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SUMMARY

The project to develcp a disposable dust respirator is reviewed:chronologically,

starting at the time just after the original J-M prototype was develcped by

T. J. Veeks. Subjects included in the Discussion are the field test of the orig-
inal J-M mask, revision of Bureau of Mines (BM) specifications, medifications in

the filter elements 1o meet the propcsed BM specificetions and a ccoperative pro-

ject with Willson Products, Duv»snon of Ray-C-Vac Company, to produce disposzabie
dust masks.

A third layer of acrylic fiber and binder was added to the filter element, made by
means of the CERA-FORM vacuum process, as a protective cover for the MICRC-FiZER
filtration layer. However, it was realized later that the additicn of the third
layer caused the MICRO-FIEER layer to become compacted, and because of that we
were not able to produce filter elements which would meet the proposed B4 speci-
fications for valveless, disposable dust respirators. The open structure needed
in the MICRO-FIBCR layer to meet the BM specifications was prcduced by applying

a spray-ccat cf latex binder fo the surface of a two layer etement atter it was
removed frcm the mold, instead of adding the third layer of tiber and binder.

The cured spray-coat of latex tinder provides a saflsfac+or¢ protective cover

~ -

for the MICRO-FIBER filter iayer.

Filter elements mace from certain dry formed MICRO-FIBER mats, such as used to
make J&! surgical masks, will meet the proposed BM specifications, Currenrtly,
Willsorm Products is investigating the possibility of making gisposable dust
masks by post-forming such MICRO-FIBER mars.

Contents: Summary, Introduction, Ciscussicn, Conclusions and Recommendaticns,
Appendices | (Tables 1 and 2), |1 (Formulas and Procedure for Making Filter
Elements) and 11| (Photographs and Diagrams}).
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INTRODUCTION

A few years ago it became apparent that there was a need for efficient, confortable
dust respiratcrs that were inexpensive encugh that they couild be disposed of after
being used tor relatively short periods, say one day.. The need was especially
prevalent among transient asbestos insulaticn workers (as well-"as other workers
using dusty materials) who work on construction jobs where dust control measures
and respirator maintenance programs, necessary to keep permanent type respirators
in usable condition, are not practical or possible as they are under in-plant con-
ditions. To help supply this need, J-M decided to develop such a respirator. The
development of the first J-M prototype is described by T. J. Weeks in Progress
Report No. 1, J-M Report No. 404-42 (March 21, 1969},

DISCUSSION

Field Test

In order to determine on-the-job wearer reaction to the first J-M prototype masks,
a field test was conducted in April 1969, on the construction site of the Dresden
Nuclear Power Plant at Joliet, Tllinocis. This was a cooperative effort by person-

nel from the Mount Sinai School of Medicine, Loca! 7 of the Asbestos Workers Union,
Chicago and Johns-Manville.

For this test, approximately 100 J-M masks were made in three different styles.
Some contained exhalation valves, some were without exhalation valves and some
we-e placebos. The placebos corntaired no glass fibe~s, and, although they were
not particularly etfective in stopping fine dust pa-ticles, they had very low
breathing resistances. They were incliuded tc determine whether scme of the
"cannot breathe" complaints were real or imaginary. ’

As a result of the field test it was learned that there were *two major cbjections
to the J-M masks:

1. The fit of the face piece was uncomfortable, especia'ly across the nose. When
the mask was adjusted tight enough to give a good seal around the face, the
frame tended to pinch or dig into the nose, causing irritation.

2. Obstruction of downward vision. It was difficult or impossible for 2 man to
see his feel when wearing the mask, and this is particulariy dancercus when
working cn scaffolds or ladders. Those wearing eyeglasses had a special pro-
blem - when the frame was adjusted to fit well a<ross the bridge of the nose,

the glasses were pushed out of the normal position.

It was also found that the filter elemen*s were not durable encugh. Th
tended to tear or puncture when creased and g'ass fibers on the outside
face were eas.ly fuzzed off.
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The details of the field test are described in J-M Memorandum M404-69 (Apri! 21, 1969)
and in a repocrt issued by W. J. Nicholson and D. A. Holaday of Mount Sinai (13969).

Redesign of Face Piece

The Van Dyck Corporation of Southport, Ccnnecticut was contracted to redesign the
face piece 'n accordance with our conclusions and reccmmendations urawn from the

; wearer reaction tests., The Van Dyck Corporation are designers ot equipment and
instruments for use with the human body. Their final proposed design is illustrated
in Appendix 111, Figure 1,
A principal feature ot their proposed design is a flat nose piece which fits across
the bridge of the nose; a strip of ductile aiuminum is moided into the ncse piece To
permit it 1o be adjusted o fit various size noses and to hold the nose piece in
shepe. The remainder ot the seal, which comp'etes a circle around the mouth, is

E a roll-under type with a gradual transitton +o the fiat nose piece. The vert:cal

: extension of the rubber frame telow The ring as it crosses the chin was inciuded

to increase.the areax of the filter element. |t would also serve to accommcdate an
exhalation valve, if needed.

TR ICE IO

While the nose piece was quite comfortable and tit well, it was found +hat the seal
below the mouth tended fo ride up when one was talking, etc., causing the seal to
slide into the mouth in some cases. This condition might be aileviated by extending
the ends of the face piece outward from the moL+h tc ‘c-m hinged cornars, wmore
like the shape ot our original J-M designed mask. An a:cordcan-fype toided tylter
elemer* and the inclusion of ductile wire molded intfo the lower part ot the face
sea! might also imprcve the Van Dyck design.

Imprcoeme~t ¢ Filter Element

Whi'e the Van Dyck project to redesign the face piece was in prcgress, an effort
was berng mzde at J-M to improve the durability and the efficiency and breathing

resistance properties of the filter elements. A wide va-iety ot tests and studies
were made which inc,uded:

1. Va-iat.ons in methods and techniques cf prepar'ng tiber siurries and forming
filter ejements, cuch as effects of pressure ditferentials ac-oss the tormation
melids, and effects of diiuting tatex before adding tiber.

2. Ditte-ent !atex binders, latex deposition agents and the addition of wetting
agents to slurries for improved flexibi!ity and durability of filter elements,
(The binders tested are listed in Appendix |, Table 1.)

3. The effects of varying the ratios ot MICRO-FIBER to rayon and the use of various
grades ot MICRO-FIBER in the filtration layer.

Although these s*udies did not result in any significart improvements in the filter
element properties, they provided much backgrcund intormation and a better under-
standing ot the prccess. For example, it was fcund that axtreme dilution of the
latex (i.e.: 1:1000) before the additicn of tiber to slurries gave better disfri-
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bution ot latex on the fiber, as indicated by less c!otting of the latex after the
addition of the depcsition agent (NaOH). Alsc, slurry ftemperatures mus* be main-
tained at 'east at 25C for satisfactory deposit:on of latex. On the other hand,
a better binder system than that used in the formulaticns for the original J-M
prototype was not found. The use of Code 110 MICRO-FIBER, when mixed with Code
106 1n the ‘:l1trat’on layer was found to have no significant effects on the pro-~
perties of the filter element and so was eliminated from the tormulations. The

. stud’es a!so showed that the pressure differentials across the formation molds
had littlie or no effects on the filter element properties.

During this phase of the project, it was also necessa~y to tind a substitute for
the Fortisan which was used in the original tormula*tions, since Ce'anese was nc
longer producing that type of fiber. After screening a 'arge number ot other
fibers, most ot which were immediately rejected because ot high shrinkage on
drying, Type 6! Cres'an (1.5 denier), an acrylic fiber made by American Cyanzmide,

was found to be quite suitable. (A list of fibers tested is shown in Appendix |,
Table Z2.)

Two impcrtant changes were subsequently mede which contributed significantly to
the durabii'ty of the tilter elements. The first was the addition of a third
layer over the filtration layer. This layer, which consisted of rayon (cr
acrylic) tiber and iatex binder (same formulation as for the first layer), serves
as a protect ve cover for the MICRO-FIBER-containing filtra*tion layer. The cover
laye- prevented fuzzing off of the giass fibers and also contributed to the over-
ai! s*rength ot the etement. In addition, the thrée layer construction made it
possibte 1o reduce, or eliminate, the ia*tex binder in the ttitration ifayer, a
change which seemed to improve the effects ot the MICRO-FIBER on the efticiency of
the filter element,

The second ~hange was the method ot adding the iatex binder +o the third rayer in
the +i ter e emen*. |t was suggested by B. F. Gozdrizh persornel rhat much ot
the depos:ted iatex was probably being removed trom the fiber during the vacuum
torma* ‘on or Tthe filte~ elements, since the anionic ta*ex is not very tightly
bound tc the anionic acoylic fiber, At their suggestion, the problem was over-
come by acding a ccating ot cecagulated !atex to the zurface of the tilter e'esment
atte~ 1* was formed. After torming the first ancd second ‘ayers in ‘he usua.
manne-, a *hi-d layer ronsisting of acrylic fiber on'y was added. Then the mold
was dipped intd a s'ur-y which contained oniy we!l! diluted, coagulated lz*ex.
(Fifty ml of Hycar 2600 x 137 diluted to 50 gal with water, and coagu ateg by
adding 200 m! of 5 N ilaCH.) When the coagulated 'avtex particles were drawn into
the fi'ter-element tibers, they tended to remain on or nea~ the surtace of The
element, berause of *heir relatively large s'ze, This produced a protecrive

skin at the surface ot the filter element which improved its strength and
durabi:@ity.

Formulas and p-ocedures for making filter elements, with semi-automatic eguiprent
mentioried later in this report, are given in Appendix I},
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Improvements in Filter Element Producticn Methods

Two important changes were made in the method of producing filter elements. The
first was the substitution of wire-screen molds for the hand-carved fire-brick
mol!ds on which filter elements were formed during the early phacses ot the pro-
ject. The .fire-brick molds certainly served their purpose, in that they were a
convenient and relatively easy means of making mo!ds of various."shepes, during

the periods when the exact shape of the filter element needed was an experimental
matter. However, when it was necessary To make a large number of t.|ter elements,
the fire-brick molds became clogged, or they might break as a -esu't ot continued
handling. Therefore, when the shape of the filter element was established, a
screen molid, of the type used i1n the CERA-FORM process, was made. With the sc-een
molds, there was very little clogging, and so *he filter elements were much more
uniform, Furthermore, when the screen molds did become clogged, they we-e easier
to clean than the fire-brick molds. A picture of two ditferent screen molgs is
shown in Appendix It}, Figure 2.

The other praduction change made was the method of curing the tatex binder in the
filter elements. A heating chamber, in which the femperature was maintained at
abcut 150 - 200C, was installed adjacent to the filter-element vacuum ftorming
apparatus. Then, instead of removing the elements from the mo!d and curing them
in an oven fcr about 1 hr at 110C, the elements were cured on the mcid by placing
them in the hot air chamber and drawing the hot air through the etement, 1t was
found that when *the temperature in the chamber was up to sbout Z200C, 1he erements
could be cured by drawing the hot air through tor about 20 sec. Those elements
were as strong and durable as elements cured for 1 hr at 110C. Some difticulty
was experienced in removing elements from the screen mold after curing, but i+

is believed that |t is an engineering problem which ccuid be soived.

Proposed Licerse Arrangements With Safety Equipment Manutacturers

During the summer of 1969, it was decided that !-M shou!d no* go into the business
of manufacturing and se.ling dust masks. lInsTead, several companies who are
already in *hat business were invited to use our method ot mak.ng f{ilter eiements
under a license arrangement in which J-M would receive a royal!ty for each mask
that they seli. The royality was set at $0.03 per mask. In response, several
companies sigred non-exclusive agreements and sent representatives to discuss

the p-ocess 214 observe a demonstration of our method of torming tilter eiements.
The compantes which signed agreements and the dates ot their visits were:

Willson Produc+s, Division of Ray-0-Vac Company July 10, 1969
Welch Manufactu~ing Cocmpany September 18, 19695
Mine Safety Appiiances Company November 19, 1969
American Opfséal Compary December 4, 1969

The Minneso*a Mining and Manufacturing Company alco sent representatves on
August 5, 19£8, but since they did not sign ar agrceemen*, onty non-conridential
matters were discussed at that meeting.
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0f the companies which responded, Willson Prcducts was the oniy one that became
actively interested.

J-M - Willson Project

in July 1969, a ¢ooperative project was started with Willson Products tcward the
production of disposabl!e dust masks for the market. The aim was- to deve'op a system
‘ to produce 10,000 masks per day. Mr. G. R. Russum (J-M - REC) worked cilose'!y with

the Willson engineers in the preliminary designing and planning of the manutacturing
equipment needed.

The plan of the producticn equipment centered around a series ot filte- etement
screen mo!ds mounted in pairs on an automatic turntabie. (A schematic giagram of
that apparatus is shown in Appendix 111, Figure 3.) The turntable wou'd stop for
a set period of time (about 10 sec) in a positicn such that each ot the screen
mold pairs would be at a station. A different operation in the formation of the
filter element would take place at each station. For exampie, at Staricn No. |
i the mo!ds would be dipped into a slurry tank long encugh to draw up enough acrylic
. fiber and fatex binder to form the first layers; at the same time the mo!ds at
Station No. 2 wou!d dip into a slurry tank long enough to draw up enough MICRO-
FIBER to form the second layers; etc., etc. Then the turntable would advance to
position each pair of moids at the next station in !ine while the operations were
repeated. In addition to dip tanks, some of the stations wouid inc ude hot-air
drying chambers for curing the latex, and 2 bilow-ct! point where the completed
tilter element would be transterred from the tormation molds *o a heat-sealing
apparatus tor attachment to a face piece. By the time a3 given mo!d compieted
the circle, a tilter element wou!d be formed and released from the mold. Using
such equipment, !t was planned to produce dust masks at a rate of 12 per minute,
‘n additior to the operating part of the equipment, plans were also d-awn up tor
the ne~essary mixing and backup tanks, connecting pipes, e*c,

In order to test certain engineering principles that wou:d be used in the p-e-
duction equipment, an experimentai producticn unit (EPU) was constructed in the
Research Cente- pilot plant area. The paper machine vacuum system was used tor
that uni*, A *ime cortrolled pneumatic dip device, a means <! vary:ing the
amount of vacuum =zpplied to the screen moid, and an oven into wh:ch the mo.d
‘could be "d'pped" to cure the binder in the t:iter element were scme ot The

> features ct the EPU, The screen mold was mounted on 2 trolley so that it

could be moved trom one station to another and operated manuaily.

The EPU was a!so used to make many of the experimenta' runs in the program to

improve the tilter element. (For typical prozedures using the EPU reter 1o
Appendix 11

As part ot the J-M - ¥Willson project, the dust mask was redesigned in acccrdance
with the VWili'son plan tor manutacturing. An important conside~aticn in redesigning
the mask was *C include a convenient method ot attaching the filter element 7o

the face piece. The first method triea was to provide a means by which the

tilte- element could be attached to a tace piece directiy as the fi|ter ercment

was formed, The injecTion-molded viny! tace pieze inc!.ded a perrorated sT-ip,
with holes about 3/8 in. in diameter, on the tiiter e‘ement side ot the face
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piece (illustrated in Appendix 11, Figure 4). A¢ter torming the tirst layer of
the filter element on the screen mold, the tace piece was s!ipped o.er the tirst
layer on the mold 2nd as the tibers for the seccnd !ayer were added, they we-e
drawn thrcugh the holes in the attachment strip and into montact with the t'rs*
layer, thus locking the face piece between the tirst and second layers. This
method was ‘nct car-ied to a successful conclusion, since a‘good agir-+ight seai

: between the fiiter element and face piece cou!d not be obtained.” However, it
could probably be a suitable method it the seal were completed by heat sealing
or by the addition of a bead of cement.

A method which seemed mo-e suitable at the time was to attach the fiiter element
1o the face prece by heat sealing after each part was formed separate'y. (This
method is iliustrated in Appendix |11, Figure 5,0 The filter element contained a
1/4-in. flange a-ound the base which was mated with a tlange around the tace p.ece.

The plan was o join the tianges together using a specially coanstructed heat-
sealing device.

Bureau of Mines Specifications (As Related to J-M Filter Element)

During a visit to tne U.S. Bureau of Mines (BM)}, in Janua-y 1969, T. J. Weeks and
A. F. Burns tound that the original J-M prototype masks easi!y met the BM specifi-
cations (Schedute Z18) fo- breathing resistance and silica dust teakage which were
in force at that time (Memo-andum M404-66, February 4, 1969). The test data a-e
showr tn the following table.

BM M Magks ___

Specs | 2 3
initial nbalation resis*ance (mm Hy0) 30.0 max 3.0 7.0 7.0
Final inhalation -esistance (mm H0) 50.0 max 14,0 1.0} 1.0
Silica Leakage (mg) 1.5 mex 1.51 3.0 2.5

Note: Although the sitica leakage values were c'ose to o~ g-eater *than the BM
Specs, there wes sufticienTt 'atitude *o increase the inhajztion resistance
values so that the leakage values could be decreased to meet the BM Specs.

it was known at* that time that the BM speciticatiors wculd be revised, and that
the breathing -esistance specifications were tc be reduced. However, when thev
were mace known, the prcposed specifications, and pa-ticula-ly the proposed test
procedure, we-e more s*tringent than we expec*ad., These specifica*ticons are shown
in *he foilowing tabie.

Proposed Bureau ot Mines Specifications for
Valveless Disposable Dust Respicators

initial Breathing Resistance 12 mm Hy0
Final Breathirg Resistance 15 mm H0 PRODUCED

Silica leakage *1.5 ma JM - 8_3
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*¥1. Actually 4.5 mg/3 mASks = 1.5 mg/masks with not more *han 2 mg for any one mask.

*2., A very recent development is the publication of the Notice of Proposed Rule
Making in the Federal Register (March 10, 1971) in which the maximum allowab'e
silica penetration is proposed as 2 mg/mask.

Air Conditions (as supplied by means of a breathing machine)

! Temperatu-e Relative HumidiTy
Inhalation Cycle, Room Room
Exhalation Cycle 95 + 3F 94 + 3%

Exhalation cycle conditions *o simulate actual exnalation breath conditions.

While we had.made some improvements in breathing resistance and si'ica leakage
properties cover the original J-M filter elements, when tested under The proposed
BM conditions ou-r filter elements fell far short of meeting *he final breathing
resistance specifications. This was evidently due to moisture buildup frcm the
high humidity in the exhalation air. For example, the data in the foliowing

table are tor a series of J-M - type filter elements tested under both the
standard (Schedule 21B) and the proposed conditions.

Using Standard Schedule 218 Conditions Us.ng Conditions Frongozesz -, =
Filter Elements Tested Tested at the Testes z-
At Willson Produzts Co. Bu-eau ot Mines Witige-
initial BR (mm H50) 7.4 12.0 11.0 5.7 5.7 5.7 11.0 12.0 5.6
Final BR (mm H50) 10.0 19.0 15.0 10.0 7.6 8.1 83.0 58.0 63.0
Silica Leakage (mg) Q.8 1.7 1.2 1.8 ;1.2 0.8 1.3 1.2 2.4

G. P. Reimschussel, Disposable Dust Respirators, J-M Research Center Progress Report No. 2 (1971)
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Note: During the J-M

of Willson, since Willson has testing faci'i*ties similar to those used at the

Bureau of Mines. The above tests at the Bureau ot Mines were run under the
direction ot R. Witman.

Many atiempis were mide 1o improve the filter elements to meet the propcsed speci-
fications. Some of the innovations tried are listed as folicws:

Post treztment of filter elements with water repelient (Pa-amu! Repellent 115
by American Cyanamid Co.).

page:
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- Various ratios of acrylic fiber and MICRO-FIBER including 100 per cent MJCRO-FiEE>,
- Various sizes of acrylic fiber (1.5, 3.0 and 5.0 denier).
- Reviewed the effects of various sizes of MICRO-FIBERS (Codes 100 thrcugh 110).

Post ftreatments with either wetting agents or water repe!lénfs_prbduced only slight
improvements at best. Also, the use of coarser acrylic fibers than the 1.5 denier
normaily used had no significant effects on the properties.

I+ was tound, however, that if Code 108 MICRO-FIBER was used instead of Code 106
and the MICRO-F!BER to acrylic fiber ratic in the tiltrarion laye- was increased
somewhat, some improvement was noted, but still not enough to meet the proposed
BM specifications, The method of applying the ifztex birder as a tiral dip coat

(as described eariier 1n this report) also probabiy contributed to the improved
properties.

The fo'lowing data are examples ot the properties of typical elements as pro-
duced during that phase of the project.

Initial BR (mm HZO) 8.9 9.1 14.0
Final BR (mm Ho0) . 10.2 12.7 19.0
Silica Leakage (mg) 2.2 2.5 1.1

The data show that either the breathing resistance specifications or the silica

leakage spec tications could be met, but we cculd not seem to tind the cptimum
corg)~ions YO meet 2l speciticaticns in a giver fiiter erement,

D-y-Formed MiCRO-FIBER Mats

During the ta!l of 1970, a surgica! mask made by Johrzon & Johnson Ccmpany was
brought tc cur attention. These masks are simply pleated sheets with binding
and tie-strirgs. The sheet materia' from which they a-e tormed is 2 MICRO-
FIBER prcdic* which is made at the J-M Waterviile p'ant. |+ consists of a mat
ot Code 108 MICRO-F BER which is deposited direct!y as it is made onto a backing
sheet of ncon-wowen reyon. The mat is fhea ~overed with a second sheet or rayon.
The density cf the Code 108 mat is 2 g/ft<.

Several ot the J&J macks were sent to Willson for evaluetion as a possible filter
element medium, and the results of the tests, as shown in fne to!low.ng table,

were very ‘avcrable. The data are tor untolded sheets in single and doubie thick-
nesses. -

{ 36 sq in  sheefs 25 sq in. _
Sirgle Doub le Doub'e
Init al BR (mm H,0) | 3.5 6.3 7.4
Final BR (mm HZO) 11.0 11.4

inz 11.0 ]Qﬁqy
Silica Leakage (ma) 5.3 | 0,7 0.8 Iy l)l[
- 8?50
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The p-operties for the double thickness sheets are well within the proposed BM
speci‘ications,

As a result of those tests, Willson became interested in the possibility of using
such dry-formed MICRO-FIBER mats as a filter medium tor their disposable dust masks.

That phase of the project will be described in mo-e detai!l in a later section of
this report, Wi

.o

Further Improvement of Filter Element

A comparison ot the characteristics of the J&J surgica! mask material with the
ti'tration layers in our slurry formed filter elements showed thz2t +he M;CRO-
FIBER in the J&J mask was much more flutfy than that in the slurry tormed elements.
It was be'ieved that this was the key tc making filter elements which wou'a meet
the prcpcsed B cpecitications. In an attempt to make the tiltrat.on iayer more
flufty, a series of eiements were made in which oniy Cecde 1'0 riber was usea and
in larger amcunts than had been used up to that time, !t was be ieved that the
coarser MICRD-FIBER might form a more open structure. However, the breathing
resistances cf those eitements were too high. Evidently, the formation of the
outer layer ove~ *he tiltration layer caused the filtration 'ayer 7o become
compacted.

In order to avoid compacting the filter layer, it was decided to eiiminate the
outer tayer and replace it with a spray-coat of {a*ex binder, The ¢.rc+ and
second 'aye’s were formed on the mold in the usua! manne-; the second (f,;t-ation
'ayer) consisteu of Code 110 MICRO-FIBER only., The latex binder in the tirst
fayer was cured by drawing hot air (approximately 175C) thrzough the titter
element on the moid for about 20 or 30 sec., The two-layer eiement was then

remo ed trom *ne mold, and the outside surface of the filter e-ement w3s sp-ayed
with a diiu'e suspens.on of latex binder., The spray-coat ot binder w3as then
cured by p.azing the tilter element in an oven at 100C tar 1 hs. Since, 'or
these expes mer*tal elements, a sma’! hand spray gun was vsed, *he exact amount

ot latex appl,ed was no* determined. However, the cured spray-coa* Of 1atex
birder pro-1ded 3 satisfactory protective cover tor the MICRO-FIBER titter (ayer.

A se-:es ot *:.!ter elemenis were made by this method using var ious amcunts of

Code 110 MICRO-FIBER in the filtration tayers. The fcrmu;a'iosns and preparation
de*aiis are given in Appendix i, |t should be noted that the fil*tration layers
of the i::1er eiements made according to this method contained cansiderebly mo-e

(abz.t *wo o~ three *times as much) MICRO-FIBER than those in standard Three-iayer
elements.

These e'emen‘s were tested at Willson using the proposed BM proced.re. The test
results, 1:5*ed on vhe toliowing page, show that filter elements which meer the
propoced BM specitications can be made by means of the madiffred methad.

U
M. 8§ED
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Relative Amount of | B* D* A* c*
Code 110 in Element 2 1.5 1 !

Initial BR (mm H,0) 13.5 6.7 16.7 | 7.4
Final BR (mm H,0) 15.0 | 11.5 } 9.2 8;4 R

Silica Leakage (mg) 0.4 0.6 10.9 1.2

Dry-Formed MICRO-FIBER Mats 1

The satisfactory results of tests made on J&J surgical mask sheet materiai (discus
earlier in this report) has prompted Willson to pursue the possibility ot using su
material for making disposable dust masks. They are cu--ently working directty
with J. W. Helmick of the Waterville Techniczal Center to determine the best grade
(or Code) of MICRO-FIBER and the optimum density of the MICRO-FIRER layer fo use.

They are also, looking fo- a suitable material (or mater,als) fo use as backing
sheets to cover the MICRO-FIBER iayer.

E|
<

3
<

2}

One Witlson plan for making dust masks from the MICRO-FIBER mats is to post-form
them in a2 concave mold which will be approximately halt-pea- shape. |In order to
keep the fifter elements rigid, they wili contain folds or pleats running outward
frecm the. face seal. Thev will be held in shape by means of 2 ring of cilicone
rubter (or other riexible material) which will be added around the edge of the
element by injection mo!ding while it is held in place in the concave mold.

Another plan is to form the MICRO-FIBER mat over a rigid plastic frame. A picture
of an ear!y prototype o1 such a mask is shown in Appendix '1], Figure 6,

In add ' tior to using MICRO-FIBER mats for making disposable dust masks, Willson is
aiso considering the possibility ot using some type ot a MICRO-FIBER product for
making BY approved replaceable filter eiements fo- permanent type masks,

Current S*atus of Preiect

At the present time, Willson is planning to make their disposable dust masks by
pest-forming J-M dry-formed MICRO-FIBER mats. Cne reason tor this decision is
that it appears to be the quickest means to produce a J-M - Willson mask tor the
market. Another reason is that the Willson capital expendifture needed tor

equipment for that process would be much less than would be needed for the siurry
process.

On the other hand, we now have the key to producing slurry-formed filter elements
. that wiil meet the prcoosed BM specificatiors, and therefore, if it becomes

useful, either for the J-M - Willson mask or for any other reason, the method
is available,.

. SR - | PROD s
Element identification (seec Appendix (1), i}‘:
M- gyP
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CONCLUSIONS AND RECOMMENDATIONS

V. The key to making filter elements which will meet the proposed BM specifications
“for valve'ess disposable dust respirators, is a fiutty or open structure in
the MICRO-FIBER filtraticn layer. SO

2. The addition of a third layer of acrylic fiber and binder over the MICRO-FIBER
tfiltration layer makes a stronger filter element and prevents fuzzing off of
MICRO-FIBER, as occurs when that layer is exposed.

3., However, the additicn Qf'fhe third layer causes the MICRO-FIBER layer to beccme
compacted. This makes it difficult or impossible to prcduce an open enough
structure in the MICRO-FIBER ltayer fo meet Tthe proposed BM specificaticons.

4, The open structure needed in the MICRO-FIBER layer can be produced if,
instead of adding the third layer of acrylic tiber and binder as usual, a
spray-coat of latex binder is applied to the surface ot a two-layer filter
element after it is removed from the mold. The cured spray-ccat of lavex
provides a satisfactory protective cover for the MICRO-FIBER titter layer.

5. Ory-formed MICRO-FIBER mats, such as used to make J&J surgical masks, have
an open enough strycture to meet the BM specificaticns., Willsecn has

demonstrated that such mats can be post-formed into filter elements for
disposable dust masks.
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. Table 1. Binders Tested for Improved Durability of Fil%é; Elements

Manuyfacturer Type Designat: on

B. F. Goodridge Co. Acrylic Hycar 2660 x 120
‘ Hycar 2600 x 137
Hycar 2600 x 140

Goodyear Co. SBR Pliolite LPF 3187
‘ 620
Natiora! Starch Co. Viny!l Chloride Acetate
with Natron 86 78-5182
BASF Corporation Acrylic esters (hard) Acronal 2300
Acrylic monomer (soft) Acronal 330D
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Table 2. Synthetic Fibers Tested as Substitfutes

tor

Fortisan

Manu‘acturer ' Type Desianation
American Cyanamide Co. Acrylic Type 61 Crestan
' Type 98 Creslan
Hystron Fibers, Inc. Poiyethylene -
Tetrephthalate Trevia 120
FMC Corporation Rayon S-12R RD-101
. S-13
American Enka Corporation Viscose Rayon Zantrel 700
Dy Pent Polyester Dacron
Polyvinyl alcohol
Ny lon
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N Formulas for Making Filter Elements

Stock Slurries of Fiber

M1CRO-F I BER 47.5g , ° .
Water (30 - 40C) 19 L (concentration 2.5 g/L)

Beat small batches in a Waring Blendor for about 20 sec -
or entire batch with a high speed Lightning mixer.

Add HCI to reduce pH to 3 for dispersion of fiber.

Acrytic Fiber 264 g

Water (30 - 40C) 30 gal (concentration 2.31 g/L)

Beat with high speed Lightning mixer in 55~gal drum for
about 15 minutes,

Working 3lu--‘es

Slurzy No. 1 < Base Laver

Stcck slur-y of acrylic fiber 13 L

Water (30 - 4CC) about 30 gal

Hycar 2600 x 137 37.5 ml difuted to 2 gai

Add to slurry and stir.
5 N NaOH 200 ml diluted to 2 gal

Add to slurry while stirring.

Qlurry Ne, 2 = Filtrarion Layer -

Stock slurry of M{CRO-FIBER x L
Stock slurry of ac-ylic tiber y L
Water to make 50 gal

x - depends on amount reeded 6/
y - may be 0 in some cases ‘/4,, 050
(or 13 L generally used) 6&?
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Slurry No., 3 - Qutside Layer of Eiher

Stock Slurry of acrylic fiber 13 L

Water to make . 30 gal
\~ slurry NQ. 4 = Goagulated latex
Water (20 - 400) about 40 gal
Hycar 2600 x 137 50 ml diluted to 2 gal
5 N NaOH . 200 mi diluted to 2 gal

i

Add slowly to siurry while stirring

Water to make 50 ga!
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Procedure for Making Three-lLayer Filter Elements _

: Using Semi-Automatic Equipment (EPU)
Working Siurry No. 1 2 sec dip
Working Slurry No. 2~ : *
Working Siurry No. 3 2 sec dip
Working Slurry No. 4 1 sec dip
Curing oven at about 175C 30 cec
Remove filter element from mold Blow-of f

*Time cf this dip depends on total amount of fiber wanted in the fiiltration layer.
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Procedure for Making Spray-Coated Filter Elements:.

. (Elements Made for Testing at Willson Using Proposed BM Procedures)
. Element
; . Identification
Working Sturry No. 1~ 7 ' 2 sec dip
Working Slurry No.:2 (x =32 L, y = Q) 4 sec dip A
Code 110 MICRO-FIBER
Curing oven at about 175C 30 sec
Remove two-layer filter element from mold Blow=-of f

Spray-coat surfzace of element eveniy with
Hycar 2600 x 137 diluted 1 part with
5 parts water

Cure at 110C for 1 hr

Repe2t above except:

Working S'turry No. 2 8 sec dip 8

After using 25 gal of Working Slurry No. 2, add 25 gal water, thereby, diluting
slurry to 16 L MICRO-FIBER Stock Slurry to 50 gal water.

Then repeat above procedure except: -
Werking Slurry No. 2 (first time) 8 sec dip ) c

Werking Slurry No. 2 (second time) 12 sec dip ) DPROOOCZ'

Note: Working Slurries No. 3 and 4 are not used in making spray-ccated fitrer
elements.
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Figure 1. Prototype Showing Face Piece
Designed by Van Dyck Corporation
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Figure 2. Wire Screen Molds Used

to Form Fiilter Elements
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- Figure 3. Schematic Diagram of Willson Apparatus //"/?"5?
For Manufacturing Disposable Dust Masks M
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Figure 4, J-M - Willson Mask Filter Element
Formed Directly onto the Face Piece

Note: Picture shows a completed dust mask and a face piece slipped over
) the screen mold. Ordinarily the face piece would be slipped over
- the first layer of the element after it is formed on the mold.
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Figure 5A. J-M - Willson Mask Filter Element

and Face Piece Joined By Heat Sealing
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Figure 5B. J-M - Willson Mask Filter Element

and Face Pliece Joined by Heat Sealing
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Figure 6. Prototype No. 1
Willson Mask Made With Dry-Formed MICRO-FIBER Mat
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