
UNCLASSIFIED 

AD NUMBER 

ATI079947 

CLASSIFICATION CHANGES 

TO 

unclassified 

FROM 

confidential 

AUTHORITY 

15 May 1962 Grp-4 IAW document markings 

THIS PAGE IS UNCLASSIFIED 



Reproduced    by 

(g & ® ®n~  
ra -ijm^l—mJ WrtlGHT-PATT 

ctnmflL me DOCDHHHTS DFFIct 
ERSON AIR FORCE BASE- DAYTON.OHIO 

REEL C 

IT. I 

* 

Jv^e Wl n 
IS ABSOLVED 

FROM ANY LITIGATION  WHICH   MAY ENSUE FROM ANY 

INFRINGEMENT ON DOMESTIC OR FOREIGN PATENT RIGHTS 

WHICH MAY BE INVOLVED. J 

D v»wiNr i UUP* n r\i_ 



m 
IÜI 

CONFI DENIAL 

o 

NRL   REPORT 3611 

COPY NO- 

FILTER PAPER STUDIES VII 
GENERAL MILL PROCEDURE AND SUMMARY 

I 

.UNCLASSIFIED 
JbASSIFluiU'lON CHAJSGED TO -„__t-     ---       

B5£ AUTHORITY.OF _:s^^v^U^^«l^ ^  
Reference '■. thority 

m*^r-<<?-&&  

ttur» »f Custodian 

NAVAL    RESEARCH    LABORATORY 

WASHINGTON,  D.C 

CONFIDENTIAL 

APPROVED FOR PUBLIC 
RELEASE - DISTRIBUTE 
, ^ UNLIMITED 

Dcvr;c; 

I>!H £205.10 



CONFIDENTIAL NHL  REPORT   3611 

FILTER PAPER STUDIES VII 
GENERAL MILL PROCEDURE AND SUMMARY 

Harold W. Knudson and Robert D. Parsons 

Hollingsworth and Vose Company 
East Walpole, Massachusetts 

January 16, 1950 

Approved by: 

Dr. E. A. Ramskill, Head, Protective Chemistry Branch 
Dr. P. Borgstrom, Superintendent, Chemistry Division 

NAVAL    RESEARCH    LABORATORY 
CAPTAIN f   «  FUHTH   USN   D'tfCTOB 

WASHINGTON,   D.C. 

CONFIDENTIAL 



DISTRIBUTION 

CONFIDENTIAL 

CNO 
Attn:  Op-34IE 

ONR 
Attn:  Code 425 

BuShips 
Attn:  Code 688 

BuMed 
Attn:   Code 75 

Dir., USNEL 

CDR,  USNOTS 
Attn:  Reports Unit 

Med OinC, NMRI, Bethesda 

CDR,  San Francisco Naval Shipyard 
Attn:  Dir., Naval Radiological Defense Laboratory 

BAGR, CD, Wright-Patterson AFB 
Attn:   CADO-D1 

OCSigO 
Attn:   Ch. Eng, & Tech. Div., SIGTM-S 

CO, SCEL 
Attn:   Dir. of Eng. 

Chemical Corps 
Attn:   Office of the Chief 
Attn:   Technical Command, Army Chemical Center 
Attn:   Medical Division, Army Chemical Center 
Attn:   CO, Naval Unit, Army Chemical Center 
Attn:   Dir., Camp Detrick, Frederick, Md. 

U. S. Atomic Energy Commission 
Attn:   Mr. B. M. Fry 

RDB 
Attn:   Library 
Attn:   Navy Secretary 

Naval Res. Sec, Science Div., Library of Congress 
Attn:   Mr. J. H. Heald 

Hollingsworth and Vose Company (Via CO, ONR, Boston) 

2 

7 

2 

2 

2 

2 

CON FIDE NT! A I 



CONFIDENTIAL 

PREFACE 

This Naval Research Laboratory report consists of the following two Research and Develop- 
ment Reports and one Summary Report written by H. W. Knudson and R. D. Parsons of the 
Holhngsworth and Vose Company, East Walpole, Mass., on Navy Contract N7-onr-430: 

"Research and Mill Trial on the Development of a Domestic Substitute for Esparto 
Fiber in the Navy H-60 Filter Paper," Seventh Quarterly Period of Contract N7-onr- 
430, referred to as the N-13 Trial. 

"Research and Mill Trial on the Development of a Domestic Substitute for Esparto 
Fiber in the Navy H-60 Filter Paper,- Eighth Quarterly Period of Contract N7-onr- 
430, referred to as the N-14 Trial. 

"Summary of Research and Mill Trials on the Development of a Domestic Substitute for 
Esparto Fiber in the Navy H-60 filter Paper," report on contract N7-o„r-430 

This report concludes the work on the second year of the contract.  Filter paper studies are 
being continued by the Hollingsworth and Vose Company under a renewal of (ho contact    Addi 
tional reports will be published when received. contract.  Afldi- 
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This is an interim report describing in detail two mill 
runs and the associated laboratory research work on mill 
procedures for the manufacture of causticized viscose- 
asbestos filter paper. It is shown that the Hydrapulper can 
be successfully used in the processing of viscose fibers. 
A production time schedule is shown to be feasible. A sum- 
mary of work done under contract N7-onr-430 to date Is 
included. The need for additional studies on asbestos dis- 
persion and distribution In the sheet is indicated. 

PROBLEM STATUS 

This is an interim report; work on the problem continues. 

AUTHORIZATION 

NRL Problem C04-28R (NS 181-011) 

CONMJJKNTIA]. 
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RESEARCH AND MILL TRIAL ON THE DEVELOPMENT OF 

A DOMESTIC SUBSTITUTE FOR ESPARTO FIBER 

IN THE NAVY TYPE   H-60 FILTER PAPER 

(N-13) 

INTRODUCTION 

„„ „f +ho lahnratorv work done under contract NV-onr-430 from This report is a summary of the laboratory worKuo t   f the generai objectives 

and laboratory work from AprU 1946 to December 1948.* 

,    .      * A      n.„itf 11 tHni   H & V Lot No. 887. dated April 

^^r^.. -Filter Paper Studio, ,    Kf^t of ReP,.ci»R Ks,.rto ,«„ Y,uc  Ki.,.-.» NH.. 
Report C-31 72. September   1947.    (Confidential) 

i     Q    T     »Filter  Paper Studies  II.    Kffect of Keplacn,. K-.partc. 
Knudson. H. W. and Pasternak   5. J.,     Fl"er  ™£ ,q4„.    (Confidential) 
with Wood  Pulp Fiber." NR1. Report C-JZZ1'.  January 

v     ■    1      "Filter  Paper  Studies III.    Fffe. t "1  pM —1 Ad,»,.  I- 1- 

^-■■HN "■ :""c!"^: ^ 1?«.' (c'onUdenUal, 

,       -    i       "Kilter   Paper   Studies  IV.    Fffcrt  of  K'-pl 
^^0Ie^^^:"^FHePortl^^riUue   ,0,   „«H.    «On,,^, 

Knudson,  H. W.. "Kilter  Paper Studies V      Kffect of Viscose  KiU-r   ,,.,, . ..n, 
C-UU4. December  7,  104«.    (Confidential) 

I- --p.ii- 

NH!    I' 

K.udson.   H.  W. and   Parsons.  R.  U..  " K.lter   Pane r Stud»- , _ V i. 
Types."  NRI- Report   iM'">.   lamia ry   -.,   i— ■■.    (v,...,.. . 
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»sing this tWe oi furnish and due,a» <» ^» '»«e'fs' ™h „y
rk \, p^Me during tl,e Urn» 

this new type of paper. 

LABORATORY WORK 
,       •   M-ii Trial N-12  and the data obtained therefrom, 

Since the first use of the Hydrspulper ^iU Jrn^N 12^ an The result   {   m 

identical results in the Hydrapulper. 

a) Temperature - 75'F 
b) Caustic concentration-7.50/0 
c    Consistency during; causti«- 4 0 * 
d)   Variac reading (laboratory) - 80 volts 

„^5% »T/4- fiber»). The »beste-■.»»*art» .«<*«*J«      ^ rf ^ ,      e«„ 
J«b of fiber weicht), a '*'«»*SwiL result' I» better asbestos dtstr.butlo« In 

^fi'ir sS:ÄlS.c.?.r„ao,,s,ve a» vet. 

Table I shows the smoke penetrf*™>™™ Sum 'hydroxide in the Blendor for a vary:,,, 
made from bright viscose rayon a     5 ^^ ^ ^ correl;ltcd favorab„ w.th results 
length of time.   A variac seu'»b 
obtained from Mill Trial N-12. 

CONMDKNTIAJ. 
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TABLE   I 

Performance and Physical Characteristics vs. Time of Causticizing 

Sample 
Time of 

Causticizing 
(sec) 

% 
BSA 

Resistance * 
(mm H2O) 

Penetration * Efficiency + 

(%) 
Caliper 

(in.) 
Tensile 

(lb/in. width) 

1 15 8.0 103 .011 3.86 .045 3.8 

2 30 7.0 86 .050 3.89 .041 5.2 

3 45 7.0 87 .027 4.07 .040 6.6 

4 60 7.0 98 .021 3.82 .043 10,2 

5 75 7.0 94 .027 3.82 .038 5.5 

6 90 7.0 89 .046 3.76 .039 8.7 

7 105 7.0 99 .028 3.69 .045 6.3 

8 120 6.0 99 .024 3.74 .044 8 9 

♦Measured by NRL Smoke Penetration Meter E2, E2R1, or E3.   For operating 
instructions see NRL Instruction Manual A 825A, "Instructions for Canister 
Tests, Part II, Filters Cection A, Smoke Penetration," 13 July 1945. 

+Percent efficiency - "^^' x 100, where P is the DOP penetration expressed 
in decimals rather than percent, and R is the resistance across the sample 
in mm of water under the standard conditions of test. 

It can be seen that the efficiency decreases slightly as the time of causticizing increases. 
The amount of asbestos needed also decreases with time.  Each time runs similar to the above 
were made in the laboratory the filtration efficiency never decreased by a large amount. 

From this data it seems that with an increase in time the tensile also increased,  Although 
the results were somewhat erratic on this run, there is every reason to believe that up to a 
certain point in time of causticizing there will be a uniform increase in strength. 

Because the efficiency is gradually lowered as the tensile strength was raised, an optimum 
causticizing condition had to be decided upon.  As already reported from Mill Trial N-12, two 
causticizings were performed at 2 and 5 minutes respectively.   From the information obtained at 
that trial and also from laboratory studies it was thought that the time could be lengthened to 10 
minutes without having a detrimental effect on filtration characteristics while building up the 
tensile. 

It was stated in the N-12 report that, because of too much dilution in the chest, no approcia 
ble amount of white water (asbestos fines) could be returned to the wet end.   This noncirculation 
of white water was believed at that time to decrease the efficiency somewhat.   However, since 
that trial some tests were made in the laboratory on this white water problem.   At this time- tlir-,< 
studies would tend to indicate a plugging up of the sheet with an increasing white water return. 
Further investigation is needed along this line.  It was decided to experiment as murh as possible 
with the white water return in the present trial N-13. 

CONFIDENTIAL 
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Viscose rayon stock saved from the Mill Trial N-12 was made into handsheets (using labor- 
atory prepared asbestos) in order to investigate the relaxation and flow rate vs. penetration 
properties further.  It was stated in the last report that these tests on the machine-made paper 
were obtained rather hurriedly.  From the results obtained in the laboratory these handsheets 
showed practically no relaxation on standing and the decrease in penetration with the flow rate 
was entirely normal. 

THE MILL RUN 

With the information obtained from these laboratory studies and previous mill trials con- 
cerning the causticizing problem of bright viscose rayon in the production of filter paper, it was 
decided to make the following mill run using the Navy Hydrapulper. 

Furnish 

The base furnish was to consist of 100% causticized rayon flock, as follows: 

75 parts 1.5-denier 1/8" bright 
25 parts 1.5-denier 1/4" bright 

To this would be added approximately 10% Blue South African asbestos on the weight of the base 
furnish.  This asbestos was to be beaten in a Daxad No. 11 solution (2% of fiber weight). 

Preparation of Stock for Mill Trial 

On the basis of laboratory studies in the blendor it was decided to causticize two 500-pound 
batches in the Hydrapulper. The first batch of 500 pounds was to be causticized 7 minutes at 
7,50% caustic concentration and 75° F.   The causticizing procedure for the first batch operation 
proceeded in the following manner. 

A quantity of water just under the total amount required was added to the Hydrapulper, and 
a predetermined amount of 50% caustic solution was then added.   Since the temperature at this 
point was 69° F, the make-up water was added hot.  A steam line then had to be added in order to 
bring the temperature up to exactly 75° F.  After the temperature and concentration had been ad- 
justed 500 pounds of bright viscose (75 parts 1.5-denier 1/8" and 25 parts 1.5-denier 1/4") was 
added to the Hydrapulper.  The consistency at this point was 4%.   The stock was agitated in the 
pulper for exactly 7 minutes, at which time a sample was taken.  The stock was then dumped to a 
chest containing several times the pulper volume of water.  After this quenching the stock was 
pumped over the Fourdrinier section of the paper machine and removed as wet lap.   This wet lap 
was transferred to the beater for a final washing.  After 1-1/4 hours of washing the stock regis- 
tered a pH of 7.5.  At this time the stock was considered washed, and it was dropped to the 
beater chest. 

While the above viscose rayon was being causticized, 50 pounds of Blue African asbestos 
was beaten hard for 55 minutes in the beater containing a 2% solution of Daxad No. 11.   This 
asbestos was sent to the auxiliary chest for the purpose of bleeding in at the headbox. 

Another 25 pounds of Blue African asbestos was beaten hard for 1 hour in a 2% Daxad No. 
11 solution and dumped to a beater chest containing the washed stock of the first Hydrapulper 
charge. 

Immediately following the first causticizing another quantity of 7,50'i sodium hydroxide at 
75 F was made up in the Hydrapulper.   The second batch was treated in exactly the same manner 
as the first except that it was agitated in the Hydrapulper for exactly 10 minutes.   This stock war. 
then quenched and pumped tn the Fourdrinier wire and removed as wet lap, which was sent to the 

CONIIOKNTIAI. 
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beater for a final washing. After 1-1/4 hours of washing the pH of the second batch was 7.6 and 
the causticized viscose was dropped to a beater chest where it was mixed with 25 pounds of 
asbestos prepared like the first.  The average yield of the two batches of causticized viscose was 
approximately 75%. 

] 

Manufacturing Data 

The constituents of both batches run in the Hydrapulper were kept separate in the beater 
chest in spite of the fact that preliminary handsheets indicated only a small difference between 
the 7 and 10 minute runs.  Each beater chest contained the following furnish: 

Beater chest Nos. 1 and 2 

375 lb   Causticized and washed bright viscose 
rayon (75% 1/8" cut, 25% 1/4" cut, 1.5-denier) 

25 lb   Blue South African asbestos beaten with 
Daxad No. 11 

The stock went through a Jordan under pressure with the plug backed off to insure thorough 
mixing and was sent through the Vortraps for the additional removal of foreign matter from the 
asbestos. Two to three percent additional asbestos was added to the stockfrom the beginning of the run. 
The Whitewater return was used as much as possible for the first half of the run, and stock was fed 
to the machine at a higher consistency than in the N-12 run. 

The last section of driers on the paper machine was lagged in order to prevent excessive 
tension where the paper exhibited the greatest shrinkage.  One roll on the calendar stack was 
used to soften up the sheet.  At the beginning some difficulty was experienced at the calendar 
stack and rewinders because of the dampness of the paper.  The formation of the stock on the 
wire was normal. 

It was noted that when a relatively large amount of white water was recirculated the water 
drained through the web more slowly and carried further down the wire.   This was thought tn be 
desirable at first because it would conserve asbestos (fines) and would give rise to slightly better 
formation.   However, upon closer examination it was revealed that the slower drainage gave rise 
to asbestos stratification within the sheet.   Upon subsequent testing of this portion of the run, it 
was noted that the efficiency was low, indicating that the presence of asbestos fines was deleteri- 
ous.  Therefore, during the latter part of the run the extent of the white water recirculation was 
gradually cut down. 

Performance of the Paper 

Average values of the physical properties of this paper are as follows: 

a) Caliper - 0.039 in. 
b) Ream - 165 lb 
c) Length Tensile - '.? lb 
d) Moisture - 12.1% 

It can be seen that the high moisture content accounts in part for the slightly high ri-atn 
weight.   The tensile strength was outstanding for this type of filter material.   This strength i- 
approximately in the range which would be predicted from handsheet studies. 

CONFIDENTIAL 
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A summary of the smo.e «tr-ti^^ to be 
effictnc™   recUed in Table ^^^iXSTlzier that handsheets made »a» this 

%?^St y^lSS efficiency. 

TABLE   II 

Performance Characteristics of Paper «romM» 

Second batch 
after air drying 
several days 

on 3.20 

022 3.05 

016                         3-22 

.014                       3.16 

.040 3.03 

.033 3.08 

Remarks 

Not enough asbestos 

Slightly damp 

Too much asbestos 

Less asbestos 

Stopped white water 
return 

Lighter ream weight 

Fresh water turned off 

Very damp, high ream 
weight 

„„™»1. it »«» f=« "»« "C,f,r„n ,,  pip»   -"« »I »We to air dry «eral to »»1 "<■ 
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TABLE   m 

Effect of POP Exposure on Performance, N-13 Trial Sample 

Time 
(min) 

Resistance 
(mm H2O) 

Penetration 
(%) 

0 112 .037 

2 117 .049 

4 120 .058 

6 123 .069 

8 128 .081 

10 130 
... 

.088 

The rate of "break" indicated above is higher than normal for this type of paper. 

TABLE   IV 

Performance vs Flow Rate, N-13 Trial Sample 

Sample Flow Rate 
(I/mm) 

Resistance 
(mm H2O) 

Penetration 
(%) 

85 114 .035 

42-1/2 57 .038 

21-1/4 28-1/2 .034 

There is little doubt from the data above that the asbestos distribution in this paper is sub- 
standard.  Normally, the penetration would be expected to decrease with decreasing flow rate 
more than the data show.  This is still another indication that a more careful study needs to be 
made of the variables on the wet end of the paper machine. 

Effect of Aging 

The samples shown in Table V were tested at the time of manufacture and again 10 days 
later.   The purpose of this test is to determine to what extent the paper may relax on standing 

CONFIDENTLY 
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TABLE  V 

Effect of Aging on Performance, N-13 Trial Sample 

CONFIDENTIAL 

Sample 

Date of Manufacture 

Resistance       Penetration 
(mm H20) 

1 

2 

3 

4 

5 

122 

124 

135 

117 

119 

(%) 

.032 

.021 

.013 

.046 

.058 

Efficiency 
(%) 

2.87 

2.97 

2.88 

2.86 

2.72 

10 days later 

Resistance 
(mm H20) 

119 

124 

130 

111 

111 

Penetration 
(%) 

.042 

.027 

.022 

.060 

.065 

Efficiency 
(%) 

2.84 

2.88 

2.82 

2.90 

2.90 

decrease in resistance and sl.ght increase » P^S r«e that there is can« tor concern. 

l^£tt%S£S£Z£Z^™ «.o»8« •» •* *. to ntoistave cui.ior.»» 

in the paper. 

Laboratory Evaluation of Mill Stock 
iM «f thP <jtnrk were saved for laboratory evaluation. 

The following samples were used: 

1)  Washed Bright viscose rayon causticized for 7 «n^e« 
2   Washed Bright viscose rayon causticized for 10 minutes 
3)  R^yon wet lap from No. 2 washed after standing 24 hours 

The first objective was to determine if ^^-^JS« SS 
parable to that treated in the 1 aboratory'^X'l^t^llZ iorrn for an extended period 
change if any took place in thefiber if «^^Vdata on these samples are recorded m 
of time before being washed and made into papei 

Table VI. 

TABLE  VI 

Performance and Physical Characteristics of ^H^MUia^ 

CONI-'lDENTIAl. 
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Samples 1 and 2, which were washede^^^^^St^^S^^S 
very high efficiencies and average tens,^ f^f^™fjf| that there is good agreement 
sheets made from laboratory prepared1 stock art would uK^e       hand was aUowed t0 st   d 24 
between the laboratory and mill procedures.  SamLpie .5 o Following this, it was washed and 
hours in wet lap form in contact with^some resrii**)££*£ ig comparatively low and the tensile 
mixed with asbestos for handsheet formation   The ^cl°^   ^ ior\his behavior at this time, 

ffiffiS ÄÄSlSÄe operation which should not be 

overlooked. 
t« inriirate that it should have been possible to make paper of higher This study also serves to wd «te ttot rt shorn ^ ^ Qf r cQntrol at the 

fütration efficiency during the mill trial.  Apparenuy 
wet end of the paper machine. 

DISCUSSION 
. L A     + ,1,,. tv,o nrimarv obiective in this trial was to produce a 

It has been previously pointed out thatthe^^\°^r0}15 effect on the filtration charac- 
fflter paper of higher ^**^Z^^^teXte remainder of this contract 
teristics.  It has also been statedthatthe over »" ™JJ"     during the causticing procedure. 

laboratory and mill runs. 

shJS^Ä^ 
Approximately 8.3% asbestos was ^^^^^^^^5 St'ST™ 

The Hydrapulper stock washed very well in the beater.  There did not seem to bo any forma- 

tion of an appreciable amount of gel in this process. 

The N-13 triai in general was an ^^™^«£^\£^££% 
on a commercial scale. The paper exhibited ^**^™™£^ and scuff resistance are 
and very satisfactory folding characteristics. The mecham»l ^re g^ ^ ^.^ ^ ^ an 

*^&^£'£££;S ZT;! Ibeforme/p^ers. but it is believed that these can 

be improved with more experience. 

CONFIDENTIAL 
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RESEARCH AND MILL TRIAL ON THE DEVELOPMENT OF 

A DOMESTIC SUBSTITUTE FOR ESPARTO FIBER 

IN THE NAVY TYPE H-60 FILTER PAPER 

(N-14) 

PREFACE 

It is intended that this report serve as the final 
report under contract N7-onr-430 as wellasa detailed 
report of the last Mill Trial designated as the N-14 
Trial. Accordingly the first part will be devoted to 
the detailed report of the N-14 Mill Trial and associated 
laboratory work. This will be followed by a summary 
of all the work done under this contract. 

10 r;oN!Hi>r-:\Ti,\J 
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RESEARCH AND MILL TRIAL ON THE DEVELOPMENT OF 

A DOMESTIC  SUBSTITUTE  FOR ESPARTO FIBER 

IN THE NAVY TYPE  H-60 FILTER PAVER 

(N-14) 

INTRODUCTION 

This report is a summary of the laboratory work done under contract N7-onr-430 from 
April 1   1949 to May 31, 1949 together with the results of the N-14 Mill Trial.  At the request of 
the Office of Naval Research, the work was accelerated to permit the contract to be completed 
by May 31, 1949 instead of June 30, 1949. 

The mill trial reported here is designated as the N-14 Mill Trial, H & V Lot No. 934 dated 
Maylof SS. AS staged in the reports covering the N-12* and N-13 Mill Trials, it was decided 
to concentrate as much work as possible during the time remaining under this contract or.prob- 
lems associated directly with the commercial production of this new type of viscose rayon filter 
material.  Blue African asbestos was used similar to that used in other recent trials. 

LABORATORY WORK 

Since the laboratory Waring Blendor most nearly approximates the action of the Hydra- 
pulper, all studies in the laboratory were based on causticized rayon treated in the Blendor.  The 
Blendor is operated at 80 volts by means of a Variac. The causticizing conditions observed both 
in the laboratory and in mill practice are as follows: 

a) Temperature - 75 F 
b) Caustic Concentration - 7.5% 
c) Consistency - 4.0% 

The time of agitation in the Blendor is obviously somewhat shorter than in the Hydrapulper, but 
good correlation exists between the two under the conditions now observed. 

.   _   _ .     ...  ,.; ,. ,  p„„l, in^Ut.   1 19." rut -.lnd 
In all causticizings periormea, a i.o-Demei un6m »^u« r»,«.. i.—• v •— * - c   ; 

25% 1/4" cut) was used.   Unless otherwise indicated, the asbestos was beaten and defiborcd in a 
solution of Daxad No. 11 (2% of fiber weight), a dispersing agent. 

*NR1, Report  <r> 1 :l 
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U was thought that the addition of Daxad aided in ^^Set oSS?-SÄ * 
better dispersion of ^bestos throughout the  »™s^f «^ J^^^ it JemeA t0 contain 
attention was drawn to the wh f^^f^f^ it was"not known to what extent the loss or 
more than a normal amount of "bestos fines,  bine~ u ^ Q{ whUe 

retention of these fines might affect the effic"^£™ ™J" Handsheets were made containine 

sheets made with relatively large amount» of fines. 

TABLE   I 

Effect of Fines on Performance 

Sample 

Control 

White water 
added 

Regular 
BSA 
(%) 

10.0 

7.5 

Resistance 
(mm H20) 

111 

Penetration 

.015 

.29 

Efficiency 
(%) 

1. 

3.51 

2.95 

Tensile 
(lb/in. width) 

2.3 

3.1 

minimum. 

handsheets to re-evaluate its effect. 

,.. .*.-» stocks «ere *>*%>$<& Sffi-'Ä°fJSÄ S™ 

TABLE   II 

Effect of Daxad on Performance 

Plain 
beaten 
asbestos 

CONFIDENTIAL 
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N-14 TRIAL 

•   „„ „nmi«takable improvement in efficiency 
Although the difference is not great, ^" ".aft

n ™^S with previous laboratory studies, 
whent£e aslestos is beaten with Daxad   This is » ^Äf Accordtagjy it was decided to com- 
bat is contrary to »bse^tio^ when Prart«^ m mül t       ^ ^ ^ ^ R was        d 

ess SKÄ2 rpÄ^rSestos « •««- **. - *— 
amounts of fines. 

THK MILL TRIAL 

Furnish i'urmsn tu-«« 

Hvdrapulper charges of 500 lbs  eacn, 
consist of 100% rayon as follows: 

75 parts 1.5-denier 1/8" bright 
25 parts 1.5-denier 1/4" bright 

Preparation of the Stock for the Mill Trial 
ii oc rm the N-12 and N-13 Mill Trials, it was 

Based on experience in the }for^ry^en as on *e NU ^.^ 
decided to causticize the rayon m the Hydrapuiper un 

a) caustic concentration - 7.5% solution 
b) Consistency - '™ 
c) Temperature     . - 
d) Time of agitation - 6 minutes 

A entity of water less than the total amount quired^^^iX'ZT^ ' 
prede^rmineS amount of 50% *?!^^f^.1^™J&»m, the temperature ,8B 
temperature of the solution at this point was (4 *-  »[ was carefully adjusted to 7.5% as 
Sased to exactly 75°F, ^« "^^"SSof caustic liquor required to give a 4% 
indicated by specific ^IT^^^a^- approximately 1430 gallons   To ft» 
consistency based on each 500-pound ^arge « ray ™        as rapidly as posslble.  The 
solution in the Hydrapuiper was added^OP0™^ °     J h üme a sample was taken and 
charge was agitated in the pulper for exactly 6 ™tes'chest contai„ing approximately 5 times 
the agitation stopped.  The stock was «*" *™^s

t0
m* ™ caustic aS possible prior to the boater 

tie pulper volume of water   ^^^"^rj^rtrtaler wire and removed as wet la,, 

The wet lap was returned to the beater room where it «. ^^^^^ ST 

for final washing.  Each beater --^/^^ToTindTcaVed 7.5.  The fiber yield of the rayon 
first beater indicated a pH of 6^6 wh^ the **° determinations in the beater and was 
treated in this manner was emulated from consis    J tf) a chest containl„K 37-1, 2 
found to average approximately 70 «,.   Each beater 
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founds of beaten Blue African asbestos. The final consistency of the stock in each beater chest 

was held at approximately 1%. 
* A ♦,, ♦ „,Hb the ravon was being causticized and made into wet lap, the as- 

It should be noted that while the »yo» *^sion in Section n.   Two beater charges were re- 
bestos was beaten in a ccordancevriü^ the discussion mSecUo^     ^^ ^ n ^ ^ a 

quired.  The ürstcontaining 75 pounds of asbestos ano^/P bleeding into the headbox 
terd roll for about 2-1/2 hours and ^»P^ ^ ^XJ^^g^poundof DaxadNo. Hand 
as required. The second also contained '75 pounds o «b«to« /   P        ^ ^ beater chests 

^Ä"^^ were —ä ior later la>oratory 

study. 

Manufacturing Data 

Each of the two beater chests contained the following furnish: 

Beater Chest No. 1 and No. 2 

418 ib        Causticized and washed bright viscose rayon flock 
(75% 1/8" cut and 25% 1/4" cut - 1.5-denier) 

37-1/2 lb  Blue South African asbestos beaten with 1% (on 
fiber weight) Daxad No. 11 

The stocks in the two beater chests were combine* and^^^S^iS^^ 

way to the paper machine, the ^y^fSÄ* *dditional required aSb6S; 
backed off to insure thorough maing °£ *hk

e ^S^gh thl Vortraps for removal of any res,d- 
tos was bled into the system ^^f^tlloT Mter passing through the conventional screens, 
ual foreign matter still presetinthe asbestos^ ^«P^J^ wire.  The recircuiation of 
the stock discharged into the headboxand^flowea o throughout the entire run. Ap- 

^S^JlSfSSS£SSS^^^ -m the auxiliary asbestos tank. 

At the beginning of the run, the last section ^^^^^J^SS^S, paper 
order to prevent excessive tension^her«*£££ %£ZLol up the sheet.  However, three 
S^iÄrSÄÄ'S^^loP. of improving the filtering characterist.es.  The 

formation on the wire appeared to be normal. 

Performance of the Paper 

Average values of the physical properties of this paper are as follows: 

a) Caliper - 0.030 in 
b) Ream Weight- 148 1b 
c) Length Tensile^- 2.5 lb 
d) Moisture - 7.C™ 

given this paper. 
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TABLE  in 

Performance Characteristics of Paper from Mill Run 

Sample 
Resistance 
(mm H2O) 

Penetration 
(%) 

Efficiency 
(%) 

Remarks 

1 127 .38 1.90 Damp paper 

2 128 .16 2.19 Adding asbestos 

3 116 ,10 2.58 Enough asbestos 

4 113 .096 2.67 

5 118 .095 2.56 More stack 

6 133 .035 2.59 

7 125 .044 2.68 Suction increased 
before dandy roll 

8 125 .065 2.55 Light weight 

15 

The efficiencies as calculated from the data in Table III are all much lower than those 
obtained on any previous paper made with this type of furnish.  No entirely satisfactory explana- 
tion can be offered at this time for this behavior.  However, there is abundant evidence to indi- 
cate that the asbestos distribution in the finished sheet was far less homogeneous than required. 
To what extent this may be related to the asbestos preparation and/or formation of the paper web 
on the Fourdrinier wire can only be determined by further study. 

TABLE  IV 

Effect of DOP Exposure on Performance, N-14 Trial Sample 

Time 
(min) 

Resistance 
(mm H2O) 

Penetration 
(%) 

0 110 .11 

2 116 .14 

4 118 .16 

6 121 .18 

8 123 .20 

10 125 .22 
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exposure. 

TABLE  V 

Performance vs. Flow Rate, N-14 Trial Sampl^ 

Sample Flow Rate 
(i/min) 

•   TnHP V that the smoke penetration increased by almost 50% when the flow 
It can be seen in Table V that the smoxe P interpreted in the past in terms of 

rate is decreaseciby hali   ^S£^^%£%Z»Jl support to the previous «täte- 

Ct tSS."aÄÄr£!S.1; this paper is very substandard. 

Effect of Aging 

TABLE  VI 

Effect of Aging onJP^Hormance^-UTr^^m^   _ _  _ _. 

7 Days Later 

Sample 

Date of Manufacture 

Resistance 
(mm H2O) 

1 

2 

3 

4 

5 

6 

7 

130 

134 

130 

U6 

122 

135 

117 

Penetration 

I   _. 

.055 

.054 

.050 

.089 

.083 

.040 

.088 

Efficiency 
(%) 

2.51 

2.44 

2.54 

2.63 

2.52 

2.52 

2.60 

istance 
n H20) 

Penetration 
(%) 

127 .10 

128 .11 

124 .11 

115 .14 
I 

110 !     -11 

127 !          .073 

112 !          .10 

Efficiency 
(%) 

2.36 

2.31 

2.39 

2.48 

ZA< 

2 Al 

2.50 
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toto ove,-caIe„ter..g „ «Irt*, at a mow»« c„„,e„t laco.si-5,,li"tH sS pr.^re 

Laboratory Evaluation of Mill Stock 

Samples of various mill-prepared stocks were collected for subsequent labnratn™ <=*„,* 
For purposes of identification, these samples are listed below     SUDS6qUent laboratory study. 

Sample 

1 

2 

3 

4 

5 

6 

Stock 

Causticized and washed rayon flock from 1st Hydrapulper charge 

Causticized and washed rayon flock from 2nd Hydrapulper charge 

Causticized and washed rayon flock from 3rd Hydrapulper charge 

Blue African asbestos defibered in mill beater with Daxad 

Blue African asbestos defibered in lab beater with Daxad 

Combined stock direct from headbox of paper machine 

£ÄÄÄ^«SÄ1.^^^»»-«^.-b-« 

TABLE  VH 

Performance and Characteristics of Paper from Mill Stock 

Samples Resistance 
(mm H2O) 

Penetration 
(%) 

Efficiency 
(%) 

Tensile 
(lb/in. width) 

1 and 4 85 .052 3.86 2.0 
2 and 4 88 .051 3.76 2.4 
3 and 4 94 .038 3.65 3.2 

1 and 5 86 .034 4.04 1.8 
2 and 5 96 .021 3.83 2.3 
3 and 5 97 .018 3.89 2.5 

first set with that of the »ec„£   efwUlreveatVery™ ttl" wZtZr'™*:"^ "' "" 
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Handsheets were also made from Sample 6 taken from the headbox.  In spite of the fact that 
extra heavy sheets were made, the resistance of these handsheets were too low to compare 
directly with the N-14 paper.  However, this information might lead to a possible explanation of 
the difference between paper formed in a handsheet mould and that formed on the paper machine. 
Since it was noted that the resistance of handsheets formed from Sample 6 was very much lower 
than the resistance of the N-14 paper formed on the paper machine from the same stock, it can 
only be assumed that less asbestos was retained in the handsheets than on the machine.  It seems 
only reasonable to assume that the asbestos lost during handsheet formation would be of the 
nature of asbestos fines pulled through the sheet under the suction used with the handsheet 
mould.  If this be the case, all the handsheets might be expected to contain far less asbestos 
"fines "than the machine-made N-14 paper. Since it has already been demonstrated earlier in this 
report that excessive asbestos "fines" is harmful to the efficiency, one might conclude that the 
N-14 paper contained more than a normal amount of asbestos fines.  To what extent Daxad, 
beating time, and roll pressure might have contributed to this situation is not known.   Further 
study on this asbestos problem should prove extremely valuable. 

DISCUSSION 

The N-14 Mill Trial was judged to be highly successful in all respects except that involving 
the proper treatment of asbestos or its distribution throughout the paper web.  Each operation in 
the entire process of this semicommereial run followed a predetermined schedule which was 
planned around a time cycle adjusted to demonstrate the feasibility of producing this new type of 
filter material on a much larger commercial scale.  The fact that it was possible to follow tins 
schedule gave added assurance that no major oversights had been committed. 

The reader is cautioned against drawing the erroneous conclusion that faulty preparation of 
asbestos or poor distribution is in any way common to the rayon type of paper only.   On the con- 
trary, this problem has been associated with asbestos-bearing filter papers from the earliest 
beginnings.   Even now during the manufacture of Navy Type H-60 or Army Type 6 filter material 
this problem reappears at unexplained intervals.   Only skill in reducing stock preparation to a 
well-standardized routine has made possible the manufacture of these grades. 

Thus while it would appear that a satisfactory (if not superior) substitute has been developed 
for esparto in the H-60 paper, further work needs to be done onthe over-all asbestos problem. 

In concluding the report on the N-14 Mill Trial, it can be stated that a great deal of valuable 
information was obtained.  Except for further study on the exact nature of the asbestos desired m 
this sheet, the production of a rayon-asbestos filter material of high efficiency seems assured. 
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SUMMARY OF RESEARCH AND MILL TRIALS   ON THE  DEVELOPMENT 

OF  A DOMESTIC SUBSTITUTE FOR ESPARTO FIBER 

IN THE NAVY TYPE   H-60 FILTER PAPER 

smoke filtering characteristics oi any new type filter material. 

Sä£ Howler,t?hrfütfaüon1performance of papers made from these materials was only nver- 

age and the mechanical strength was low. 

ThP initial work under Contract N7-onr-430 led to the investigation of other fibers. Work at The initial work unaer^omracii chemical Corp Contract) revealed the 
this laboratory as well as at Arthur D. Little, Inc.^Army L. fi

y
ltration efficiencies and 

mask filter. 

The work covered a period of two years, July 1, 1947  to June 30  ^»;* ^^^lTO 

laboratory investigations as well as eight semicommercial mill runs.  Eight quarterly reports 
havebeen^isS (including the present report) each covering one mill trial and the associated 
Lboratory lort The experimental trials conducted under these various Navy «search con- 
tScts have all been assgned an N-series number.  The trials conducted under this contract 
together with some of the pertinent data are tabulated below. 
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TABLE VIH 

Summary of Mill Trials Conducted Under Contract N7-onr-430 

Trial Date of 
Mill Trial 

Approximate 
Efficiency 

(%) 

Tensile 
Strength 

(lb) 

Asbestos 
Treatment 

Equipment used 
for Causticizing 

N-7 10/13/47 3.7 2 Plain Rotary Boiler 

N-8 12/18/47 3.7 2 Plain Beater 

N-9 2/10/48 3.6 3 Plain Beater 

N-10 7/8/48 3.1 1 Plain Beater (50% causti- 
cized rope fibers used) 

N-ll 11/15/48 4.3 1 Plain Beater 

N-12 3/25/49 3.9 2.3 Daxad in 
part only 

Hydrapulper 

N-13 4/21/49 3.1 4.8 Daxad Hydrapulper 

N-14 5/20/49 2.6 2.5 Daxad Hydrapulper 

For detailed information concerning each of these trials, the reader is referred to the 
earlier reports.  However, several general statements can be made under tins simmary. 

1.  Filter papers of very high efficiency similar to the Navy Type H-60 filter material have 
been realized in both laboratory work and mill trials using ccustieized (mercerized) viscose 
ravon flock as thrb^e furnish in the paper web.   It is necessary to carry out the mercer,Zing 
treTment under carefully controlled conditions.   The exact nature of these conditions depends 
upon the type of processing equipment available. 

2 The causticizing of rayon fiber has been carried out in at least three standard pieces of 
oaner mm eJuSient, a rotary digester, a paper beater, and a Hydrapulper.   This experience has 
S to Se sSSn of the Hydrapulper as the most suitable equipment for carrying out the treat- 
ment under the conditions now practiced. 

3 The mechanical strength „f the finished paper can be increased over a range of several- 
fold (at some sacr« ce in efficiency) by simply increasing the time of agitation in tne Hydrapul- 
Perlncre's^ caustic concentration or decreased temperature may accompli^ the same pur- 
pose, but time of agitation is a simpler commercial control for adjusting strength. 

*    v-r« ab«o-m»' ^rinknn-e is encountered on the paper machine dryers in the manufacture 
of this tvpe of füter'material.  In spite of the fact that special adjustments have been mane on in- 
paper nSme to compensate for this high shrinkaBC it would be desirable to bo ^ >-- 
JSate a small amount of other suitable fibers in »ho f,,,,i-:.       -,.„, the shrinkage w.thm th* 
range ordinarily experienced in papermaking. 
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5. This investigation has very largely been confined to the use of one or two types of rayon 
generally reported to be available in large quantities.   Only a limited range of fiber diameters 
and fiber lengths have been studied.   Other types of rayon and/or sizes may be more suitable, 
but it was not possible under this contract to investigate the full range of rayon fibers.   Labora- 
tory handsheets indicated that mechanical strengtu increases somewhat with increasing Denier, 
other variables constant, while the efficiency of smoke removal decreases.  This led to the selec- 
tion of 1.5-denier rayon as the optimum diameter that was readily available in large quantities. 
The length of the cut flock was chosen as long as possible consistent with good paper formation. 
Combinations of 1/8-inch and 1/4-inch lengths in the ratio of about 3:1 were found to be quite 
suitable.   The rayon used for all these studies was purchased a« a cut flock made from 100% new 
rayon.  There exists the possibility of utilizing a much cheaper source of this material such as 
carefully selected thread waste cut with less precision than required for the flocking industry. 
At the present price of flock cut from new rayon, the furnish cost of this new type filter material 
is considerably more expensive than the furnish cost of the Type H-60 filter material.  The 
selling price of the new paper would thus be correspondingly higher than the H-60 paper. 

6. Both Blue Bolivian and Blue African asbestos have been used.  Blue African asbestos is 
perhaps preferable, but the choice of one over the other is based on small differences in per- 
formance.  Availability will perhaps determine which should be used at any given time.   It should 
be noted that some preliminary work has indicated the possibility of using certain domestic and 
Canadian asbestoses in combination with AA Fiberglass and causticized rayon.   Overlooking the 
very high cost of AA Fiberglass this might represent a solution for the manufacture of gas mask 
filter material from 100% domestic 'ibers. 

7. In spite of the fact that the processing of the rayon flock is now regarded as being under 
control, results from the last four Mill Trials show that the efficiencies of the four papers vary 
over very wide limits.   These differences are thought to originate from one or both of two 
sources. 

a) Differences in the exact nature of the defibered asbestos prepared at different times. 

b) Lack of uniform dispersion of asbestos throughout the filter sheet. This may be re- 
lated to the many complicated variables encountered during the actual sheet forma- 
tion on the wet end of the paper machine. 

At present there is some reason to believe that Daxad 11 (dispersing agent) used to aid the 
dispersion of the asbestos during beating might be responsible in part for the low efficiencies ob- 
served in N-13 and N-14 papers.   Repeated laboratory studies on the effect of Daxad in hand- 
sheets will not support this suggestion, however.   On the contrary, handsheets made from Daxad- 
dispersed asbestos show a slight but definite improvement in efficiency over plain beaten asbes- 
tos.  Nevertheless, reference to Table Vm will show that the highest efficiency papers made on 
the paper machine were made without the aid of Daxad.   In all probability there is something 
more fundamentally wrong with the preparation of asbestos or its distribution throughout the 
paper web which is aggravated by the presence of Daxad.   Reference is made to the discussion 
of asbestos fines in the report cover ing the N-14 Mill Trial. 

In conclusion it should be stated that viscose rayon flock causticized or mercerized in the 
manner described throughout the various quarterly reports holds great promise of not only 
Serving as a domestic si1bstit,,tp f°r p^narfn fihpr*^ in thp N^ivy ri;i^ M:i ^k Filter Matprial. hilt 
also promises to lead to an improved fiUer material.   Semicommercial quantities have been pro- 
duced under conditions which arc thought to represent commercial methods nf manufacture using 
standard paper mill equipment.  Variations in efficiency of smoke removal are thought tn be due 
to variations in asbestos preparation and/oi sheet formation on the wet end of the Fnurdrinior 
paper machine.  These difficulties arc not common to the rayon-type filter material alone, since 
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similar variations have been noted in the Dast durinu «m «,„„ *   ± 
Recommendations for further work shoÄclude a*sSvTfThf.h " ° H^° fUter materlal- 
asbestos as related to this problem, V     the charactenstics and behavior of 
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