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INTRODUCTION

The forests of the United States ars rapidly being de-
vleted. They have been reduced from eight hundr=d and twen-
ty=twe to four hundred and s:venty=-one million acres during
ths past two centuriecs (U48). Over seven million acres ars
cestroyed by fire annually (3). This condition is very alsrm-
ing for 1t not only causes a shortage of lumber but it also
affects the drainage z2nd rsinfall of the country. Any sub-
stitute for lumber would be expedient.,

The total available wood of all kinds in the United
States in 1923 was seven hundred and fort&-five billion cubic
feet. The annual consumption amounts to twenty-five billion
or slishtly less than onz thirtieth of the total supply (4g).

The United States uses more wood products than any otker
nation in the world. This nation alons uses over one-half the
lumber, over one-half the paper, and about two-fifths of all
the wood used in the world. At present United Staltes uses
more than four times as much as 1t replsces. The principal
food growing region imports 77 per oent of the lumber consunm-
ed while the principal manufscturing region imports 68 per
cent (15).

The pulp-wood industry has gradually shifted to Canacda

and the Pacific North~-West, but, in spite of this moving to
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sources of raw material, 1t faces a shortage of tress for
pulp prodﬁction.‘ The supply of timber constantly descreases
in spite of reforestation and other remedies. Substitutes
for wood have beeﬁ Introduced as possible remédies for thié
timber shortage. Several types of figid insulation of high
éfficiency haée been proéuped; The most successful materials
'commerciaiized, so far, pro?ed tovbe those containing & large
number of air cells of smali size separated from one another,
Cork, hairfelt, wood, vegstabie‘ﬁaterial of variocus sorts,
angd cellulér or fibrous mineral prédﬁctv possesﬂ'this pronér~
t¥. Amcng the rany bhoards on the markst may be named Celotex
(65), Insulite {37), Maizewood (37), Hasonite (4), Maftex
(37), Insoboard (14), Sheet Rock (37), Ten~test (37}, and Nu-
¥ooa (63). )

The importance'of this new industry is realized by the
fact that the present production of insulation in the form of
| boards;‘both rigid and non-rigid, has reached five hundred
énd twenty-five millions of square feet annually (U9). The
estimated safurated market for materials of this nature is
ten billicn square feet,

The foregoing facts show that synthetic lumber does
have an important place to £ill in our economic scheme., And
it is onlj.natural to study the conditions necessary for 1iis

increased prcdudtion.



bk
Hee

Since the cornstalk is so abundant and sinoe it furnishes

a good raw product for synthetic lumber much study has been
given to the developument of this plaat,

| Three typss of lumber can be secured from the cornstalk,
first, the insulation wall board, second, tbe'light refrigera-
tion board, and third, the stroﬁg, denge pressboard,

| The first board is applied in place of the wooden sheathe
ing under siding. It presents a mors rigld wall and one that
bas abput four times the heat insulating value of pine board.
This iﬁsulation voard is also used as lath and for insulzting
ceilings of large factories. |

| ‘The refrigeration board is used where IOW‘dénsity and
lew heat conductivity are required. This board is very use~
ful for refrigerators and for insulating cold storage rooms.

| The pressboard possesses great strength and high density.
It can be used for book covers, elecirical insulation, for
1ight furniture, for automobiles, and for interior wood work

in dwelling houses.



w

2
(1

11
REVIEW OF PREVIOUS INVESTIGATIONS

A. ‘Insulation Board

The applisatiohs of thermal insulation are not new,
but the manufacture and dévglopﬁ@nt of efficient insula-
tion are truly'products of the last two or three decades.
Ingulation of dﬁellinga has been o practice ever since
buildings have been constructed. The primitive man's houss,
the earth cwelling with its hard rammed walls and thickly
th&tche& roof, served to prevent the loss of heat long be-
fore the kxnowledge of heating was at hand., As civilization

advanced the art of building algo advanced, for 1t was at

 this stage that the masonry house was introduced. These

houses 4id provide for some heat insulation but were built
mainly 4o prevent the rain and snow from penetrating the
space within.

" One of the first attempts t0 utilize insulating materials

" was discussed by Evelyn in 1664 (2)., This author stated that

the poorer classes of spain used sirips of bark from the cork
cak to line their houses, making them wsrm and preventing the
moisture from collecting on the walls.

The use of air as an insulator haes been known for a long
time. The frame house wag developed with the idea that dead

alr spaces could be maintained betwesn the inside plaster



walls and the outer wood work, Wood, however, shrinks and
contracte with changes in humidity, causing many oracks in
the frame construction. Since plaster is a poor insulator,
the heat.of'the room was carried to the outside atmosphere,
In those days, keeping 2 house warm was nothing more than
supplying a surplus amount of heat o replace that which es=
capad to the ouisids.

‘Euring the next decade the hezat losses were partly re-
duced by placiﬁg gheats of paper under the wagthér boarding.

Refrigeration snginsers installed insulating materials
into voth the refrigerator car and the cold storage room in
crder %o preserve foods., Later, architects found that by
applying a laysr of good insulating material to the walls of
a dwelling, a large amount of fuel could be saved and that
éuch insuiatioﬁ'weuld reduce the gize of imitial heat eguip-
ment., |

A large industry grew up to meet the demand for an ef-
ficlent inéﬁlation. Granulated cork, a wasts from the stop-
per industry, pressed into the form of_bqards or slabs bé—
came one of’the.eérliest types of rigid insulation (33).
ﬁumerous patents (39) were taken out befeore 1900 for the
utilization of a host of other materials, but the production
of thermal insulation of low conductivity did not beéome a

large scale reality until 1916, Since 1916, over two hundred



patsnts were issued covering new dsvelopments and inventions
ocourring in the insulating wall board industry. Among this
number wers rigid, non-rigid, and loosely bound types. The

production of the rigid voard type insvlatior has been large-
ly dependent upon the development of suitable and economical

machinery for its manufacture. |

Since 1920, a great deal of research has been carried on
by the Engineering Experiment Station at Iowa State College,

Cernstalksiwera gselected as a raw matsrial becusse they
were abundant and low in price. Various wquérs have sumpey-
1248 the data on the cost of harvesting the stalks (10, 11).
The figures vary from two dellars and forty cents to foux
dollars and ninety-five cents per ton. The totzl cost of the
stalks, including purchasing price, harvesting, and tr2nspor-
tatioﬁ:to the plant is approximately eight dollars per tonm.

A8 early as 1§20 Yudge {55) and others produced a cuarse
grade of board from =2 combinaition of cornstalk =2nd corncobs.
At 2z later dats; Kozék (21) improves the board by incorporat-
ing fibers of suéh matefials as flax and cotton wood,

In 1927 Sohneider (*#2) produced = goog graﬁe of mechani-
cal board. Hig work §rcv¢d that the rod mill was 2 more ef-
ficisnt machine for producing cornstalk pulp than the beatex,
During the é&mé ysar'Seidal (43) produced a better bozrd than

Schneider, both in strength and appearance, by removing the
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plth., He also earried out very interesting experiments con the
fireproofing of wall board.

Since the fa2ll of 1927, nesarly all of ihe work on coTn-
stalk wall board has been donz on a semi-commercial scale.
The work was carrisd om by the Engineering Experiment Station
and the United Stetes Bureau of Standards. The complete set
up consisted of = largevsteamjacketed’cccker, a2 Hollander
or beater3 an Oliver filter and other types of board forming
wachines, 2 Dowingtown press, and a Coe chain drive &ryei;

As this proces~ was continuous 1t w=s possible to sscure B
Yoard of varisble length. The width wag twenty-four inches
and was constant for all runsa.

Verious machines were tried in order %o reach 2 conclu-
sion as to.the-best>metheésa The Station designed 3 suitzble
board forming machine, with which it was voralble to prepare
5 continous wat fres from all laminations (yg).

B Richardson (36) completed 'some wery intéresting work on
tha:bizing of wall board. He reported that wall board could
ta sizéd,with materizls other than rosin. At a later date
(37) he presented é complete report on the semi-commercial
plant. These factsvwere later used in designing commercial

wall board plants.
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B. Refrigeration Board

Successful thermal insulation involves a material con-
gisting of innumerable air éells completely separated from
eagh other. The insulaﬁing value of any material dépends
almdst‘entirély upon the permanency of its cellular struc-
turé;'

| The éarly higtory of refrigerztion shows that cork was
the first product to be used in refrigeration. Cork is a .
natural product ocntalning a great number of closely packed
air cells separated from sach other by thin walls of vecﬂa
table tissuss (2). The cork of commercial use is the exter~
nal part of the cork aak,va tree that flourishes only in the
hot and semi-zarid climate of tﬁe Spanish Peninsula and parts
of northern Africa. The harvesting snd marketing ofnsdrk.are
expensive (41, 46).

Numerous attempts have been made to transplant the cork
oak to cther”parté of the globe, but 211 of'theée regults
have pro#en ﬁnauccessful. Many other materials have besn oX-
ploitsd for use as substitutes for eorkwood,in the thermal
insulation industry. At_thevFourﬁh National French Refrigera=
tion Congress (32) held in 1924 the necessity of finding a
néw ﬁatsrial for insulating refrigeraticn‘appara%uﬂ w2 strong-
1yvemphasized~in view of {he :apid depletion of the virgie

cork‘forests of the Mediterranean.
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Of the fibrous vegetable and wood materiale that are
being used in the manufacture of insulating materials of

low thermal conductivity wood pulp produotsfare not a de—'

pandabls source;‘due to the rapid disappearance of the

nation's forest ressgources.
A gdcd thermal insulator should be a peor conductor
of heat. The ordinary measure of hest conductivity of =
material in the United States is the amount of heat in
British Thermal Units whiqh-wili flow in ons hour through
a layer of fhe material one gquare foot in ares when ths
temperature differenoe between the surfaces of the layer
is one degree Fahrenheit per inch of thickness., Table 1,
page 21, lists the insulating values of the various hest
insulation on the market today (1). |
Genexaliy the lighter the msierlial per unit total
volums (1), the better is its insulating value per inch of
thickness, Rigid fibrous insulating boards having consider—‘
able structural strength are somewhat poorer insulators than
the looser and lighter materials. For insulation only, one
mast comnsider the question of thickness of the material ap-
plisd., The material must be at lesast one-fourth of an inch
thick in order to prevent the air currents from passing through.

The maximum thicknesg depends on the quality of the insulation.
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Wunderlick (66), of the Flaxlinum Insulation CCmpany;
calculated the economical thickness for his product. He
reported 3 value of one inch for the side walls and one and
one-half for the ceiling.

Cover (%) computed the economical thickness for Arme
strong Corkboard. He rscommended & thickness of one and
cne~half to two inches for the side wallg and two inches
for the ceiling. Sanborn (67) estimated the cheapest in~
stallation to be one inch.

1% is NeCeSHITY td waterproof all ingulation. There
is non2 on ths market today that will not absorb some watser,
If the zir about the insulatpr is cooled below the dew-point,
water appears on the surface of the insulation. The walls
and ceiling construction are naturally cooler than the air
in the room and therefore they will cool the zir. Expsrience
with refrigerating planis (18) shows that cork insulation
used,against brick walls will absorb molsture, thus parily
nullifying the insulation properities. 4An asphaliic mastic
finisgh zbout one-eighth inch thiék ig usually =zpplied %o
refrigeration installasions (23),

Additional propertise of insulating materials are vary
necessary. A good insulator should be vermin preef, per-
manent in form, sasy t¢ handle, remsonable in cost and sult-

able for a plaster base.



C. Pressboard

Ag the name implies, pressboard is that type of board
made by drying shseets of cellulosie materials under pres-
sure. The outstanding charascteristics ofAthis board are
nigh strength and density. |

Many patents have been granted on various processes
of producing laminated or builf—ug pressboard. The first
ratent was granted to Hansen in 1878, He preduced a thidk,
hard board by saturating several papsr boards with oil and
subjaéting the laminated bo2rds to high preésnre, Several
small changes wére made in producing this type of beoard
Guring the next fifty years.

The ouﬁstanding patent issusd on pressbo&rd during 1924
»ﬁas granted to Csstner. He produced a good grade of cone-
pressed fiver boaxd free from any binding materlals.

Four years later Mason was granted three patents (56)
(58){59). One consisted of forming fiber into sheet foru
from hot water. ThiS»aheet was then presseé'by‘rolls and
driéd,‘ Another one was issueé on the process of making s
'_ﬁ&id-grainleée fiver board. This wazs accomplishad by-mak«
ing éxploéed wood fiver into a gheet and drying in a press
dnder a préssure of two hundred to seven hundred pounds per
square inch. The board was completely dried in the press

with at least one side in contact with a wire megh sgreen,
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The lzst patent dezlt with the process of forming integral
fiber boarcs which wers regpectively very dense and porous.

The last patent issued on pressboard was granted o
Swzéney in 1930 (60). This patent consisted of the follow-
ing steps: first, reducing cornstalks or other gimilar
materisls to a pulp; seccﬁd, forming the pulp into a mat;
and, third, pressing the wat in 2 hydraulic press in the
presence of heat,

To date there are only & few companies that have suc-
¢egssfully manufactured przssboard. Among those who nave
producsd & good board may be listed: Masbnite, Vazacans,
Cslotex, and Pantosote. Only the first two have described
thasir processes in detail., Within the last three ysars the
Yasonite Corpcration (25) hag grown from a smsll industry
producing 40,000 feet of board to an industry producing
360,000 feet per day. The Vazcane process (47) was develop-
5¢ several year later than the Masonite process. Seidel,
originally from the United States Bureau of Standards, has
chérgs of this plant which is locatéd a% Havana, Cuba.

The first work done on presshoard .at Iews State College
wag comﬁletsé in 1921 by Muéga (55), Mina (28), and others.
They produced a hard, dense board I{rom cornstalks and
corncobs which had a clean, smooth surface. Thie surface

- wag secured by using 2 nickel plate. Several yesrs lager



Rozak (21) completed some interesting work on this type of
board, | |

During 1927 Reece and Hartford {(35) carrisd out some
rgsearch using a large hydraulic, press. In the spring of
1929 thess serles of studies were started.

Most all of the'eariy studies anvprassbaérd‘at Towe
State College were made on mechanical pulp. €Gornstalks wers
first passed through a shredder, then placed into = beater.
The shredded stalks were diluted with enough water to pérmit
the contents to circulate. The begﬁer,:ali %§GVIOW9red
gradually in order'to causy 2 slow'hydration of the pulp.
After some hours of beating, the pulp was formed into 2
mat by meane of & large suction mold.
| This mat was placed into & hydraulic press where the
éxcess_water'was'pressed out. The.pressed mat wag later
dried in an oven for 2 variable length of time, then placed
iﬁte the hydraulic press under a presgure of laééktq‘ISOO |
pounds‘gauge*préssure. The steam was turned on whilé the
anrda waée heing pressed. BSoms boards wers made by cook-
ing‘the cornstalks with chemioals, such 23 caustic scda
and lime. Duplicate results were difficult because of

many unstudied variables.
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IIT
EXPERIMENTAL

A, Purpose of Study

The object of this thesis is to:carry out such studies
ag wiil tend to further the production of synthetic lumbsr
from cornstalks,

| B. Method of Procedure

The studies carrisd out were divided into two parts,
Afirst, some factors affecting the production of;insulation.
board, and sécond,’the devalopment of the commercial‘@ro~
duction of refrigeration voard and pressboard;

Only those studies were made in fhe firet part thait
would be of commsrcial importance. The samples of cowmmercial
insulation bosrd were purchasad from the loczl 1dmber yards
of Ames. |

' The studies made on the second portion of the investi-
gation were: first, the study of ths faasibility of produc-
ing a refrigeration board from the éornstalk, guch problems
as method of sep&ration;'drying,'insulating value; waﬁar-
proofing, and firéproofing wers studied; second, the study
'of dgtermining the optimum conditions for producing press-
board.

Materials Used
The cornstalks used in the invsstigation were harvested

‘from Story county farms two and three yesars ago. Ths various



29-

aizing materiale wsre furnished through the courtesy of the
follewing comvanies:
Paraffin erulsions from
Bennett Incorporated
161 Sidney Strest
Cambridge, Mass.
Erulgified 2sphalt from
The Barber Asphzli Company
1600 Arch Strest
Philadelphia, Ps.
Fireproofing material from

The United Fireproofing Company
Rutherford, N. J.

Halowax from
The Halowaz Corporation
247 Park Avenuse
New York City

Sodium Alginate from
Kelco Company
San Diego .
galifornia

Rogin from
Paper Makers! Chemical Corporation
North ¥ilwaukee
Wisconsin

Alum from
Merrimac Chemical Co.
14L& State Street
Bogton, Mass.

Bakelite Varnish from

Bakelite Corporation
Bloomfield, K. J.



C, Results

1. Insulation'board“

a. Chemical and physicel tests on commercial wall boards

(1), Chemical

(2). Rosin extraction. The object of thisg
series of tests was to determine the per cent of size used
in the commercial wall board (41 ). The rosin was determine-
28 by the following procedure: The}sample ﬁaa shreddsd and
p;aced in an open weighing bottle located in 2 desiceator,
for twelve hours. Five grsms of the samplebwere placed
into a Soxhlet extraction thimble and were extracted ten
times with a forty-three per ceni alcohol solution, ‘This
solution wag prepared by mixlng together one hundred cubilc
centimeters ¢f one per cent acetic acid, five cubic centi-
meters of glacial acetic acld, and cone hundred cubic centi-
neters of water. The extraction was stopped just before
the thimble was full for the eleventh time in order to re-
gover the alcohol. The recovered z2leochol wag transferred
t0 an evaporating dish and evaporated, on & steam bath, to
a concentration of a few cubic centimeters, This concen~
trated solu%ion wag thenfoooled and dissolved in twenty-
five ocubioc centimeters of ether. This solution was trens—
ferred to a large separatory funnel 2nd mixed with one hun~

dred and fifty cubic centimeters of distilled water and a
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small amount of sodium chloride. The water was drawn off
into 2 sgecond funnel'and washsd with another twanty-Tive
cubic centimeters of ether; The gther extracts wers com-
bined and washed with one hundred cubic ¢entimeter portions
6f distillead water until the interface was sharp., If the
rosin formed an emulsion, it was broken by the addition of
salt, The washed ethsr wés transferred to a tared dish,
then svaporated so dryness on a steam bath, and dried at
one hundred degreszs Centigraaa for exactly one hour. Sse
Table No. 1y, page 32 .-

The samplss from NuFood and Insulite gave the highest
er_cehtfof rosin while Celotex and cooked Maizewcod gave
the least. Tﬁe~firet two boards were made from weod--~thus

the high percentage of rosin. Probably the process of
wanufasturs makes a great deal of differsnce for Masonite
had . a low percentage of rosin.

(b). Determination of per cent ash, The
procedurs followed for the determination of ash wag as
folicws: Three grams of'the representative gample were
placed in tarsd platinum crucibles and placed into a1 cold
electric muffle furnace, The furnace was then brought up
tc heat, 800 to 1000 degrees Centigréde. The samples were

taken in all cases on the bosrd as received. See Table

No. I, page 32,
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A very low figure of 0.27 per cent of ash was secured
for Masonits, Two runs were made on this sample and the
results checked. Tune high per cent for Maizewood indicated
the fact that a large amount of dirt still remained in the
board. The mechanical pulp was washed the same smount as
the cooked pulp. More dirt ﬁas removed from the uncooked
pulp.

. (o). Analysis of ash. Enough of the sample
had to be ashed t0 secure a 0,5 gram sample of the ash,

In some cases a large amount of board had to be ashed. The
agh was dissolved by hydrochloric acid. The per cent silica,
and combined aluminum and iron oxides were determined as |
directed in Foulkes' "Notes on Analytical Chemistry" (12).
Bach step was carried out in detail due $0 an enormous
amount of precipitate present. In order t¢ dissolve the
Rg03 = fusion wes made with KHSO4. See Mahin's "Quanti-
tative Analysis® (). All of the residue which could be
removed from the crucible was placed in hydrochloric acid
solution with one cubic centimeter of stannous chloride.
After digestion, the material which did not dissolve was
filtered and the filter paper was ignited in the original
crucible. Another fusion was made with the above material,

then the fused material was dissolved and added t0 the



acidified solution above. Whan the stannous chloride was
added some éf the solutions became reddish orange or brown
indicating the presence of platinum which would interfers
with the titration of iron.

The procedure followed was that given in Treadwell
an¢ Hall's "Analytioal Chemistry" Vol. I (54). The solu-
tion wag heated to‘boiling and hydrogen sulfide was passed
into the solution. The prescipitate, consisting of platinum
sulfide and sulfur, was filtered off and the solution was
boiled in order to remove excess hydrogen sulfide. The
ferrous iron was oxidized fo ferric by the addition of di-
lute KMnO)y, one per cent was used, then heated to boiling
and reduced by stannous chloride. Mercurlc chloride was
added =2nd the solution was titrated by using sodium dichro-
mate with di-phenylamine 2s an inside indicator. The
standardization and titration was carried out acoerding to
Mahin,

The following calculations were used for determining
the per cent of ash, silica, Ry03, Al303, and Fez03 in wall

boards:

~

- Wt of ash
% aen = ¥t of sample(loo)
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¥t of sample to use for analysis = 19?511199:
» a.sh

’

4 Silica = ¥t of siliqa(loo)
Wt of sample -

Wt of Ro03 )
: Ra0 - . f/
% R 3" Wt of sample‘loo)

Standardization of NapCrpCy

Normality = Wi _of Fe(NH 0 GH20

(oc of NapCrpo,) Fe(NHL)2(SO04), EHp0
(1){1000)

- Fas0
% Fep03 =—toC NapCz207) (¥¥ao0rp07) Ty rasEy (100)

¥t of sample

Per cent Alp03 by wt of board as received
% 81503 = % Ry03 - % Fe203

Calculation from per cent of vozrd to per cent of ash

4 oxide of ash = % of oxide on wt of voard
4 of ash of board

See Table No. Iag.

Very little silicz wae discovered in Masonite, A high
ver cent of gillca was found in the cooked Maizewood board.
This was probably due to =2n insufficient amount of washing
during the preparation of the pulp. Less Al;03 was found in

the cooked Maizewood than in any of the boards.
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(2Y. Physical
(a). Modulus of rupture. The modulus of rup-

ture was determined on each beard, Samplss six inches long
and three inches wide were uéed for this test. A three inch
gample wag sawed from the above sgpeciman for moisture absorp-
tion, The sample was weighed and imwersec in water for one-
half bour, then removed, shaken once and allowed to drain for
one minute., The speciman was then welghed and immersed for
twenty-four hours. The same method of welghing was repeated,
The density of ths boards was determined by dividing the
welyht of an eight inch square sample by its volume. See
Table No. I, page 32,

Insulite proved to be the strongest board. It also gave
the lowest meoisture absorption. NuWood proved to be the
poorest board tested.

b. Expansion and Contraction of wz2ll board

(1). Laboratory conditions. Four commercial boards,
Celotex, Masonite, Insulite, and Maizewood were kept at &O°F
and thirty per cent humidity for several wezks. The per cent
moisture was determined voth before and after. the test, Small
screws were inserted at the corners of the boards in order to
furnish desfinite points for measuring, The length, width,
thickness, weight, and humidity were recorded each day. See

Tables No. 25 to 51, pages 39 %o 40 inclusive..
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Table No. 21

EXPANSION OF CELOTEX

Date Weight Length Width  Thickness Relative

(gms.) (inches) (inches) (inches) Humidity

per cent)
Mar, 11, '31 7921 7&.31 43,97 0.« 541 4o
12 7861  78.31 43,94 0.541 38
13 7921 78.34 43,94 0,538 40
1y 7852  78.38 43,94 0.53%9 h5
15 7873 78.34% k3,94 0.537 42
16 7921 78.11 43,94 0.542 40
17 7875 78.38 4z ol 0.600 22
18 79CH  78.31 44,00 04551 40

19 7843 78.31 43,94 0.560 30
20 784k 78,31 43,94 0« 548 25
21 7846 78,38 43,94 04535 30
22 7822 78.25 43,94 0+536 26
23 7796  78.31 43,94 0,550 28
2l 7807  78.31 43,94 0.538 19
25 7801  78.25 43,94 0.550. 13
26 7753 78.31 43,94 0.535 30
27 7805  T78.31 43,94 0550 38
28 7802 78.34 43,94 0« 554 36
29 7839 78.3% 43,94 0.553 38

Per Cent Molsture Ae Received - 6.35
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Date

11,
12
13
14
15
16
17
18

19

21
22
25
2l
25
26
27
28
29

EXPARSIOY OF INSULITE

Weight Length

Table No. 31

Width

Thickness

(gms.) (inches) (inches) (inches)

131 1872
1859
1855
1822
1837
1851
1853
1848
1878
1840
1832
1835
1865
1843
1810
1812
1804
1847
1853

43,87
43,81
43,81
43,81
43,81
43,81
43,81
43,84
L3, 8k
43,78

43,78

§3.75
43,8

43.75

43.81
43.81
43.81
43.81
43.81

13.75
13.75
13.75
13.75
13.75
13.75
13.75
13.78
13.75

13,81

13.75
13.81
13.75
13.75
13.75
13.75
13.75
13.75
13.75

0,608
0.616
0.612
0.601
0,611
0,602
0,600
0.600
0.602
0,602
0,596
0.612
0.587
0.600
0.599
0.601
0,602

0.597
0,601

Per Cent Moisturs As Received - 6,51

Relative
Humidity

(per cent)

42
38
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Table No. Uy
EXPANSION OF MAIZEWOQOD

Date Weight Length Width  Thickness Ralative

(gms.) (inches) (inches) (inches) Humidity
(per cent)
Mar, 11, '31 6963 62,13 U5, 84 0.586 42
12 6988 62.09' 45,81 0.58%0 38
13 . 6993  62.13 45.81. 0,581 40
14 6971 62.09 ¥5588 0.573 42
15 6932  62.09 45,91 0,580 45
16 6963 .62.16 45,84 0.574 40
17 7021  62.13 45,88 0.592 22
18 . 6981  62.13 45,88 0.581 40
19 7029 62.16 45,91 0.596 30
20 7011 62,13 45,91 0. 586 25
21 6991  62.13 45,81 0.572 30
22 7021 62.13 45,88 0.603 26
23 6931  62.13 45,88 0.578 28
2l 6961 62.13  U5.9%  0.577 19
25 6957 62.13 %5.94 0,577 13
26 6921 62.13 I5,94 0.575 30
27 6929 62.13 45,88 0,580 | 38
28 6921  62.13 45,88 0.575 36
29 6913 62.13 45,88 0.572 34

Per Cent Moisture After 30 Days in Lab. - 4.83



VAR NG 5 |
FXLANVIIION  OF MASONTTF
o | , . o DELATIVE
| oare | wepnr | LenoTs | win7re i) ZE LT
Mar: 111931 (0753 81.72 q4 47 Ry7a 472
2 | 10275 | 8169 J£.53 | 57/ 38
S UB L g7 | BLTS L4 Y 564 YA%
4| 1361 | 8les | 4456 | 562 | 4z
%) (0355 | 8L75 44 56 569 45
Iz 1023 | 8175 | 4ue2 | 570 40
(17 | Hozss 8178 1447 | o5 27
s 1oz | &Ly | 44y A0 Vs
(9 1033/ 81.78 Y7 569 30 |
20| t0zos 81.75 | das0 567 25
ol | 10306 8175 44 44 7 30
ZZ 1031/ 81. 75 4447 596 26
23 | 1ozzl | 8175 | 4447 562 78
24 (0269 BL78 | 4447 504 19
z5 | 1wzeo | 8175 | 4450 563 15
e 10263 | 8169 7y 5066 30
27 | 10229 | BL75 | 4447 J606 38
8 10291 8L75 | 4447 | 564 o
29 ozz1 | 8469 | 4¢ 44 | 564 28

CPercent rmolsture as recerved, 4.92
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Celotex varied in length five thirty-seconds of an inch
and in width two thirty-sesconds of an inch. Insulite varied
in length three thirty-seconds and in width two thirty-sec-
onds of an inch., Maizewood varied in lehgth two thirty-sec-
onds 2nd in width four thirty-seconds of an inch. 1In every
c29e the boards lost moisture by standing in the laboratory.
The final moisture contents of the boards were: Celotex 5.16
per cent, Insulite 5.70 per cent, Maizewood 4.2 per cent,
and Masonite 4.2 ner cent.

(2). Effect at various humidities. Three commercial
boards were ueed in this study: Celotex, Inesulite, and both
the unsancéed and the sanded Maizewood. Twelve inch samples
were used. Four small screws were placed at the corners of
eaoh board. The boards were dried two hours at 105° Centi-
grade and allowsd to stand at room temperature for twenty min-
utes to permit cooling and to secure uniform initial measure-
menbs. A steel rule divided in one-hundredthe ¢f an inch was
used to measure the length and width. The thickness was ge-
cured by meang of 2 micrometer. The boards ware then placed
in an atmosphere of one hundred per cent humidity at 25° Cen-
tigrade. Readings were taken every twenty-four hours until
constant. The boards were then placed in an atmosphere of
seventy per cent humidity at a temperature of 21° Centigrade.
Readings were taken every twenty-four hours until constant.

See Tables No. 6I and No. 7y, pages 42 t0 43 inclusive,



| : : //IBZ E NO &
FEV CENT EXPAJVJ/O/V CF FOUR COMMERCIAL

WALLBOA@DJ AT 100 7 LFL. HU/WD]T V. 25 OC

| L TABLE NO. 7,
PR CENT EXPANJ‘/O/V OF FOUR CONIDVIFPCIAL M/LBOA@DJ’ A7 7f /QEL [TUMIDITE, 25 °C.

NTIME FEOM|) SANDED MAIZE WOOD MAIZEWOOD CELOTEX INSULITE _
INITIAL , - : ' ' ' P
MEASURE. | LENGTH | WIDTH | LENGTH | WDTH | LENGTH| WIDTH LENGTH| WIDTH
24 brs | 050 o5 | 063 | 038 038 | oz5 | 063 oL
] - | . : » _

48 hrs | 0.1z C 2. 0.00 0.13" 0.00 Ol ooo | ocoo.
72 0.12 0.00 0.00 000 | 0oo 0.00 0.00 0.00
o oy 73 e 0.63 0.5/ 0.38 O.357 oe3 | 0ot

Yer . g

, T{%{-} /f;ﬁOM SANDED MAIZEWOOD MAIZEWOOD - CELOTEX INSULITE
MEASURE | LENGTH | WIDTH | LENGTH | WIDTH | LENGTH| WIIDTH | LENGTH | wiDTH
2eprr | 050 | o025 | oso | ces o.12 0.56 057 O.24
48 H7rs orzz2 | ozz | ouz — R —
72 hrs | - - — - — — —
7O7AL ' g ' o , ~
Froamsion| - G80 0357 062 037 012 0.3& 0.37 0.2¢

¥rength and Width
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Celotex scsemed to exp2and the least at both the seventy
ané one hundred per cent humidities. There geemed to be
little difference in expansion for Maizewood and Inesulits at
one hundred per cent humidity but Maizewood expanded slishily
mora for the seventy per cent. Very little difference wzs
notad {or the oxpansion of ths unsanded and the ganded Maize-
wood 2t th2 lower humidity.

(3). Drying to constant weight. Two finichesd Maize-
wood voards were dried to constant weizht and than measured
every five minutes for one hour. Thsn the bvoards were meagul-
ad twilce a day for two weeks, See Tablea Ko, SI, page 44 ,

No change in length was noticed for the first hour. Dur-
ing the next twenty-four hourg the board expanded to its ori-
ginal length and width before drying. No change was noticed
for the next fourteen dzys.

(4. After immersion in water. Two standard Maize-
wood lath were measured carefully, then they were immerssd
in water for twenty-four hours. They were removed and measur-
ed. Five days later the lath were again measured. Then they
were immersed another twenty-four hours. Two more readings
were taken, one directly after removing the lath from the
water, and the other geven days later, See Table Ko, 91’
pags 45,

The lath expanded about the same amount after each im-
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TARLE. N 8y
FXANTON 1 FINLSEE D pAiZEWNOOD

BOALRL NO. T 7 BOARD NVO.IT

DATE ,
U ENCTHWIOT 7T H K., 1 UMIDITY LENCTHIWID T H | THICH .

feb. 25,0riginal| 21.00| 2113 058 30 2100| 2147 Soo

N25 5RM | 2106| 2113|508 | 30 | 2100| 2{44| 572

26, 9AM | 2143 Ll19| D59 | 38 2106 21850 572

26, 6RM | 2L43] 2[/9}| 559 | 30 2106 2150 .572

P7,9AM | 2113| 2119|557 | 3z | 2106| 2180| 570

£7,5P/M | 2113| 2119] .557 | 33 | 2:06| 2150| 672

e —r——— e e

28 9AM | 2i13| 2149 553 | 39 | zros| z2150| 578

A (5AM | 2043| 2i9] 60 | 8 | zZios| 2150 574

2, 9AM | 21I3| 2119 £53 | 44 | 2106| 2150| 572

2 5PM | 2113| 2119 548 L0 | 2106 2150\ 562

3 94M | £2i45| 2119| 555 | B3 | 2106 2150| 5/3

35PM | 2LI3] 2119 554 | 32 | 2106| 2180 567

4gam| zi43| 2009] co2 | 34 | 2106 2450| see

45PM | 2115 2119| 655 | 3/ | 2106\ 2150| 567

5 9AM | 2/45| 2119 555 | 4O | 2106| 2150 568

_—

5 5PM| 2713 2119] 253 37 | z106| 21500 567

©9AM | 2413 2119| 552 | 35 | 2106 2150| 56

6, 5PM | 21 15| 2119 554 | 28 | 2106| 250! B

7.94mM | 2L/3| 2/19| 5655 30 | 2106| 2150| S0

TEPM| 2113 2119] 550 | B3 | 2406| 2150 6T

89AM | 2143| 2149| 557 | 40 | zioc| 2120|570

8 5pM| 2045 2119 558 | 38 | c106| 2150 569

9 9AM | 21/3| 2119| 558 37 2106 | 2150 568

9 5PM | 2113\ 2119] 56 | 30 | 2106| 2150| .568 |

16 9AM | 2143 2419) 555 | 32 | 2l06| £150| 067

10, 50M | 2113| 2119| 555 | 30 | 2106| 2150] .008

11,,9AM| 2143| 2149] 555 33 2106\ 2150 566

Note: No change for Five rminute mniervals for /.If hour:




_ : TALLF YL, ‘
FXPA/VJ[ON TEJ?S av /VM//fW O/) [Af//

S THICKINESS ,
No. L LENGTH | WIDTH - : -
- - S R TOD  \BOTTOM| QIGIHT | LEFT
Original | 4800\ 1800|0468 |0474 |Cdss |odsz |
NMeascred - | L T A
afrer 24 byl 4838 1813 [0.500 |0.532 | Ob0 | C.532
| tromersrion : : ' = ' '
Mearvred | | | ' ] o |
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mersion. In all oases they contracted to = figure lower than
the original length or width. The lath did not exocand in
lencth on being nailed to ordinary studding. Some expansion
in width wa2s noted.

(5), Effect of varying vercentazes of moisture. The
purpose of this series of studies wag to determine the effect
moisture vlays on 2xnansion and contraction. A mechanical
board was made containing twenty-two psr cent newsprint. This
board was sized with three per cent rosin and five per cant
alum. The wet wat wa2s run into the dryer and dried for two
hours, The wmat still containipg over twenty per cent molsture
was sawed up into three foot samples, Each board was marked
in order to measure its length and width, The length, width,
thickness and weight were taken on each board. All the boards
- w2re placed in the dryer and one board was removed at the end
of ezch pass through the dryer. One complate pass required
seven minutes. At the end of each pass each board was weighed
and measured. Eleven boards were run in this ssriss. The
next series of thirteen voards were run exactly the same as
above only the boards were dried two and one-half hours. The
last sgeries of thirteen boards was run exactly the same ex-~
cept the boards were dried three hours before weighing ang
measuring.

The above thirty-seven boards were welghed and measure“
twice 2 day for the first week, Then once a day for the next

two weeks,
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The boards were placsd in the laboratory for a faw deys,
then placed in the basement in order to vary the humidity.
The humidity was detezrmined by means of a sling psychrometer,
See spacial report (34) for results of the test.

Boards contzining from five t0 six per cent moisture
seemed to exo2nd less than boards containing higher per cents.
The humidity caussd a great deal of change in length. The
boaxrds should be held at 2 humicdity for some length of time
in order to reach equilibrium. Some error in resding was
made in measuring due t0 experimental error since the voards
were measured by different‘people. The ocurves plottzd for
this ssries show the relation of change in length with per
cent moisture.

The modulus‘of rupture, density and moisture zbsorption
were determined by the usual procedure for each of the thir-
ty—sevén boards. See Table No. 101, vage 48 .

No descidsd effect was noted from the varying parcentages
of moisture on gtrength, density, and moisture absorption,

(5) Effect of newsorint on expansion., Two lath
wzre weighed ané measured. One, callad YAM, made of over
fi?ty per cent newsprint, and ths other, ®*BY¥, standsrd l=2th
mads of twenty~-four per cent newsnrint. These lath were
first placed at laboratory conditiocns., They were wsighed

anéd measured for four days, then heated to constant weight
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and weighed and measured again. After meaguring they were
azain placed a% laboratory conditions for four days. The
lath were then removed t0 the basemsnt for four dzys and
later placed on the roof for four days, Each day the humid-
ity was recorded as well ag the weight and measurements.

Ses Table No. 11y, page 90,

Little or no difference was noted in the action of the
two 1lath., A change in humidity dié cause the tosrds to ex-
pand and contract. These changes were recorded ag well =g
the weight and weasursments. See Table No. 111, page 50 .

(7); Effect of change in temperaturs on expansion
and contraction at congtant humidity. Samples of Cslotex,
Masonite, Insulite, znd Maizewood were marked carefully at
the corhers with screws. The boards were heated tc constant
welght and measured accurately to the nearest hundrecth of
an inch. The boards were then placed at humidities of ten,
twenty, forty, sixty, eighty, and one hundred. At each
huridity readings wers taken at variocus temperatures. The
bozards were held a2t each temperature twenty-four hours be-
fore weasuring. See Tables No. 12, to 16I inclusive,

Temperature had little or no effect on expansion at the
vé&riocous humiditiss., The boards did exoand at a higher humid-

ity but the expansion at the wvarious temperatures for each

humidity was constznt,



CTABLE NG

/L /z

v EYPANJ[Q/V STUDIES ON  STANDAELS /A7H

N LENCTE T WIDTH |THICKNESS| WEIGHT 4 | ._.
DATLE : : — - - HUUMpr T‘V (’E/V/Aé_’/al;f‘
T g a |6 a6 | a | b 3 |
L H4/_0 4019| /?__ "??7‘," bhw | 498 | 013 :/@4/;/ 4() B /ﬁm/n/ Dl edd i
10 |aow| te |[1572| 553| 500 | 1998 1619 35 laborafory  reds
— e dwred /L//// v
4O 14O 19| 1© | 15/2) 554 499 2002 /@f? 55 |
L0 | 409 16 18572 553 500 LOOO 107 35 | |
- » : - j"'."”‘**“”*‘*‘" oo T ; - . oI » -]
2994|4008 1597|1564 547 | 495 | 1865|1505 - |Beard aried 7o
e A g : cnnr/ﬁfw’ Wf
4o |q019| 16 1569 540 | 488 | 2015 /@/0 35 - |
_ L ! Board placed
40 4031 (¢ /67.5 547 | 9.3 | 2007 joz2 28 jab., measured .
- levery. Z(/ /7/‘.f v
2003|2051 1597|1572 | 549 | 495 zoz 1040 3z
10 |c051| 16 |17 e 504 | 495 /993 /@00 38
1005 4050| (6 \1072| 557 | 995 |zo11 |1 55| 55 | N
: : - 4ot b Board placed i1
4006|4019 | 1o |15./2| 550 | 49/ | 2029 -/@//6 |50 Negermend, roear-
1003|2013| 16 |15 72| .550| 492 | 2085 | lwes| 45 |or€d cvery 24 b
do | 4017| 16 |15.22| 643 | 494 | 2037|1629 | 45 |
399714009 16 (5.4 554 | 490 | 207011585 /ﬁ B i '
+ — - PBoard. placed or-
40 |401S| 16 | 1572 545|485 | 2020 (055 55 . Nroor; mearired
2003 4022| 16 |1572] 540 | 496 | 2215|1054 | 49 |every 24 hrv
40 4019\ 16 |15 72| 546 | 487 2210 1052 50 |

18



Al

Fd

Table No. 121

EFFECT OF TEMPERATURE ON EXPANSION OF COMMFRCIAL WALL BOARDS

4 Increase
in

Length

4 Inorease
in

Width

4 Increase
in

Thicknesg

4 Inorease
in
Weight

AT 20 PER CERT RELATIVE HUMIDITY

Tg%p.

22

23
38+

22

23
38»

A-l A-2

0.30 C.35
0.30 0.40
0.30 0.30

0.15 0.20
0.25 0.10
0.25 0.15

0.35 0.18
0.00 0.00
0.43 0.36

2,38 2,70
2,10 2,87
1.87 2.79

*Results are average of

Board RNumber

B-1 B-2

0.13 0.08
0.23 0.18
0.35 0.18

0.15 0.10
0.15 0.20
0.15 0.20

0.0C 0,60
.21 0.00
.00 0.00

3.09 2.95
2.54 3.31
2,00 2.35

two runs

C-1 C=-2

0.00 0.03
0.02 0.08
0.03 0.02

0.10 Q.00
0.10 0.00
0.10 0,00

0.39 0.20
0.39 0.00
0.97 0.30

1.72 1.23
1.43 1.85
2.29 1.70

D-1

0.13
0.08
0.08

0.00
0.02
0.12

C.27
0.00
0.23

.52
1.72
C.0C

C.13
0.18
0.13

0.00
0.10

0.10

0.00

C.37
0.18

1.33
1.66

1.22
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Table No.l}I

EFFECT OF TEMPERATURE ON EXPANSION OF COMMERCIAL WALL BOARDS

4 Increase
in

Length

% Increase
in |
Width

% Increase
in

Thickness

% Increase
in

Weicht

ngp.

26
27.5
35
39
M

26
27.5
35
39
1
26
27.5
35
39
i

26

27.5
35

39
41

Al A-2
0.38 0.35
0.30 0.30
0.45 0.50
0.58 0.40
0.53 0.40

0.25 0.40
0.25 0.10
0.35 0.30
0.25 0,30
0.25 0.30

1.56 0.54
1.05 0.36
1.90 0.11
2.2% 0.13
1.90 0.91

3.57 4.05
3,06 3.52
3.92 5.24
3,40 5,24
3,40 5.06

AT 40 PER CENT RELATIVE HUMIDITY

Board Number

B-1 B-2
0.23 0.12
0.23 0,08
0.18 0,23
0.18 0.23
0.18 0.23

0.15 0.20
0.05 0,20
0.25 0,30
0.15 .30
0.15 0.30

o.k2 0.21
0.21 0.21
0.89 0.62
0.63 0.17
O.4z 1.24

4,90 4.80
3.09 4,23
6.18 4,60

5.82 4,05

5,64 4,23

C-1

0.02
0.01
0.02
0.02
0.02

0.20
C.10
0.20
0.10
C.10

1.75
.97
1.75
2.40
1.9%

3.1h
2414
4,28
3.14
3.14

C=-2

0.03
0.03
.13
0.08
0.13

0.10
0.10
C.10
0.00
0.00

0.20
0.40
0.40
0.80
0.60

2.46
2.46
3.38
2.78
2.92

D-1 D-2
0.08 0.13
0.00 0,08
0.18
0.13

0.13

0.23
¢.18
0.18

0.22 0.00
C.10
0.10
0,00

0.00

0.02
C.1l2
0.12
0.172

0.27 0.56
0.19 0.19
0.56 0.19
C.74 0.37
0.74% 0.19

2.76
1.89 2,06
3.80 3.32
3.45 3,11
3.28 3.16

3.32



Table No. 14I

EFFECT OF TEMPERATURE ON EXPANSION OF COMMERCIAL WALIL BOARDS

4 Increase

in

Length

4 Increase
in
Fidth

AT 60 PER CENT RELATIVE HUMIDITY

ngp.

25.5
31.0
41,0

25.5
31,0
41.0

4 Increzse 25.5

in

Thickness

4 Increase
in

Welight

31.0
41,0

25,5
31.0
1.0

A=l A-2

0.63% 0.65
0.63 0.65
0.63 0.65

0.5%5 0.40
0.55 0.40
0.55 0.40

0.21 0.18
0.25 0.18
0.23 0.36

6.63 8.60
6.63 &.45
6,46 6.42

Board Number

B-1 B-2

0.28 0,28
0.28 0.28
0.28 0.28

0.25 0.30
0.25 0.30
0.25 0.30

0.15 0,10
0.13 0.17
0.13 C.15

7.63 7.55
8.00 7.91

7.63 8.29

C-1 C-2

0.20 0.28
0.20

0.20

0.28
0.28

0.10
0.10
C.10

0.30
0,30
0,30

C.1k4
0.14

0.23
0.23

0.23 0.09

6,00 4.76

5.55 4.76
L.13 4.76

D-1 D-2
0.23 0.33
0.23 0.33
0.23 0.33

C.22 0.10
.22 0.10
0.22 0.10

0.,15 0,09
0.15 0,11
.15 0.17

6.20 6.81
4.83 6,81
4,07 5,98



Table No., 15I

EFFECT OF TEMPERATURE ON EXPANSION OF COMMERCIAL WALJ, BOARDS

4 Increzse
in

Length

4 Increase
in
width

4 Increage
in
Thickness

4 Incre=se
in
Weight

AT 80 PER CENT RELATIVE HUMIDITY

ngp.

24.5
29.0
33.0
40.0

24,5
29.0

33.0
4o,0

2k.5
29.0
33.0
40.0
24,5
29.0

33.0
l|>0.0

A-1 A-2

0.63 0.65
0.63% 0.65
0.63 C.65
0.63 0.65

0.55 0.51
0.55 0.51
0.55 0.51
0.60 C.51

C.26 C.55
.11

0.11

0.26
0.28

0.26 0.13

6.46
6.63
T.32
7.32

8.145
9. 80
9.80
.45

Bozrd Number

B-1

0.28
0.28
0.28
0.28

0.45
0.45
045
C.U45

.21
0.21
0.21
0.17

8. 20
9.10
9.10
8, Th

B-2

0.31
0.33
0.33
.33

0.4
c.h4e
C.h0
0.40

C.19
0.23
0.23
0.25

9,40
9.92
J.92
9.57

C-1 C=2
0.28
0.28
0.28

0.2%

0.20
0.20
0.20
0.2C

C.30 0.20

C.3C 0.2C
0.30 0.20

0.30 0.20

0.2% 0.20
0.25 0.16
0.16

0.18

0.27
0.25

5.27 5.18
5.70

6.1%
6.77

D-1

0.23
0.28
0.28
0.28

.22
0.22

c.18
0.20
0.18
.17

5. 76
7.60
6.90

D-2

C.38
0.38
.38
0.33

0.20

2 0.20

C.20
0.20

0.15
0.19
0.19
0.17

6.65
6.81
7.48

6.55 7.15



Table No,. 16I

EFFECT OF TEMPERATURE ON EXPANSION OF COMMERCIAL WALY, BOARDS

% Increase
in
Length

4 Increase
in

Fidth

¢ Increase
in

Thickness

4 Increass
in

Weicht

AT 10C PER CENT RELATIVE HUMIDITY

Temp.
oC

22,0
29.2
37.C
40.0

22.0
29.2
37.0
4o.0

22.0
29.2

37.0
40.0

22.0
29.2

37.0
ko.c

A-1

0.70
0. 74
0.7
0.73

0.60
0.65
0.65
0.65

0.32
0.3k
0.34

. 0.3}«"

8.85
9.35
9.35
10.01

A-2

0.71
0.7%
0.76
0.76

0.56
0.61
0:61
0.61

0.13
0.18
C.19
0.18

10.1
10.8
11.2
11.5

Board Number

B-1 B-2

0.39 0.36
0.39 0.38
0.39 0.38
0.39 0,38

0.4%5 0,45
0.45 0.45
0.45 0,45
0.5 0.45

0.23 0.29
0.23 0.33
0.23% 0.35
0.23 0.37

10.4 10.3
10.5 10.5
10.4 10.5
10.2 10.5

C-1 C-2
0.25 0,30
0.25 0.33
C.33

0.33

0.25
0.25

0.35 0.20
0.35 0.25
0.35
0.35 0.30

0.30

0.29
0.29
0.29
0.31

0.23%
0.24
C.26
0.28

g,00
.00
5 8.00
7.85

D-1

0.28 0,35
0.28
0.2

0.33

C.38

(%Y
623

.38
0.38

0,30
C.30
0.3
0130

0.23
0.19
2 C.19
0.17
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c. Fireproofing of wall board

(1). Lavoratory studies. Cornetalke were cooka2d
thres houfs, rod milled, 2nd claflined five minutes., The
mat wag formsd on the forming machine, then lapped and plac-
ed in the meieture nroof box.

Cne pound df dry fiver was then placsed in the beater
with twoenty-eicht pounds of water. The contents were mixed
for five minutes then various per cents of sodium silicate
wars aaded to the »nulp. The mixing was continued for ten
minutes., The puln was formsd into a mat and pressed slight-
ly in a lstter press. None of the boards were fireproofed.

The above series of studies were repeated using corn-
st21k cook liquor, asbestos, and several ammonium salts., No
boards were secured that were fireproofed.

The next studies were made by dipoing finished voards

ian the following solutions:

¥258103 50% concentration
Na,5103 10% "
NH,F 10% "
(NH), ) sHPOY 10% "
¥asBy07 : 107 n
(NHy) 280y, 10% "
NH) C1 10% oom
FesSOy 10% n

The first four solutions gave fair fire=proofing while
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the last four gave nc fireproofing whatsoever., The sodium
silicate increased the density of the board. The (NHh)zﬂPOu
geenzd to give the best results with the least amount of in-
jury to the physgiosl properties of the bhoard.

Thomas (53 recomesnded vérious concentrations of potas-
slum salts as possible Tireproofing compounds,

Tazrefore o series of studies was made using cooked pulp.
One pound of bone dry fiber and twenty-eight vounds of water
wir2 added to the one pound bezater and the contents were clr-
culated for five minutes. Varioue concenirations of potassium
galts were added and the contents were again circulated for
ter minutes, The mat was formed in ths agmall suction box then
prassed to a definite thicknzss., The boards were dried for
four hours 3t one hundred and thirty degreeg Centigrace. See
Table No. 173, page 58

Non2 of the bozrds were fireproofed one hundred ner cent.
In every case except one, the boarés were treated so that they
did not blaze like the blank. The potassium acid sulphate
seemed t0 decrease the molsture absorption as well as increase
the strength. Potassium hydroxice injured the boarc very
much. Potassiun permanganste seemed to injure the appe=rance

of ths board..
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1
11
12
13
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Table No. 17y

EFFECT OF POTASSIUM SALTS ON WALL BOARD

Modu-
lus

526,0

426.5%
508.¢C
482.0
bsh, 0
489.0

419.5

393.0

Ul +
=\
N

-
o

\Jt
N
o) WO\

[
O Ul

14,2
388.0
501.0
365.C

Den-
sity

19.8
18.8

20,6
19.6
17.5
20.7
20,1
20, 4
17.1

Moisture
%bsorption
%5 hr. %24 nr.
22,0 100.0
24,5  123.0
24,5 88,8
2h,5  118.2
Ls.b 179.0
29k.5  327.5
26.3 146,0
23.7 143.0
34,4 115.0
55¢9  20U4.5
23.6 107.1
19.1  80.4
22,8 113.6
92,7  234.7
28,0 15,0

Chemical Resulta
used

RHSO), 7% glowed at
end of 3 ssc

KNO3 117 "

K280y  10% "

KCL0y 3% "

R¥noy 5% °

No size blazed at
(blank) end of 3 sec

Sized (blank) f

KC103 6.5% glowed 2%
end of % gec

KI 104 "
K,C)03 107 t
KBr 10% "
K»520g 5% "
ENOy  7.7% "
KOH 104 "

RaCra07 6% glowed 3t
end of 3 seo
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(2). Semi-comnercial ssudies. The purvose of these
studies was to determine the following facts: first, can
wall board ve fireproofed, second, dogs the compound injure
the ohysic2l pronarties of the bozrd, and third, is it
economical.

The regulzr gsmi-commarcinl set up was ussd, Mozt of
the runs were wade on mechanicsl pule cont=ining sixte:zn per
cent nawsorint. The pulp was sized with an emulsified zsphalt
z2lled "Stanolite™ rade by the Flinkote Company of Rutherford,
New Jerecy. Tne fireprocfing compound consisted of veriosus
glts,

The refin2d pulp was placed in the mixing tanks =2nd
enouh witer was entered to givs & twe per cent consistency.
Enough fireproofing compound was added until the Baume!
r#acéing wes 12.5% Th= pH w2s sdjusted to 5.2 by mezns of
. gpecial solubion put out by the fireorcofing company. Eight
nar cent Stanolite fifty per cent, was zéced z2nd the contents
wers amixed five minutzs., Ths whiits watsre* were savad and
more firsovroofing compound wrs 2dded from time to time to se-
curs the desired Bauma'. Several runsg were mads at various
Gezrses Baume!. See Table No. 18I, pare 60.

A1l of the boards were fireproofed one nhuadred pavr cent

but ths moisturs absorotion of the boards wog very high. The

*Water removed from the wet pulp during formation of mat.
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strength and density were affected very slightly. The cost
would probably be too high.

d. Studies on mold action

Some complaint has been made that Maizewood would
mold rapidly when placed in a moist atmosphere. Thzarefore
samplzes of Masonite, Celotex, Insulite, and both the light
welgnt ané heavier weight Malzewood weré plaged over witar
in a2 desiccator at twanty-eight degrees Centigraae.

No signs of molding were noticec for the first five
wagks, Sever2l days latzr small spores of mold were nobicso
oi tha Maizewood samples, One day later the Celotzx sampls
showed signs of molding. The sanmplées of Insulite and Hason-
itz showsd signs of molding one wesk after Malzawood.

A11 sam§1es were slightly covered with mecld at the end
of tsn weeks,

The samples in the above tests were placed in 2n 2ne-
agcobic condition., Additional samples were placed in 2n
asrobic comdition. To obtain this concition the specimeny
ware placed in one liter beakers. They were again plzced
over water and the beaker was covered with a waitch glass.

At the end of ten wecks the zamplss showsd no signs of
molcing but & musty odor sppeared.

(1). Cnericals addad to the pulp., A very light
mechanical board was mace for these tests, One bale of corn-

stalks was rod willed ranidly, steamed two hours 2% one hun-



dred and thirty-~five degrees Fahrenheit, and claflined lizhte
ly for five minutes., The pule wss formed on the fornming
macihine ancé then lappzd.

Enough of thie pulp was wéighad out to izive one pound
of dry Tiver. Twenty-eizht pounds of water were added along
'with various per csnts of zinc chloride, cooner sulphats, and

msrouric chloride., The contents were bzaten fer five minutbes,

ot

nen formsd into 2 «at and dried. The following per cents of

th=232 charilc2ls were usad:

Run No. Chemical used Deneity
1hs ver cubic foot
1 .05% Cusoy, 7.37
2 Jdo0f oo 7.10
3 5% 7.75
L 204 v 7.38
5 .05% 2nClo £.38
6 104 6.72
7 (154  n 6.93
g 204 6.94
9 05% Hgllp 8.65
10 104w 9.02
11 15% o 7.42
12 204 ® 6.10

The above boards were placed in beakers as descrived

previously. No siens of molding were noticsd at the end of



R

ten weeks, The samples wers free from 2 musty odor.
Anothsr series of boards was nrensared in like mannsr,
only thzv wers presesd hard=xr., The dsnsity of thess boards
averazed thirteen pounds par cubic foot.
This last series of boards were placed in 2 deslocator
23 w23 ¢escribzd in the first study. Mold z2pneared 2t the
end of ten wesks,
(2). Chemicals spraysd on boards. Samples of
Maizewood were either sprayed or dipred into variocus
solutiorf in order to test their resistance to molding,
Sore of the solutions ussd were:
1. Saturated copper sulphate,
2. S=2turated zinc chloride.
%, Saturasad marcuric chloride.
4, 14 sulphuric acid.
5. 1% sodium hydroxide.
6. Barbar's emulsified asphalt.
7. Stznolite (an emulsifi=d asphalt),
8. Barrett's prepared resin,
9. Bennett's prepared emulsion (edges only).
10. Bennett's prepared emulsion (entire sample).
The above samples wers claced in beakzrs as bafore.
Samples number five and nine showed signs of molding four
weeks later., The other samples showed no signs at the end

of ten weeks.
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2., Refrigeration board

a, Prenaration

Two types of refrigeration bosard were produced from
cornst2l¥s, The first wag made by usine the entire cornsiznlk,
while thz other was produced from the pith of this plant,

(1). Board from the whole st=lk. Tha refrigsvation
board wade from the whole st2lks wrs procduced by the following
crzrations: shresdding, passing the stslks through a rod mill,
forming the pulp into 2 mat, and dryins the mat., The [first
t¥o ovarations should require no exnlanation ss they have been
exnlained in previous work.

The thiré operstion was accomplished by the uss of 2
formihg m2chine as shown by Plate 177, page 65. It consisted
of two gsesctions, a flat perforated top about forty inches
séuﬁre and fitted with an inverted oyramidal drain oconverging
to 2 two ioch pipe lsading to a vacuum pump located teneath
the board forming table, and the upoer contain:zr or dsckel box
which servad t0 hold the watser suspension of puln until the
latter was formed into 3 mat upon 2 scra2en rasting botween the
two sections. The pulp, prepared in the rod mill or veater,
was dsnosited in the unnar gcontainer until the desirzo thick-
nesas was reached, the suction was annlied and the decksl box
w=g removed when the met was sufficiently dry 1o hold its

shapa. The mat was then placed in 2 hydraullc oress and com=
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pletely dried by means of steam. No prazssure was an»nlied
other than that neocessiry to give a surfrce to thz board.

A sgeries of runs was made in ¢rder tc daterwine the best
mehhods of producing this type of refriczeration board. The
stnlke wsre preparsd in various ways. Some wara cooksd with
watsr, others with chustle soda, while the rest werszs made
from wechanical pulp. See Table no. lyyp, pags 67,

The lishtest bo=2rds in thls seriss weres made from either
mzchanical pulp or puln that was given a short watsr cook.
Fzrmentation seemed to 3d4 to the gtrength without grartly af-
fecting the dz2nslty. Beards prepzred by cooking the pulp
®ith caustic seamad to bz unsatigfzactory. The lowest density
szcurad was five and two-tenths pounds per cubic foot. This
Tizure was much lower than that for comrercial corkborrd.

Corngtalks were separated into their raspective nhysical
varts such as, lecves and husks, nodes, pilth, =zndé outer fibers,
Boards were made from each of the above paris. The noc¢sg pro-
duced very unsxtisgfcotory beards. Cmustic sodz 6idé not seem
t0 bLreak the nodeg down sufficiently. The boards securad from
the leavss and husks wer:s very dense and dark colorsd duge 0
the dirt which had bpeen ground into them. The outesr fihers
produced very strong boards which wers ra2thar light in color.
The pith produéed a boasrd which was vary s=2tisfactory, for it

was vary light and porous.,
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TABLE

\Jordan twice

O, bly
-QE[' Q/GIEQATJON BOARDS FROM THE WHOLE COQN&STALK
- LeriNG
TIICKIVESS DENSITV
NO. P@OC‘E ST ‘(inches) %gg) Lbsfew. FF EEM/I@KJ‘, |
e QOO’/_I‘!/// OI)CC,‘ 4 - o) 3 N 7 A
AL Bear £hr 75 £Q 9.34 |No streng
AZ e 2,75 00| 852 "
Coo/reo’ ot SOBs. - Moch srtronger
B1 |pressure; 20% causq 1.50 | 20| {0.90 |(thon AL A firm
f1c; Bearter & Hr. ' : compact bourc
Bz " 125 2eo| 859 | 1 -
: Cooked pu40 f/‘om - ' Fibers short bur
Cl |BL; Podmilled Twrcel 150 24.0 746 |well felted
: vordan once. . e o
lcel " 175 240 | 745 "
Shredded and rod-j ‘ o ' .
D1 \milled twice; LSO | 240 | @87 |(Hard Finish
. |Beater £ Hr e : e
D2l o 175 | 2¢0| 725 "
No shredding ; o . Good strength -
\ £L |\ Podmilled Fwice; LTS 300 | 950 Long fibers.
Bearer 1hour o ' : S
Ez " | 137 300 | LOLO "
N\Fermented pulp; S . : Very strong
F1 |Poadmilled Fwrce; 312 240 | 767 f‘//‘m Doaf‘d
|\ Bearer L houvr: ' A : . _
FE L zoo | e¢o| 810 0
Warer cook af 50% e . SR ./-lfmm /y/)f'
G4 P/’é’J‘J‘U/‘é Qoo’m///eo’ 200 240 | Ss21 |board
: Beafe/' hr , ' 4
G2 " 250 240 | J.20 "
Podm/'//eo’;_ 200 o Vacuvurp of 124
H-l_ Bearer 1 hr: . 20 ' 135 6'97‘ for 6“3( hr. a
Process like 1./ No ; : ‘ . - Warped consider-
J4 suction or pressing - 27‘5—0 . 340 013 . |ably -
K1 o L 250 | 480 | 134 | "
N L1 |RPodmilted twice, | o0 | 720 |7ough clear
- L'I, Beater [ Ar , &0 ‘ 72 7'53, through
| Rodmilled twice . o ' \Ever fexture;
/42 |Beater £ hr 200 | 240 | S«

STron g
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(2). Board from the pith. Sesidel (46) in 19286 re-
movad tha pith from cornstzlks ian ordsr to producs a2 battar
grade of insulating poaxrd. Hs floated the pith sway from
the outer fibzar. he nith wag then subjzctz2d to 2 separate
ccoking vrocess.

This same method w2s usad for sz2curing the nith. Ths
gniirz opsration was c4rrizsd out in 2 bestsr of the ordinary
papsr oulp tysa. Disintegration wzis accomnlishzd by brushing
ths shrsddsd st3lks in the benxter for sevaral hours, During
thils orocags the pilih wasg brushad frae from sthe fibers and
floxted to the surfacs of the weater. 4 rotary wachsr equinped
with a guarter inch acrssn lifted the pith from ths water and
deposited it upon 2 fine mesh screen lbczted on the outgids
of the be2tzr. 9S3e Plates No. EII to 571, pages 69 to 2.

This sezparator rawmovad from =sighty to sichiy-{ivs oer
cent of the pith from the cornstalk,

A series of runs wes wade in order to detsrminz ths bzst
wathods of producing 2 good rsfrigeration bo2rdé. The pith
wrs removed by hand and by machine. The boards wers made

either by cooking the pith with watsr or caustic or by using

[©]

the uncookad pith. Different means of refining were ussd.
See Table No. 271, page 73
Pith sspsrated by hané produced the lizhtest board. Good

boards were produced from wechznically szparated pith. Refin-
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| TABLE NO 2, - -
PREPALATION OF PFFEIGFEPA TION SO FLRONT DI TF7
LPOOCESS DENSITHSTRENTH PEMALK.S

Dewlery £ Hrs:

Mechanical fe,cw“a//'n/g |

Weak

NO Torrmation

| Ceoked with [ime;
Bear 2 hros

forr

LI

N echanical separal ion ;
Lear 2 Hros

[ ow

\Fine 7exture

Cooked with 107
cavstic, 2 Hrossal
SO0 Bear | Hr

V. Good

./_la‘oAﬁed ke cork

Seoarared
Bear 15 min.

by pard; |

\Weak

Very f/b.e; texture

\Mecharical reparation;
N\ Bea’ 15 m1in.

4.5

famr

|Good 7L€X"]LU/‘€

Jarne ar atove,
Presred haord in
hydravlic press,

2.8

E Jf rong

l/eo/ qgood rexrure

\Mechonical separaliorn;
Beal 15 17 0nd
Jordaoned

DG/

farmr

Good /éxfure

\Weparagred by Had,
Beal 4 HrJordared

534 |

1

r rm

Mechanical separalion
beal 1ine; Pressred

7 \srrong

Fine Jlexfure

Mecharical JEPararion;
Dear LD 1.

n

" "

Mecharical separal ion;
Cooked 2 bri, 15
cavslic; Jordaned

1P

o

Far lextore

Mechariical separalron;
Cocked Z Hru. witl :

water; beal fine

270

ik

Very good rex/ire




ing in the jordan increased the strength and improvsad the
texture, Cooking with chemicals iworoved the strength but

increnrsed the density.

be Dryviang of refricsration board

Siace the nsithvoard 1s exceedingly oorous, it 2b-
g0rove moistura ranidly. Contact wilth water for only five
minutes showed an absorption of ovar six handred ner c=nt.
Tharsfor=s when the »ith is formed into 2 boars a2 lzarge amount
ol moisturs ie present. It is vory important tc rewove this
w~tsr 28 cheaply 2s possiblae,

Varioug methods of drying ware attemptsd such 28 nir
grving, vocuum oryinr, pressure drying, and electriczl dry-
inz,.

(1). Air drying. The wet mat, with edgee exvosed,

P

was

o)
o)
a}

cad 2t atmospheric cornditions. Since the humicdity of

[

the 24r Cetzrminecd l=rgely the rate of dryine, e2ch loss in
weicht wag based on a period of twsnty~four hours st an aver-
age humidlity of forty per cent. Two boards were macde in this
study. Each board was weizhed every day for fifteen dryvs.
Sec Table No, 3yy, page 75, and Table No. Uy, page 76,
More water was evaporated the first few days than dur-

ing the lagt part of the run. The densities of the two boards
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were very similar. The curves showing the rate of drving of
the two boards rssgarble sach cther very closzlv. Sszz Curves

No. 117, p2ge 78, ancd No. 277, page 79.

(2). Steam oven drving. The steam lossze for this
oven were secursd by waigning the condenszate for several
hours. See Table No. SII’ page 80,

The =zverage he2t loss peor minute was eqgual to 223350
32
or 106 grams. After securing the heat losses for the sspty
ovan the stezr oven was {ested, withoui the aid of voguur,
Six bezrds were dried during tue sxperirent., Each surfrce
was coveres with 2 coposr scre:zn 2nd 2 perforstzd galvarized
iron plnte., The weizhit ¢f the gix boardé for run numbser one

weras

1 =~ 16.5 pounds
2 - 17.0 "
5 - 17.75 "
4 - 20.0 "
5 - 20,0
- 15.25

This weight inclucded the tolal weight of the nl=tes,

screen, water, and oith, The suw of tha 3ix bo=rrds was
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5 YZ,AM LOSSES FPOM  STEAM DOVED /fonf/naed/

TABLE NO. Dy

7INMIE NWEIGHTT OF \WEIGHT % STLEANM - |AVELAGE
DATE | TIME | INTEDVAL|\BUCKET AND |connensars, “27E | peessuee |veessues | 750
- | v TE) (conpENSATEIN - @Gras) (1T PEE U g e i |1 dsa 117 .
oo | B0 | ALET o227 78 52.0 5145 /050
2:30. 30 “4521 282/ 938 | o 540 104 0
300 | 30 A5R3 2585 862 | 500 00 | 1040
3:30 30 5558 3538 1180 | #70 £8.5; 103.5
200 | - 30 5408 3408 | 1137 49.0 480 1040
| 430 30 B093 3095 | 1028 0.0 AL Yol Ae,
Feb. 4 30| 1007 | ) R ' 39.0 | 1000 |
| [0:37 50 2860 (100 | 366 38.0 385 |  99.0 |
11:07 350 7055 3175 | 1058 450 215 | 100.5
1137 30 - G650 4830 | . 1610 43.0 46.5 102.0
130 113 15269 135/(0 1350 |  s40 510 104.0
zoo.| 3o Pz 3400 116.5 6.0 | 500 | /o4O |
2:30 30 .. 4535 2775 2.5 £9 .0 4785 - JOZO |
- 3:00 30 2O38 2676 - 89.7 51.0 500 1050
324 24 3536 1776 TL.0 490 500 10Z0
5:54 30 - JS60 2960 - 98.7 45.0 g8 [OZ.0
Veeb. 7, 30| 924 | , . .36.0 199.5
: 9:54 30 © 2200 V-7 o, LT #10 | 385 100.0
wozg | 30 o 4485 2545 848 | - #B6.O 435 102.0
057 30 L HOT75 2115 | 705 Wy o) 4875 | 102.0
HLOE 815 L4075

11:24

30

2445

510

[02.0

I3
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105.5 pounds. See Table No. 677, page 83.

The rate of steam consumption per hour =

Net weight of condensate (60) o, 4329 _
Time elapsed (minutes) ( 30 106) (60)

= 2300
Walght of copper screems = 6.15 pounds
n of iron plates = 2,2 pounds
Entering femperature = 70°r.

Average Temperature of

drier 212°F,

Difference in temperature= 142°%,
Specific Heat of copper = 0,093
Specific Heat of iron = 0.013
1,0

Specific Heat of pith = 0.37

Specific Hezat of water

Weizht of pith 2.5 pounds

45.65

Weight of water

Sensible Heat
Conper (142)(0.093)(5.15) = 68.2 B,T.U.
Iron (142)(0.113)(52.2) = &37.5 B.T.U.

Pith (142)(0.37)(2.5) = 13 B.T.U.
water (142)(1)(45.65) =_6490 R,T,U.
Total 7408.7 B.T.U.

Steam used for sensible heat = I%%gil': 7.64 4



DRYING OF PIIEHBOARD IN

TABLE

33

NO & 7

STEAM OVEN.

DATE | TIME | e r N TERVaL %o%Jgfa?{g% |
_ . , : (PUNUTE)|  Gris/mMin..
reell | 828 | 50 | |
E 855 | #3209 490 30 2300
925 | B850 420 30 5540
10:00 36354 380 35 - 1100
025 | 5050 #0.0 zs 5960
1055 | 9436 £5.0 30 12100
1125 9530 49.0 30 12940
1155 | f00z4 500 | 30 15888
225 | 10241 515 | 30 14322
1265 | 10009 s00 | 3O 13858
(25| soao 500 30 9920
1.55 G665 500 30 7170
225 7297 470 30 B34
285 | 7527 4.0 30 8897
325 | 7975 51.0 30 oo
505 | 16560 450 100 3570
715 | 24340 470 | 100 8310
015 | 26400 515 | 180 2450 -
Feb 28\ 2y5 | 17310 5100|120 290
| zu5| qze70 | s0O | 20 o
1S5 12410 50.C {20 o
Go0| 10890 | 000 | 105 e
- 800 | /2890 70 | 120 e,
920 7030 SEE 80 o
Toral 242257 1465
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) = 342 pounds

w

Steam oven lossszs = 186 (115
I5k
242,2
3

Total steam usged = “'E‘Til': 532.5 pounds

Sts=m used in eveporation = 532.5 -~ 342 - 7.64
= 122,86 pounds
] [~
Efficiency of drisr = i__,.g* 65 = 2l ¢
y 14z.8 -

The actual drylug rzte may be seen by obsgerving Curvs
Ko. 377, vege 65. The maximum dryiny rate was reached when
one=-fifth of the drying time had elapsed., The curve shows a
slow rate of drying during the latter part of the run., Seve
eral rises ana £21lls in pressure incic=ate voints off the
curve. See Table Fo. 77y, page 86, for results of run num-
ber two. |

Tas totz2l weight of voards used was 105,25 pounds.

The total time was 1430 minutes.

Steam used for sensible heszt equals same 28 run one,
7.6% pounds,

Steam over losses < 126 (1430) = 333.5 pounds

Total steanm used = & ‘g 0:3 = 41& pounds

Weight of pith = 1950 grams = 4.29 pounds
Weight of water removed = 43,61 pounds
Steam used in evaporation = 41& - 333.,5 - 7.64

76.86 pounds
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TAPLE NO. 74
DRYING OF PITHBOARD IN STEAM OVEN.

7IME . o - JTEANM |
paTe | T\ TR oF cojeninre | TRElGED
Mar @ 8:15 o -
g45 30 17215 250
o 15 50 5315 505
945 30 4510 7.0
10:45 30 3950 570
1045 30 5980 530 |
[1:15 30 5485 510
11:45 30 . 5653 500
12:55 70 - D058 52.5
/15 20 - wed s00
145 30 6221 27.5
215 30 5695 470
245 30 4212 22.0
Fis 30 3530 420
Y2 e 3976 480
#i5 | 30 3503 25
445 30 2323 L 500
550 | as 3875 470
725 | s | 13560 290
045 | 140 17390 540 |
| 1150 125 15710 500
rar 7 | 200 | 130 /5050 | szo
| 4:00 | 120 13630 56.0
cce 420 13540 - 560
sos | 25 14 766 |
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Efficiency of dryer = ;3'21 = 56.7 %

The boards were not éry when removed from thz oven., This
sccounted for the higher efficiency of the dryer for the last
trocas of watar reculre much more time in drying than cdoes the
first part removed. The steam pressure fluctusted decidedly
crusing 2 very uneven clischarges of condensatz. COcongsguently,
the rate of stezam consumption was difficult to securs.

(3). Vacuum crying. Thess two runs were mads in the
game oven but vicuum was used during thz drying. Ses Table
No. &11, page 88, for results of run number one. The stear
oven losses for vacuum drying were equal to 72.4% grams osr
minute,.

Losses due to radiation = (72.4)(717) = 51,800 grams

€00 - 55.8 pounds

Steam ussd for drying = 1115143

Weight of pith = 4.5 pounds

Welcht of screens = 5.5 pounds

Weight of plates = 53.25 pounds

Total wsight = 102.75 pounds

Weight of water removed = 102.75 - 63.25 = 39.5 pounds

Efficiency = ;5%:.% (100) = 70.7 ¢

These poardcs were slightly damp waen rewmoved. Therefore
the efficiency would bs lowered somewhat for bone dry bo2rds.
See Curve No. 47y, page 89, for the charactsrists of tais

drying process. See Table No. 917, page 90, for results of
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TABLE NO. 8,
VACUUM DRYIING OF PITHBOARD.

LAC N

S TIME WEIGHT CF | S 7R ‘
| D2ATE TIME | INTFERPVALY CONDENSALF SDESSCLPE \(INVCEHIES OF
| (MINLTE) (C1ANS) DDUNDS) | PIELCUEY)
NMear: 10| 8:15 5C. O
g5 | ¢ geze Yoo 260
945 | 30 1773 500 20C
945 30 1681 49.0 ZOC
(045 30 2559 720 zoc
045 30 2475 S6.C zZie.
1115 | 30 3497 46.0 21C
(45| 30 | 5086 475 | zus
12:45 AC 3383 #E.0 o5
jpb 'Bcz 2249 50.0 207 |
(1154 30 3724 480 '20.; O
146 | 30 3227 41.0 205 |
245 | B0 2929 21.c 205
2| 30 5291 #5¢ 6.5 |
3:45 50 ga05 270 ;50 |
%) 30 c356 260 /7.5 |
Z(5 | 30 2270 4.5 200
45 | 3¢ 2270 6.0 210
55 | 30 2ee7 450 200 -
545 | 30 1530 26.0 200
740 85 | 4767 460 | 200 |
8:12 72 256 Z7C 200
Total a7 ]
— e } N _ N
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TABLE, NC. 9y.
VACUUM DRYING OF PITHBOARD.

DN R TIME | WEIGHT OF\ VACUUM|STEAM STEAM
 Amarss 820 |
| sa5| 25 | o 555 0 | 11550 500
| | ous| 20 120 z0 | 700 51.0
Q60| 35 G242 20 2150 505
/o 25 4994 20 7630 49.5
(045|350 4743 | 20 | 9/3@ | 00
11 15 30 5675 20 oo | 500
1155 a0 5448 20 | zemw 50.0
1245 20 | zass 20 090 510
| R T R e TR
L (45 30 4086 2o 3820 510
' 5| 30 ‘ 2880 20 SLIO 48.0
2| 50 | sose | a0 | sz | 00
245 25 2784 15 2190 450
35 B0 06 I B 780 - 45.0
45| 30 2610 + 20 [ s 7%)‘:*:;44-3‘:«9; |
20| B35 | 2724 zo 348 LGB0
s 35 | 21565 25 10_@? - 200 | ‘
S5 30 | Boc4s | 20 1780 GTE
| |oes| o emr | ue | oo | 20 |
ce| o 4540 /8 | 4730 475
i /_5:__ 7o L sz0 | @ | 37 530
] /r* 50 A 1:5593 T 20| o 1 5_5._5-
7ot ss0 |00750 | | ]




Tun two,

The steam oven losses = (72.4)(850) = €1,600 grams
Welscht of drying steam = 10 045461 600 = 105.5 pounds

Weight of pith = %.5 pounds
Weight of water remeved = 46,25 pounds

Efficiency = i‘b""‘""l (1c0) = 43.8 ¢
steam

Wt of con- oven

Steam consumption = densate ti;Elosses)(time)

Calculation for first line of table =
8,583 - (g 4)(-—5)-(60) = 11,430 grams per hour

(60)

(4). Forcedé air drying. A Proctor and Schwartz dryer
wa.gs next used for drying the pith board. This dryer cdiffered
from the previous dryer in that hot 2ir w=s forced cver the
beard thus wearing away the film of meisturs surrounding the
zozrd 2nd 2t the same tiwe carrylnzy =2way the water vapcr.

The first run wags made on two sixteen inch square pith boards.
Screeng ané iron plates were placed on both the top 2né the
bottom of each board. The humidity of the exit air was re-
corded by wet and dry bulb thermomsters.

Run two wags mace similar to run one except the pith was
molded intc a2 large boaré which rested Zirectly on the screen

of the dryer tray. This board did nect have 2 plate on top.



No evidence of waroing wa2s noticed during the drying process

and an excellent board was produced. See T2able No. 10TI,

pave 93,

The bozré drizd in 2 muzsh shorter time than it did with

either vacuum or stear drying. The gu3ality of the board weos

2

good. €Sse Tablz We. 1lypy, page 94, for the results of run

¢

two, This Loard wes thickz2zr th2n the previous run but reguir-
ed oinly 2 faw hours more of drying. Se:z Curves No. SII and
7II’ pages 95 and 96, for the drying z2te of the »nith bonrds

in the Proctor 2nd Scaw2rtz drysr. The two curvas are vary

]

giwil~v. Ses Curve Fo. 6;; 2nd Curve No. &y, pages 97 =nd

98 , for the ra2lation vatwzsn humidity, in ccunds of water
per 2ound of bonz dry zir, and tiwe in minutes. The two
curvszs varisd widely. Tals srror wos acaountzd {ov vy consid-
ering thz fact that ths temperature of the inlzt 2ir wrs

gl

1))

vrn degr223 lower for the first run,

(5). Drying by el=ctricity. 3 specially designed
plsten, Plate Fo. &ry, page 99, was used for this expsriment.
Rung were mads usiag various thickness of bo2rds vut in uno
c2s6 could the time Ye reduczd to 2 ghort sznough time t0 be

gommsrcial,.
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Z)Q YING OF PIT, f[bOAQD IN ,Dl?L%~ TOR AVD SCH WAPT 2 TRUERL .

nler.

Alre

X 75 ncHes

wegn’ or P15 = GO IS
I hCkness ' ‘ _
Loss of heghr = [3.858 =7 745 = 6064 g of waresr
7Ime /"ega/red Srnours. F "7 '*7//7 |
Jernperarire 700

TEMPERATURE, F |\ HUMIDIT 4 (%0 376 s g . .
- Der |wET | 0L ~ i | M 7447.:,77:;;7 w/égﬂ(;;y“
VTLETN " sins | Becs |V BOVEDES i) = e

(BO00| 2030 107 002"~ 220 | 13858 -

194.5| 2ol s/¢ 0.04/ 22l | 13720 129

zoool 2370 r20 0050 | 24 | (3542 187
2060| 2410 124 0.059 25 | 1329/ 25/

z2C70| 2485 /26 - 00es5 301 | /22988 303

2080 2450] 129 | 0.075 |3 | 12757 | 2370 |

2080 242.5| 132 0.085 32/ R 24/85 302
2C70| 4l 5| L35 0102 334 | 214 307

2070 2405 729 OC 6 347 ’88@ PCC

070 el ol 129 0076 3:51 | 7158€& 300

0¢85 2420|137 Q085 | ZOf | é._,aj 2095 -

L oc7.85| P30l 129 0.076 VY78 /’“fd 279
2OT5| 2430 /28 L 0.070 421 Viay4 2553

| P{CO| 2440| 128 - 0.070 720 | 10488 273
J/00| 244 0] 129 Q.07 240 tozil Y 277
20G.6| 2440 128 o070 | 4A | 9943 | 2068
2OQC| 2460| (26 0.066 0L | 9eRs BLL

VVVVV 2090 2470, (26 | . Qoee | sl | 9«2/ | 267 |
2100| 2470, /2@ 0006. ' | 52! | /58 | 2o ]

2120 2LO! 126 0065 | 53| 894 | zZ/8 ]

PL2O| 2500, 125 ooes | s4! | soso 260

2120 2290 123 Q055 | B5 | 84D 197

2L10| pas5c| 123 0055 ol | 835/ | 130 ]

21000 2490 122 0055 oL 3@;__ 232

2030 2400 122 0052 6l | &1 o6
| D440l 2480 122 | L 0052 e c'i-f{fai CE

rres esod rz2 L0052 . | ed/ | 8O 45 ]

2LI40| 250.5| 121 oo05r lws/ | 7wzl | es
| c/20] 2540| 124 oCsL | 7ol | 700 | 3L

2I9.5| 2510 123 o053 L7 78359 41

2i4.5| 2530 122 ooz | 7z/ 783D 29

214.5| 2540| 122 005/ 73| 78S | 6

£14.0] 2520 121 Qo050 | T4/ 7ECE o2

2140 2530| 124 0053 751 | 7800 Z

2/40| ES30| (20 - 0049 - 8o/ | 7795 5

2i4.5| 2540 122 OO05¢ &3/ 7705 @)




TAL

LE N,

94
ALy

f’e}fNG OF DITHBOARD IN PROCTOR & SCHIWARTZ DRIER.

TEIMPEBATURE, Pviiaie (emrzy e | TOTAL WT | LOSS OF #7]

e N A e éoﬂf_gg;‘i;g ) TN ams) | toearns)
19¢ | 22 | 15| 0.045 w27 2588
PO/ | 220 | 130 O.055 G35 1230/ 227
205 | 223 | 122 0.059 ows| s2021 | zdO
209 | 227 | 125 0067 /000 | 11488 | 535
212 | 23/ | 126 0.068 1015 | 11008 580
5 | 235 | 125 0065 10:30 | (0463 545
ZIC | 236 | 26| 006G - | [045| 9936 527
216 | 236 | (26 0.066 12:00 | 9303 533
216 | 237 | 130 007 115 | 8908 295

| 209 | 239 | wes|  oos | 1w szes 43
2/9 | 24r | 127 0069 | 45| 7785 480

| zz8 | 250 | 122 005/ o2\ s700 | POSS
230 | oz | 12/ . 0.050 115 | 5400 300
230 | 252 | 122 0.057 . 30| 5275 | w25
250 | 253 | 12/ | 0OsO | /45| 5092 185
zz2 | 254 | r2/ 0.050 200 | 4950 142
232 | 255 | 122 0.052 25| 4825 | 125

| 233 | 255 | 124 0.055 230| 4750 | . 95
230 | 255 | 123 Relols”4 2:45 | 4610 120
228 | 255 | 122 0.052 3:00| 520 90 |
232 | 256 | 122 | 005/ | 35| 4435 55

| 250 | 257 | fz2 | 005/ | 330| 4560 | 75
235 | 258 | 124 0052 345 | 4295 65

| 237 | 268 | 124 0052 | #o0| 4220 75
237 | 258 | 123 0057 | 45| 485 35
237 | 268 | 122 | . 0050 Cz3c| s |70
236 | 258 | 123  D05s 245 | 4085 =23

| | 37¢0 325

FINAL WEIGHT

Inlet ar temperature — 81°F
Weight of p/tl) = 60 gromns
Loss of welght = 12588 =370
T hicknesr = .21 lncHhes
T/me 24 c//y //79 = T houvrs 15 e f‘éJ‘

= 5828 'g/-_a'mf i wafek’-
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//lf%//- NO. {2
CON/)UCT/V/TV OF QFF@/FE@AT/O/V BOAQDJ MA[)E FPO/V/' Pr7F

VO PespapaTION PENSITV conpue i pg} o or

! \commercial Corw-board 77 _.30‘

val ( ‘(,//'r‘uga/ed Eéx—boafd A— - 3é@

3 \Fiber-Board (Pith femoyeo/ 765 42

4 \Beot 1 tour 545 287 | 170

5 I | ses .29 Wy

P — T | e |
- J%ZZ gfca;‘g’g/redffd ‘ 56z — e [T

8 |Beal 1 hour - 5.4 262 A
T v dodared | am | zee | o
© Vi Sege, < | 295 | e

/1 |\Bealt 10 mim.: Jordaneo’ 049 29 394
2 T e oered | epr | zed |
15 [Pty separated by hand) 57 249

14 | Beat 30 min. 54E .29 v
15 \Bear 15 min. 7.33 259 695
& " Jordaned |- 4.0 252 - WNore
/7 " | 4.28 256 I
8 S | 263 256 "

19 |Beat Fine and_jordaned|  6.75 262 e
20 \Jarne ar above; washed | 446 25 . 4
2! \Bealt 15 mme 595 298 49
22 " | @10 292 .92
25 " 682 262 1.95
24 \Beor ZO /77 5.45 294
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alcogel., The contents were steamed in order to dissolve the
alcogasl, then beaten for one hour in the emall beatsr., The
sulo woe then placed in iron molds, equipoed with fine mesh
screen, and 2llowsd to dry in = steanm oven, Weights were
vi2gcecd on the molds to prevent the board from warning. The
boards wers then sanded smoothly and the following teats
rere macds, wecdulus of rupture, densily, moisture 2bsorption,
2né consuctivity., Fee Table No. 1311, page 108

Run nurber six gave the best results. The alcogal ¢id
a0t affsct the conductivity., The density w2s much ozlow
th~t of cork. The moizture atsorption for twenty-four hours
w2.s rsdused $to ninety-five per cent.

This stucdy wag contlnuad with such materials zs NHyF,
2sbestos, cornstalk adhesivs, NaF, and etc., See results in
Table No. 144y, page 110

2., Fireproofinz of pith bozrd

One hundrsd 2n¢ fifty grams of 2lr dried nith were
placsd in 2 am2ll beatavr. Four thousand zné five hundred
cublc centimeters of watar were thsn 2dded. After the pith
wag well hydrated, the firsproofing binder was added and the
contents wers beaten for one hour with the roll set rather
firmly. The wet »ulp wag then formed into 2 bo=rd by means
of the board forming machine., The board was then plzced in

a2 ghtesnw oven.
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Table No. 1311

EFFECT OF BINDER ON PITH BOARD

1 Density Cond'ty Mod. of
Alcogel 1b/cu ft runturs
5 4,21 0.308  46.7
10 5. 40 0.300  meme-
15 4,93 0.294 Lol b
20 5.30 0.272  550.2
25 5.22 0.330  416,0
30 5,22 0,292  =mm—m
40 5.10 0296  —m—e-
*Drying pressure was 0,745 lbe, per

84,

Moiseture Absp.

z hr
127.6
40.5
226.0
83,4
76.5
20.9
5343

2Lk hras
412.0
166.5
542,C
3%6.5
193.0C

95.2
221.0

tn. on 211 runs
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The moisture z2o0corption w2z run on each szmple. As
each pith boaréd wos held in the flame it was he2lé in such
& position that the flame played upon ths edees of thz sam-
ple. See Tzble No. 1l.., page 110,

Samples made up with five per cent cornstelk 2c¢hesive
gave the lowest molisture absorption for the beater size
while the bosrds nainted with Vulrox, an oxicdized asphalt,
g~ve the bsast result for samcles which were p2inted. Ths
samolsg palnted with scdium sillcnte geve the best fire-
proofing, None of the s»wples were absolutely fireproof,.
The vith bosrd alone could not stand more than three seconds

in the flame,
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NC, 14, k |
F/QF/)POOF/NG OF PITHBOARD. (C o/)f/r)ue‘d)g
N T ABSOPPTION | EFFECT OF FLAME
NO.| BINDEL. |DENSITF _ .
. \esspurFtl L rip \2ares| 1oEc | FoEC | SSEC
Y Painred | L -, - D/’d not Dt rnot \Burned
¥ ) o :
TN vorer |27 0N F L N burn L burn | slomy
5% - N\ Burrned|\Burned
S . . .
S N merit-cod 4/_80 o488 12700 Slowly \rao/dly
| 2oz ol Burned |Burned
2 V\arp1-cor < | €77 ‘/Qv 74 slowly | rapidly
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3. Pressbosard

2, Methods of orapar~ticn

(1), Relation of beating time to strength. A
geries of machanical beards was macde in which the beating
time w2s varied from zero to fourtsen hours., The pulo used
hag besn passad through the rod mill once before beating,
then 1t wag washed free of dirt and fines before plzcinz in
the beater. The boards were formsd on the largs suction
pisie ana pressad at one hundred and twenty-one pounds ver
square inch for two hours with forty to fifty-five pounds
steam pressure on-thz pla2tens., The boards were dried thrse
hours before pressing. OSee Table No. 171y, p3ge 113,

The modulus of rupture incrensed with beating to a
maximum at tw2lve hours. This was probably duz to highar
hyératicu of tne pulp. The maxlauwr density wzs also 2t
twalve hours veating,

(2). Relation of fiver length to strangth. Cooked
cornstalks were rod milied rapidly in order to provide long
cozrse fibere., The f{lbsre were then raduced in length graqu=-
2llv by mezns of & heater. All pulp was sized three per cent
with rosin and five per cent 2lum., Eight runs were wmads in
this sesries. See Table No. ZIII' page 114.

The boards made in runsg one and two were rough and
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| TABLE £ |
Cern7ion ar BEATING TIME 70 J7TLENGTH OF FRESSBC LD
Beara nel 509 | Denrity | Medidur of | 409
(roury) | (LbscusT) Luprore Percerit
| o e S5E.GE FLES 303
/5 7/ 3865 5/E0 570
/G 2 37.4 7020 ©.80
7 3 3.6 g025 520
/8 g ZC.3 3L50 '5'..4/(,)» |
/9 5 39,7 4575 €00
57 7 S0 ] 'Zg7§ /.30
32 8 537 5180 220
39 9 5¢.5 7285 7 3./0. '
33 70 s5e.Cc - — 20
34 2 o/ 4 B8OCC i Ce.50 -
35 755 668 g0
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shabby looking. Thelr mcdull were the highest of the seriss
but they wers undesirable boards, The three minuts bezting
g2vs good locking boarcz which wsre nearly =2z strong 2s the
first two runs. The pulp which was b2aten vary fins was
worthless, for ths strength was lowered areatly.

(3). Relz2tion of rod mill and oclaflin rsfinin: to
gtrz2nzth., Cornstilks were passsd through the rod =ill from
on: to three timeg, then 2l2flined vrrious lengths of tirs,.
See Tatls No. Bypp, p2ge 116

The fre:zness ¢f the pulp showad = z2lose rzlationship
with ths strzngth., Pulps of the same freensss vsried widely
cue to ¢iffersnces in fiber length., Ths strength of ths
borrés v2rizd 2lgso dues to0 unavoidable irregal=aritiss in
pressing, Two timse throush the rod mill and twenty minutss
of claflining fave the best resulte for mechanical boards,

(4). Reletion of frasness to strencth., The naxt
seriss of runs was m2de by using oulo that hsd besn pzosad
through thz zod mill twice. The pulp wasgs cl2flins¢ for
differsnt lenzths of time in order to deterwinz the moximum
tirz for the strongest bozrd., See Table No. uIII’ 0278 117

Az bzfore, a fresnass of twelwve seconds produced the
strongest board. The strength of the board was lowered by

increzxsing the rofining. The board crushad badly after too
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‘ CTABLE NO. 3ur ‘
[FFECT OF A0 ML AND CLAFL/IN QN STLRENGTH OFP,PAFJ'BOAP_D

e \TVELTE ) Telrt |Gy | poouys
/ r | 20 8 | 1725
2 JAE  20¢ | 8 | 1895
R 1’ 20 '8 | 130
4 /- zo 8 1925
5 ! zo 8 2007

6 2 2o 12 5840

7 2 20 12 5100
8 2z 20 12 65
9 2 20 12 7560

0 z 20 1z 7750

1/ 3 5 4 2928

1z 3 5 ¢ 3922
13 3 5 4 4500
14 3 5 4 5680
15 3 5 oz 5200
6 P 3 6 | oo
17 ¢ 5 Nz - 4s20
/8 4 3 23 3900
9 4 3 6. 7000
20 a 3 6 6800
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TABLE ~ NO. -
@gmf/a/v OF /‘ZPfENfJf OF /2Crp 7O STRENGTH OF ADESSBaACH

| /Vo NTune ) Clafin| - fFreeness | /Modulus of é)op/ure
- Mirules) | [Seconds) (Los)5q 1)
us 1o 3 1784
/16 /0 3 . 2z6z
7 /o | 3 /922
/18 o s . ezed
(9 | o 3 2495
2o | . /0 3 2780
12/ /0 | & 2280
/56 | 5 . Z7 2040
157 5 47 - e27s7
158 5 z7 /1887
159 5 47 /983
/32 5 5 oy
/35 5 5 2937
/3£ 5 5 2500
137 5 5 2937
/38 5 5 300z
140 5 5 3353 .
Bz 9% 5 & /95¢
127 | . r2s e 2039
77 - 124 Nz ._ 2757
s | 125 . | 2155
50 | 12t @ 2525
257 Zre G 2897
‘96 |- 20 22 5700
97 - 20 /2 7750
9 | = 12 - 7500
99 20 /2 _ 7700
/00 15 8 3950
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| CTABLE NO. 4 B |
PELATION OF FREENESS OF PULP TO STPENGTH OF PPESSBOALD (CONT)

o, |THIE IV CLAFIIN  FREENESS — |\MODULUS OF RUPTUPE
| o (PIINUTES) | (BECONDS) |- (LBS/SQ.IN)
wor |15 | e | gzz0
oz | A5 - 8 - M50
ws | 17E | w0 | sz
104 7| o1 - s :
s | g7 | wod | s320
'/0@  | - zzéy-: ;'f_/dz. f_ :‘» _ :Uéo
107 Se22: | sz2 | ss0
ws | 224 | 4z f   5430



long a refining.,

A similar study was made on ooocked stalks. One pass
through the rod mill gavs the best results. The pulp was
then claflined for various lengths of tims. The fresness
wig not determined. See Tavle No. 6777, page 120,

A gatrong board required from Tfivs tc six minutes refin-
ing. Too much refining was harmful. The first few runs were
weak due to the fact that the fibers were not rzduced snouch
in length tc form 2 gocd mat.

(5). Effects of fermentation on pressbonrd. Razscse
(38) completed eome interesting work on fermentec pulp. See
Table No. 7111, page 121, Mschanical pulp that was fermented
for twenty days produced 2 stronger board than pulp which w2s
not fermented. The a2uthor repeated the ahove test using cooked
pulp. Fermentation increased the strength of the board.

(6). Effect of methed of di}ing on strength of the
finished bozrd. ,

(a). Preliminary drying of the mat. Prsvious
experiments seemed to show the fact that 211 mats should con-
tain at leasgt fiftesn par cent molsture when presssa. No
mention was made of the higher lirit. A saries of runs was
made in order to determine the optimum per cent.

Cornstalke were pagsed through the rod mill 2nd then
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TABLE NO. 7y
/fFF[CT oF FELMENTATION CF Lirr o LOPESrBCADRD

\Fermertation) | Modulos SO Dbsorption
(D) FELosin of Buplure \ZGan # Hr |F Gawr) &4 hrs
o o 2000 - yas | zz00
20 o zes80 | wz | 944
0 5 a3/0 | s | 575
20 5 L4360 B« 333
o s* | qo70 | 15 | a4
20 - 54 ) 482‘5 | -y 256G

/\/O/e yAv/S booro(r pressed - at 600 /bJ/JcZ /0.
KAl odded ro pt7 of 43
’ i A o W gL

T/M}ZE NO. &gy .
[Fn:cr OF LhoyrinG DEV///G PPEJJU@E orv. S TQENGTH OF D@EJJ@OA@D

Lressure isle( o5
Lbs/ g 1 of Luprure
) 34e* | z00 | | |
T sz0 | amo | *rirour i Press
‘695 - - L520 | Tfmpera/ure 730° C.

870 LE50
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beaten for eight hours. The pulp wre sucked dry on $he s»all
gsuction plnte., The wat wno placed in =n iron mold 2nd sube-
jected to pressurs. The bosrds weore then plnoed in the Cos
dryar anc CGried =t cne-h2lf hour intesrvile up $0 comnlete Cry~
ness, then they were praased one hour, the plateng heing hette
eG durinz this process. Ssc Table ¥o. Spyp, Po0e 120
Run number savenidy-two gtve thz sivrongest bomrd while
run nurbrr eizhiy-aix ghve the wenkest bosrd., The strongest
borrds wara preducsd fros meis contnining sixty-aix par cont
or more mniostures,
{r). Proliwinary pres=inc of the =st, Sacolas
of cookad pulp were nreazad at diffsrent praceuren in order
%0 detarmine the arount of woelsturs thet sculd be remeved
without deying, he puln wag cooked Three hours, vod willed
onze =nd 015flingd five minutes. See Tablz Koo 9111, page 12%
{c). Relssion of drying tize to strength of
Tinighad bonré, HMartford (15) reported the optimun drying
time 30 be at lenet ogquil o ssventy~five rinutss, Sze Tabla
Ro. liyyy, p232 124
A zzrins of bonrds wese mads Lo ovdsr to chack the sbove
saults. The suln wag rod =illaed once and vanten four hours
in the beatar. Ths bosrds wers then pre 2t ¢ifforant

‘lengths of time. 8oe Teble Bo, 12¢yy, Poge 125.



TABLE NO o '
FOLSTUIRE ,PéMOI(/M FRON  PRESSBOARD AT VALIOUS T[MPEP// /’(/,0155

RPUN W7~ BEFOLE| WT© A/‘_' TEL \WT AF TEL? % MOO/{JTUEE % 2}/7?07{(;2‘[/,@5 PLE SSURE DENSITY
NO. | \DRESSING | PRESSING | DRYING | opiGyar | poessinG USED | ) BSICUFT
! - Be20 2870. 93 .. 743 7.4 44.3 248
2| 3w0 2740 933 745 082 585 2ol
3 402.0 2685 96.2 758 W43 1328 28. 1

R 407.0 2921 | 970 70.3 065 1770 25.7
] 410.0 2726 948 70.5 602 2213 z253
@ 400.0 2593 910 - 775 @50 2655 255
7 3410 2454 890 | 73.7 ©39 3098 281
8 350.0 242.¢ 90.7 73.9 0285 3540 284
Y 305.0 2235 860 7©.5 ©l8 3983 281
/O 372.0 2254 874 - 76.5 @Z0 425 27.9
11| 423.c 2423 909 770 ©0.0 50350 - 3095
12| 4z8cC 2400 | 988 769 | 590 Geie | 300 |
/3] 3350 | Zzozz 879 750 578 5753 " 310
V77 | 3350 2667 - 870 740 @72 443 226
15 3515 2755 92.9 73.9 Co5 885 z4z |
/o | 3880 2707 92.0 7e2 6.0 1328 236
17 395.0 2055 936 Jo2z 049 | 1770 229
/8 4325 2685 97.0 775 638 2213 274
/9 446.0 27586 - [0L3 77.3 e35 | 2655 257
20 477.0 3120 lles | 708 OZ & 3098 Zoo |
| 2 47/.0 | 3030 iz 708 Gz | 3240 Z73
2z 395.C 2730 | - l057 - S52 ©ls5 | 3983 29.7
23 14285 | 251z 999 | 769 004 4225 275
24 383%.C 275 939 755 59.2 3558 284
25 J67.0 2243 93./ . 75.7 285 o33 | 305 |
2 3455 2000 910 740 545 8744 32.0

eIl
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TABLE INO. 04
ErrEcT oF VhavviING DRYING LPPESSULE OV FrPESSA om?o

Lresrvre | MOQUIUS 2 /72O Dbrorwl/on
Lbsfsq . | of Buplure |  Gain 4 Ar | Z Gan 24 brs.
e - 3% S zo.s - B0.7
se7 |\ 3427 | wso | r2es
J40 ‘,  3:585¢ B 79.9 - 13z2
550 w317 | eee | izee2
| '@OO } HO00 T es80 - | 1780 |

733 - seer | eve | 167

oo | sz00 |  oze 12170
zzo0 | = 2967 oz | 130/
3000 | 2975 | 74s - 1/30

: TA PRLE NVO. 11, s ; v
£ FFECT OF Lo vine TIME - OF /DQEJ‘J‘//VG on J TLENGTH OF jDPLJ“J‘ZBOAED

Time | Modulus
n Minutes | of Lupture

5 . ozo _,/\/ofe

o T Presrure, 550 /bJ/r
| 880" | Temperature, /30° C
z5 3000 | *Eresr o’ working

S : , : cor(ec/y‘
0 B3G50 o |

75 3050
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' TABLE  NO. Jd ‘
EFFECT OF I/AQ}///VG TIME OF pEESJ/NG on J‘TEENGTH aF PEESSBOAPD
- PUN I ‘

- BOARD MO -fpvmflogmp | Ammmuacrgubn&x

30 | 18630
30 | sz
30 | te72
30 | 1885
3o | 1898
0 | zoo7
60 1710
60 | 1795

Y NS ENISI IR |

e pUNIT o
9 ] 30 . 2939
/0 30 2897 .
4 z0 4| masr
2z | eo | - zi5
3 . | o | zszr

_ | puN I S
.4 | 30 | se5B
o RN " .30 - L S/66
T Pz j 1694

17 o 45 | 478
/8 4 - 5987

19 @0 B N
20 e | 4085
2zl o0 3945
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Thirty minutes gave the best drying time. Some good
bozrds were made by drying only twenty minutes.

{¢). Relation of drying pressure to strength
of finished board. Resce (35) studied the effect of various
pressurzss on the strength of pressboard. He reported the
maximun strength at a pressure of five hundred and fifty
pounds per sjurre inch. See Table No. 107177, pags 124.

Hartford reported 2 m2xinum strengtﬁ at five hundred
anc twenty pounds pesr square inch. Ses Table No. SIII'
page 121,

Results obtained from'this serieg showed the maximum
strengzth between four hundred anéd ssvanty-five 2né five hun-
d¢rzd =z2nc thirty., See Table No. IBIII' page 127,

(8). Effect of various temperstures, during
pressing, on strength. A series of rune was made in order
to Cetermine the effect verious temper=atures hzve on the
strength. The pule was prepared by cooking one bale of corn-
st21%ks with water for three hours a2t one hundr=d and forty
Gegress Centigrace, then rod milled rapidly, =znd claflined
for six minutes. Mats were formed by means of the smzll
guction box. While the press was cold, mats were inserted
into the press. Steam wag turnsd on 2t the same tiwe that
the boards were pressed., Then mats were inserted into the

press while it w2s hot. See Table No. 1y, P2g? 128,
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: o CTABLE NO. 15,
_AFFZ’ 7 OF MQ/OLU PA)F SSURLS ON STERENCTH OF PPE SSLEOML2 _

» 2 PMOISTULE ABSOPPTION
BUN| POUNDS | ODULUS | DENSITY 7 ~ <
| PeL SQINLBS/SQIN|LBS/CUFT MOISTUREY £ rp. | ZZ4HES

(795 | w800 | @3l | 730 B2 " e

.
AN/

05 | s9%0 | es4 | 730 | @3 | 345

795 | os00 | e4s | 730 | 55 | 368

PR

6 | @900 | e75 | 75 | 77 | 444

706 | Taswo | iz | 745 | 78 | 406

6| 76 | oo | w37 | s | 80 | 4zs5

N

05 | 6970 | @57 | o | 97 | 4zs

9| @8 | 6600 | 630 | 740 | 112 - dod

| w| 550 | 7350 | 666 | 740 | 90 | aro

1| 530 | 7300 | 658 | o | 83 | 365

2| 530 69X | 640 | 740 | 9z | 450

13\ 44 | 700 | 646 | 740 | 89 | 2o

s\ adr | 7a00 | ei5 | 740 | 93 | uzs

/5| 441 7o00 | 577 74O 7.3 359

|16| 305 | exvo | 58/ | 735 | 72 | 408
47| 383 | 630 | s735 | 735 | e | 372

18| 358 | eooo | se0 | 735 | 74 | 380
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TA&L[ NO. (44

1 MOLSTUEE ABSORPTION TOIS T URE | METHOD
N_o. roouLys| pENSITY 7 CONTENT | OF
LBS/SQIN|LBS/CUFT| Z HE 24 HE. 5. PLESSING
/| 7050 075 980 | 435 740 | cold
2| 7300 4.0 - 740 385.6 74.0 "
13| 6900 G680 ' 8.00 42.3 74.0 "
4| 7100 082 5630 Jo.4 740 "
S| Teoo 0.5 5.30 35/ 74.0 n
6| 8000 60.0 420 30.3 740 "
7 @500 620 S 750 | 440 745 Hot
8| ssL0 | 580 @10 39.0 745 | on
9 G000 Wil R 530 | 3.4 TLD "
0| 5800 ©0.0 1040 42.1 7/.5 "
1z eooo | &90 7.90 37.8 71.5 I
12| 85800 534 820 39.0 71.5 "
15| b©20 3.5 850 £3.5 735 "
/4| ©730 6.8 7.00 46.7 735 "
16| ®080 | 640 830 | 456 735 "
/0| ©ooo 5.4 | 05O | 374 730 n
17 470 | 660 - 560 36.0 730 I
8.1 0570 | 663 | 550 |- 358 | 730 "o
191 7150 683 850 38.6 722 cold
zo| 7200 G7.3 C 770 41.8 72.2 o
121 6975 |  el.5. 13./0 | #7656 72.2 t
22| 8400 | 690 520 | 321 4.5 "o
23| 7/00 70.2 5.80 300 7485 | om
24| Teoo GGG |.. 510 330 745 "
251 7150 G647 | . 595 31.8 71.5 L
26| o700 | 723 | 8575 | 337 71.5 "
27| o800 | 723 575 29.3 71.5 oo
28| o400 670 592 | 322 74,0 Hor
29| 6950 694 556 31.1 74.0 o
20| 7200 - 6ol 5.92 337 74.0 0
3/ | G050 695 .72 32.8 740 "
32| o000 | G7.0 ) 3o./ 74.0 A
33| 6500 | 6ol 6.59 33.2 74.0 "o
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The average modulus of rupture for the boards insertad
into the ocold press was 6970 poun@s per square inbh while
the averzge modulus for the mats Enserted into the hot press
wag 6130, Temperature did not szem to affect the strength
2 great desl.

b. Sizing of prezssvoard

(1), Baater sizing. TPhe pulp ussd for 2ll of the
following tests was prepsred hy cooking the cornstalks for
three hours at a pressure of forty-five pounds per square
inoh. These stalks wers then rod milled once 2né claflined
fror flve %0 six minutes. The mat was formad on the insula-
tion wall bo2rd Torminz machine, then lappec, and placed in
an sir-tizht box.

Enougn of the above opulp was waighed out t0 secure one
pound of dry fiber and placed into 2 smAll one pound bezater
t0 which twenty~{ive pounds of watsr were addsed. The contents
were circulatsd ten minutes bvefore the sizing was adcsd.

The temperature of the pulp wss hezld at sixty-fivs teo
sixty-eight degrees centigrass. The size was added to the
beater and allowed to circulste for an sdditional ten minutes.
The hydrogen ion concentration was agjusted to four and five-
tenthe to four and seven-tenthe by the addition of =alum.

Mats were formed in the emall suction box, then pressed

in 8 small hydresulic press, equipped with electric platens,



All boards were presgssed at four hundred pounds per square
inch, Each platen was equippgd with a2 thermometer well,
The tempersture was ragulated, by means of a rheostat to a
temperature between 130° and 140° Centigrade.

The average drying time wag from thirty to forty mine-
utes., The longer fibers required a shorter time of drying
while the finer pulp required a longer time. The tempsrature
wag used ag an indicator for determining the time to remove
the board from the press.

Each board was tested for modulus of rupture and mois-
ture absorption for one-half and twenty-four hours.

(). Rosin and alum. This series of runs was
made in order to determine the effect that preparation of
pulp has on waterproofing. When size was added thres per
cent of reosin was used. The analysis of the rosin size used
was furnished by the Paper Maker's Chemical Corporation, Mil-
waukes, Wisconsin. See Table No. 18y;y, page 131. See Table
No. 15771, page 132, for results of this series.

The boards were not sized correctly in any case. This
wa8 probably due to the fact that there was not enough a2lum
present to precipitzate the rosin. The Masonite pressboard
absorbed thirty-one and eight-tenths per csnt water in
twenty-four hours. Pulp that was cooked 2 longer time seeumed

to give the best waterproofing.
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TABLE NO LI g

LEPDESENTATIVE Arasrrirs OF QOJ/N J}.ZE
Urep v Warrscasr Manosac 70 ers

Moisture ’“‘_‘.‘__.—;;;—__'—_‘—‘*_—~_--f——__———_—’590/%

Total Akl (a5 NegpQ)-————-—m—m-mmmm L. 25 F
Free Alkali (o Nee COs) e QL T
Free Lor)———————mmmmm e PT IO T
Combined Losin S ———— Y Y

TABLE NO. 19
J‘/Z ING PPESSBOARD WITH SODIIUM ALG/NA[Z'

mggg’f PRECIPITANT. WATED AéJ’O@P 70N | Wi T.Eé Al;s:o,gpr/oxv
: ‘ L Houp |edroups || £ HouL |24 HOUES
CUSOy- 570 ’15.1;5'_*‘ 6123 11.37‘. J0.60
| Fesoy - 7/-/20 | 1281 6122 | 1226 | 4166
.Fea/J0¢)3-9ﬁgo 2_2.?3 7043 o6 | 5719
Al (504)5-24/720 |  13./5 G040 | 1560 | 4435 |
B/ank"', /‘437' G543 Ja‘éo’_ 6557

\eun I 3 1r. Water cook, 140°C, 200%per sq in.
pl1 L4546 D/J'f///é’d wares Used. '

\eun I: Sarme /orocedw"e as above excepf fap s
waler pwas vsed. '
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TABLE NO. 16,

WaTrepreoorve

o LPocssBoarn

| ey - z |\ Z |50 BDbrorplicon
Yo e /U/ o O/; P Z oS A/ Ui £ e G 188)rs

L |3l 50 Cook 47 ot 3 847 7 EL
2 " 47 | 3 3 778 | 2708
3 o 47 3 3 853 Y
4 VLEAr B0 CooA : o o Gzs | 927
-3 " O o L10.0 293
© 1 o o L es4 | SO
7 |\ Mechorical | 47 | 3 3 570 ‘ //@O

8_ o i LT & 5 G7.0 b'//o_()‘
9 " L7 3 3 534 B0
10 z s2 | o | o | wmso | s320
1/ " " o | o 922 1020

2 . vt O v C O8O 295
/'5 ' MOJZQ;Giboaré’ - 67 |~ 3/ g
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The next series of runs was made in order to discover
the optimum per cent of resin and zlum to use. The per cent
alum wag held cons;ant while the per csnt rosin was varied,
See Table No. 16777, page 134.

The best rangs of sizing seemed to be betwszen a ratilo
of 0.6 to 1.0, that is, six-tenths 28 much rosip as =lum.

Toc high 2 per cent rosin injured the strength of the bozrd.

(b). Paraffin and alum. A persffin emulsion
wa2s precipitated with alum. The emulsifying agsnts used were
tri-sthanclanine and stezric acid. See Table No. 17111,
page 135,

(¢). Sodium slginate. A series of studies was
magde on sodium alginate or Kelco bonéd. Two per cent of this
g8lzz was used, It was precipitated with various divalsnt and
trivalent salts. Two runs wers made wlth each precipitating
agznt, one with tap water snd the other with distilled water,
Three per cent alum, four and on2-half per cznt{ copper sul=-
phate, four and one~-half per cent farrous sulphate and two
per cent ferric'sulphate were uged to precipitate the Kelco
bon¢ for the first series while & smaller amount was used for
the second ssrieg. See Table No. 19777, page 131.

Tap water gave the best boards of the series. This was
probably due to the fact that tap water contains s2lts which

help precipitate the size, The trivalent iron sulphate gave
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- TABLE NO. (7,
PresrBowrn JSYz2E LUuns LDLurm anvp Lasarrov

. P (1.0 Lbsorp’ron
Pulp ,Dfep 0/0/‘/0/? a Jrzing. P K Gann & Fir\BCarr B4 fr,
ot ec, Catines |sxtoiton | ¢z | 3¢ | 274
R - . 4.0 3.6 22.3
" " 4.6 4.3 - 250
" ’ “6 55 | 223
1 Z 4.5 2. | 252
r " 45 564 029
3 i 45 | ©05 G20
" ] 45 sz | 196
" ! z5 668 JeY ¥4
" ¥ 45 7.2 237
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the best waterproofing.

The next series of boards was made in order to0 compare
the sizing qualities of Kelco bond with paraffin size., Sse
Table No. 2077y, page 137. Kelco bond did not weaken the
bozrd =2s much ag the paraffin size, but paraffin gave batbter
waterproofing.

Keleco bond was thsn compared with rosin., Sse Table No,
2lr17, pPage 138 As bsfore, the sodium alginate failed to
waberproof the bozrd ag well as the standard sizes.

(d). Studies on prepersed emulsions. Paraffin,

ct

asphelt, 3nd pltch were used as sizing agents, E£lnce2 thsse
glzss ware not soluble in water, i1t was necessary to secure
2 sultable emulsifying agent. Sz Table No. R2717, PR 139
Asphalt was used 2g 2 sizing matsrial for the first

fiftesn runs. Stearic 2cid and tri-ethanolamine were tha
emulsifying agents for the first seven runs. Rosin and tri-
ethanolamine were the emulsifying agents for the next five
runs. Rosin snd soap wers the agents used to precipitate

the size for the last three runs of this series. Very little

difference was found in the effect of the emulsifying agents

beczuse the absorption in the firat two cases was zpnroximate-

ly the gams., Thes absorption was higher for the zroup three

in thig first seriss. The melting point cf tha msphalt seemed

to make little differsnce in the absorption value,
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TARLE NO. 20,
JfUD/EJ N J/Z/NC PRE SSHOALD /T, Q(?/)//’/\/’ ALGNVATE

Lur : O Dbsorplr/on
No. J/ Zmng Veled L/Z;)/Cg‘(;/(}i T Gann £ A \Z i 28 /rs:
Ve gf[g/jj@ | 26 | 8vso /8.8 7 ! |

7|35 7:"_%6504 | 26 | s/75 39 565
T | 3 eke 27| ssazr | w57 | soo0

yia - Blank 1 | 7750 | 107 207
v |Gy e | sme | en | we

V74 ’ v o 4@ 1 4%0& : | 5.4 | 19.6

Al /)o(]r/ Ay presued  af LO0 /’%f’q 2.
Tem/)e/ afure [/EO°C.
Drying Frme G5 mimn
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TABLE NO. 21,
. . Petrssoaes Size Lurs No 500
. 7 /¢
52,27 | e oo |9 |orrenomiec o i
s 6% | 46 | 5o | 2570 | 464 776
' o7 | de O | 3278 395 728
" G% | 41 | 55 2700 76.2 o2
Z 5£% | 45 65 R 2347 457 e
" 55% | L55 35 g 203/ 57/ é'ag
7 S5EZ | a5 | 20 o M—;-mm Q/ / 753
e | 46 | 20 ¢ 350 | oz | 2905
" 6% | 465 (785 7ED | 448
" 6% Z6 /845 85 27.8
" 6Z | 455 (873 75 425
" 6% | 4o 865 | FL0

,0(//0 Prcpaf_af)é)n .3

* mo°

Ar Wofér_ cook, Ladmilled once; bshed
omnce; C/aflrm /8 rrwr; formed or Jweeney
LBoard NMaochine;, Vot o’r/ea’ /J’f,of 17 corstont

hurmnidsty  eniy/ re,ou{oeo’ /7 / bea/‘e/‘ o |

| DL 04) added before /“ey(//af" Jrze.
Pressed ond dried ot & OO
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TABLE NO. 22,
Dpesssoney Jrive Qo

AU . ] . . o a S gl .
o\ T 5/3;%}//9 P \pdsir /ﬁ/m 7’&0//2?/?&;5;5;22
/| 1zr | So—7En| SO o 3 ©.5 27/
2 |27 | n S0 | o Y 6.8 PIL
3 | 127 i 52| o | 3 /0.5 360
s | 242 52| o | « G | 329
5| a2 g 55 | O 5 8.2 239
G *]{?é’f z 4C o e 5%  Pes
7 " K 4e¢ | O 4 6z | ze7
8 | 127 \(osim-TEA| 4.3 | 4 g .9 28z
O \ler| v laz| « | 2| ey | ésc
/0| 7 o se| 4 | 4| 5o 325
0| 227 z s2 | <4 | 4 6.9 3.9
2 | 55 " Zz2 | 4 | 4 65 26/
L3 1" '@OJ(’O-.S ogp| 5. Z:‘ ‘ Z g ©.G 32.9
£ | 2e2 | n Z6 | < | « 9.5 Z7.Z
15 | 22 z 6| 2 | 2 oz | 322
6 |\ TEASoan| 22 | ¢ | 2| 65 2/0
L7 " \Soge-SATEN Lo | O | 5 7z | 335
w | v | v Mol o | 5| we | 25z
9 | 127 | on-TEa| 22| _o' 5 L7 436
co | 27 | Lz | O s |93 | 394
2/ SH-TF.A,
/ OA-TEA| 49 | O | « ©.0 26.0
5 o ’;49 o | « Z.9 272
3 Sa-70, 45| 0 | 2 | sz 252 .
YA & 45| o | « 6.3 279
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Pitch was used as the sizing agent for the series of runs
from sixztzen to eighteen. Tri-ethanolamine and soap were used
2g the emulsifying agent while rosin and pitch were the sizing
agents. This produced the lowest absorpticn valus for the en-
tire ssries. The 2bsorption was high for the seventeenth 2and
gighteenth runs, Soap, stearic acid and tri-ethanolamine were
ugad 28 the emulsifying agents,

Paraffin was used 2g the sizing material for the last ten
runs. The first two runs of this series were sized very well,
Stearic zcid and trie-sthanoclamine did not produce as low =b-
sorpticn values 23 oleic acid and tri-ethznolamine.

(e). Commercially prep=red emulsions. This
geriss of runs was mace on commerclally prepared emulsions,
Three grades of Bennett's prepared rosin-psaraffin size were
used¢. Two grades of Barber's asphalit emulsion were used for
the lzet series of runs. See Table No. 24111, page 142,

Goo¢ absorption values were received from these studles
but in mogt every case theAstrength wags injur=d decidedly.

The harcd asphalt injured the strength the least but it was of
very little value a3 2 moigture procfing material., Bennett
gize No,5 gave the best sizing results in the whols series.
Six per cent size produced a board with an absorption of
twenty-four per cent. The moludus was 5300 pounds per sguare

inch.
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CTUBLE  NO 242,1. S S
LEPMULSIONS OV PRESSBOARD

|Boorer mob—L2_ Jrows NMoct ui ,/ég alllcsciian
~ Fino | 4| Crf.//mJ LES [Sq Ir | X CGan &1 \T Crenp2e* I
161 | 85-m| 2 | ensc geco | z7 | 86
-2 | B-5| 2 | a5 | wzeoo 78 | 2ss
17— |B-5| « | w93 | zsco se | zav.
(7-2 | B-5| 4 | 2005 | os300 27 574
8-r | B-5| ¢ /59¢ 50 | eg | 2s2
(8-2 | B 5| ¢ 2250 | S50 7 24,
2~/ | B-5| 10 | 117z 260 57 22.8
2-2 | B-5| 10 /030 L2037 28 2w
271 | B-5| 20 99¢ B500C 5z 20 .4
i-2 | B-5| 20 ey 3090 52 L0
5 | B-5| 30 1196 | Bzeo | as 15.5
sz | B-5| 50 | 1192 | smo | sz | rs5
81 | B8l 2 (225 L2200 vy 371
gz |B-15| = NZI7e 3050 67 | 30
O~/ | B-r8| ¢ 1270 doeo 7.3 2@.@ o
92 |B-i| 4 | 030 | swo | ose 20.9
s0-1 | B-s8| @ | roz3 Be00 | &8s 27.9
10-2 | B8] e | sceo | Fzou| sz 255
-1 | A sl 10 | rows 3/00 Zg | ers
6-2 | B-18| © | 1o | 575 | o3 | e3u
7-1 | B-ig| 2o e, 2070 6.6 2553
7-2 | B8] 20 85 | moco c.c 25 7
1-1 |B~1| 2 | &r70 550 2.4 23/
2 | B2 | 2 2r/56 6000 Za 231
so—t B-r a /389 £EH/P 6.5 2B G
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TABLE NO 24y o
[i/"EC“T OF (TOWINIERCIALLY FEEFALED ZL‘fL/L STONS ()/V' PEfYJROAP[’ (C O/VT)

Board /)/0_" ,d/ze _ Load i Mod /e s ,',‘ L1t Sl
e Vs | T Grams |LBSISQIN | o [ Gonni
-2 | Bt 4 /00 | ZBLO |~ 57 2l
s | B | e 1335 | Seeo | B9 | 198
s Bt & | #ms9 | arzo 5.7 L psE
ta=s | Bt | 10 1255 Joco | 39 (7.0
e | B-r| 0 | s7es | Baso | a2 /7.7
Bt | — | — | 2300 7500 | 253 586
5-2 | -~ | - | zzoo | vmo | so¢ | asz
- o 2 1935 | seco | 77 565
So-L |0 2 w72 | eose | er | 36.6
2o~ 1 o 4 (749 Gzoo | €2 J6.6
zo-2 | & 4 zozo | oo | 53 378
s |0 & 2rog sesc | 44 | 333
2r-2 | & @ e
c2-7 | GoL | 2 2035 | 7oso | ww | .55
cz-z | cse | 2 | zsos | esso wwe | eas
2% GSt | 4 /512 a7zs0. | 57 | we
ex2 | ase| # | 167 2550 | 65 | 226 |
o L GJSL| © 5 s2 "'4700' ‘el 391
pa-2 | GsL| 6 | mzo | 3775 | 74 4z 5

: 25—/ S | 10 1335 | pses | 28 B2 24
vz | G| o 235 | 3050 | 46 | 2o
2@ —y G L 2 | 2/4’ 9 | G7L5 /02 | D3
262 GHL.) & '27.4{5 | 7s ) eS| d26
27—7 | cHL| 4 peso | eoso | sv | aeo
27 2 Ll 4 | 2330 6550 7.6 257
287 G.//L & 2E3C 9 QL0 G Ll
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L EFEECT OF COMMERCIALLY PREPALELD L 7STOMS On PRESS BOARL (conr}
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A curve wss plotted showing the relationship betwsen
per cent size and modulus of rupturs. Agphalt 2ffected the
strength the least while the Bennett size No., 18 affectad
the strength the most., See Curve No. 1lyyy, page 146.

(f£). Misc=llaneous studizs on beater sizing.,

A seriss of runs was mace in order to determine the effzct
of pressurs on absorption. The boards were mwade in both the
large and small press. The small letter "b" denotes the
board mace in the swmall press. See Table No. 23111, page 147

In the majority of the runs the board macde in the smsll
press was stronger than the one made in the large press.
The drying time was much shorter for the small board., No
sonclusion could be reached as to which pressur2 produced
the bast waterproofed board.

This next series of runs was made in order %o determine
the effect of sizing on eipansion. The zbsorption was run
on boz2rds which wers conditionsed at bones dry, thirty per
cent humidity, and one hundred per cent humidity. The bozrcés
were prspzred exactly like those given in Table No. 22111,
page 139 Miller (27) completed this work on expansion using
the above prepared boards., See Tables No. 25111 to ZSIII’
paces 149%0 152 incluaive,

The absorption was lower for the one hundred per cent

numidity than for ths thirty per cent. This would bz expect-
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| TABLE NO. 23, |
Peesracaep JSrze Lony No's 530-325

/\/O_' $IZINg 07/:% jf/ Mool rs 7 %O/Abf@/p//o/).
, 2 LGain 5 hre \ZGamed br|
500 i e ooe | 095
304 I 593 1053
302 a8/2 . ©3./ /060
3026 | 25min. | sres | |
303 T pmeer a0 (25.2
3034 25 ir). 4100
- 3o# 5 | 1e30

305 5070

3065 '4’(.7/7'_)//5 1859 754
3ce 37¢C /9.2 é2.5
509 1234 6.3 sEZ
3‘/0 1843 v 576
311 132/ 320" 62.8
3145 1787 841 Z0.3
;155. o 235 | 555 gz
sie | SZa5T |5 | 2 /0.3 w05
3/¢6 Lo | | | /e_oo' 49 72.}'
37 v gg’/{) | ssez | s 528
3176, Z | 3236 ‘26 71
315 L zecs ers 839 |
35784 X ALLL 0./ 6Lz
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TABLE NO. 23,
PoEssBoapD Size LPunas /\/o o 300 325 (Continved )

No. S1zing N DOryir g Modulos /7 O/ ADbOsorption N
Jime %Gain & |BGam 24 prs

YG%*A/om 2 hro : '

8 \3Z8osin | B0min | 297 £7& @53

3195 o 3653 czs | 327

320 . 5377 /5.2 528

700 Limber| ‘

3805 S fo /est 216 G4

32/ Y 2ees (6.1 623

3245 y 2154  6.80 376

ez e 2904 572 - 20.1

3226 K 2085

385 " 2753 3.79  /8.09

325 | ot | wzes 501 70.6
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TABLE INO. 26 4

WITH PAPAFFIN

EXPANSION OF PRESSBOARD. SIZED

_ . N R  ABSORELTION
WO EMLLS IO ﬁfggf;&/”& JZ; - @ZMY AZ‘:UM e X?;/} R JOOZ F7.
: L o oo (s \oar S \zario \fee arp.
Ieararsnloa. TEA. | 4| 0| # |49 29 | @0 |ze0| 4.5 | s25| 44 | 267
2| w v e o 2 |as| 55 | a0 |zrz| 57| 559| 52| 102
3 " J.A._—ATE-/H}. 2| 0\ 4 |45| 20 | 74 |232 37 \2wl| 38 | 138
s o L a| ol 4|45 25 |63 |270| 54 | s81| 28 /7.5
s " (| ol 3 |as us S I R e
I z 4| 0| 4 |2 25 | 82 |465| 9.7 |425| 58 578
7l n Z s | - | - | - | 22 I I S
I L 1| 3| 3 |41 28 | 935|329 41 | 19.9
ol " /5| 5 |as| 25 |eo]|sz0| 68 | 237
ol o 3| 3| 3 |s5¢f 30 |57 \|\z57 100 | 26.2|
1/ I " 3| 3|3 4‘4/" 31| 9.7 | 347 5o | z1.5)
2l " o | 5| 5 el 22 | 753|331 5.5 | /5.8
13 4 o 6 | &5 }5 24| 23 | 35 | z30 35 | 2oo

O.A =0/e/c Acr/d

7. E.A. = Triethanolamine |
JA =T earsc Acra
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’ EXPANSION OF PLRESSBON D

<§’/7F/) WITrH A 9/)h’/ll A

‘ - ) APSOLP T[N
o S | SION L Ll L e banelfiw ane|

H\asphalt\127\Posin TEA| 7 | 4| 4 |43| 24 |ev|282|/3.4|530| 9.7 |428|
IR V2 7| 7| 4 |42 22 |69 |250189|665//6.7 470
1 I L V797 I [ ¢ | 2| ¢ |52 23 |sw|325 102|044 .4 |51

| 4 " 47 " Z | 24| « |52 25 |e9|3/9| 97 40.0_’6.() 798 |

st v em) w d | 2| Z a2 21 |e5|zes| 95510 59|44y
6| 1 m | osm,soap| 4| 4| 4 |s2| 24 |ewe|329 94|324| 45 |w306|
AR Z 4| 4| 4|76 21 | 95|44 186|650 568|394
s n  zaz " g | 2| 4 |46 2z |64|322|188| 5684 7.5| 454

| o pPiteh |Hm @7_0_2%75 som| 4 | 4| 2 |az2| 24 65 | 24.10] 119|657 71 | 487
oF o H Jogp, IA | g\ 0 | 5 |70| 29 | 722|235 74 46.9| 5.3 |352|
o T m| 4| 0| 5 |20 32 |Bd|452| 83396 50| 190|
12\Asphalt |127|0ATEA. | 4| O | & |42 20 | 97|43¢| 107405 46|24
B 27 L 4| 0| 5 |42 23 |93 |394| 8.1|330 558|247
14 \sphall SA-TEA ] -1 - ]=] 4o | == ]~ — | --

Farg. ’ -

Pritch /s a x/co/y “high me/f/ny JJ/O/ w//‘
L LLA el hanoldmin <
S A —Srearic

O.A —Oleic OC/d" _
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ed since a board 2t one hundred per cent humidity all ready
holds more water than one st thirty per cent. Very little
difference was noticed in the expansion of the boards sizsd

by different meane. Boards sized with agphalt and emulsifi-

b

el with stearic =2cic shdwed the least expanasion, 0.19 ozrx
cent, while the bozrd sizacd with paraffin =2né eamulsified
with oleic 3zeid and tri-eth2noclemine gave the highsest expan-
sion, C.3% per cent.

The Behnett Sizing Lavoratories of Cambridge, Mass.,
perforred some interzsting studles on various pressbozrds.,
Since they performad thelr absorption tests by 3 different
mathod, 1t 1s impossible to compz=re thezir values with a2ny
of the preceding results. Lower molsture absorptionsg were
gscursc by using their prespared size. The expansion was
much l2gs for boards sizsd with paraffin and rosin than for
rosir alone., See Taple No. 29111, page 154,

(2). Surface sizing. Thz following studies were
made without addinz any size in the beater. Various olls
and waxes were added to the surfzce of the board just before
pressing. The edzes of the boards wers not costed, thers-
fore, most of ths moisture entersd throush the edses. Several
mothods (6, 7) of testing surface size were tried but in no
c2g¢ could dependable results be secured., Therasfore, all

surface sized boards were immersed in order to secure absorp-



CPHY/CAL TESTS ON  COMMERCIAL PQE&J’BOA.QD

| T/}BLE NO. 2 Sur
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‘ n OIS TURE | TIME 7O [TIME OF 0/ SHEINFAGE _
[TORTTIer |y 2;3%22%‘;‘}%% ABSO2P TION | BEACH PIAX. (NG BACK TO| UNDEE. ORIG:
NO prervar | AFTER ' I GrMS/sQ FT |ABSORPTION|0RIG. WT | SIZE
e “ |ABSOLPTION ENGTH\WIDTHILENGTHIWIDT | IN 98 HES. | (DAYS) (DAYs) WENGTH\WIDTH
2l 56 | we || 5 |22 | 11| 193 z 2 8 | o
B 505 149 | /2| 4 |20 | 8 138 / -/ 8 | 4
c|l 65 | 130 | 8|6 |1 | 10| 128 4 | s~ | e | 4
p| ze | 111 | 88| 5| 7| 8 | -3 ¥ |-x | x
£\ 37 10.2 4| 4 6| 5 88 4. 22 2 /
- 114
G 136
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A /s pressboard roﬂn sized, gfoundwaod screenings.
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tion valuss, In some c2ues the edzes wers separately cozted
witn paraffin,

{2). Paraffin oil, Para2ffin oil =re nszd in
the first serisg, The sbeorption w2m nhout h21f that of ths
tl~nk btut tha modulus oFf rupturs ws Zzaidedly wankened,
Bonrde preszed at 1460° Canticrsde gave better a2beorntion
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the strength 2¢ muoh 2 ¢id the par>ifin oil. Boords presssé

2t 150° Centigrace gavz th2 best rzaults of watorprooling,

whila the boards peeaszd 2t 132% gave the pocrest. Sas Table
3ly1y, PREe 157,

(¢). Balowsx, Halowax seemsd £0 wive no wetor-
proofinge to the hozvds whatsosver for the Blonk absornesd less
watar than tha tretted téarde. Probably this ozrticulaer
g2mole of Halowzx wne infarieor to the standard zroduct for it
giguld havs waterprooled the board, Helowsx did not injurs

ne girength a8 msucn 3e ¢l¢ perow2ax z2nd parsifin coil, See
T~ble Wo. BQIII' pagz2 1568,

{(¢). Brkelite varnish. Smzll samnlszs of Presse
borrd six inches urre were pelinted #ith BPakelite vanronish and
allowed to stond tw=nty-four hours. The boarss wars thsan

reaned in the swnll prees 2t various bfesparsiures nd preg-

i)
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TABLE NO. G304,

SUPFACLE SIZING OF PPESSBOALD WIT/7 pA@AfF//V O/L

7TEMEL OF

o | Pegzsine | (IOOULTS ) LENATY (T T”‘Z’f;jjf;;’_

/ 130° o | 60z 75 58

2 1150 581 9.1 536
3 186 603 |- 84 Y/
4 2390 608 78 36.6
5 2760 610 9.4 48
6 Y | 2880 09 9% | 51

7| 150° zzzo | 683 109 38

8 2240 66z | 119 41

9 2750 69.3 78 33

/0 z6s0 | 690 84 33
1t 2960 69.7 | 84 57
2|y | zewo 690 | 78 39
15 | Blank | gzs0 | elz | 1340 949
4L 3940 | 599 /2.60 936
/5 3900 618 420 ] 958
6 4930 | 624 137 942
17 4940 640 23 926
18 250 | eed | 118 934
49 se70 | 49 | 109 | 974
20 I 4030 2 132 94.7
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, TABLE NO. 31, ’
SURFACE  SIZING ‘OF FPRESSBOARD WITIlT PARAWAX

N s M e |
e 130° | 3470 572 | 350
2 2480 | 60z 6,00 37.5
3 2630 | 760 | 410
4 3120 | 614 550 | 350
5 2975 40 | 380
6 2600 780 | 390
7 3200 | ezz | 440 | 288
8 1 (925 920 | 380
9 140° | 3400 634 7.30 | - 294
78 | 250 | 6/0 | 398
D Cza00 | ez7 | so0 | s
12 | 3100 o szo | 29/
13 3220 9o | 284
A 320 | e3z | 770 | 325
5| oy | smo Gpo | 527
1 | 150° | 2980 | 637 | 640 | 2z/4
17 - Bdoo 560 | 232
/8 - 3200 639 4z7 | /90
/9 3080 | dso | 195
20 3060 | 5./0 228
21 Y | awoo | edz | 440 | 239
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NO.
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SURFACE SIZING OF PLESSBOARD WI/TH HALOWAX

 MOISTULE ABSOLPTION

TEME OF |
0| PEESINC |\ BSsa i Las/uin) Tl | Fziias
O o | owso | a 536
z 6860 | 615 o8 050
3| v 7370 '.66.:3? 457 3.
4z 5/2? cow | o37 | 59 | 128
5 l ‘55./’0 624 67 101
o 5/30185 G140 | 60.1 6 92
7 i o _@540 [ e | 65 97
5| 140 | 5250 | m0 = | 9s
9'   6_0 /‘0 646 56 95
e 5100 635 4 20.5
/1 5050 | 6ad 35 87
lez | V 6100 | 647 548 ,éj :
‘/;} | 150° 715@ 638 31_-_4_ I 50 |
1 . 6350" 660 256 | 77
2 6200 | 591 485 05
»-/6 v 6100 | 627 485 835
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sures. The boards had to be placed between two highly polish-
ed plates in ordsr to secure a smooth zlossy finish., The
edges ware not wateroroofed complstely. The heat 2nd pressure
set the varnish on the surface but not on the edges. In run-
ning the moisture absorption the edges were treated with
paraffin but this still dié not check the moistgre. Sae Table
No. 33177, page 160

The strength of the boards was increased slightly by
‘the addition of the Bakelite varnish, The best results wers
securad by pressing the painted boards between 2 tamparature
cf one hundred and sixty to one hundred and seventy degrees
Centigrade for ten minutes. Préssure made very littls dif-
ference. Very low values for molsture absorption ware se-
gcursdé in some caseg when the Bakelite varnish was set com-
pletely on the edges. After molsture onc- entsred the edges
it crent under the surface of the vornish., The moisture

destroyed the 2poearance of the board.
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IV
SUMMARY AND CONCLUSIONS

A. Insulation Board

The +tests made on rosin extraction showed Nuwood and In-
sulite to contalin th3a most rosin while Celotex and cooked
Maizewood contzined the least, The high values for the form-
2 two boirds wers probably due to ths rTosin content of ths
raw matarizls used. Evan thournh Nuwood did have = hizh rosin
contant the moisture 2bsorption for this board was higher than
any of the other boards. Insgulite gave the lowest moisture
avsorntioa.

M2sonite yielded the lowest per cont of ash, a low fig-
ure of 0.27 per cent was szcured. The two Masizswood bozrds
yieldad 2 very high per cent of ash, 4.65 psr cent for the
mechanicz2l board and 8&,CC per cent Tor thz cooksd. These
high figures would l2ad one to belisve that the pulp was not
washad free of dirt. The pulp for both boards was washed
the sanme numbszr of times. The cooked pulp should have been
washsd more than the mschanical puln for it is much sasier
to ramove the dirt from the latter. Boards made from wood
ghowa2d much legs z2gh than boards made from othsr materials
which may have bzen commingled with dirt.

The commercial boards, which yielded high ash, also

yielded high silica, The ash from cooked Maizewood proved
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toc be 75.8 per cent silicz, Though Insulite d&id nhave 2 hirher
ash content than M2sonite the former contsined 2 hicher per
cent of siliez than {the latter. The results showed the 2sh
of Insulite to cont2in more oxides of aluminum 2nd iron than
zny of ths othar vonrds. Celotzx containad more iron oxide
but not 2s much aluminum oxice as the majority of the boards

¢id. The bozrrds macde from matsrials other than wood seemed

to contain l2ss aluminum oxide than thosge muade from wood,
The m=achanic2l board made by Malzeswood vroved to e the

-

hishest in insulating volus, It was the weakest boarc butb

this would b2 expectzd for it was not »nressad s hard zg the

[

others, Insulits wns jJust about twlce as strong as the othsr
toards. The majority of the boards tested around three hune
cred anc fifty pounds per sguars inch,

At laboratory concitione, Mascnite sesme2d to expand more
in woth length and width. M2izswooc expanded less than =2ny
in wicth., Celotex lost the most molsturs during the eightesn
dzys. The molisture contant of Masonite, 25 recselived, was
lower than any of the boards,

Celotex showed the least amount of expansion in langth
and wicéth both at the hundred and the seventy per cent humidi-
ties, Little difference waos notlced in the axpansicn of the
una2nded ¥aizewood and the unsandad Maizewood boards 3t

seventy per cent humidity but apparently, s2nding incraased



the exeaneion at the higher huridity, Insulite expanded less
than Maizswood 2t thz seventy per cent humidity but no differ-
snce waz noticed 24 the higher humidity.

No aporeciable change in length or width was noticed on
finished bozrds during the first hour after thev were removed
from 2 conetrant temnzrature oven. Ths boards attained their
orioiral length 2nd width after standing twenty-four hours =t
a terperature of &° F. and thirty per oznt relativs humid-
ity.

Ma2izewood lath expanded 0.78 per csnt in length and 0.69
n2r cent in width when immersed in watsr for twenty~-four
hours. The lath contracted 0.3% per cent in length and 1.C
psy cént in width after dryving five days a2t 800 F. z2nd thirty
per cent ralative humidity. Sirmilsr ressults were secured for
the sz2condé immersion.

Hzizsewood 13th which wers nailed on studding failsa to
show any ch=ange in lenzth when placad 2t tha above conditions
for thirzty ¢days. The 1l2th 2xpanded 0.3 per cent in wiath
when placed at 8° F. and thirty per cent r=lative humidity.

Boards containine from four %o six per cent molsture
sezmed to =xpand and contract less when ramoved from the dryer
then did boards cont2ining 2 higher or lower per cent moisture.

Removing boards from the drysr at varyinz percentsges of

moigture seomed to have little effz2ct on density, strength,



164

and molsturz absorption.

Boards containing high percentaces of newsprint expand-
ed the game amount as béards containing less,

Temperature geemed to play very littls »art in expansion
at each humidity. No differencs was noticeé from 2 low temp-
erature of twsnty-two degrezs to 2 high temperaturs of forty-
one degress. The board expanded in length, width and thicke-
ness for every increags in humidity. Maizewood exnanded more
in length than 2any of the boards but hardly any difference
was noted in width, thickness and welght.

Boards could not be fireproofzd by adding various amounts
of sodium silicatz to the pulp in the beater., The same rs-
gsults were sescured by using cornstalk cook liquor, agbestos,
ané several ammonium salte,

Boards could be fireoroofed by applying chemical solu-
tions %o the surface of the finished bosrds. Ammonium phosg-
ph2te seemed to give the best results.

Potagsium salte did fireproof the boards to some extent
but not to such 3n extent as needed in industry. The boards
éid not blaze 28 readily 3as did the blank sz2mple but thay
continued to glow for some time. Potassium acld sulphate
seemed to improve the waterproofing of the boards as well as
improve the strength. Potassium hydroxide injured the boards

mors than any other reagent used.
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Malzewood wag firasnroofed one hundred psr cent by adding a
commercial fireproofing compound to the pulp in the mixing
tanks. The boards were not sized correctly for the molsturs
absorvtion was very high,

Commarcial wall boards will mold if they are placed 2t
3 warm, moist atmosphere but not befors fifty to sixty days.
The edges of the boards showed signs of molding before the
purfaces. Boards treated with gmall concentrations of zinc
chlorids, copper sulphate, 3nd mercuric chloride failed to
show signs of molding 2t the end of ten weeks.

Boards treated with sodium hydroxide failed to mold
while bozrds treatad with hydrochloric acid did mold. Ag-
ehalt emulsions prevented molding. Paraffin emulsions pre-
vented moldéing 4f the entire surface was covered. Boards
treatad with Barrett's resin molcded in 2 very short time,

B. Refrigeration Bozard

Fermentation sesmed tc¢ add to the strength without
greatly affecting the density. Pulp trested with c2ustic wag
ung2tisfactory for refriceration boards. The lowest density
securéd for this type of board was five and two-tenths pounds
per cubic foot. Littls difference was found in the density

of voardas made from elther mechenical or water cooked pulp.

Refrigeration boards could not be made from the nodes

of the cornstalk. Light weight boards could be producsd from
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leaves and husks if they were wasghed free from dirt. Boards
produced from the gortex were strong 2nd clean but not very
light weight.

A very good grade of pith could be separated from the
outer fiber by the hydretion method. Alr separation was tri-
ed but the fesults ¢id not prove successful. Eighty per cent
of the pith could be removed without sscuring much cortex.

The cortex could be use¢ for papsr, pressboard or Maizolith,

Very little difference in density was discovered between
the pith senarsted by hand ané thst separnted by machine,
Refining the pith in the jordan incre=2sed the strength and im-
proved the texture of the board. OCooking the pith with chemi-
cels lmproved the strength but increased the density.

Refrigeration board could not be dried in sir commer-
cislly due to the long tims required for drying.

Boards drie¢ in the steam oven wers of good quality.

This method of drying was also expensive for the efficiency of
the dryer was only 24.9 per cent.

Vacuur drying lnorezssd the efficiency. This method
still required 2 long time for drying.

Boards were dried in the Proctor and Schwartz dryer more
rapidly than in any other dryer ussd. Ths boards did not
warp as badly as in the first two methods.

Electricity proved to be very exoensive for drying re-
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frigeration boards.,

Little difference was found in the conductivity vzlues
for pith separated by hand and thet separated by machine. The
stalks must be washed free from dirt if low conductivities are
desired. The conductivity of pith board is much lower than
the regular cork board. Coating the refrigerztion board with
alcogel seemed to improve the insulation propertiss of the
board, as well as, reduce the moisture absorption.

The moisture absorption of pith board was reduced to 95
pef cent without affeoting the density or conductivity. Such
materials as asvestos, sodium sllicate, sodium flouride, am-
moniumr flouride, and cornstalk acdhesive wsre trisd as possible
fireproofing agents as well as waterproofing sgents. Corn-
st21k adhesive gave the best results of this geries,

Refrigeration board was not fireoroofed by adding chemi-
cals to the pulp in the beater., Samples cozted with sodium
silicate were fireproofed fairly well.

A very light insuleting material wzs produced from the
foam and pulp secured by adding rosin to fermented pulp or
adding large amounts of rosin %o regular pulp., The amount
of foam probably cculd be increased by the addition of gluco-
sides. When this foam was dried a very light board was pro-

duced which had good insulating properties.



C. Pressboard

Stronger pressvoard was made from cooked pulp than from
mechanical pulp.

One pass through th2 rod mill =andé twelve hours of beat-
ing gave a good mechanical board. Cooksd pulp required =2
much shorter beating time,

Pressboard was nroduced in 2 much shorter time by using
the rod mill 3nd ¢l=flin. Two times through the rod mill and
twenty winutes of clafling gave the strongest mechaniocal
boards. Cooked pulp requlred one pass through the rod mill
anc five to six minutes rafining. Fermsentation increassd the
strength of both the mechanical andé ocokad pulp,

The strongest boards were produced from pulp containing
66 per cent or mors moisture.

The mat of pulp still contzinsd 54,5 per cent molsturs
after it w29 prz2gsed at =2ight hundred and ssventy=-four oounds
per square inch,

Thirty minutes was a sufficient length of time for press-
ing bozrds of one-sighth inch thickness.

The maximum strength of pressing was found to be bztween
four hundred 2and sevanty-five and five hundéred and thirty
pounds per souare inch. Very little difference in strength
was noticed for boarde pvrasszd at such high orassures from

those presssd 3t one hundred and forty vpounds.
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The temperature of the press when the boards were insart-
ed ssesmzd to play very little part to the strength of the
bozrd.

The best range of rosin and alum sizing sesmad to be be-
tween =2 ratio of 0.6 to 1.0, that is, six-tenths as much rosin
25 alum, Too high a psr cent rosin injursd the strength of
the board,

The paraffin smulsions gave very good waterproofing.,

Sodium alginate proved to be a very poor sizing materlal.

Agphalt a2nd vltch did not waterproof ths board a2s well 28
paraffin 4id. The strength was dsoraased in svery case whers
these three emulsions were used. Bennett Size No. 5 gave the
best sizing results for the whole series.

The moisture sbsorption for boards that were concitioned
at ons hundred per cent humidity was lower than those condi-
tioned at thirty per cent humidity.

Boards which were sized with asphalt and emulsified with
stearic acié showec the least expansion, 0.19 per cent, while
the board sized with paraffin and emulsified with oleic =2cid .
and trie-ethanolamine gave the higheat expzansion, 0.32 per cent.

The Bennett laboratories furnished some results which
showed their size to be much better for waterproofing boards
th2an rosin alone., The expansion was greater for rosin sized

boards also.
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Surface gizing proved to bs almost worthless. In most
every case the strength was wesksned decidedly. Halowax
seamsd to glve no watsrpreofing qualities, The Brkelite
varnlsh gave 2 pood finish te the bosr¢ but it woulc toke up
sx31l quantities of water, After water wes once in the board
the surfzcs w2s ruined.

These foregoirc facts tesnd to prove that, first, Maize-
wood comeares favorably with the othsr comrercial w21l bosrds,
segond, that the pith of the corn plant furnishes 2n insulat-
ing material of low conductivity, ané third, that a good
grace of pressbozrd can be oroduced which will be suiltable to

corpete with the other pressbosrds on the market,
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Lorentz, Rudolph. Colloidal chemistry in paper sizing.
Paper, 32, No., 11:7, 1920. States that one-h2lf of the
rosin which remaing in the unsaponified condition is dls~
persed throughout the solution as free rosin in form of

& colloidal dispersion.,

Ma2gon, W. H. Pulp ané boaré from steam expleded wood.
Paper Trade Jour., 84, No. 8:131, 1927, Masonite is 2
trade name adopnted for products macde from saw mill waste
by a process which, thrcugh the use of saturated steam

at high tempersture and pressure, ex»lodes the wood chips

and produces a wood pulp consisting of long fibers in-
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crusted with origlinal wood lignins. Presswood, an ex-
tremely hard and durable‘board of grzat tensils strength,
is made by means of compression at a nredetermined temp-
erature. The wood lignins are made to ssrve as a binder
to reweld the fibers in a compact mass,

26. Mahin, Edwerd, G. Quantitative Analysis. MceGraw-Hill
Book Company, New York, 1919. A good t2xt book for
quantitative analysis.

27. Miller, Otto., The humidity effect uron synthatic lum-
ber. B. 8. Thesis (unpublished), Library, Iowa State
College, Ames, Iowa, 1930, Various types of wall boards
wers submitted to different humidities for several days.
The expansion was meagured and glven in per cent of the
length and width,

28, Mina, I. A. Utilization of cornstalks for fiber board
and paper pulp. B. S. Thesis {unpublished), Library, Iowa
State College, 1926. Boards somewhat denser than usual
insulating boards were made from cornstalks digestsd in
lire and lime-~sugar solutions under pressure.

29. Minton, Ogdsn. The wacuum method of paper drying. Paper
Trade Jl., &7, No. 11:57-62, 1328. Methods of testing a
vacuum dryer are given.

30, Morgan, H. W. 2nd Libby, C. E. The effect of hydrogen-ion
concentration ¢n the hydration of the ¢ellulose. Paper

Trade J1., 85, Fo. 19:55, 1927. The following facts are
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containzsd in this paper: first, the hydrogen-ion cone
centration has a definite effact on the hydraticn of cellu-
lose, second, with cotton cellulose a winimum hydration

is obtained with pH values ranging from 4 to 4.5, thirg,
with cotton cellulose a maximum hydration is obtained with
pH values close to 2.5, fourth, the effect of hydrogen-ion
concentration on the hydration of sulphite cellulose is
not the seme ag it is for cotton cellulose.

Naffziger, T. R. Effect of vsrying overcentages of moisture
on expansion of wall board. Written report to Chemical
Engineering Dept., Iows State College, July 1, 1931,
Boards containing from 5 to 6% moisture seemed to expand
and contract less than those containing higher oercentages,
National French Refrigeration Congress. Suggestions for

= new ineulation materizal, Chem. and Met. Eng., 35:396=8,
1927. Cork is fast disappearing. It is absolutely nec-
eseary to secure some material to renlace cork. Liege
Malalenca, 2 product from the french Colony of Indo-China
w28 suggested.

Pulp and Paper Mag. of Canada. Pulp wood consumption in
the United States. Pulp and Paper Mag, of Canada, 25,

No. 27:933, 1927. The pulp wood used in the United States
in 1926 wzs 6,766,007 cords or an increase of eleven per

cent over 1925, Total production of wood pulp in 1926 was
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4,394 766 tons, an increase of 10.9 per cent over 1925,
Raitt, W. The bamboo hope. Proceedings of the technical
gection of the British Papermakers Asgociation, Vol. 8,
Part 1, 1927. This article gives the results and conclu-
slons of 25 years of investigations in the use of bambco
for the manufacture of paper and lumber substitutes. It
contnins data showing the shortage of lumber in the West-
ern Hemigphere,

Reese, John, Synthetic lumber from cornstalks. B. S.
Thesis (unpublished), Iowsn State Collece Library, 1928,
Water absorption 1s 2 minimum where strength is 2 maxi-
wum, Svecific gravity doesn't vary much. Strength and
water resistance lncrease with fermentation.,

Richardson, R. W. M. S. Thesis (unpublished), Library,
Towa State College, Ames, Iowa, 1928. The sizing and
waterproofing of synthetic lumber from cornstzlks. Lists
the work completed on sizing of cernstalk wall boardé.
Various sizes were used. Sulphuric acid was used to re-
place a part of the alum us=d. A complete theory of
slzing was discussed,

Richardson, R. W. The development of synthetic lumber
from cornstalks. Ph. D. Thesis {unpublished), Library,
Iow2 State College, Ames, Iowa, 1930. Cives the complste
work on the sermi-commercial insulation wall board plant

at Iowa State College up to June, 1930. The various
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machines were described &nd tests were run on most of
them. '

Rossman, Jogeph, History of laminated wall borrd patents.
Paper Trade Jl.,, 86, No. 3:45, 1928, A review of the ex-
isting patents covering the laminated wall boards.
Roasman, Joseovh. Higtory of wall bhoard p2ients. Paper
Trade J1., 86, No. 22:50, 13928, A review of the existing
patents covering the manufacture of wall board., The com=-
%lete list includes only the nen=-laminated bozrés.

Rue, I. D. The rod mill in the paper and pulv incdustry.
Paper Trace Jl., 83, No. 12:53, 1326, Lists the sarly
work carried out at the Forest Prcducts laboratory using
s rod mill as a bsater and refiner,

Schorger, A. W. OChemistry of cellulose 2nd wood. McGraw-
Hill Book Compzany, N. Y., 1926. A text-book on cellulose
which gives a brief discussion of diffsrent nrocecures for
determining analytical results.

Scﬁneider, I. L., Manufscture of synthetic lumbzar from
cornstalk pulp. M; S. Thesis (unpublished), Librery, Iow=
Stz2te College, Ames, Iowa, 1927. Revizsw of »nrevious work,
ané exvsrimental work on prenaring pulp by means of the
rod mill; sizing studies using sodium silicete sand c=2sein
are relzated.

Seidel, G, N. Produstion of synthetic lumbar from corne=
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st2lks., M. 8. Theeis (unpudlished), Library, lowa State
College, Ames, Iowa. History and production of fiber
boards thoroughly studied. VYields of 9C percent wsere
sscured. Both seperstion of pith and fireproofing were

studled,

n

elcel, G, N, The Vszcone process., Ind. &nd Eng, Chem,,
22:765-768, 1930, Description of a nroceas for making
praashozré from the waste bagasse of the sugar c¢ane in-
dustry.

Shaw, M, B. Hydrogen-ion concsntration in A pzpsr mill,
Paper Trace Jl., 8l:59, 1925. Gives the theoreticsl basis
¢f hydrogzen-ion concentration.

Stecher, Gilbert, E. Cork, its manufacture and industrisl
uses. D, Van Nostrad Co., New York, 1319. 24 slight mono-
granh on the occurrencs of natural cork and aa account of
its preparation for the ma:ket.

Stiles, H. Determining thermal conductivity of henat in-
sulating materials. Chem. and Met, Engr., 36:625, 1929,
Thig article describes 3 simple, modified hot plate appar-
atus for testing insul=tion. The apnaratus rsGuires lit-
tle attention during the courss of testing thes snecimen,
Sweeney, 0. R. 2nd Arnold, Lionel, K., The production of
paner from ocornetalks, Iowa Statez College Engr. Exp. Sta.
Bul. No. 100, 1930, A thorcugh discussion of the econom-

ice of the cornstalk pulp situwation. Discusses the trang-
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portation of stalks, etc. Various data are given as

to the several possible methods of preparing paper pulp.
A rather complete bibliography is included.

Sweeney, O. R. and Emley, W. E. Manufacture of insulat-
ing board from cornstalks., U, 8. Burezu of Standards
Miscellaneous Publication No. 112, 1930. The production
of insulating board is discussed. A report of the sco-
nomical asgpects of the production of insulation board
from cornstalkg. The early work on this experimental
project 1s alsc éf%en.

Swisg Patent No. 77,143. Original not seen. Abstracted
in C. A, 12:2248, 1918, Molded products from substances
containing cellulose. These materials are softened and |
molded without the addition of a binder.

Taylor, W. A. The abc of Hydrogen-ion concentration in
paper making., Paper Mill 49:30-50, 1926. Explains the
importance of pH in paper eizing and gives descriotion
of the LaMotte color standard.

Taylor, W. A, The applic~tion of hydrogen~ion concentra-
tion to the manufacture of pulp and p=aper. Paper Trade
Jl., 82, No. 8:166, 1926, Describes the meening of hydro-
gen=1ion concentr2tion ané the importaonce of small amounts
of ionized acid in the paper industry.

Thomas, Charles Allen and Hochwalt, darroll A. Effect of

alkali-metal compounds on combusion. Ind. and Engr.
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Chem., 20:575, 1928, Three essentials for maintaining
combustion are fusl, oxygen, and sufficisnt temperature
for the kindiing point. This rese=rch shows 8 new method
of extinguishing o0il fires, which for lnck of 2 better
understanding is referred to as 3 catalytic effect., Only
compounds containing 2lkall-metals appe~r to possess this
catalytic effect on combustion, The extinguishing effec-
tiveness increases with increase in atomlic weizht of the
alkali=-metal, The radic2l to which the alkall metal is
Jeined plays an important part in the effect. In general
the oxygen bvearing radicals are the more effective,
Treadwell, F. P, and Hall, William T. Analyticsl Chemig-
try, Vol. II. John Wiley end Sonsg, 1928. HNew York., A
good suthority on all quantitative anslysis.,

Tomzn, R. 8, and Mudge, L. R, The preparation of straw
boaré pulv from corncobs. B. S. Thesis (unpublished),
Library, Iowa State Collegze, Ames, Iowa, A fair @rade of
straw board was made by digesting corncobs in 12 per cent
lime at 40 pounds pressure for 10 hours.

U. S. Patent No. 1,578,609, Mar. 13, 1926. A process of
disintegrating ligno-csllulose material., This patent was
issued to Mason and consists in placing the above material
in 2 vertic2lly arranged pressure chamber, subjecting the
sare to the action of steam under high pressure and pro-

gressively forcing sald m2terial out of above chamber,
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through = narrow opening in the lower end thereof, while
maint2ining = high’pressure within the chamber,

U. S. Patent No. 1,598,260, Aug. 31, 1926. The production
of = dense fiber board. This patent was issued to Suther-
land and consisted of pressing together pulo and a sulg-
able binder.

U. S. Patent No. 1,663,505, March 20, 1928, Process for
grainless hard wood board: Exploded pulp, soaked in water,
and subjectad.to nregsure of 200 to 70C pounds. The mat
wag heated to temperature of steam at TO pounds, A wire
mesh screen was used at least on on2 sgide, .

U. S. Patent No. 1,663,506, March 20, 1928. Integral in-
sulating béard with hard welded surfaces. Board is just

macde ag above except the pressure is released before the

board is dry, producing & board with 2 hard gurface and

a softer interior, . _

U. 8. Patent No. 1,772,502, Aug. 12, 1930. Method of mak-
ing hard lumber substitute. Produced 2 substitute for
haré lumber from agricultural waste products, Cornstslks
were first reduced to 2 pulp, formed into a mat, and then
subjected to high pressures in the presence of heat,
Wadman, W. E, Efficiency of drying machines, Chem., and
Met. Engr., 8:176-177, April, 1910. Lists the calcula-
tion of dryer efficiehy with an acknowledgment of the

heat losses present in such an operation,
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62, Walker, W. H., Lewis, W. K., and HcAdams, W. H. Princi-
ples of chemical englnesering, 2nd ed., McGraw-Hill Book
Company, pages U481=-557, 1927, New York. A complete an-
alysis of the theoriss of drying snd evaporation with
curvaes and graphs to illustrate.

63. Weiss, H. F. Making artificial lumber. Pulp and Paper
Hagezine of Canadn, 22:%99, 1924, Gives the complete
method of manufacture for NuWood from white pine and
coniferous treoes. A description of the methods of manu-
fachture of Balsom wool is 2lso gilven.

64, Wikoff, A. G. Insulating lumber from sugar mill bagasss,
Chem. and ¥et. Engr., 29:360, 192%3. This article gives
the ocomplete method of manufacture of celotex from sugHr
canz fiver. The physic2l properties of Celotex are come
pared ®#i1th the other comﬁeroial bosrds.,

65. Williamson, Harry. The degree of hydration. Pulp 2ngd
Paper Mag. of Canada, 29:731, 1927. Describes the differ-
ence between "hydretion® and free weater. GCives experi-
vental resuwlts to prove the degree of hydration necessary.

£6. Wancderlich, M. 8. The economic thickness of builéing ine
sul2tion. Am. Soc. of Heat anc¢ Vent. Engr. Jour., 34:13;§,
1928. WNumerous c2lculaticns and curves are given in this
article for ths computation of the economic thickrness of

building insulation.



