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Abstract

By means of laboratory and mill trials of fiberboard production, an
cvaluation was made of (1) the influence of wet-strengthening treatments on
the qualitysof solid fiberboards made entirely of reclaimed fiber, (2) the
comparative value of wet-strengthening resins, sizing agents, and laminating
adhesives, and (3) the quality of wet-strengthened and non-wet-strengthened
V2s boards after prolonged immersion in water and exposure to 97 percent
relative humidity. *

The results obtained indicate that wet-strengbthening of paperboard is
technically feasible in commercial production. They also show that the
quality of board made entirely of reclaimed fiber is definitely improved .
with the proper combination of wet-strengthening resin, sizing agent, and
laminating adhesive. These improvements were obtained in dry board as well
as wet, although the greater improvement was in the wet cendition. For
example, in a mill trial, a 0,100-inch solid fiberboard mede from six plies
of wet-strengthened jute board containing only reclaimed fiber combined
with asphalt as the adhesive for the liners and polyvinyl rosin adhesive for
the filler, met specifications for the V2s grade in which up to 65 percent
new kraft is ordinarily used., This six-ply as well as other wet-strengthened
boards showed much higher strength retention and resistance to water
absorption after prolonged immersion in water than did a V2s board.

Introduction

This report deals with a limited study of the influence of wet-
strengthening treatments used in conjunction with asphalt sizing and various
laminating adhesives on the quality of fiberbéard made entirely of reclaimed
fiber. Results of performanc¢ tests of boxes made from this type of board

£ ,
—Based on studies of the U. S. Forest Products Laboratory at Madison, Wis.,
in cooperation with the Office of Production Research and Development,

of the War Production Board,
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are presonted in a separate report.g- The work was underteken in cooperation
with the Office of Production Rescarch and Development of the War Production
Board, as a result of the indication from previous work at the Forest
Products Laboratory that wet-strengthening might offer possibilities for
improving the performance of a given grade of board or for achieving
adequate porformance with lighter weight board.

Previous Work at the Forest Products Laboratoqz

Previous worké at the Forest Products Laboratory on wet-strengthened
fiberboard evaluated both as such and in the form of boxes had shown wet-
strengthencd new kraft bhoard to be outstandingly better in gquality than the
bast commercial Vls grade also made of a2ll new kraft pulp. [Fer example,
experimental test pancls of 0,100-inch boards, made from cithcr southern or
northern kraft pulps were, when wet, twice as rigid, three timcs as strong
in score strength, and 25 to 51 percent less absorptive of water in
!oomparison‘with the Vls grade.

The improvement in board propcertics was reflected in the performance
in "rough handling" hexagonal drum teosts of containers made from board
having six plies of 0.016-inch Fourdrinier kraft board wet-strengthened
with 3 percent melamine resin and lamincted with asphalt for the liners and
a polyvinyl resin =adhesive for the filler. In these tests, the wet-
strengthened boxes when wst withstood 1732 falls before failing but the Vs
boxes, when wet, failed at 180 falls.,

On the basis of load required to produce a l-inch deflection in top
to bottom compression the wet-strengthened boxes in both dry and wet
conditions were about 75 porcent stiffer than the V1s boxes.

Further, wet-strengthened boards made entirely from rcclaimed fiber
typical in composition of mill usagc showed improvements in wet strength
up to 35 percent for bursting strength and 100 porcent for tensile and
scorc strengths. A six-ply solid fiberboard weighing 415 pounds per
thousand squarc feet made from 0.016-inch Fourdrinier board composcd of 21
percent old kraft containers, 62 percent corrugated containers, 17 percent
boxboard trimmings, & percent emulsified asphalt sizing, and 3 percent urea-
formaldehyde resin for wet-strengthening met specifications for the W2s
grade. Up to 65 percent new kraft pulp is commonly used in the manufacture
of VZ2s board. Furthermore, the wet tensile strength of the experimental
board was twice that of thce V2s grade and the wet score strength was 50
percent higher. These board properties appecar to influence considerably the
resistance of a box to rough handling.

2
—Mimcograph R1470, "Tests of Solid Fiberboard Boxes Made from Wet-

Strengthened Reclaimed Material," by K. E. Skidmore and E. C. Myers.
é.! : .

'Weatherproof Solid Fiberboard. An cvaluation of the Quality of Commecrcial
Boards and thc Development of an Improved Weatherproof RBoard," by F. A.
Simmonds, J. N. McGovern, and C. O. Scborg. Mimeograph No. RILUH,
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Objective and Scope of the Present Study

The objective of the work done in cooperation with the Office of
Production Research and Development was to determine commercially feasible
methods for improving the quality, particularly resistance to water
absorption and wet strength, of solid fiberboards made entirely of
reclaimed fiber,

The scope of the work included (1) a mill trial, arranged for by the
cooperator, of the production of wet-strengthened solid fiberboard and
boxes to provide containers for testing at the Forest Products Laboratory
in cemparison with V2 boxes, (2) experimental board production and evalua-
tion at the Forest Products Laboratory for determining the effect of wet-
strengthening resins, sizing agents, and laminating adhesives on the
quality of chipboard and low-grade jute board in comparison with the V2s
and V3s grades, and (3) a comparison of the quality of wet-strengthened
and non-wet-strengthensd V2s board after prolonged immersion in water and
exposure to 97 percent relative humidity. :

?

Methods Used for Testing the Fiberboards

Only those methods and terms requiring special mention are described.

The term "air-dry" as used in this report means an equilibrium
condition at 50 percent relative humidity and 75° F.

For Ply Materials

(1) Thickness and the weight per 1,000 square feet of board were
determined on air-dry specimens.

(2) Size number was determined by ‘folding a specimen to form a
square cup, placing water in the cup to a depth of about 1/4 inch and
‘measuring ‘the time in seconds at the first evidence of water at the outside
bottom of the sample, To calculate the size number, the number of seconds
is divided by the square of the thickness of the sample in mils.

- (3) Immersion number was determined by immersing a weighed, air-dry,
6=inch by 6-inch specimen horizontally to a depth of 1 inch in tap water at
73° F. * 2° for 10 minutes, removing excess water by placing the specimen
between blotters and passing this sandwich three times through a clothes
wringer set for only a very light roll pressure. The gain in weight
expressed as centigrams is the immersionrn number.
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For Solid Fiberboards

(1) Thickness and weight per 1,000 sguare feet were determined on
ailr-dry specimens. ! .

(2) The stiffness or rigidity of flat panels, expressed as the
modulus of elasticity in bending, was determined by the cantilever beam
stiffness tester, using a specimen 2 inches wide on a 2-inch span.

(3) The resistance of scored specimens to failure in combined tension
and bending, expressed as a "score strength number," was determined by the
Carlson score tester.’ The boards were scored with a bar scorer having a
3/16~inch male die and a 1/?-inoh female die. Test strips 1 inch wide werse
cut with the score perpendicular to the length of the specimen.

(4) The tensile strength of a board was determined on a strip 0.59
inch wide and 6 inches long.

(5) Water absorption was determined on a 7- by 9-inch specimen after
immersion in tap water at 75° F. # 1° for 24 hours according to the Joint
"Army-Navy Specification, JAN-P-108 and also on the 2- by li=inch specimens
used in determining the stiffness of boards after U8 hours of immersion.

The water absorption value was based on the air-dry weight of the specimen.

(6) The bursting strength of the boards was determined according to
Joint Army-Navy Specification, JAN-P-108,

The bending modulus, score-strength number, and tensile-strength
determinations were made on air-dry specimens conditioned as described and
on specimens after immersion in water for 48 hours, but cut to size prior
to immersion. The test values reported are the averages of determinations
in and across the machine direction of the boards.

Laminating Procedure

The adhegives usesd are listed in table 2 and were prepared for
application according to the recommendations of the manufacturers. They
were applied at room temperature to individual plies by means of a film
caster. In using asphalt with this method, instead of as a hot-melt as is
done commercially, it is necessary to thin it with benzene to obtain a
workable consistence. End results are, however, the same.

The caster made for applying the adhesives consists of a steel plate
base 12 inches wide and 10 inches long with a verticle plate supported by
grooved uprights placed 2 inches from one end in which the plate is free to
move vertically. It thus serves as a gate and the clearance between it and
the base is adjusted by shims for controlling the film thickness of wet
adhesive to obtain the desired weight of adhesive solids per thousand square
feet of glue line,

gj-'U., S. Patent 1,612,415, "Fiberboard Score Test."
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The laminating procedure was as follows:

A single-ply board, & inches by 10-1/? inches, was placed on the
horizontal platform of the film casbter and the adhesive poured on the board
to form a pool back of the gate. The board was then drawn under thc gate
adjusted to the proper clearance above the board to give the desired film
thickness.

As the first board was drawn under the bar it was followcd by another
ply forming a close butt joint to prevent the excess adhesive from running
onto the platform when the first sheet clsared the gate. The sheets were
stacked one upon another until the desired number, less one ply, was coated.,
The* last ply, having no adhesive, was placed on top of the stack. The
sandwich of plies was then placed between paper covers and run through an
ordinary clothes wringsr witn rubber rolls. Just enough pressure was
applied by the rolls to compact the plies into continuous contact.

The laminated boards were stacked and pressed 16 hours at 15 pounds
per square inch, then dried 4 days at room conditions while stacked with
spacers exposing both sides of cach board to “he atmosphere. The entire
stack was loaded with a 20-pound weight to prevent warping. After being
dried in this way, the boards werc conditioned 4 days at 50 percent relative
humidity prior to testing. ‘

When asphalt was uscd as an adhesive for top and bottom liners, the
filler plies were first laminated and dried according to the procedure just
described. The liners were then applied according to the regular laminating
and drying procedure and the completed board conditioned prior to testing.

Laminated boards prepared according to this procedure showed the

same strength properties, within experimental error, as boards of the same
ply material which had been laminated commercially..

Specifications for V~boards

Since the V-grades of solid fiberboard are referred to in this report
for purposcs of comparison, their spscifications are given in table 1.
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Table l.--Joint Army-Navy Specification JAN-P-108
(Minimum requirements for solid fiberboard)

Grade : Symbol : Nominal : Minimum svwerage Maximum
(=)

: caliper : bursting strongth : permissibloe -
temmmmm e meem e ply separation
: Dry :After 2h-hour: (wet)
: :  immersion
Inch : Lb, : Lbx :  Inch
1 Vs 0.100 : 750 500 ;1A
2 V2s .090 : 550 500 1/
3 V3s .090 “: 400 150 14

Mill Trial of Wet-strcngthened Jute Board made

Entirely of Rsclaimed Fiber

Sincc experimental results available at the time the mill trial was
made indicated the possibility of obtaining a board which would meet V2s
specifications, this grade was set up as the objective, utilizing 0.0l6—inch
and 0.024-inch ply material, respectively. Although the furnish used for
the experimental boards which werc the basis for the mill trial contained 17
percent boxboard trimmings, this component was replaczd in the mill run with
old containers upon the recomnendation of the mill superintendent. His
opinion was that otherwisc, under the mill operating conditions, a V2s grade
could not bu produced.

Composition of Furnish

The following furnish was uscd for both the 0.016-inch and 0.024-inch
ply matcrial, for which the respective bursting strength requiroments were
90 and 140 pounds:

For top and bottom liners For filler of cach ply
of cach ply material matecrial
20 percent all-kraft waste paper 20 percent all-kraft waste paper
50 percent old containers 80 pcrcent old containers
5 pereent ursa-formaldehydc 3 percent urca=-formaldehyde
resin for web-strengthening resin for wot-strongthening
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For top and bottom lincrs For filler of cach ply

of cach ply material material
3 perccnt rosin sizing 2 percent emulsified asphalt
sizing
6 percent alum 3 percent alum
It percent nitre cake | 3 percent nitre cake

The above pefcentages of non-fibrous furnish components are bascd
on the weight (moisture-frec) of fiber.

When making the 0.016-inch board, the mill superintendent found it
necessary to reduce the machine speed to about 20 percent below normal
(the actual speed was rcported as 165 fcet per minute) in order to attain
the desired bursting strength: This was not found necessary when the
0,024-inch board was made.

?

Construction of Solid FiberboardsA

A six-ply solid fiberboard was made from the 0.016-inch material,
the liners being combined with 20 pounds of asphalt per 1,000 sguarc feect
of glue linc and the fillcr with 2 pounds of polyvinyl resin adhesive per
1,000 squars feet.

A four-ply solid fiberboard was made from the 0.02L~inch material,
all plies being combined with the polyvinyl resin adhesive. Samples of
both the ply materials and the solid fiberboards were tested at the Forest
Products Laboratory and also solid fiberboards which werce laminated at the
Forest Products Laboratory from thc ply materials. The rcsults are
recorded in table 2.

Containers for Testing

Both of the solid fiberboards werec used in fabricating regular
slotted boxes for 24 No. 2 food cans, sufficient quantities of each type
being shipped to the Forest Products Laboratory where they wore tested
in comparison with standard V2s boxcs.

Comparison of Commercial and Expsrimental Lominating

In table 2, boards Nos. 117, 118, 119, and 120 are those rclating
to the mill trial. Nos. 117 and 118 werc laminated at thc Forest Products
Laboratory from the 0.0l16-inch and 0.024~inch ply materials made at the
mill, and Nos. 119 and 120 are the solid fiberboards laminated at the mill
from the same ply materials. In the experimental laminating the adhesives
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used were the same as those used at the mill, but 2.7 pounds of polyvinyl
resin adhesive per 1,000 square feet of glue line were required in the
experimental application as compared with 2.0 pounds in the commercial opera-
tion. The larger amount was necessary to obtain a continuous film of
adhesive under the conditions of application but it had no appreciable effect
on board properties. This is indicated by the generally fair agreement in
the test values for the commercially and experimentally laminated boards.
Similar agreement has been observed in previous work.

Comparison of the Mill-made Four- and Six-ply Boards

’ The greater weight of the six-ply board was due chiefly to the added
weight of asphalt used for combining the liners. In bursting strength the
six-ply board, wet and dry, averaged 27 percent higher than the four-ply.
The only other indication of possible superiority of the six-ply board in
performance quality as a box, and then only in the wet condition, is the
fact that its resistance to water absorption upon prolonged immersion was
almost 1.5 times greater than that of the four-ply board when measured on
specimens lapge enough in area to minimize edge effect. See figure 1. The
bending modulus and score strength of the air-dry six-ply board actually
averaged 22 percent lower than those for the four-ply, the wet score
strength of the two boards being the same. Reference to the previously
mentioned reportlon tests of boxes made from these boards shows, however,
that the six-ply board was superior in performance.

Comparison of the Four- and Six-ply Boards
with Specifications for Solid V-boards

In the commercial production of solid V-boards, the V1 grade is
usually made entirely of new kraft pulp, the V2 grade with up to 05 percent,
and the V3 grade up to 30 percent new kraft pulp.

Reference to table 1 giving the minimum requirements for solid
V-board, shows the six-ply board was 15 percent below the bursting strength
specification for air-dry Vls board and 15 percent above the required value
for the V2s grade, air dry. The bursting strength requirement for wet board
is the same for the Vls and V2s grades and this was met in the case of the
six-ply board.

The four-ply board was & percent below the bursting strength
specification for air-dry V2s board and 20 percent below the requirement
for wet board. In comparison with V3s specifications, it exceeded the dry
requirement 27 percent and the wet, 170 percent.
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The Four~ and Six-ply Boards Compared with
Commercial VZ2s and V3s Boards

The four-ply board, in comparison with the commercial V2s boards, was
inferior in wet and dry bursting strength, dry tensile strength, and dry
score sbtrength, the over-all average being 18 percent. The greatest dif-
ference was in wet bursting strbngth which was 3% percent lower. Bending
modulus, wet and dry, and wet scoré strength were about the same. The we
tensile strength was, however, 65 percent higher. Water resistance on 2&
hours immersion was about the same but over longer periods definitely better.

Compared with commercial V3s boards, the four-ply board was definitely
superior in all properties except bending modulus. The outstanding points of
superiority were a 46 percent hipher wet bursting strength, a 110 percent
higher wet tensile strength, and a 43 percent higher wet score strength.

The six-ply board, compared with commercial V2s boards, was 10 percent
lower in wet bursting strength, 17 percent lower in dry tensile strength,
averaged 19 percent lower in wet and dry bending modulus, and was 30 percent

?*lower in dry score strength. Dry bursting strength was about the same, as
was wet score strength. The wet tensile strength was 73 percent higher.
Water resistance at 24 hours immersion was about the same but upon prolonged
immersion was greatly supsrior.

In comparison with V3s boards, the six-ply board was markedly
superior in all properties except bending modulus in which it averaged, wet
and dry, 17 percent lower.

Tests of Containers Made from the
Four- and Six-ply Boards

As previously mentioned, results of a study comparing containers made
from the wet-strengthened four- and six-ply boards of reclaimed fiber with
containers made of V2s grade of board are discussed in a separate report.2
As a matter of convenience, howecver, the results in general are briefly
summarized as follows:

Compression tests of fiberboard boxes made of the six-ply 0,108-inch
board showed them superior in stacking properties under all three conditions --
dry, moist, and wet -- (a) to boxes made of the four-ply 0.098-inch board and
(b) to containers of Ws board. In the rough-handling tests under dry and
moist conditions the V2s containers showed some advantage over the two other
types of box. Under wet conditions, the containers made of the .six-ply board
were superior in all tests. The results of this study indicated this type of
board should prove more satisfactory than V2s board for export shipment.
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Strength Retontion Upon Long. Exposure to

Adverse Moisture Conditions

In considering the value of wet-strengthened fiberboard for containers,
questions have arisen repeatedly as to strength rctention upon long soaking
or exposure to high relative humidity and also as to the comparative effec-
tiveness of the melamine and urea~-formaldshyde resins under such conditions.
Accordingly, upon the initiation of the present study, immersion and exposurc
tests woere started with boards then available.

Proﬁérties Tested and Conditions

Tensile strength and stiffness of specimens cut in thc machine
direction, bursting strongth, and water absorption were the properties meas-
ured after immersion in tap water at 75° F. * 1° and after cxposure to 97
percent relative humidity and temperature of 80° F. The sizes of specimens
were as desgribed previously under "Mcthods Used for Testing the Fiberboards".
Water and moisture absorption values were determined on the specimens used
for testing bursting strength.,

Materials Tested

The boards used in the immersion tests were:

1. Standard V2s board, six plies, not wet-strengthened, asphalt
adhesive for liners, polyvinyl recsin adhesive extended with asphalt for
filler,

2. Mill-made 0,100-inch beard, six plics, new kraft wet-strongthened
with 3 percent melamine resin, asphalt adhesive for liners, polyvinyl resin
adhesive for filler.

3. Mill-made 0.100-inch board, six plies, recclaimed fiber wet-
strengthened with 3 percent urea-formaldechyde resin, asphalt adhesive for
liners, polyvinyl resin adhesive for filler.

4. Single ply of 0.016-inch board used in board No. 3 above.

5. Mill-made 0.100-inch board, four plies, reclaimed fiber wet-
strengthened with 3 percent urea-formaldehyde resin, adhesive for all plies,
polyvinyl resin adhesive,

6. Single ply of 0.024-inch board used in board No. 5 above.

The boards used in the exposure tests were:

Items Nos. 1, 3, and 5 in the above list.
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Immersion Tests

The results of the immersion tests are presented graphically in
figure 1,

- In specimens used in determining the tensile strongth and stiffness,
the proportion of edge arca to surface arca is large and consequently rate
of water absorption is high compared to that for the 7- by 9-inch specimens
used in determining bursting strength,

Tensile 'strength.~~About 90 percent of the total decrease in tensile
strength occurred in all of the six materials tested after 2 days of
immersion., After 3 to 4 days, there was no further decrease during the
balance of the testing period.

The wet~strengthened boards retained, on an average, 30 percent of
the dry tensile strength, the V2s board only about 10 percent. The actual
wet tensile strength of the wet-strengthened boards was 180 percent greater
than that of the V2s board.

?

The melamine resin showed no practical advantage over the urea-
formaldehyde resin in this comparison.

Stiffness (in terms of bending modulus).~-At least 90 percent of
the total decrease in stiffness occurred in the three materials tested at
the end of 2 days' immersion with little if any further change during the
rest of the immersion period.

At maximum stiffness decrease, the V2s and the four-ply wet-
strengthened boards retained about 35 percent of the original values and
the six-ply wet-strengthened ‘board retained about 25 percent. The six-ply
and the V2s boards were then equal in stiffness but the four-ply was about
50 percent stiffer than either.

Bursting strength and water absorption.--When the wet-strengthened
solid fiberboards were at equilibrium water absorption, the melamine-
treated kraft board absorbed 100 percent water and retained essentially 100
percent of the bursting strength. The six-ply reclaimed fiber, urea-
formaldehyde-treated board absorbed 65 percent water and retained 66 percent
of the bursting strength. In the four-ply reclaimed fiber, urea-formaldehyde-
treated board at 90 percent water absorption, the retention was 40 percent.
For the non-wet-strengthened V2s board, at a water absorption of over 110
percent, the retention was about 26 percent. Retention of bursting strength
in the two single-ply matsrials tested averaged about 40 percent.

In the air-dry condition the non-wet-strengthened V2s and the six-ply,
reclaimed fiber, wet-strengthened boards were approximately equal in bursting
strength. When they were thoroughly wet, however, the wet-strengthened board
was 2,5 times the higher in bursting strength. Compared to ths four-ply,
reclaimed fiber, wet-strengthencd board, the V2s was initially about 40
percent higher in bursting streangth but when thoroughly wet no better.
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The six-ply wet-strengthened board is comparable in construction with
the V2s board with respect to the number of plies and laminating adhesives.
The greater water resistance (40 percent) of the six-ply hoard is attributed
chiefly te the asphalt sizing used in this board. With asphalt size, the
increase in sizing effectiveness with increase in quantity apparently
extends beyond the limiting value for rosin size.

Exposure Tests

The results of the exposure tests are shown graphically in figure 2.
Thesc experiments dealt only with the non-wet-strengthened and the four- and
six~ply, reclaimed fiber, wet-strengthened boards.

Tensile strength.--The rate of decrease¢ in tensile strongth when the
boards were exposed to 97 percent relative humidity was about half the rate
during water immersion and-the maximum loss was considerably less. At
equilibrium, retention for the four- and six-ply boards was 67 percent; for
the V2s, 42 percent. The four- and six-ply boards were about Lo percent --
stronger than the V2s and the four-ply was about 20 percent stronger than
the six-ply. Thus the relative rating of the three boards was the same as
in the water immersion tests. ’

Stiffness.--The rate of decrease was about a third slower than under
immersion and the maximum loss was considerably less. The relative rating
of the three boards was the same as in water immersion, the four-ply being
the highest and the six-ply and V2s boards being approximately the same.
Retentions were 58 percent for the four-ply, &2 percent for the six-ply, and
63 percent for the ¥s.

Bursting strength.--There was essentially no change in bursting =
strength and so the relative rating was that of the initial strength, namely,
V2s, six~ply wet-strengthened, four-ply wet-strengthened.

iloisture absorption.--fxtrapolation of the curves shown in figure 2
indicates that for highly sized solid fiberboards as tested, an equilibrium
moisture content of about 20 percent can be expected at the end of 40 days.
exposure to 97 percent relative humidity at &0° F.

In contrast to the results of water immersion tests in which the Vs
board absorbed a much greater amount of water than either the four- or six-
ply boards, during exposure te 97 percent relative humidity but prior to
equilibrium, the moisture absorption of the V2s and the six-ply boards was
the same, and that of the four-ply was about &0 percent higher.

Advantage of Wet-strengthening

The results of the immersion tests show wet-strengthening to be a
mesns for maintaining such qualities as tensile and bursting strengths of an
otherwise relatively low-grade solid fiberboard at an even higher level than
those of a relatively high-grade board after long soaking in water.
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Wet-strengthened Chipboard

Since chipboard represents the very low strength range of paperboard,
usually being made entirely from low-strength grade reclaimed fiber, it
appeared desirable to obtain information for this type of board on the
influence of wet-strengthening agents in conjunction with commercially used
sizing agents and also on the laminating adhesive.

The composition and properties of a series of single-ply materials
and the corresponding solid fiberboards made for this purpose are given in
table 2. 1Included in the table are test values from V2s and V3s boards for
purposes of comparison.

Within the limitation of a single experimental run of board for each
variation, the results on chipboard afford the following comparisons.

Quality as Compared with the V3s
Fiberboards Tested

?

V3s board contains up to 30 percent new kraft pulp and so the quality
of the fiber furnish is higher than that used in the experimental chipboards.

Experimental board 126, laminated with the polyvinyl resin adhesive
from six plies of 0.0l6~inch material wet-strengthened with 3 percent
melamine and sized with & percent asphalt, is the one used for comparison.
The bursting strength of this board, when dry, was 30 percent less and,
when wet, 12 percent less than the V3s boards. However, boards with liners
combined with asphalt have a wet bursting strength usually higher than the
dry strength and, if asphalt were used as the laminating adhesiwve for the
liners, a wet bursting strength could be expected in the experimental board
exceeding that of the V3s. The dry stiffness of the experimental board was
40 percent higher and the wet stiffness, 20 percent higher than the V3s
board. The dry score strength was only 50 percent of the Vis but the wet
score strength was 7& percent higher. The water absorption of the
experimental board was 60 percent less than the V3s. The tensile strength
of the experimental board when dry was 10 percent less than that of the V3s
board but when wet, was 180 percent higher than that of the V3s, likewise
wet.

Comparison of Asphalt and Rosin Sizing Agents

Beard 125 having & percent asphalt sizing, as compared with board
132 having 3 percent rosin sizing, was 18 percent higher in dry and 120
percent higher in wet bursting strength, 18 percent higher in dry and &9
percent higher in wet tensile strength, 65 percent higher in dry and 37
percent higher in wet stiffness, the same in dry score strength but six
times higher in wet score strength and was 50 percent lower in water
absorption,
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Little practical gain in sizing effect results with amounts of rosin
above 3 to 4 porcent in board furnishes but the limiting value appears to
be higher far asphalt.

Improvement Due to Wet-strengthening

Urea=formaldehyde resin, rosin sizing.--Board 124 with 3 percent
urea~formaldehyde for wet-strengthening and 3 percent rosin sizing when
compared with board 132 having 3 percent rosin sizing only was slightly
higher in dry but 112 percent higher in wet bursting strength, 31 percent
higher in dry and 183 perccnt higher in wet tensile strength, 27 percent
higher in dry and 20 percent higher in wet stiffness, about the same in dry
scorc strength but six times higher in wet score strength. Watcr absorption
was 20 percent less. These improvements due to wet-strengthening were
obtained in a board containing at least 10 percont less fiber than the non-
wet-strengthened board.

Urea-formaldehyde resin, asphalt sizing.--Board 122 with 3 percent -
urea=~formalfichyde and & pcrcent asphalt whoen compared with board 125 having
& percent asphalt sizing only was 11 percent higher in dry and 14 percent
higher in wet bursting strongth (corrected for difference in weight), 25
percent higher in dry and 77 percent higher. in wet tensilc strength,
averaged 10 percont low in dry and wet stiffness, wes 36 percent higher in
dry and 25 percent higher in wet score strength, and water absorption was
24 percent less.

‘ Urea~-formaldehyde-asphalt compared with urea-formaldehyde-rosin.--
Replacing rosin with asphalt in conjunction with urea-formaldehyde (Boards
122 and 124) resulted in an improvement in water resistance of 30 percent
and an average of about 15 percent in other properties, dry and wet, except
wet Mullen in which there was no improvement. ’

Melamine resin-asphalt compared with asphalt alone.-=Board 126 made
with 3 percent melamine and & percent asphalt as compared with Board 125
made with & percent asphalt only averaged about 15 percent higher in dry
and wet bursting strength, U7 percent higher in dry and 123 percent higher
in wet tensile strength, was about the same in dry stiffness but about 21
percent higher in wet stiffness, 43 percent higher in dry and 100 percent
higher in wet score strength. Water absorption was about the same.

Melamine compared with urea-formaldehyde, asphalt sizing.--Board 126,
with 3 percent melamine and & percent asphalt as compared with Board 122,
having 3 percent urea-formaldehyde was egual to it in dry and a little lower
in wet bursting strength. This latter value is questionable, however, since
the melamine-treated ply material used in it was U0 percent higher in wet
bursting strength than the urea-formaldehyde-treated ply material used in
the other board, No. 122. Tensile and score strengths, dry and wet, averaged
about 25 percent higher, water absorption was the same, dry score strength
the same, but the wet score strength was 67 percent higher,
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Variations in Laminating Adhesive

The adhesives used in laminating the boards described in table 2
were asphalt, polyvinyl resin adhesive, polyvinyl resin adhesive extended
with emulsified asphalt, and a proprietary extended polyvinyl resin
adhesive. Asphalt as used for combining linors to filler was thinned with
benzene to a consistence suited to application at room tomperature b Jeans
of the film caster previously described. When the emulsif'ied asphalt Used
as an extender the proportions were, based on solids, €5 percent asphalt and
35 percent polyvinyl adhesive.

Most of thc boards were laminated with the use of polyvinyl resin in
all glue lines,

A urea-formaldehyde~starch formulation was not used as a laminating
adhesive in the prescnt study because it is understood to be less satis-
factory in bonding properties than certain others in the commercial
laminating of boards containing appreciable amounts of asphalt sizing in
the liners. However, this adhesive has becn applicd succcssfully to
tisphalt-sized boards in previous cxperimental work by mcans of the mcthod
deseribed on page 4.

From thc results of the threoe wariations in adhesive made in Boards
122, 123, and 124, all laminated from the same run of ply material, is
indicated that replacing osither polyvinyl resin or the polyvinyl rosin
asphalt mixture with asphalt in the top and bottom glus lines roduces water
absorption, improves wet bursting strength, wet stiffness and possibly dry
stiffness. There is also the indication that bursting strength rstention
upon soaking is somewhat better with the polyvinyl resin asphalt mixturs in
2ll glue lines than with polyvinyl resin in all glue lincs,

Variation in Ply Thickness

A comparison is made bebtween ths six~ply, rosin-sized, 0,090-inch
Board 124 and thc four-ply, asphalt-sized, 0.086-inch Board 128 Although
the sizing agents are difforent, the phy51cll propertics of the ply materials
are so ncarly alike that comparison appears warranted.

The two boards differed apprcciably in the wet but only little in the
dry condition. ' In the standard 24~hour water absorption test with a 7- by
9-inch spccimen, thoe four-ply bozrd ahsorbed 18 percent less wator than did
the six-ply board. Howsvor, in the 48-hour tost with a 2~ by Y-inch
specimen (used aftorward for the wot stiffness detormination) where equi-
librium is approached, the four-ply board absorbed &7 pcorcent morc water
than did the six-ply board.

The wet stiffness of tho four-ply board was 33 porcsnt higher than
that of the six-ply board, despitc the much greater water contont. It will
be recalled that in this test of the four- and six~ply boards of reclaimed
fibor made in the mill trial, thc four-ply board was, at a 12 peroont
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higher water contont, 23 percent stiffer than the six-ply board. Yot this
indication was not confirmed in the conbtainer tests. It appcars that a
nced is indicated for a study of factors influcncing the stiffness of
fiberboard,

The six-ply board was, howcver, 44 percent higher in wet bursting
strength and 33 percent higher in wet tensile strength than the four-ply
board.,

A Possible Application of Wet-strongthened Chipboard
»

In cooperation with the War Food Administration, the Forest Products
Laboratory has undertaken the development of an improved fiber cheese drum
suitable for export shipping. In preliminary tests, & wet-strengthened
chipboard drum cylinder, as compared with a commercial chipboard drum
cylinder, not only contained & percent less fiber but, in top teo bottom
compression, was almost twice as strong in the air-dry condition and almost
2.5 times a¥ strong in the wet condition.

Boards Made From Low-grade Jute Furnish

Boards shown in table 2 made from a low-grade jute furnish comprise
a part of .a series which, at the time the present study was discontinued,
was in progress to provide materials for a study of factors not previously
covered and for meking more complete comparisons of factors previously
touched upon. The results reported, though of limited scope, do provide
some comparisons of board quality.

The fiber furnish used for the boards in this series was made up of

60 percent boxboard trimmings, 35 percent corrugated containers, and §
percent all-kraft containers.

Comparison with V2s and V3s Grades

Board 140, wet-strengthened with 3 percent urea-formaldehyde and
sized with & percent asphalt, when compared with the V2s boards tested,
averaged about 23 percent lower in wet and dry bursting strength, was
about 20 percent lower in dry and 82 percent higher in wet tensile strength,
and was 20 percent higher in dry and 32 percent higher in wet stiffness.
Although the dry score strength of the experimental board was much lower
than the VZs boards, it was equal in the wet score strength. Water
absorption in the standard test :f the jute board was 30 percent under the
VZs boards.,
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Board 140, compared with the V3s grade, was about the same in dry
and 25 percent higher in wet bursting strength when corrected for its
greater weight, was about the same in dry and 10Q percent higher in wet
tensile strength, was 22 percent higher in dry and 39 percent higher in
wet stiffpess, was 40 percent lower in dry but equal in wet score strength,
and watey absorption was 40 percent lower.

The superiority of the experimental board in wet tensile, dry and
wet stiffness, resistance to water absorption and its equality in wet score
strength in comparison with the V2s and V3s grades indicates that such a
board would have a fairly good performance quality, particularly in the
wot condition.,

Comparison with Chipboard

Jute board 140 compared with chipboard 122 was 60 percent higher in
dry and 50 percent higher in wet bursting strength, 30 percent higher in
dry and about the same in wet tensile, about the same in dry and 46 percent
y higher in wet stiffness, 20 percent higher in dry and equal in wet score
strength and water absorption was about 27 percent higher,

Improvement Due to Wet-strengthening

Board 140, having 3 percent urea-formaldehyde resin for wet-
strengthening and & percent asphalt sizing compared with Board 149 having
only the & percent asphalt sizing was 29 percent higher in wet bursting
strength, 66 percent higher in wet tensile, only slightly higher in wet
stiffness and score strength, and water absorption was 25 percent less.

Because the density of the non-wet-strengthened board was 20 percent

higher than that of the wet-strongthened board, comparisons of the dry
strength properties are not warranted.

Advantage of Asphalt Sizing Over Rosin Sizing

As was observed with chipboard, the asphalt size in conjunction
with urea-formaldehyds resin resulted in a board (No. 140) definitely
superior, except in score strength, to a board (No. 148) made with the
practicable limit of rosin sizing and likewise wet-strengthened.

Conclusions

Conclusions drawn from the foregoing results and as qualified in
the report are as follows:

ly The use of wet-strengthening treatments in the commercial producw
tion of fiberboard is technically feasible.
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2. The guality of boards made entirely of wet-strengthensd reclaimed
fiber, compared with that of corresponding non-wet-stroengthencd boards, is
definitely improved in both the dry and wet conditions, but the degree of
improvement is greatcr in the wet condition.

3. Wet-strengthening in conjunction with a good grade of rzclaimed
fiber and suitable solid fiberboard construction offers a means for pro-
ducing fiberboard having a quality at least equal to the non-wet-
strengthened V2s boards which normally contain up to 65 percent new kraft

pulp.

4. Since wet-strengthening improved quality for a given grade, it
is ltkely to provide a means for obtaining adequate performance with less
fiber.

5., Wet-strengthencd boards maintain a definitely higher strength
than non-wet-strengthened boards when both are subjected to prolonged

immersion in water.

6. Abphalt is superior to rosin as & sizing agent for reclaimed
fiber in fiberboard production.

7. For the same quantity, wmelamine is superior to urca-formaldehyde
in wet=-strengthening effect. :

2. Both melamine and urea-formaldchyde resins appear to increase
the efficiency of asphalt and rosin sizing agents.
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