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! "'Thls 4invention ‘rélates o “water-laid: ‘asbestos
fiber -sheets, - and "is+ particalaily  directed 'to ‘@
method of improving :chyysdtile ‘asbestos fibersto
better-gdapt-such-‘fibers for-produting sheets:and
other: products by-an’eperation involving déposi-
tion:6f -the  fibers from -an-‘aqieous ‘suspension
there6f, accompanied: by* separatlon ‘of* Water by
Hltration.
*THe“present applacatlon 18 contmuatlon in
‘part-of - our--copending ‘U. ‘S.-patent applicdtion,
Serial No;620;388, filed Octobet 4;1945, for Treat-
ment of -Atbestos Fibers, ‘now-abandened; and of
‘our ‘earlier cabandonéd " U, S. patent pphcatlon
S No. 586:420, filed” "May 19, 1944, for Manu-
faicture: of "Water-Laid ‘Ashestos ‘Sheets:

“A-substantial -propotrtions of thetotal produc-
tion~6f asbestos fibers-consists of clirysotile’ ds-
Lestos, which is largely ‘employed Tor the manu-
facture :of “water-laid -and - feltéd : ashestos -fiber
sheets-such-as: paper ‘or millbeard, and &5 a re-
iriforéing fiber “in -aShestos-cement ‘sheets and
OH ‘porided. ashestos *reinforced produets.
Crude chrysotue asbestos ﬁber censxsts of buridles
s ’brous crys-
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e, he ﬁber is“usu-
; J nd refining ' treat-
metit desighed 10 open upthe fiber bundles and

f' roduce ﬁner ﬁber aggregates_or ﬁlaments,

ahdii'eﬁned ﬁbers aren subJected to the actmn of
a beater engme whéreb’y they are further broken

fitiey ﬁbrous <a gregates Ke) »vsherter length Dur-
ing suchiopening-and.refining operatiois the ends
‘ofsthelcrystal aggregates dre shattered or frayed
toradevelop 4 great ‘number jof srhinute hair-like
fibrous filaments, These fiberizing treatments
dntiprove sthe:felting -characteristics .of .the fibérs
dnd-therébyimptove the strength of sheets:pro-
duced:by ithe wet: process sheébing operation. A
primary:éhject ofthe present invention is to so
treat’the fibers-as toifurther improve-thém :for
manufacture -of ‘water-laid :sheets :and :shapés.
“One:of ;the .ehief difficulties ‘which:is encoun-
dered :in »the -formation rof watér-laid asbestos
fiber:sheéts ‘is-in- the: comparative:slownéss ‘'with
which water: separates;from:the  sheet by filtra~
tion.:as :the :sheet is Jbeing -formed.. .The slow
ﬁltermg rate of-such-water-laid. felted fibers:ma-
terially -reduces ~theispeed «of -operation of fhe
sheet forming:process.. - ..
A partlcular -objeet is-to- provuie a2 method. of

40

45

50

65

10

. 9

treating ashestas fibers to improve their freeness
or filtering propertles to-better adapt them for a
Jet process “sheét formmg operatlon

pOSed for treatlng asbestos ﬁbers to improve such
fiber's for a partiéular purpose. In general such
methods have had a sérious-adverse afféect on the

‘strength or felting characteristics of the fibers.

‘Any treatment of ‘the fibérs which ‘tends to im-
patt brittleniess therétod, or which inéréases their
tendency to ‘form® ‘agglomerates of fiocks in-watér
suspensxon ‘has a.n adversn eﬁ‘ect on the use.of
the fibei g 1
reducing “thé possml lity “of ‘forming-a uniformly
Felted ﬁber ‘sheet “of ‘suitable strength -and -of
uniferm fine textire.

Another object is to provide ‘a ‘method -of in-
‘¢reasing the ‘free -filtering - characteristics ‘of -as-
Westos “fibers “without -substantial adverse effect
on the tensile strenigth-and feltmg characterlstlcs
of the fibers.

With “the above ‘objects in- view the invention
COnSists ‘i the improved method 6f treating as-
vestas fibers to impart freeness thereto which is
hereiriatter deseribed ‘and more particularly de-
‘fned anying claims.

Inthe accompanymg description teférence w111
Jbe made to-the dttached diawiig, il which the
smgle ‘figute pmtrays in vertical sectlon, with
parts in. elevatlon, a Shaft furnace - which may be
used - for. flash heatmg chrysotile -asbestos fibers
in. accordance with this. invention.

Asbestos fibérs. - of the chrysotlle type which
.glve -the most d1ﬂ°1cu1ty in paper.and sheet form-
ing- opera’mons bécause of slow filtering character-
4stlcs, develop-a-slimy surface coating whén wet.
The -invention is -based on -the  discovery -that
such fibers of slimy-and slow filtering-character-
istics-ean be-converted by a moderate and short

- ‘heat-treatment into fibers of comparatively much
dmproved- filtering - eharacteristics - having no

tendency to become slimy when wet. During-the
‘heab treatment; the crystal filaments forming-the
core of a chrysotile fiber bundle or-aggregate re-
tain substantially-their original composition and

structure;: while the:outer shell: or surface layers

of ‘the fiber lose: some water -of “crystallization
and any -associated inerustations of magnesium
‘hydrate-are converted:-to substantially anhydrous
magnesium- oxide. - The itivention cohtemplates
spetific:limitations as to: temperature and . diira-
tion-of the-heat-treatment-whereby it-is: pussible
‘to ;develop ‘a high proportional :inerease -in the
filtering-rate ‘ot freeness - without substafitial re=-
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duction of tensile strength and felting properties
of the fibers.

The invention has general application to the
treatment of chrysotile gsbestos fibers to enhance
their filtering characteristics for use in the man-
ufacture of water-laid felted fiber sheet products.
The process has particular utility for treating
the shorter commercial grades of chrysotile as-
bestos fibers ranging as to size classification
over groups 3-7, including floats, in accordance
with the Standard Quebec Screen Classification
Scale.

The process consists essentially of subjecting
the fibers to brief heat treatment whereby the
fibers are heated to a temperature in the range
600°-1200° F. and are then cooled after being
heated at such temperature for a period not ex-
ceeding three minutes. - By careful control of the
temperature and time of heat treatment the fil-
terability of the fibers can be greatly improved
without serious adverse effect on the strength
and felting properties of the fiber.

The freeness or filterability of chrysotile as-
bestos fibers is improved by raising the fiber sur-
faces to temperatures in the range between 600°—
760° F. and 900° F., and maintaining the fiber at
such temperatures for about three minutes. As
little as Ave to ten seconds exposure of a chryso-
tile fiber to direct contact with hot gases at gas
temperatures in the range of 1200°-1500° F. has
the effect of markedly reducing the water of
crystallization at the fiber surfaces and improv-
ing the filtering characteristics. Any heating of
the fibers at a fiber temperature above 1200° F.
for more than three minutes has a serious ad-
verse effect on the tensile strength and felting
properties of the fiber.

One method of carrying out the heat treatment
is by loading the loose fibers at room tempera-
ture in a layer of 1-3 inch thickness on a con-
veyor belt, and transporting the fibers at a con-
trolled rate through the combustion chamber
section of a drying oven in which the gas tem-
peratures are maintained within the range of
about 900°-1500° F. The fibers are heated with-
in the chamber for a short period, and are then
removed from the chamber for quick cooling to
avoid the harmful effects of prolonged exposure
to the high temperature gases. This particular
method of heat treating the fibers is not the pre-
ferred method because of non-uniformity of heat
transfer between the heating gases and fibers
throughout the full depth of the bed of fibers.

- It is difficult to effect uniform controlled heat-
ing of asbestos fibers by exposing them in g layer
or deep bed to hot gases flowing over or around
the bed. Some time is required to preheat the
fibers from room temperature up to the tempera-
ture of the hot gases. Furthermore, the rate of
heat transfer between hot gases and fiber sur-
faces varies with the temperature differential
between the gases and the fibers, and with the
relative rates of movement of gas and fibers, and
is much more rapid at the surface of a deep layer
of fibers than it is in the interior of the layer.

According to another heating method a body
of commercial chrysotile fibers is introduced
through a fluff box onto the surface of an endless
conveyor, while advancing the conveyor at a rate
controlled to huild up a bed of the fibers several
inches thick. The fibers are well opened and
fluffed during their passage through the fluff box,
and the layer of fibers on the conveyor is com=
pressed by a press roll to a mat. The mat of
fibers thus formed is transierred to the surface
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of an endless asbestos fabric conveyor which
carries the fibers through a dielectric heating field
between electrodes of a radio frequency electro-
magnetic heater. Using a heater having elec-
trodes with a heating area of 2 ft. x 6 ft., and
with the conveyor travelling at a speed of 1.65
ft. per minute, a bed of fibers weighing 20 lbs.
was exposed to the heating field for a period of
about 3.5 minutes. This method of heating rap-
idly raises the fibers throughout the bed from
a temperature of 50° F. to 600°-900° F. Imme-
diately after the fibers have been exposed to
the electro-magnetic field for not to substantially
exceed three minutes at the indicated tempera-
ture, the fibers are transferred from the asbestos
conveyor to a pneumatic conveyor by means of
which the heat treated fibers are transported to
a collector and simultaneously cooled by the air
which serves as the carrier medium.

The freeness or filterability of fibers thus
heated was improved as much as 90-95%, while
the water of crystallization was reduced only
about 10% from an original average value of
about 1314 %, to 12-12%%. The tensile strength
of the fibers was not lowered more than 25%
by: the heat treatment. The heat treatment is
usually applied to fibers containing not to exceed
about 2% by weight of uncombined or surface
moisture. - The heating operation is controlled as
to time and temperature to effect a large increase
in fiber freeness while avoiding substantial loss
of fiber strength and felting properties.

A very satisfactory method of carrying out the
heat treatment is to project or drop the fibers
in loose form into a flowing stream of hot gas,
in such g way as to expose each individual fiber
to direct hot gas contact for a short heating
period, followed by removal of the fibers from the
heating gas stream, and rapid cooling. This
method is easy to control to secure uniformity
of heat treatment, because it is possible to develop
a substantially uniform period of contact of each
fiber with the hot gas, and to provide for a sub-
stantially uniform rate of heat transfer between
the hot gas and the fibers.

- As shown in the attached drawing, chrysotile
fibers can be continuously fed at a controlled rate
by feeder belt 10 and chute 12 into a -carrier
stream of recycled hot. combustion gases which
impart some degree of preheat to the fibers, after
which the gag suspended fibers enter a cyclone
separator 14 and are projected downwardly there-
from in gas suspension into and through a rising
stream of hot combustion gases in a vertical
shaft 16 having smooth walls. The fibers fall
by gravity countercurrently to the upwardly mov-
ing gas, and the thus heat treated fibers are
finally discharged from the base of the chimney
through a rotary sealing valve (8 into a carrier
stream of cooling air moving through a pipe 20
at substantially atmospheric temperature. The
hot gas exits from the top of the shaft through
offtakes 21 and at least part of this gas is recycled
as carrier gas for transporting more fiber to the
top of the shaft. It has been found possible to
effect substantial improvement in the freeness
or filterability of the fibers without serious re-
duction in water of crystallization and. tensile
strength, when the fibers are in contact with the
hot gases in shaft 16 at maximum gas tempera-
tures between 900°-1500°.F., for periods ranging
between five and thirty seconds. During such
short period of contact of the fibers with the hot
gases af such temperatures (as measured by ther-
mocouples), the temperature of the fiber is raised
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to-about 600°=1200°F., asidetermined by:ealorim-~
eter 'Wlth the temperature-ofsthe gases-enter-
ingithe:shaft from acombustion chamber:22iat
1200°~1500°:F.,-and-with:the : temperature :6f ithe
fibers leaving the base of the-ehimney-at-about
900°-1200° P., satisfactory improvement of ‘the
freeness :of ‘the: fiber:is:effected when the time
of *heat treatment:-within. the shaft:is as short
asfive seconds. -:Under these:conditions the:free-
ness idgiimproved:by..as. much..as:90-100% :with
not tosexceed 15% loss 'of: moleculgr water:and
notito:exceed: 20 % :dropiin:fiber:tensile:strength.

The degree of improvement of filterability :of
ithe ;chrysotile : fibers:isdirectly :proportional: to
the stemperature . and:-time :of ~heat “treatment.
‘Thesstrength:of-the:fibersis:adversely effected:by
prolonged heating at-temperatures at which:the
Ailfering :characteristics .are :substantially - im-
proved.: :Consequently there are optimum:ranges
of temperature and heating:times:which:develop
satisfactory improvement. in-the filtering char-

acteristics of ithe :fibers without.serious:adverse

effect:; on:the strength andfelting characteristics.
Ans optimum- improvement:in ~filterability::of as
much. as:90-100%.:can bhe effected without-reduc~
ing the:reinforcing strength:and-felting charac-
dexistics:of the: fibers by morethan:25%, by -heat-
dng thefibers:at actual fiber temperatures: aver=
aging 700°-900° F. for periods of time:which:are
s0;short (less than three minutes) was:to preven!
‘a.doss.of combined-water:in.excess 0f:20%.
+When using:hot. gases:asthe heating :medium,
good: flash heating results are.obtained whenthe
temperature. of -the -hot. gas :which .contacts the
Aiber ds:about -200°: to 300°:F. shigher than the
desired maximum temperature to-which-the fiber
Iszheated. . ~Whereas inhigh frequency. electro~
‘magnetic heating the fibers:may be heated to a
temperature :of. say 900° F. by :a heater which:is
sset:to.develop: this same-temperature, -a hoet gas
contact flash heater is advantageously operated
-with hot.gases.averaging:1000°=1200°-F..when.it is
:desired  to -develop -actual fiber  temperatures -of
100°-900° \F, . -Underthese-conditions the -heating
of-the-fibers-proceeds.at-a satisfactory rate, .and
it ds-possible: to limit :the total period-of heating
wid m -the - range ﬁve seqonds 1o~ thlrty seconds

from rogmie,mpemfmr,e Qr from a. preheat tem-

perature not exceeding about 400° F., to the in-

dicated maximum:temperature.

The following operations were .carried out in
a flash heating shaft furnace. 6. having an over-
all height of 26 ft. and an internal diameter of
7 6. Hot combustion-gases enter-the stack from
combustion chamber 22 at one side thereof at a
:point:about'6 ft. from the base of the stack. ‘The
-effective heating length of the stack is, therefore,
out 20 -ft. The combustion:gases rise within
-stack-at a velomty of about 1 ft. per.second,
nd ﬁbers were fed to the top of the stack con-
uously at feed rates of 1-2:tons ‘per hour.
ermocouples 24 are -disposed at :intervals
-throughout the length of ‘the -stack, and cal-
:orimeter: measurements were ‘made ab. frequent
Jdntervals-of - the actual temperatures of :fibers
swjhdrawn from the base of the stack.

When operating with a maximum gas tempera-
ture of about 950° F. at a point'in the stack of
about 1-2 feet above the level at which combus-
tion gases enter the stack, and feeding fibers to
the stack at the rate of two tons per hour, the
fibers were in contact with the hot gases within
the stack for a period of about five seconds, and
were heated to a maximum fiber temperature of

<
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-approximately 650° P, "The thus treated fibers
developed a freeness of filterakility improvement
of -about 309<509, ~with -a “loss -in -tensile
strength ‘of- -only ‘about 2 t0:3%. - ‘Operating:at
the same rate-of fiber-feed with4 maximum gas
temperature:of 1035°F, and maximum-fibertem-
perature -of -approximately.732° F.-animprove-
ment in-freeness -or ‘filterability - of 16'7% - wasg-0b~
fained with-about 5% -réduction of fiber -tensile
strength, - Operating-at the-same feéd-ratewith:a
mazxitnum: gas: temperature:6f71110° F. i‘the fibers
were heated to:a'temperature-of-about 800°iF,
‘and devéleped gbout:80 % improvement.in’ flter-
-ability w1th -approximately 8% -drop ‘in- tengile
strength. “With the:same'feed rate at-a gastem-
perature -of 1303°<F, gt the ‘same -position-in the
stack, “the-‘actual: fiber ‘temperature was: dbout
1000°-F.-and-the improvementinfilterability was
about * 95%, -with about 15 Joss - of “tensile
sbrangth

“The-improvement -in- freeness ‘or ﬁltc-rablhby
‘was -“determined by -comparative filtration -rate
‘deterniinations-on ‘felted fiber-sheets ‘formed-by
using “heat-treated - and non-heat-treated ‘fibers.

5 The'tensile strengths of -some-6f the heat trested

fibers. were-determined by actual strength-meas-
“urements,-in -comparison with “tensile -strengths
of equivalent fibers before heat tregtment. “Com-
‘parative tensile strength :and fiber falbing-prop-
erty ‘determinations were-also ‘made by- amaking

‘up sample-:sheets -of “paper ‘incorporating -the

heat-treated “fibers, -and - ‘testing said- sheets- “for
strength’ in-eomparison with:similar-sheets made
up-with non-heat-treated ehrysotile of-the ‘same
-grade.

Ag llustrating the effect of heat treatnient on
the speed-of ‘manufacture of-water<laid- asbestos-
cement sheets and on the properties of sheets so
formed, 'a body of chrysotile -ashestos fibers of

-suitable short fiber grade was divided -into “two

‘batches. One batch of the fibers was.heat treated

‘in-a bed for a:period of about three minttes by
-eontact with: heatmg gas . gt - a "temperature .of

1200°"F. “The batch of thus heat. treated fibers
‘was incorporated with finely .divided “Portland
cement-in a conventionsl asbhestos-cement. aque-
ous slurry. containing cement and asbestos. fikiers
in .approximately "the . ratio of 3:1 by weight.
‘The batch of untreated’ fibers was likewise .made
up into "a slurry of similar compogition. “The

" slurries so formed were.allowed. to.flow onto. fil-
-tering beds of a sheet forming press, and the:ram

of the .press was actuated .to.express fram -the

Jiber sheets.thus formed 2 major. proport;on 20f
the water by filtration through the felted sfibers

and .a. supportmg screen, :under relative; ow
1n1t1a11y applied pressure. Comparlson of-the. inj-
tial dewatering rate of the sheet ineorperating
heat treated asbestos fibers, with the - -dewatering
rate .of the corresponding. sheet made with - the
same .relative proportion of untreated -fibers: by
condltlons .otherwise the :same, demonstrated an

ncrease .of :about 75:%. in -the 4nitial dewatering

rate and -filterability -of - the -sheet . Sformed wu:h
heat treated fibers,

--Sheets thus formed  were compressed ‘under

‘pressures of the order of 2000 lbs. to the square

ineh, and the dense products thus formed were
then cured to develop a hardening set. The re-
sulting cured sheets were then subjected to trans-
verse strength tests, and such tests demonstrated
that the strengths of the sheets incorporating
the heat treated asbestos fibers were at least
5-—85% of the strengths of the corresponding
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sheets embodying conventwnal non-heat-treated
fibers.

Filtration rate tests were also made by sheet-
ing out asbestos fibers from an aqueous furnish
on a screen filter employing a light vacuum as
a means of developing a pre-determined low pres-
sure differential on opyposite faces of the wet as-
bestos fiber sheet, Comparative filtration rate
measurements thus made demonstrated that a
filter sheet made from a unit weight of fibers
heat-treated by contact with hot gas at 1200° F
for a period of about three minutes allows a unit
weight of water to filter therethrough at a rate
which is 715%-95% faster than the rate at which
the same amount of water filters through a sheet
of conventional non-heat-treated fibers. An-
other good way of determining comparative filter-
ability is by measuring the pressures required to
force a definite volume of water through a filter
sheet of unit fiber content at a constant rate. The
improvement in filterability of a sheet :product
incorporating the heat-treated fibers is marked
even when such sheet contains binder materials
such as Portland cement or starch, or when the
sheet contains comparatively high proportions
of wood fibers or non-heat-treated chrysotile
fibers admixed with 20-75% by weight of heat
treated chrysotile fibers.

Canadian #1 crude chrysotile asbestos fiber has
an average tensile strength of about 130,000
1bs./sq. in. After one of these fibers had been ex-
posed for three minutes to a temperature of 800°
F. in a high frequency electro-magnetic heating
field, and then rapidly cooled, its tensile strength
was found to have dropped by about 20% and its
cross-sectional area had increased somewhat.
The actual increase in the cross-section of the
fiber which results from g short period of heat
treating is accompanied by a substantial increase
in the tofal surface area of the fiber. The heat
treatment yields a fiber which is more open and
of increased freeness or filterability, and which
has greater absorptive power and lower density.
The heat treatment effects some release of
molecular water, which causes a surface rupture
of the individual fibriles, and these fibriles in-
crease the surface area and impart a roughened
surface to the fiber, Although this increase in
surface area is small for any single fiber, it is
magnified greatly in a given fiber mass. There-
fore, the resulting fiber mass is springy and re-
leases water rapidly during the wet filtration op-
eration.

The effect of heat when applied to chrysotile
asbestos is to first reduce uncombined surface
moisture and to thereaffer release chemically
bound water of crystallization. If the tempera-
tures and time of heating are excessive, the fiber
is completely dehydrated and the molecules rup-
ture to form magnesium silicate and silica. It is
important for the objectives of the present inven-
tion to limit the heat treatment to temperature
and time limits within which satisfactory im-
provement of freeness is obtained with not to ex-
.ceed 20-25% loss of molecular water and tensile
strength.

The invention which has been thus described
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by detailed example is not limited as to such de-
tails and it is to be understood that variations,
changes and modifications are contemplated
within the scope of the invention as defined by
the following claims.

What we claim is:

1. The method of treating chrysotile asbestos
fibers to improve the filtering properties thereof
which .comprises, heating the fibers up to a tem-
perature of 600-1200° F., maintaining the fibers
at such temperature for a period of between five
séconds and three minutes, and cooling the thus
heated fibers.:

2. The method of treatmg chrysotile asbestos
fibers to improve the filtering properties thereof
which comprises, heating the individual fibers to
a temperature within the range 600-900° F., lim-
iting the period of heating of the fibers at such
temperatures to about three minutes, and cooling
the thus treated fibers. :

3. A process of heat treating chrysotile asbes=-
tos fibers to improve the filtering properties
thereof which comprises, forming a suspension
of the. fibers in a flowing stream of hot gas at
gas temperatures ranging from 900-1500° ¥, re~
moving the fibers from the hot gas stream after
a period of contact with the gas of between five
seconds and Y% mlnute and rapidly cooling the
thus heated fibers.

4, A process of treating chrysotile asbestos
ﬁbers to enhance the filtering properties thereof
which comprises, heating the individual fibers by
contact with a flowing stream of hot dry gases at
gas temperatures in the range 900-1500° F'., limit-
ing the time of exposure of a fiber to such tem-
perature within a period of five seconds to Y2 min-
ute, and rapidly cooling.the thus treated fibers.

5. Heat treated chrysotile asbestos fibers hav-
ing the properties obtained by heating chryso-
tile fibers in accordance with the process of
claim 1.

6. Heat treated chrysotile asbestos fibers hav-
ing the properties obtained by heating chrysotile
fibers in accordance with the process of claim 3.

7. Heal treated chrysotile asbestos fibers hav-
ing the properties obtained by heating chrysotile
fibers in accordance with the process of claim 4.

MARION S. BADOLLET.
WILLIAM C. STREIB.
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