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ABSTRACT

This article is one of a series on the stability of papers made from various
fibrous raw materials. The present study is concerned with rag-fiber papers and
the factors affecting their stability.

. High-grade bond papers were made under carefully controlled conditions in
the semicommercial paper mill of the Bureau from cotton rags of the qualities
termed in the trade ‘“new’ (cuttings from unused textiles from textile and gar-
ment factories) and ‘“old” (used textile materials, principally from homes).
Unsized, engine-sized, and surface-sized papers were included. For most of the
beater sizing, rosin size was used, being precipitated on the fibers in the usual
way with papermakers’ alum.

The basic rags, the half-stuffs made from them, and the finished papers were
analyzed. The usual physical and chemical tests were made on the paper both
before and after it had been subjected to an accelerated-aging test. The results
demonstrate that stable paper can be obtained from new rags.

The data obtained confirm the general belief that high acldlty resulting from
excessive use of alum in rosin sizing has a marked deteriorating effect upon paper.
The pH value for optimum results, as far as stability is concerned, was approx-
imately 5.0. The degree of sizing at this acidity was also satisfactory.

Of papers of the same acidity, those having the lesser content of rosin were
the more stable.

In general, surface sizing did not materially affect the life of base papers of
high stability, although it seemed to serve as a protective surface retarding chem-
ical deterioration of the less stable papers.

Initial quality of the fibers cannot be taken as a criterion of the degree of excel-
lence of paper made from them. The study shows that careful processing of
raw materials in respect of active chemical components (alum, rosin, etc.) is
necessary for the manufacture of stable papers.
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I. INTRODUCTION

This report deals with a study of the effects of cellulosic impurities
and of the papermaking processes on the strength and stability of
rag papers. It is the third in a series of studies planned to include
all the important types of fibrous raw materials commonly used in
the manufacture of record papers.! The purpose of the investigation
is to extend present information relative to the development of opti-
mum qualities in papers prepared from each of the various fibrous
raw materials, and the manner and extent to which the quality of
the paper is affected by the raw materials and by the variations
encountered in processing them. The plan of the investigation as a
whole is stated in more detail in the first report.

II. RAG FIBERS USED

Cotton rags of the qualities termed in the trade “new” and ‘“old”’
were used in making the papers. New rags are cuttings from unused
textiles and come largely from textile and garment factories, whereas
old rags are used textile materials, and are principally waste products
from homes. The rags employed were the grades known commer-
cially as no. 1 white shirt cuttings, unbleached hosiery clippings
unbleached muslin, unbleached shoe cuttings, twos and blues, an
no. 1 old whites. They were supplied by a commerical paper mill
and had been sorted, cut, and dusted.

The rags were purchased as being representative of the respective
grades. Analyses reported elsewhere herein of the various kinds of
rags before they were submitted to the paper-making processes and
also after they had been boiled, washed, and drawn out of weave
(reduced to half-stuff) indicate the degree of cellulosic purity of the
fiber and the extent to which the cellulose had been modified or
degraded either in preliminary treatment or in actual preparation of
the half-stuff.

The rag composition of the beater furnish, that is, the various
kinds of half-stuff blended in the beater, is included in the data for
each of the paper-machine runs.

III. PAPERMAKING EQUIPMENT

The equipment of the Bureau paper mill is adapted for making
paper on a semicommercial scale under practical mill conditions. That
employed in the manufacture of the rag papers included a rag cutter;
duster; rotary boiler; 50-pound copper-lined wood-tub beater, having
manganese-bronze bars and plate, and equipped with a washing
cylinder; jordan refiner, with bars of a bronze and steel alloy; 4-plate

1 For previous reports see Highly-purified wood fibers as papermaking material, BS J. Research 7, 765-782

(1931) RP372; also, A study of some factors influencing the strength and stability of experimental papers made
from two different sulphite pulps, BS J. Research 11, 7-23 (1933) RP574 .
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screen; 29-inch fourdrinier papermaking machine, with wire 33 feet
long and having two presses, nine 15-inch dryers, a small machine
stack of 7 rolls, and a reel; surface-sizing bath and drying cabinet;
and a 5-roll supercalender.?

IV. PREPARATION OF THE HALF-STUFF

The procedure followed in the preparation of the half-stuff was
essentially the same as that generally observed in the commercial
production of high-grade papers.

1. CUTTING AND DUSTING

Since_the rags employed in the tests had already been sorted as to
material and color, the only mechanical treatment necessary to pre-
pare them for the chemical cleansing was cutting and dusting.

2. BOILING OR “COOKING”
(a) CHEMICALS USED

The grease, dirt, starch, sizing, or other impurities were rendered
soluble or easily removable by boiling the rags in a chemical solution
under pressure. The choice of agents generally used to effect these
changes depends somewhat upon mill conditions and the grade and
kind of paper to be produced. A mixture of lime and soda ash was
used in this study.?

Kither quicklime (calcium oxide) or hydrated lime (calcium hy-
droxide) may be used for cooking rags, but quicklime was employed
in the present study. The following analysis* shows the composition
of the lime,® which was ground to pass through a no. 100 sieve before
analysis:

Percent
liosa onsipnitignas™d oo g ils it o faREaait o TSRS & A ES 1.9
Insoluble siliceous matter (SiO, ete.) - . __ ... 0.5
Irowtandsalammiinmexides (RO = F S r e by e s A SR T 0.4
Caletimitoxide(WRO)E. & S vd T0a i e R SR L el s SEE IR LSRR, 96. 8
Magnesiamioxidel (MgOQ) .ol oo Cobib S2uligiiil 1auns not more than 0. 4
Canbon. dioxidef(@O)mii it st Lot doaprdens Dl 10T not more than 1.9

The soda ash (Na,CO;) was 58 percent sodium oxide.

2 Photographs of the equipment employed are included in the following publications: Caroa fiber as a
papermaking material, Tech. Pap. BS 21, 338-341 (1927) T'340. Further experimental production of currency
paper in the Bureau of Standards paper mill, BS J. Research 3, 904-905 (1929) RP121. Equipment and
research work of the Bureaw of Standards paper mill, Paper Trade J. 89, 19, 60-63 (1929).

3 In previous experimental tests in the Bureau mill using caustic soda as the digesting chemical, papers
of excellent quality were obtained. Caustic soda was not included in the present study, however, on
advice of commercial papermakers, who thought its use unnecessary. It is not commonly used in cooking
rags because its use is dangerous to workmen when mills are not properly equipped. Recent work by
Edwin R. Laughlin, Observations relative to the physical and chemical changes taking place in the cooking of
new white rags, Paper Trade J. 97, 17, 39-53 (1933), gives interesting data on the effects of different chemicals
in the cooking of rags, including caustic soda and a comparison of calcium and magnesium limes.

¢ Made by Chemistry Division, National Bureau of Standards.

§ The lime conforms to the chemical requirements of Bureau of Standards Circular C96, Recommended
SPpeciﬁcations for Quicklime and Hydrated Lime for Use in the Cooking of Rags for the Manufacture of

aper.
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(b) COOKING PROCEDURE

The constant factors for each cook were as follows:

Weight of bone-dry fiber_.______________________ 106 pounds.

NVE6 LTI € R0 Wi O 1y S s i U i 52.5 U. 8. gallons (231 in.?)
Initial tempevature_ - - ___.___ 70 to 80° F.

Duration of initial temperature__________________ 1 hour.

Time for raising to cooking temperature_ . ________ 1 hour.

Cooking temperature_ __ ________________________ 250 to 260° F.

Duration of cooking temperature__.__.___________ 5 hours.

Cooking presgure"f= = iins s PR 30 to 40 pounds.

The no. 1 white shirt cuttings, no. 1 old whites, and twos and blues
were each cooked separately. The unbleached hosiery, muslin, and
shoe cuttings were mixed in equal parts and cooked together.

The amounts of chemicals used in the cooking liquor were varied
according to the kind of rags being treated. For the new rags, 3
percent of lime and 1 percent of soda ash, based on the bone-dry
weight of the rags, were employed; for the no. 1 old whites, 6 percent
of lime and 1.5 percent of soda ash; and for the twos and blues, 8
and 2 percent, respectively. These percentages were recommended
by a commercial paper company making high-grade rag papers.

In preparing the lime solution a portion of the total amount of
water, 52.5 gallons, was used to slake the lime; the balance of the
water and the soda ash were later added and thoroughly mixed with
the slaked lime. The mixture was run through a no. 60 screen to
remove sand, splinters of wood, coal particles, or other foreign mate-
rial as it was charged into the boiler.

3. WASHING

When the cook was completed the boiler pressure was relieved
and the liquor was allowed to drain off overnight. The cooked rags
were then transferred to the beater and washed until the effluent
was clear, to remove the cooking liquor and the loosened impurities.
One-half of a cook constituted a beater charge. Fresh water was
added continuously during the washing.

The time required for washing was about two hours for the no. 1
whites and the hosiery clippings, muslins, and shoe cuttings; about
three hours for the no. 1 old whites and the twos and blues. The
amount of water used was about 30 gallons per pound of new rags
and about 45 gallons for the old. The temperature of the wash-
water was 75 to 85° F.

After the washing had continued for about one-half hour, or until
the water discharged from the washer was fairly clear, the roll was
partially lowered to the bed plate and the pressure was increased by
lowering the roll at intervals thereafter during the washing process
to further cleanse the rags and gradually brush them out of weave
into threads and the threads into fibers.

4. BLEACHING

After the rags were reduced to half-stuff, an oxidizing agent was
added to change the residual coloring materials or impurities into
soluble or colorless substances. Bleaching powder, calcium hypo-
chlorite, containing 35 percent of available chlorine, was the oxidizing
agent used. The powder was thoroughly mixed with water and after
being agitated for some time was allowed to settle. The clear liquor
was then drawn off, analyzed, and subsequently used as needed.
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The amount of bleaching powder required to attain the desired
degree of whiteness varied with the color of the rags. The amount
used, based on the bone-dry weight of the rags, was, for no. 1 white
shirt cuttings, 0.1 to 0.2 percent; for unbleached hosiery clippings,
muslin, and shoe cuttings, 0.3 to 0.5 percent; for no. 1 old whites, 1.0
percent; and for twos and blues, 2.0 percent.

The bleaching operation was begun in the washer (beater used as
washer) and completed in the drainer. Before the bleach liquor was
added to the half-stuff in the washer, water was removed from the
washer to increase the concentration of the half-stuff. The bleach
liquor was then slowly added and the stock was circulated for one
hour. The temperature in the washer during this interval varied
from 85 to 105° F. The washer contents were then dropped into
the drainer, as was also the fresh water subsequently used in washing
out the beater, and left for one-half hour before the valve was opened
and the water permitted to drain off. No acid or other material was
added to accelerate the bleaching operation.

The bleaching was followed by washing to remove residual chemi-
cals and the soluble products of the bleaching action. The half-
stuff in the drainer was covered with fresh water and thoroughly
mixed, and allowed to stand for one hour before the drainer valve
was opened. The process was later repeated and the half-stuff left
to drain. All traces of active chlorine were removed in the washing,
therefore no antichlor was used.

The divisions of the rags usedin cooking—no. 1 white shirt cuttings;
unbleached hosiery, muslin, and shoe cuttings; no. 1 old whites; and
twos and blues—were maintained throughout all the processes. The
corresponding lots of bleached half-stuffs were kept separate until
blended in the beater.

5. LOSSES DURING PREPARATION OF HALF-STUFF

The total loss in weight of the various rags used in the preparation
of the half-stuffl—boiling, washing, and bleaching—based on the
bone-dry weight of the rags, was as follows: no. 1 white shirt cuttings,
10 to 11 percent; mixture of the unbleached rags (hosiery, muslin,
and shoe cuttings), 13 to 15 percent; no. 1 old whites, 15 to 18 percent;
and twos and blues, 18 to 21 percent.

V. PAPERMAKING PROCESSES
1. BEATING

The method of beating the half-stuff to prepare it for forming a
sheet on the paper machine followed very closely that described in a
previous publication.® The characteristic feature of the method was
the very gradual lowering of the beater roll.

Before the furnish was added to the beater, the roll was raised off
the plate in order to give clearance to the lumps of half-stuff. The
tub was partially filled with water, half-stuff from the drainers was
introduced, and additional water was run in until the desired con-
centration was obtained. After some circulation of the furnish the
roll was gradually lowered, by definite amounts and at fixed intervals,

8 Research on the production of currency paper in the Bureau of Standards experimental paper mill, Tech.
Pap. BS 21, 96-97 (1926) T329.
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to brush out the fibers and reduce them to optimum length. The
various positions of the roll and the time intervals for each during
the beating of a furnish are given in table 1 for both new and old
rags, and are representative of the beating procedure.

TABLE 1.—Schedule of roll settings for beating

New rags 01d rags
Beating interval Position Beating interval Position
of roll o ey of roll &
hr min hr min
0 0 +100 0 0 -+10»
0 5 +10¢ 0 5 +10¢
0 15 +6 0 15 +6
0 45 +5%% 0 45 +51%
1 15 +5 1 15 +5
1 30 4414 1 30 -+414
1 45 +4 1 45 +4
2 00 +3%% 2 00 +3%
2 15 +3 2 15 +3
2 30 +24 2 30 +215
2 45 +2 3 00 +2
3 00 +14 3 30 +1%
3 15 +1 4 00 +1
3 30 +14 4 30 +1%
4 30 +15 5 00 +15
5 30 0 5 30 +1
6 30 0
7 30 -1
8 00 -1

o Expressed in turns of the handwheel with which the position of the roll relative to the bedplate is
changed. At zero setting the bedplate is just barely cleared. One turn of the handwheel raises or lowers
the roll 0.008 inch.

5 Lighter-bar up.

¢ Lighter-bar down.

The duration of the beating and freeness readings indicating the
rate at which water flowed through or from the pulp sample are
given for each paper-machine run in table 4. The freeness data
are for the stuff (beaten half-stuff) at the time of running into the
stuff chest at the completion of the beating. The concentration of
fiber in the test samples was 0.2 percent and the temperature 80° F.

For more detailed description and discussion of the beating technic
the reader is referred to the Bureau’s Technologic Paper T329,7
pages 96 to 102.

2. PAPER-MACHINE OPERATION

From the stuff chest the stuff was pumped in a continuous stream
through the stuff box and the jordan refiner to the paper machine.
Pumping the stock from the jordan directly to the paper machine is
considered better practice than discharging it into a machine chest
and subsequently withdrawing it as needed. By the former method,
changes in the character of the stock indicated as desirable by con-
ditions at the screen, on the paper machine, or in the finished sheet
can be effected rapidly by suitable adjustments of the jordan.

The operation of the paper machine was carefully controlled during
the tests. For additional details of the operation see Bureau Tech-
nologic Paper T329, pages 102 and 103.

7 Bee footnote 6,



ot Stability of Rag Papers 655
3. SIZING

Practically all the commonly used varieties of rag papers are
sized to improve the writing or printing quality, or various other
properties. For some of the papers manufactured in this study,
sizing agents were introduced into the beater and precipitated on
the fibers (beater sizing); and in some experiments the surface of
the paper also was impregnated with a sizing material after manu-
facture (surface sizing).

(a) BEATER SIZING

Rosin and starch were each used as sizing agents. The rosin size
contained about 33 percent of free rosin, and was precipitated on
the fibers in the beater with aluminum sulphate (papermaker’s
alum) in the usual manner. The starch was a commercial beater
starch prepared by an oxidation process, and was used in accordance
with current commercial practice as far as possible.

In preparing the starch mixture one part of starch was allowed
to soak for about one-half hour in five parts of cold water, after
which time the mixture was warmed to between 170 and 175° F,
while stirred continuously. It was kept at this temperature until
the starch had swollen to the proper extent, and then was cooled.
When used with rosin size, the starch was added to the beater after
the rosin size and before the addition of the alum. When used
alone, the starch was added at the same stage of the beating.

(b) SURFACE SIZING

For surface sizing, glue and starch were each used. The glue was
a high-grade hide glue with 331-grams jell strength, 87-millipoises vis-
cosity, and 6.2 pH value® The sizing bath was a 4-percent solution
containing alum, and was maintained at approximately 130° F.
The paper was passed through the heated solution, then between a
pair of squeeze rolls to remove excess sizing solution, and dried in a
festoon drier at a temperature of 110 to 120° F. The desired finish
was imparted to the paper by supercalendering.

The procedure for surface sizing with starch was essentially the
same as that for sizing with glue, except that no alum was added.
A commercial starch prepared by a process of oxidation was used.
In preparing the sizing solution, one part of starch was allowed to
soak for one-half hour in four parts of cold water, and the mixture
was then heated to 170° F. When proper swelling had taken place,
sufficient water was added to make a 4-percent solution.

VI. TEST METHODS

The physical and the chemical tests were made in accordance with
the official paper-testing methods® of the Technical Association of
the Pulp and Paper Industry. The pH was determined electro-
metrically, using a quinhydrone electrode.

8 Division of Tests and Technical Control, U. S. Government Printing Office, Washington, D.C.

¥ Copies of the methods can be secured from the Techmnical Association of the Pulp and Paper Industry,
122 East 42nd Street, New York, N.Y.
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The relative stability of papers cannot be determined by analysis
of the original papers alone. Too little is definitely known of the
effect of any given combination of components on the aging of paper.
Therefore the pertinent physical and chemical tests were applied not
only to the original papers but to samples that had been submitted
to an accelerated-aging test as well. This test is made at the Bureau
by exposing specimens of paper to air at a temperature of 100° C for
72 hours, and then determining to what extent the paper has been
altered in folding endurance, tearing strength, alpha cellulose content,
and copper number. A marked decrease in alpha cellulose (unmodi-
fied cellulose) content and increase in copper number (a measure of
degraded cellulose) are considered indicative of deterioration. A high
degree of resistance to change in the heat test, particularly with
respect to folding strength and alpha cellulose content, as well as
copper number, are regarded as favorable indications of permanence.
For further details of this test the reader is referred to previous dis-
cussions of the method.® Although the test is only empirical and
the time relation to natural aging is not known, Rasch and Scribner "
found that results obtained by the test corroborated those obtained
after a 4-year period of natural aging in differentiating the stability
of papers.

VII. ANALYSES OF RAGS AND HALF-STUFFS USED

Analyses showing the purity of the various grades of rags used and
the half-stuffs made from them are given in tables 2 and 3. The
fiber samples were converted into disintegrated form before being
submitted to the alpha cellulose and copper-number tests.

TaBLE 2.—Chemical-test data on rags used

Alpha
Types of rags cellulose
content

Copper
number | ASh

Percent Percent
Oy e T I L e e e e L o A, 98. 2 0.18 0. 44
L 1e 1t | SNE Y TN SRR R I i o 91.3 3.57 .62

Muslin after being washed with boiling water = 96.9 .20 .1
Shoeefttings > (=L 00 (AL J2 1 a0 a8t il L3 90.9 .73 2.75
No. 1 white shirt cuttings._- . 97.3 .32 3.33
N el v s e e e N s el e 90.9 1.28 .74
Twosiandiblyosit Seieil " ST 6 W e O e e T S 89.0 1.67 1.37

It will be noted in table 2 that the muslin rags originally had a
high copper number, no doubt due to filler or loading material in the
cloth. The material was apparently easily removed however, since,
after being washed with boiling water, the rags had a high alpha
cellulose content and a low copper number. The new rags were
higher in cellulosic purity and were stronger than the old rags. Old
rags are inherently less strong and of lower cellulosic purity because
of the usage and repeated laundering of them.

10 Accelerated-aging test for paper, BS J. Research 7, 465-475 (1931) RP352. Also, Estima'ing stability of
paper by heating, Paper Trade J. 95 4, 28-30 (1932). Also, for previous reports, see Highly-purified wood
fibers as papermaking material, BS J. Research 7, 765-782 (1931) RP372; A study of some factors influencing
éh;ést(rleagé%t)h RLI’I}!)% 7s4tability of experimental papers made from two different sulphite pulps, BS J. Research 11,

R;ﬁggmparison of natural aging of paper with accelerated aging by heating, BS J. Research 11, 727-732 (1933)
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Ficure 1.—New rag fiber, X100.

(Stock from head box, machine run no. 1,013.)
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Ficure 2.—O0ld rag fiber, X 100.

(Stock from head box, machine run no. 1,032.)
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The values given in table 3 show the degree of purity of the half-
stuffs and the extent of modification of the cellulose in their prepara-
tion. The relative quality of the rags is reflected in the half-stufls
and, as will be seen later, in the papers made from them.

TaBLe 3.—Chemical test data on bleached half-stuffs made

Alpha
Coek 2 Copper
Half-stuft cellulose Ash
number conient number
Percent Percent
Hosiery, muslin, and shoe cuttings. - ... _._._____._______.___ 440 96.7 0.26 0.14
D 441 97.1 .22 .16
446 97.2 .19 .19
451 97.7 .21 561
452 97.3 .22 ]
439 96.0 34 14
442 96.1 24 12
445 96. 2 29 10
449 96.3 25 10
450 96.8 25 18
458 90.8 67 48
460 90.9 76 33
462 91.2 67 44
466 91.0 76 23
457 86.1 1. 46 38
459 85.3 1. 60 25
461 87.4 1. 20 69
463 84.3 1.70 19

VIII. DATA ON PAPERS MADE

Data relative to the beater furnish, beating time, and condition
of the beaten stock for each paper-machine run, and various measure-
ments on the papers are given in table 4.

After preliminary runs (nos. 991 to 993), in which beating time
was varied to determine the optimum beating conditions, an eight-
hour beating, with the method of roll manipulation given in table 1,
was adopted as suitable to produce a high-grade commercial-type
writing or bond paper from the new rags. This time was used for
practically all subsequent runs on new rags. As a result of previous
work in the Bureau mill on old rags, five and one-half hours was
used for them.

The condition of the fibers at the head box, that is, as the stock
was ready to go over the wire of the paper machine, is shown in the
photomicrographs, figures 1 and 2. Figure 1 is representative of
the stock prepared from new rags, and shows the fibers to be long,
clean, and well brushed out. It will be noted that this condition
was not destroyed by the jordanning. Figure 2 shows the fibers of
the stock prepared from the old rags to be shorter, more broken, and
less fibrillated, as would be expected. The photomicrographs were
made at a magnification of 100 diameters.

1. UNSIZED PAPERS

A series of runs of unsized papers in which the amount of alum
added was varied were made to determine the effect of acidity on
the stability of the papers. Tests were made on both original and
heat-treated samples to determine the probable permanence of the
papers. The test data are given in table 4, but the relative effects
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of increasing amounts of alum are shown more clearly in figures 3
and 4. The measurements on the heat-treated samples show that the
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Freure 3.—Effect of acidity on stability of unsized new-rag papers.

folding endurance, tearing strength, and alpha cellulose content
decrease as the acidity increases, and that the copper number in-
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Frcure 4.—Effect of acidity on stability of unsized old-rag papers.

creases. Figure 9 indicates that the addition of alum alone does not
decrease the initial folding endurance of the paper, however.



TaBLE 4.—Dala on unsized, bealer-sized, and surface-sized rag papers
PAPERS MADE FROM NEW RAGS

Run number Beater furnish Freeness Surface-sizing solution Physical tests of papers ¢ Chemical tests of papers Heat tests of papers 8
Fiber compo- |Sizing materials (amount Folding endur- i Tearin i ;
o D agse d on dty fibet) = anog ¢ Tensile properties strengt) ‘Water resistance Sizing materials Acidity
ing - \2Nebight: 1_})latio of : i‘glg‘lﬁ_’g B %
Siir- inter- | After At 5 by 40 | Bursting| bursting fop: 3 Alpha [Copper 3 Decrea
face Un- Shirt val beat- | head e inches, | strength|strength T]:'égsl‘ Breaking load $ Elongation at Opac- cellu- | num. | ance i!; in alpha
siz- [bleached| A ing | box i 500 to M- | Cross rupture - s B A T Fiber lose | ber [ DETCETh cellulose
ing | Pees | tings; | Rosin | Starch | Alum sheets weight Siren, | direc- e rgaon method, Resin | Glue | Starch suspen- e?(ga%ft strength cotiterit
3 X
and [0 d y tion | YO | Nfachine| Cross |Machine| Cross | tion arec | 2°C !
bluest |Vhites direction | direction | direction |direction
Double | Double | Kilo- Kilo- Per-
Percent |Percent | Percent |Percent | Percent | Hours Percent Pounds | Poinls 3 | Percent | Inch folds Jfolds grams grams Percent | Percent | Grams Percent | Seconds | Seconds Percent | Percent | Percent cent 1 Percent Percent
50 50 | 57.0 32 56.1 | 0.0036 | 2,900 | 1,400 7.5 4.3 g 8.0 105 ) PR e ok 0.30 0.006 6.4| 97.8| o0.27 112 0.10
55.5 54 97.4 | .0035 | 4,400 | 4,000 11.0 6.0 4.8 10.2 98 77 24 21 .28 .038 5.9 97.6 .27 73 .12
56. 4 31 56.0 | .0036 [ 3,500 | 1,100 dl 4.3 3.0 7.0 100 “ar . | S s e I N .20 6.3 Ao .25 127 .20
56.7 58 102.1 L0035 | 4,400 [ 5, 200 10. 1 6.6 4.4 9.4 96 20 5.5 97.5 .32 88 .41
53.2 31 58.3 | .0035 | 4,300 | 2,000 6.8 3.9 3.0 8.0 128 6.1 98.0 .23 [ PR | ) o A
______ 58.0 61 105.0 | .0035 | 5,500 | 5, 400 1.6 6.8 4.4 9.9 107 5.4 97.6 .25 90 all
59.2 35 59.0 | .0035 | 6,300 | 2,400 8.0 4.2 3.5 10.0 155 6.2 98.9 14 104 |- Qb cadas e
58.2 36 61.8 . 0037 5,200 | 2,300 8.2 4.5 3.0 8.0 126 6.4 98.6 .20 112 -.10
59.1 56 94.8 | .0034 ! 5,700 | 5 000 11.6 6.0 4.2 10.0 121 5.7 98.9 iy 87 .34
56.6 30 53.0 | .0036 | 2,700 720 7.3 4.3 3.0 7.5 134 5.1 97.5 .46 111 2.67
57.7 50 86.5 | .0033 | 5,200 | 3,500 9.4 5.8 4.5 10.2 117 5.0 97.2 .51 85 1.02
57.1 34 59.5 | .0037 | 4,200 | 2, 100 7.4 4.4 2.5 7.0 108 6.0 98.0 .24 89 .20
54.1 30 56.5 | .0035 | 2,400 930 6.9 4.1 3.0 7.0 102 4.9 97.5 .25 86 .60
56.6 33 58.3 | .0038 | 3,000 820 7.4 4.2 2.6 7.5 104 6.1 97.8 27 114 .10
56.5 31 54.9 . 0037 1, 200 440 6.9 4.4 2.9 7.0 112 5.1 97.7 .41 117 2.90
58.4 50 85.6 | .0035 [ 3,200 | 1,600 9.7 6.1 4.3 8.7 98 5.0 96. .59 85 .63
56. 6 32 56.5 | .0036 | 4,000 | 1,200 7.5 4.1 2.2 7.9 115 4.9 97.3 .21 92 .83
57.9 57 98.5 | .0035 | 4,800 | 4,100 11. 4 6.1 5.0 9.4 100 4.8 97.5 .26 82 .26
58.1 32 56.0 | .0037 | 3,900 [ 1,500 7.4 4.2 2.9 7.9 121 4.3 97.3 .32 89 1.19
59.8 57 95.4 | .0035 | 4,700 [ 4,600 11.8 6.3 5.1 9.4 112 4.6 97.6 .28 74 .39
58.1 32 55.0 | .0036 | 3,600 | 1,400 7.4 4.2 2.8 g 117 4.2 98.0 .26 68 2.30
59.0 55 93.2 | .0036 | 4,300 | 4,500 11.0 6.3 4.7 9.6 103 4.8 97.6 .32 7 .79
04 56.0 31 55.4 | .0035 | 2400 | 1,100 7.0 4.5 2.5 7.2 113 5.8 98.4 .33 96 2.00
004 57.8 50 86.5 | .0036 | 4,500 | 3,490 9.3 5.7 3.6 7.4 104 5.6 98.5 .42 71 1.67
005 57.2 32 56.0 | .0036 | 2,500 740 7.4 4.4 2.7 7.0 122 5.2 97.7 .37 92 2.90
005 58.9 46 78.0 | .0035 | 3,400 | 2,400 9.5 5.8 3.8 e 107 5.2 97.5 .44 66 2.19
006 55.6 32 57.5 | .0037 | 1,900 580 7.3 4.6 2.9 7.2 103 4.7 97.2 .43 95 4.20
0068 59.7 2 87.0 | .0035 | 3,200 [ 2,100 9.9 5.8 4.6 7.5 111 4.7 97.2 .48 56 1.61
1, 007 55.6 31 55.7 . 0036 1,500 590 7.0 4.0 2.2 6.2 114 4.5 96.7 .47 89 4.60
1,007 57.9 52 90.0 | .0035 | 3,500 [ 2,500 10.1 6.0 4.0 7L 106 4.7 96.7 .45 62 1.98
1, 008 55.7 39 70.0 | .0035 | 4,800 | 3,600 8.5 5.2 2.9 8.8 102 5.0 97.6 .23 87 1.20
1,008 58.8 61 103.8 | .0035 | 4,800 | 5,000 117 5.9 4.7 8.7 107 4.7 97.8 .42 75 .01
1,009 55.1 41 74.4 | .0036 | 3,200 | 3,000 8.2 5.2 3.0 8.0 112 5.2 08.7 .24 85 .54
1, 009 60.3 58 96.3 | .0035 | 5,300 ; 4,700 11.2 6.6 4.8 8.5 114 5.1 98.8 .29 66 . 56
1,000 55.3 29 52.5 | .0035 | 3,100 740 71 3.8 2.5 7.5 117 6.1 083 .20 110 .15
1, 000 57.9 56 96.8 | .0034 | 4,300 | 3,400 10.0 5.5 4.9 10.3 100 5.0 98.3 .37 96 .14
1, 000 56.0 48 85.8 | .0034 | 4,600 | 2,500 9.4 5.2 4.5 9.4 100 5.8 98.3 .25 102 .27
1,012 56.6 32 56.5 | .0035 | 3,300 | 1,700 L 4.5 3.2 7.5 103 5.3 97.6 .33 102 .66
1,012 57.3 60 104.8 | ,0034 5,200 | 4,400 11.0 6.5 5.2 9.6 104 4.8 97.5 .49 92 .16
1,012 58.0 52 89.6 | .0035 | 5,300 | 3,700 9.8 6.1 4.9 ‘9.3 167 5.3 97.6 .36 95 .
0 56.1 29 51.6 | .0036 | 2,600 | 1,100 il 4.4 3.1 7.0 112 5.3 97.6 .35 101 .85
01 58.1 54 93.0 | .0034 | 4,900 | 4,000 9.9 6.3 4.9 9.8 91 5.0 97.6 .40 81 .67
01 58.7 49 83.5 | .0035 | 5,300 | 2,900 9.1 5.7 4.5 9.3 110 5.4 97.4 .43 93 . 50
03 54.9 27 49.2 | .0038 1,300 190 6.7 3.6 2.4 6.5 109 5.0 95.9 .56 106 2.96
57.0 50 87.6 | .0035 | 3,500 [ 2,300 9.8 5.3 4.4 9.1 8 5.0 97.0 .63 69 1. 56
55.1 29 52.5 | .0037 1,300 220 6.9 3.5 2.4 7.0 118 5.0 96. 5 .50 97 2.79
56.1 48 85.5| .0035 | 3,900 | 1,500 9.7 5.4 4.0 8.8 100 4.9 97.0 .64 70 1.91
55.1 30 54.5 | .0038 | 2, 330 7.3 3.9 2.6 7.4 119 4.9 96.3 .60 100 2.07
59.0 49 83.0 | .0035 | 3,7 1,800 9.6 5.7 4.1 9.6 110 4.9 97.0 .55 89 1.55
56.7 27 47.6 0037 1,700 200 6.8 3.9 2.5 7.0 118 4.7 97.5 .53 108 2.77
59.2 50 84.5 0036 | 3,300 | 1,500 9.3 5.9 4.2 8.5 111 I R {11 7 DR £ PSRRRRERY. ) Rt | i b - 0 1o v 5 ] e 17 L SRR e Ol (RS 7 ] e 4.7 97.8 .51 66} 1.62
PAPERS MADE FROM OLD RAGS
54.0 21 38.9 | .0039 24 19 4.5 3.2 2.2 4.8 R R L N ] e e B LS T Ty B S e N L R PR ) SR 6.9 89.6 1.16 93 .65
54.5 20 36.7 | .0040 28 16 4.8 2.8 2.3 4.9 56 6.3 90.0 1.13 96 1.14
54.7 20 36.6 | .0039 28 13 4.7 2.7 2.5 5.2 53 4.4 89.1 1.23 80 2.37
58.0 36 62.0 | .0036 115 84 %1 4.9 3.6 6.0 47 4.5 80.7 1.40 64 2.02
55.0 19 34.6 | .0040 25 16 4.5 3.2 2.5 4.7 51 4.2 88.7 1.19 66 4.26
58.0 37 63.9 . 0037 92 106 6:7 5.2 3.6 5.9 LR TR R e [ S U It G Sl R R T RO, a1 R 4.3 89.2 1.41 59 .98
55.1 20 36.3 . 0040 31 14 4.5 2.7 2.3 4.8 57 5.8 89.3 1.36 80 1.27
56.0 32 57.1 . 0036 106 52 6.6 4.1 3.4 6.4 49 5.4 89.3 1.53 64 2.50
56.7 19 33.6 . 0040 25 13 4.7 2.8 2.4 4.9 58 5.3 89.0 1.47 82 3.75
587.9 32 55.3 . 0037 98 57 6.4 4.6 3.4 5.7 49 4.9 88.4 1.65 50 2.86
55. 1 19 34.5 . 0040 20 14 4.4 2.9 2.2 4.4 56 4.7 86.8 1.52 80 4.12
56. 8 28 49.3 | .0038 41 34 5.6 4.2 3.3 5.2 49 4.7 86.3 1.67 59 4.36
55.5 19 34.2 1 .0040 20 13 4.1 2.7 2.1 4.4 -y LS L RSy BT e | IR ) e o i B e SR PR R A1) ) R 4.4 87.2 131 81 6.02
57.0 28 49.1 .0039 7 35 5.6 4.3 3.1 5.3 53 4.4 88.0 1.52 52 4.53
54.7 24 44.0 | .0041 43 38 5.0 3.4 2.6 5.2 55 5.2 91.3 .95 79 1.79
60.3 38 63.0 | .0039 151 129 71 5.3 3.5 6.2 52 4.8 92.4 1.32 64 1. 64
57.0 23 40.4 | .0044 57 32 5.5 3.6 2.5 5.1 58 4.9 89.9 1.15 65 2.96
58.0 36 62.0 | .0039 131 93 6.8 4.9 3.7 6.0 . 7Y Mo 5 TR ) O ATt |- F IR T 1 I 7 o fo 1 11 WRRRT. W C TR Rl BT (RO, e 4,7 90.7 1.48 52 3.11
53.0 21 39.6 | .0038 33 26 4.6 3.1 2.4 5.2 56 85 1 o T e e S R SRE R 1 ) SCR L 6.3 90.1 115 88 .32
60.2 42 69.8 | .0040 95 152 7.4 6.0 3.6 6.0 50 85 18 17 N 5.6 91.1 1.92 75 .92
56. 6 34 60.0 { .0038 7 93 6.7 5.0 3.5 5.9 49 84 8 6 5 5.7 90.3 1.51 79 1.49
58.4 31 53.1 | .0039 53 78 6.3 4.5 3.4 5.6 50 85 2 1 A 6.4 89.5 1.16 90 1.61
54.6 2 36.6 | .0041 28 18 4,8 2.8 2.2 4.5 60 87 3 ) e T IRy T o BRI R T B i |, i T sk 4.7 87.4 131 81 1.16
63.9 45 70.5| .0 139 143 8.7 6.0 3.5 5.5 52 84 30 21 4.7 90.7 2.08 38 2.24
57.0 36 63.1 | .0039 66 68 6.7 4.6 3.4 5.5 51 83 22 L RO R (e SR 0] S 0 ) ST TR (1 O e 4.7 89.4 L7 55 1.89
59.7 30 50.2 | .0040 60 45 6.0 4.3 3.0 5.2 57 84 21 15 £ 4.9 88.2 1.31 77 .69
54,2 20 36.9 | .0040 23 14 4.6 2.5 2.2 4.8 58 87 8 5 A 4.7 87.0 1.40 80 3.20
62.1 40 64.5 | .0040 90 71 8.3 5.4 3.6 5.6 52 84 31 24 o 4.7 89.6 1.83 47 1.89
56.5 32 56.6 | .0040 77 65 6.8 4.3 3.2 5.3 50 83 27 18 2 4.8 88.4 1.76 54 1.18
55.9 28 50.1 | .0038 49 30 5.7 3.6 3.0 5.2 51 84 24 A4 e SR SW10 Feasnn 2 S RRAN T 0T | 4.8 83.0 139 74 1.97

3 Bursting pressure in pounds per square inch through a circular orifice 1.2 inches in diameter.

4 For test specimen 15 mm wide and 90 mm between jaws.
8 For test specimen 15 mm wide and 100 mm between jaws.

¢ All physical tests made under conditions of 65 percent relative humidity and 70° F.

1 New rags were mixture of unbleached rags (hosiery, muslin, and shoe cuttings); old rags were twos and blues.
2 New rags were no. 1 white shirt cuttings; old rags were no. 1 old whites.

7 Acidity expressed as percent SOj.
8 Samples heated at 100° C for 72 hours.

9 The furnish for this run was e
of machine broke from runs nos. 1

10 Clay was added, 3 percent, based on weight of furnish.

qual amounts of unbleached rags and no. 1 white shirt cuttings and 10 percent
,038 and 1,039.

133113—35. (Face p. 658.)
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There was no appreciable yellowing of the unsized papers in the
72-hour heat treatment at 100° C.

Although there was a difference in the folding endurance in the
machine and cross directions of the experimental papers made from
new rags, this condition appears to be common to all papers made
from cotton rags, as is also generally the case with other fibers.
The commercial unsized papers tested showed the same lack of
uniformity. The surface sizing, however, tends to even the folding
endurance in the two directions of the sheet.

The folding endurance of some of the heat-treated papers was
greater than that of the corresponding original papers. This has
been noted by other observers also, not only for heat-treated papers
but for papers after natural aging as well. The cause of this seeming
inconsistency is probably that the papers were tested too soon after
being made; they had not had time to reach a state of equilibrium.

In general, the agreement between the pH values of the water
from the stock at the head box and of the extract of the finished
paper was fairly good. The greater differences were noted around
the neutral point; closer checks were obtained at the lower pH values.
Since the completion of the tests it has been found that around the
neutral point, better agreement is obtained with a glass electrode.
In future work a glass electrode will be used when the pH approaches 7.

2. BEATER-SIZED PAPERS

In studying the effect of rosin size on the properties of the rag
papers a number of machine runs were made in which the amounts
of alum and rosin size used were varied, while the factors involved
in the mechanical operation of the beater and paper machine were
kept constant. The pertinent papermaking data and the results of
tests on the papers produced are given in table 4.

The results of the runs, in which the amount of rosin was varied
but the acidity kept practically constant, are shown in figures 5
and 6. The curves indicate that the presence of any appreciable
amount of rosin—over 1 percent for new rags; less for old—caused
a very decided increase in copper number and decrease in alpha
cellulose content on oven aging. There was some decrease in fold-
ing endurance and tearing strength of the papers made from new
rags, but the initial folding endurance and tearing strength of the
papers from old rags were so low that the decrease for the heat-
treated samples was not pronounced.

The test data on the runs, in which the amount of rosin was kept
constant at 2 percent and the amount of alum was varied, are shown
graphically in figures 7 and 8. The curves show that as acidity
increased, folding endurance and tearing strength of the heat-treated
samples decreased moderately, whereas there were decided changes
in the copper number and alpha cellulose content. All the rosin-
sized papers were yellowed by the heat treatment, the amount of
color change increasing with increasing amounts of alum.

In general, the initital folding endurance of the rosin-sized papers
was less than that of the unsized papers. The initial folding strength
of the rosin-sized papers (sized with 2 percent of rosin) decreased
as the amount of alum was increased (see fig. 9). That is, with the
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same rag stock and the same beater roll manipulation, the original
folding strength of the paper made without rosin (unsized) was
greater than that of paper containing rosin; and as the alum content
was increased the original folding strength of the paper decreased
if rosin was present.

The necessity for employing only minimum amounts of rosin and
alum in the sizing of papers intended to be used for permanent
records is now generally recognized. The optimum pH value for
combining high stability with adequate sizing is approximately 5.0.

In regard to acidity, Dr. Minor !* makes the following statements:
“Today, all papers made for quality or for any considerable life

—O— UNSIZED, MACHINE DIRECTION
==0O- — UNSIZED, CROSS DIRECTION
—®— SIZED, MACHINE DIRECTION
—-@®- - SIZED, CROSS DIRECTION
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FOLDING ENDURANCE — DOUBLE FOLDS

P S A
1000 O o e
o B et
7 6 5 4

pH OF STOCK AT HEAD BOX
(UNSIZED PAPERS, RUNS NOS, 1000, 1001, 1002, AND 1003, RESPECTIVELY}
SIZED PAPERS, RUNS NOS,1004,1005, 1006, AND 1007, RESPECTIVELY)

Freure 9.—Comparative folding endurance of unsized and rosin-sized nmew-rag
papers of varying acidity.

span are made to definite pH specifications which should be con-
trolled throughout the process. * * * Today a pH of 5.0 for
the water extract of paper has been rather widely accepted as a safe
lower margin for papermaking.”

Although coloring materials were not used in the study of the
rag papers made at the Bureau, the control of pH is very important
in the adsorption of dyes by cellulose and fillers, and the pH stated
above as optimum for combining high stability with adequate sizing
appears to be compatible with conditions favorable to the adsorption
of dyes. Soderberg in his work on Factors Governing Absorption of
Dyestuffs by Paper Fibers ! states, ‘“Tests were made using various
representative dyes and it was concluded that with the exception
of pigment dyestuffs the majority of colors react most favorably

12 Jessie E. Minor, Chemical control in paper manufacture, Paper Trade J. 99, 20, 45-48 (1934).
13 Paper Trade J. 97, 21, 39-45 (1933).
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to an acid condition of from pH 4.5 to 5.5 produced in the presence
of rosin size and aluminum sulphate. Speaking generally, anything
below the range mentioned produced a deadened shade, while above
the 5.5 figure the colors were not entirely absorbed.” Roberts '
found that the pH values at which different dyestuffs show maximum
color strength vary considerably, and that no one pH can be estab-
lished for all groups of dyestuffs. The optimum pH values given
for the different colors tested were, however, between 4.6 and 6.0,
with the greater number between 5.0 and 5.7, which are satisfactory
values as far as permanence of the finished paper is concerned.

Beater starch, manufactured commercially by an oxidation process,
was added to the beater for two runs, nos. 1,008 and 1,009, for new
rags, and two runs, nos. 1,033 and 1,034, for old. For one run in
each case rosin size was not used, and for the other 1 percent was
employed. Data relative to the papers are given in table 4. In
general, the starch increased the bursting strength, tensile breaking
strength, and folding endurance of the papers made from new rags,
but had little effect on those made from the old. The starch did not
have a deteriorating effect on the stability of the papers in the heat
test.

Clay was included in the furnish for one run, no. 1,041, and the
measurements on the paper made are further evidence of the gen-
erally accepted statement that inert mineral fillers may be safely
added to beater furnishes for permanent record papers.

3. SURFACE-SIZED PAPERS

Results of tests on the unsized and beater-sized papers after they
were surfaced sized are also given in table 4. In most of the surface-
sizing runs a 4-percent glue solution was employed, but a 4-percent
starch solution also was used for one group of three papers of varying
rosin content, and in the case of old rags three papers were treated
with an 8-percent glue solution as well. Complete data relative to
the sizing solutions are included in the table.

The relative stability of the papers was not materially affected by
the surface sizing. The surface-sized papers showed the same gen-
eral trend as the base papers, but to a lesser degree. As the amount
of alum in the rosin-sized papers, or the rosin content of the paper,
Wlas increased, the deterioration of the surface-sized paper increased
also.

The relative stability of the surface-sized and the base papers is
shown graphically in figures 10 and 5, respectively, for one group
of papers of varying rosin content. The stability of the surface-sized
papers as measured by the heat test was in the same general direction
as that of the base papers before being surface sized, although the
surface sizing seems to have served as a protective material and to
have retarded the change in alpha cellulose content and copper
number.

The foregoing shows that careful processing of raw materials and
purity of fiber in respect of active chemical components are necessary
for the manufacture of stable papers. Resistance of paper to deteri-
oration from internal causes is not sufficient to insure its stability

=50 Paper dyeing, Paper Ind. 15, 6, 313-315 (1933).
133113—35——2
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however. The conditions of its use and storage are as important as
the initial quality of the paper. For discussion of external deteriora-

-
<
=
= =¥ P |
z _<_( < O ALPHA CELLULOSE
e i o @ COPPER NUMBER
& =z z A FOLDING ENDURANCE
+ 100 . 100 100 X TEARING STRENGTH
& © |o
© 99- — ==
& = | S ]
@ 9g W 90{ w 90
= (] 1 2 \ \(
' w
- 9N o .1 '&‘ 'a_"
i ' N
~ 9] z.6{ z280{ = 80
4
o @
4 4 w
o 95 E.s 3 z v.
w o
w9 94 iz D
S 4t 2 bl &
S93{ z3{ 2 {Fr g
e ) o /
=l w
S92 $2 060{ 2 €0
DR i i s
T 91 5.1- 9 {8
) z (=] I'-t_l
<go! =od %50d F 50
0 2

1
ROSIN ADDED — PERCENT
(SURFACE-SIZING RUNS NOS. 275, 287, 288, AND 279, RESPECTIVELY)

Figure 10.—Comparative stability of surface-sized new-rag papers of varying rosin
content.
(See fig. § for base papers.)

tive agencies—light, temperature, humidity, acidic pollution of air—
and recommendations as to storage conditions for prolon%ing the life
of paper, the reader is referred to a previous Bureau publication.'®

IX. SUMMARY

The relations of the cellulosic purity of the particular grades of
rags used and of the processing treatments employed to make them
into paper, on the stability, as indicated by the heat test, and on the
stﬁangth of the rag-fiber writing papers made, were found to be as
follows:

1. The new rags had a higher degree of cellulosic purity and were
stronger than the old rags. These differences were reflected in the
papers made from the rags. The new-rag papers were very stable
and very strong when properly made, while the old-rag papers were
less stable and were weak.

2. In the preparation of the half-stuff the cellulosic purity of the
rags was not changed much, but in general was improved somewhat.

3. The beaten fibers from the new rags were long, clean, and well
fibrillated ; those from the old rags were shorter, more broken, and
less fibrillated.

4. In general, rosin sizing decreased the folding endurance some-
what, but had little effect on bursting, tearing, or tensile breaking
strength.

18 Summary Report of Bureau of Standards Research on Preservation of Records, Misc. Pub. BS
M144 (1934).



- pind Stability of Rag Papers 665

5. With increasing amounts of rosin at pH 5, the folding endurance
and tearing strength decreased somewhat when the papers were
heated, and there was a decrease in alpha cellulose and increase in
copper number. These changes are evidences of deterioration.
They were noticeable at about 1-percent rosin content for the papers
prepared from new rags and at a somewhat lower content for those
made from old rags. All the rosin-sized papers were yellowed by the
heat treatment, the degree of discoloration depending on the amount
of rosin and the degree of acidity.

6. Increase in acidity of unsized papers had little effect on their
strength, but caused decrease in the folding endurance of rosin-sized
papers.

7. With increasing amounts of alum and resultant corresponding
increases in acidity, as measured by pH, with constant rosin content
of 2 percent, the folding endurance and tearing strength decreased
moderately when the papers were heated, and there was a decided
decrease in alpha cellulose and increase in copper number. These
changes in alpha cellulose and copper number accelerated at acidities
below pH 5. Of papers of the same acidity, those having the lower
content of rosin were the more stable. The effects of acidity resulting
from the use of alum were similar for the two kinds of rags.

8. In general the starch beater sizing increased the bursting
strength of the papers made from new rags but had little effect on
those made from old. Other investigators have found that starch
does not always increase the strength of papers. The starch did not
have a deteriorating effect on the stability of the papers in the heat
test.

9. The increased strength imparted to the paper by surface sizing
(with glue or starch) was largely lost in the heat test. In general,
surface sizing did not materially affect the papers of high stability,
although it seems to have served as a protective surface which
retarded chemical deterioration of the less stable papers.

10. Clay filler, used in one paper only, had no effect on the stability
of the paper.

It is believed that these results were secured with representative
raw materials and processes obtaining at the time the work was done,
which was during the years 1933-34.

It should be emphasized that the purpose of the work was to
correlate the properties of the rags with the properties of the paper,
when the paper was made by the methods and with the equipment
described herein. If a better grade of old rags had been used, or if
the process of manufacture had been modified, the qualities of the
papers might, of course, have been different from those found.

The authors are indebted to John O. Burton and E. E. Creitz, of
this Bureau, and to Royal H. Rasch, formerly research associate at
this Bureau, for the Brown Co., Berlin, N. H., for chemical tests of
the rags, half-stuffs, and finished papers, and to Miss M. L. Rollins,
of this Bureau, for the photomicrographs.,

WasHINGTON, February 4, 1935.
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