbestos showed
almost 8097 retention compared with
only 409, for either elay or titanium
dioxide.

It can be postulated that any method
of introdueing a positively charged
material into a paper furnish should
tend to improve retention of all com-
ponents. A summary of the relative
surface charges of papermaking con-
stituents (as caleulated from laboratory
mesasurements of individual mobilities)
is shown in Table 1.

Accordingly, the chrysotile asbestos
should eoflocculate with any and all of
the furnish constituents. That this is
so is shown when asbestos and TiOs
pigment are agitated together to form
what appears to be a fibrous titanium
dioxide pigtnent. Titanium dioxide dis-
persed in water produces a milky liquor
that tends to remain cloudy for long
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periads of time. When cofloceulation
is achieved, the water at the interstices
of the floes is clear. Thus, all of the
Ti(, is being held by the ashestos.
Electron micrographs of the combined
product {Fig. 2) show that the pigment
is still in the dispersed state and is held
by the asbestos. Most important is
the fact that these flocs are formed with-
out sagglomeration of the pigment.
This should allow maximum efficiency
in obtaining its optical properties.

The advantages of asbestos over con-
ventional floceulants, either inorganic
or organic are twofold: (1) retention
without agglomeration, and (2) floe
stability. Experience has shown that
no degradation of the floc occurs even
after repeated agitation. Once formed,
these flocs are stable even under pro-
longed high-shear agitation of a Waring
blendor,  Taboratory studies have
shown asbestos to be compatible with
all types of organic and polymeric
flocculants. In a furnish of high filler
content, particularly, the combination of
asbestos and eoagulant is especially
effective. Usually the net effect iy
greater than can be achieved by either
alone.

Table |
{. ms pH
Bleached sulfite cellulose —-14 6.4
-9 5.0
Titanium dioxide (RA-50}  —19 10
None 6
Tale ) —15 6.6
Purified chrysotile agshestos +38 6.6
+45 5.0
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» DMata from laboratory tests run on
.andsheets to demonstrate the retention

' properties of chrysotile fiber are shown

in Figs. 3 and 4. The control series for
thizs evaluation were made with 49
clay. Where ashestos was employed,
it was substituted on a pound-for-
pound bagis for elay, o that at equiva-
lent retention the ash and opacity values
would be comparable. The level of
T addition was then varled from no
TiQ, to 1067 added based on the stock.
Yt iz apparent that the retention of the
additives is greatly improved with as
little as 297 ashestos.  Clay retention is
also greatly affected. Because these
data are based on single pass refention,
the values are quite low (Fig. 4). Since
this is probably the most difficult reten-
tion condition, the effectiveness of the
purified fiber is ¢learly demonstrated.
In another series of tests, run under
similar conditions but with high levels
of clay, the results were equally en-
couraging. The ash values for levels
of clay additions ranging from 23 to
50C7 show that the retention of the filler
is increased with increasing asbestos
additions up to the 6% asbestos (Fig.
5). The effects of white water recircu-
lation on the ash content of the sheet
were also defermined and are shown in

" Fig. 6. Whereas the average ash reten-

tion only reached ahout 479 with a ene
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pass circuit, with reecirculation the
average retention was inereased fo 709,
There iz also evidence that equilibrium
was reached in the recirculation system
at 3% asbestos whereas it required about
5% for the single pass system.

Effects on Qpacity

Inasmuch as chrysotile asbestos has
an index of refraction of 1.32-1.565 that
is similar to that of kaolin, it couid he
expected to have equivalent opacifying
power. On the hasis of the amount
added, aShestosfilled sheets showed
higher opacities; however, as ig shown
m Fig. 7, the opacities are essentially
identical at corresponding filler weights
in the sheet., In the series where
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ashestos was substituted for 275 clay in
a titanium dioxide filled sheet, the re-
sulting opacities assoeiated with the
asbestos were invariably higher. In
Fig. 8, the average opacity increase is
from 2 to 3 points. This is attributed
to the increased retention of all com-
ponents through the cationic charge of
the chrysotile ashestos,

Effects on Tear and Tensile

The comparative fear values for the
addition of either clay or ashestos are
similar, For both minerals, small quan-
tities are beneficial whereas larger quan-
tities prove to be detrimental. Figure
9 shows that small quantities (<3%) of
ashestos resulted in better tear factors.
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- "Above 539 asbestos additions the tear
factor decreases below that for clay-
filled paper. This effect is probably due
to the geomeiry of the fiber as well as to
its smaller particle size. Asbestos ig
more efficient at disrupting the hydro-
gen bonding of the cellulose fiber than
are nonfibrous minerals. An even hei-
ter example of the geometry effect can
be seen in Fig. 10, where the tensile
values are shown for corresponding filler
content of the sheet, Once 39 filler in
the sheet is exceeded, the effect on
tensile strength is influenced considera-
hly more by the asbestos than by either
clay or Ti0s,.

Effects on Softness

While the strength of the sheet is
reduced by ashestos content, a cor-
responding  softening effect is also
achieved. This relationship is shown
in Fig. 11. Ina lightweight tissue sheet
a 9% asbestos content resulted in
doubling the softness values obtained
on a Clark softness-stiffness tester.
Various furnishes were investigated and
all types appeared to respond in a
manner similar to the lightweight sulfite
furnish.
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Effects on Pulp Freeness

As might be expected from the use of
a small sized, fbrous filler, the freeness
of the furnish i1s affected. The degree
to which the ashestos slows up the fur-
nish drainage appears to be dependent
on the original freeness of the stock.
For example, the data in Fig. 12 show
that the lower the freeness of the stock
the less it is affected by asbestos. At
the low levels of asbestos addition
normally used in paper this has not been
a problem in the mill.

Effects on Porosity

With the incorporation of the highly
refined ashestos the sheet porosity in-
variably has a tendency to decrease

with increasing asbestos content as.

shown in Fig. 13. The initial high
increase in porosity values obtained by
the addition of between zero and 29;
asbestos 15 attributed fo the retention
of fines. This effect normally accom-
panies the addition of chrysotile as-
bestos,
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Effects on Printability

Normally, any time the porosity of
the sheet is reduced and the formation
of the sheet is improved, the printa-
bility is subsequently benefited. Prini-
ing evaluations by the Research Insti-
tute for the American Newspaper
FPublishers” Association of samples ob-
tained from the various mill trials
verified these conclusions. Where
sheets containing ashestos were com-
pared to the control runs on the same
grade, improvements in the following
properties were noted :

1. Smoothness
2, Opacity

3. Ink transfer
4. Printability

In most cases, improvements were
noted for both the felt and wire sides.
Usually the more signifieant improve-
ments were observed on the wire side
thus demonstrating an improvement in
two-sidedness.
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. .;,’l:_'?ecf,s of Stock Type

-

Sume data have been obtained on
furnishes employing stocks other than
a bleached sulfite stock. TFor the most
part the dats obtained were consistent
with the results reported so far. The
most notable exeeption was in a typical
newsprint furnish of 809, groundwoond—
2097 bleached sulfite. Under these
conditions, as much as 6% asbestos in
the sheet caused no appreeiable reduc-
tion in the tensile strength. 7This
probably can be attributed in part, to
the inherent weakness of the sheet and,
in part, to the retention of the ground-
wood fines which contribute to the
sheet strength.

Other Applications

Probably the largest single applica-
tion for asbestos, in addition to those
already described, is as a pitch control-
ling agent. Laboratory studies have
been conducted on a wide variety of
pulps, but because of the diversity of
pitch problems, no universal data are
obtainable. In the majority of the
cases, however, asbestos has proved to
be more effective than other com-
mercially available products. The to-
tal reduction in pitch is generally only
slightly lower than eompetitive prod-
ucts but the amount of asbestos neces-
sary to reach this level is usually signif-
icantly less.

Considerable laboratory effort has
also gone into the retention of beater-
additive -latices. Since most of the
commercially available latices are ani-
onic, they have proved to be compatible
with the cationic chrysotile. It has
been found advantageous to blend the
ashestos with the cellulose first in order
to put the asbestos on the cellulose in a
dispersed state. Thus, when the latex
is added, it is deposited uniformly
throughout the furnish and minimizes
the tendency to form the latex agglom-
erates which are undesirable in the

finished sheet. The overall asbestos
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Table |l
lowdilive Clay, "4 Aclestay, % Telds, 75 Glue, oy i paciy
| (eontrob) 4 - LY {+.25 RV
2 | 3 7.0 025 wah
o 1 34 [V H .20 9l
4 1 3 a.4 - 01
Table lif
Faper analysis
Condition fIpacity Pk, 44 Ash, 4 T retention,
Pre-trial R .64 120 G35
277 asbesios added H3.5 2,20 34 b
Post-trial LR 1.75 12,2 70

retention is almost universally improved
and the resulting physieal properties
have been found to be enhanced {partic-
ularly wet tensile and fold) to a higher
degree than can be attributed to the
improved latex retention,

Studies in dye retention have shown
that 29% asbestos addition will generally
improve the retention and greatly re-
duce the two-sidedness. This is partic-
ularly true with acid and pigment dyes,
It has also been possible to predye the
ashestos which in turn can be added
directly to the furnish and results in a
cloge cantrol of color and shade.

A rather unique application was also
discovered in the field of conductive
paper. Its function in this area is to
improve the sheet formation and to
provide a more uniform distribution of
the econductive media through cofloccu-
lation. Again, the ashestos addition
levels required for this application are
found to be in the 2-39%, range,

MILL TRIAL DATA

Sinee the beginning of this program,
something in excess of 200 mill trials
have been conducted. In the majority
of these trials the purified asbestos has
performed as predicted from the labora-
tory studies. In addition, on machines
where mineral additions are common-
place, no serious problems have de-
veloped due to the addition of asbestas.
These trials have been conducted on a
wide variety of paper grades as well as
in paperboard. A review of some of

2 2
[y [3
z -»
B
5 e
[T
1
g e
woE
5%
e
S
5 :
& :
g‘fw""‘ -
ha '
£33 !
10 P 1 1 1 ‘
< v z 3 a Y

PERCENT ASBESTOS ADDED

Fig. 14. Towel softnass versus asbestos content.
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these trials demonstrates the versatility
und advantages obtained  with  the
chrysotile fiber,

Retention

In a machine trial on a 40 b oparque
printing paper, 3% asbestos substituted
for 3% clay resulted in a reduetion of the
T10, requirement fram 163 to 120 1b/ton
and eliminated the glue previou:ly used
as a retention aid. This was accom-
plished without departing from the
specifications of the sheet and without
machineg problems, A summary of
these results isshown in Table TL

In another trial, en a 37 Ib bond paper,
2% usbestos was used for a correspond-
ing amount of ¢lay.  Titanium dioxide
amounting to 2.5% of the furnish was
also going into thiz sheet for opacity.
A summary of these results appears in
Table IIT.

These data show an improvement in
TiQ, retention from about 6% to 8879
with a 29 ashestos addition,

In addition, the saveall effluent was
monitored during both the control and
trial periods. The average solids con-
tent during the pretrial and postiriai
period was 2,3 1b/1000 gal. During the
trial the solids content was redueed to
1.5 1b/1000 gal. Due to the improved
efficiency resulting from the asbestos,
a 38% reduction in solids loss was
realized.

It is not unusuai to expect saveall
efficiencies improvement during these
trials. In one trial, particular atten-
tiocn was paid to the saveall ynit since
it had been operating under a heavy
load with a low efficiency, In this
instance both the influent and effluent
were monitored. A summary of these
data is given in Table IV,

Softness

A natural application for the highly
refined chrysotile fiber is in the tissue
and towel grades. Thiz mineral is
unigue a3 an inorganic softening agent.
Numerous mill trials have demonstrated
its ability to impart both softness and
a velvety handfeel to hoth tissue and
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NP Table IV
N Sapeall, h aolida/ 1000 gai
fundition Influent FE il uent Sareall efirfency, "L
Pre-trial 17.9 4. 30
During trial {297 asbeslos), hr
1.0 14.3 115
2.0 i3.2 {1.90
3.0 114 .71
Post-trial 214 6.00
Average -
Without aghestos 1964 .18 74
With ashestos ] 12 K3 a2 o
[teduction in selids resulting
from Lhe use of agbestos, '/, A5 22
Tabkle V improved drying rate of the asbestos-
Handlotr M eter saluss filled tissue resulted in a lower steam
o T o requirement to the Yankee drier.
bt . By virtue of the inherent physical
Control i 228 properties of chrysotile ashestos a wide
e 6 = N . . . -
Irial Y 1.5 variety of applications to the tissue and
s Average of B reels. * Average of 8 reels. towel grades have been explored, Its
largest single application at this time is
as a tool to achieve quality in a wide
. ) . variety of furnish components. In
towels, A typical relationship between mills where the use of coarser and

ashestos content and Handle-O-Meter
values on a 40 Ib towel is shown in Fig.
14. The levels illustrated, up to 5%
ashestos, are typical of the levels used
for this purpose. For this grade a 5%
ashestos addition reduced the Handle-
O-Meter values from a control of 27 to
17,

In a machine trial on & 13.23 1b tissue,
4%, asbestos was added to improve soft-
ness and handfeel. The furnish con-
sisted of 2597 pine, 609 hardwood, and
159 broke. The effects on Handle-O-
Meter values are shown in Table V.

Not only was a significant iraprove-
ment in softness realized but the level
nf difference between machine direction
and cross-machine direction was re-
duced by nearly 5%, This is probably
due to the improved sheet formation.
[n addition to these improvements the
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harsher cellulose stocks (or even waste-
paper) is limited, the incorporation of
asbestos has permitted a higher per-
centage of these cheaper and coarser
pulps without a loss in quality and at a
stgnificantly reduced furnish cost. For
still another mill, where the drying
chain controlled the machine speed, as
much as 30-30 fpm increase in ma-
chine speed was achieved with a 2%
ashestos addition, a situation considera-
bly more economical than the standard
furnish at the slower rates,

Pitch Controf

The most universal application to
date is in pitch control. In mills where
this use has been investigated it has
been found to he more effective than
other ecommercially available products.
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Where ashestos =2 currently heing used
it has repluced tale, at the ratio of 2
Ih of ashestox/3 1h of the competitive
produael.

CONCLUSION

These studies have shown puritied
chrysotile ashestos to be unique az an
inorganic additive to eellulose paper.
Inlike other paper eomponents this
material i cationically-charged and, as
such, performs as a retention aid to all
constituents in the furnish. [ts uni-
formity, small particle size, and fibrous
geometry contribute to the softness of
the sheet and improve twosided effects.
The high surface area and its adsorp-
tion of organies aid in dye adsorption
and printability. Tts performance on
the paper machine has been most satis-
factory and, as a rule, has caused no
problem in the subsequent processing
of the paper. Where care has been
used to employ 8 sufficient quantity of
ashestos to be effective, yet not so much
that the strength of the paper is de-
graded beyond reasonable limits, the
results have been quite successtul.

Because of this versatility we believe
that purified chrysotile ashestos will
continue to grow in its present applica-
tion to the paper industry and that
new areas will develop where the unigue
properties of this material will be
advantageous.

Receiven Feb, 5, 1965.  Presented at the 50th
Annusal Meeting of the Technical Association of

the Pulp and Paper Industry, beld in New York,
N. Y., Feb, 21-25, 1665,
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