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COOPERATOL._1LS±Ititut

REPORT NO._-9---- ___

DAT"_=aS, ` 44(T2pedy/-/LtL)
NOTE 800K _LQ1 ~
PAGE _9LTO__98

SIGNEbXZ~r Ite_.zI

- ~~~~~~~~PA3AUF3I'I STIYFaiING

-The nroblet of using taraff in mixtuires as a stiffening as

well as a waterproofing, arent for beer boxes has been considered. .*oa1i-

fication of mixtures to produce required stiffness wi-thou-t sacrifice to

undesirable increased brittleness has been undertaken.

Samples of 3;-ply laminated solid fiber board 0.1 by5 by 5.5

inhswere imr,.-eznated~ by submer-ence in various naraff.1 zixtures at

20-2l0O F. for 5; minutes. 'T-hese were then, drained, wiped dr-y, ,en4

allowed to cool. '-he per cent retention by the board is the amount

retained tines 100, divided by the weight of untreated board. Only- a

single saaole of each was madle for c_-soarative brittleness tests.

Semnie 1. 31anŽ- - untreatel_ stocl:

.6rnle 2. 1J175-1370 F. paraffin-retention lo1.Sl 5.''

0
-Samnple 3. ~505, 135:137 FT- paraffin-

50)-. 1Troz-V (New-Dort Industries, Inc.).

..-etention =1;1.73g. 40:

0
Sample 42 50> 135-137 F. paraffin

R;0 Penros (Newnaort ln~_ustlries. Inc.)--

Retention 15.3~4 g.

0
Simple 5.5054 135-137 F. paraffn

2550; :uoz-V

25)S Tenex

Retention = 10.06 g. =_ 32.9:57

lo.. 73 THE INSTITUTE OF PAPER CHEMISTRY



Page2

Sample 6. 5o4 135-1370 F. Paraffin

2556 Penros

25% Tenex

Retention -=- 12:539 g' z 141.1%- -

Sample 7. 50% 135-1370 F. paraffin

50Of' Tenex

Ret ention = 12.47 g. I 141.0%

Samnie 8. 50% 135-1370 F. paraffin

25% Nandene (N~ewport Industries, Inc.)

25$ Tenex

Retentionl-7.214 g. S55.8%

Sample 9. 50%* 135-1370 F. Paraffin

25-% Nalene- {N-'eOPOrt Industries, Inc.)

25%" Tenex

Retention = 15.22 g. 50.0%

Sample 10. 80% 135-137 0 . paraffin

20$Af,'Mdens 

Retention = 13.33 g. M 143.1%

Sample ii. 8Q5 1 3 5 -1 3 7O F. Paraffin

20QS alene

Retention =12.13 g. 39.65%

reh/lhh
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The softness- or flexibility of the various mixtures in
beakers was also determined by testing them with the fingernail at
70- F., -- 18 .,and 40 -F. - -

Sample Results at 70° F.

12

8, 3, 14
15, 9
i, 6, 5, 10, 4
7,2
13, 1

Sample

1, 3, s, 9, 12, 14,
and 15

Softest. Could be dented readily with the
fingernail.
Next softest. Quite pliable.
Third softest.
Fourth softest.
Fifth softest. Quite hard.
Hardest, could scarcely be dented.with finger-
nail.

o
Results at -18 F.

All samples were brittle.

0
Sample -- insults at 40 F.

1 Brittle.
9 Somewhat soft.

12 Slightly softer than Sample 9

The melting point of some of the more promising mixtures was
determined by dipping athertom6eter in'the material about 20° F. above
the melting point, removing the thermometer, rotating the thermometer,
and noting the temperature at which material would no longer flow on
the thermometer bulb.

0
Melt Point, F.

121
121
119

' 118

Sample

12
14
15

Melt Point, F.

118
120
121

I. .. .I
, '. .*H'* .

Sample

1
3
8
9

'·4t" - -j6~.." . I~I -:4-At - __ .
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The previous tests have indicated that of the various materials
tested benzyl benzoate is the best plasticiser for Tener-wax and that
carnation oil is-quite effective. Carnation oil is very considerably
cheaper than bensyl benzoate.

Solid fiber board samples were cut from a box so that a
commercial score line which had not been bent was present in the machine
direction of each sample. The board represented .088-inch solid fiber
board manufactured by the John Strange Paper Company and consisted of
two outer plies of .016-inch weatherproof liner and two inner plies
of .02-inch chipboard. The plies had been laminated with starch urea
weatherproof glue.

The above samples which were about 4-1/2 by 7 inches in size
and with the score line in the middle and in the 4-1/2-inch direction,
were then impregnated for 10 minutes in various mixtures at 200 -220 ° F.
Five samples were treated in each mixture.

The following treatments were given the samples with solid
retention as indicated based obnthe final weight of the samples.

Sample Original Final Solids Retained
Wt., g. Wt., g. g. %

1 50% Tenex]
50% Wax 33.3 49.2 15.9 32.3

2 - 145% Tenex -- - . - -- . - .. -.
45% Tax 1-- 33.9 50.7 16.8 33.1
10% Benzyl benzoate]

3 45% Tenex ]
45% Wax 3- 33.0 49.3 16.3 33.1
10% Carnation oil]

4 Blank. Not treated - --

Four of each of the above samp-les were allowed to cool to
room temperature for about 1/2-hour and were then bent about 90 ° in
each direction at the score line to simulate conditions under which
the boxes are sealed.

I
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The following boxes have been treated for five miie n 

1-1 Tenex-waj at 210m220 7. and were shipped today to the companies'

indicated., -,

en5 boxes, solid fiber, chip filler, no asphalt In

laminating adhiesive. Atlas Doxnkers. Incorporated, 2555-,Ieet;hesyov4 

Avenue, Chicago, Illinois. fenexj-uax retention equals 22.I%~edo

the final weight.

2. Three knockdown solid fiber, all southern kbaf~t beer7,

boxe. GalordContainer Corporation, Saint' Louis, Nissotdri.!ees &2:Xii

retention equals 15.6% basca on the final weight,
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2. Two of the chipboard tubes were treated for 2 minutes
and the third was treated for 5 minutes.

.-- 2-Minute - - -5 Minute
Treatment Treatment

Treated weight - g 425.9 470.2
Untreated weight - g 3531 350
Tenex + wax - g 72.8 119.4

3. The retention data for the individual parts of the 20
mm. shell containers which were treated for 1 minute were
as follows:

a b c Ave.
Part #1 Treated weight - g 106.6 110.3 10O.7

Untreated weight - g 72-4 72.9 72.2
Tenex + wax - g 34.2 37.4 32.5 34.7

Part #2 Treated weight - g 10.4 10.2 10.2
Untreated weight - g 6. 9 7.1 6.9
Tenex + wax - g 3.5 3.1 3.3 3.3

Part #3 Treated weight - g 38.3 37.2 38.3
Untreated weight - g 25.5 25. 3 25. 3
Tenex + wax - g 12.8 11.9 13.0 12.6

Part #4 Treated weight - g 30.8 30-3 30.8
Untreated weight - g 22. 3 21.4 21.2
Tenex + wax - g 8.5 8.9 9.6 9.0

Part *5 Treated weight - g 174.2 172.4 173.9
.... Untreated weight - g 144. 2 - 144.3 143'.9

Tenex + wax - g 30.0 28.1 30.0 29.4

Average-tenex + wax for complete unit = s9.0 g



4
. 

L
b

-az

.0 
It-I0 4

$0 
9. 

N
14 

-c
~

~
~

4

.4.

V
.I.

4'-~
~

~
-

0o 

4- 
9

P. 
64 

a 
.,

4'~
~

4
* 

0 
aA

05 
31

I 
-

4t -
I

*4 
4D

C
' 

.

* 
a
4
g
e
0
 

*4-'

wr 
C

D
o-a

4
b

Z
A

*
"
 

N
#
4

0~~C
 

*U

" 
0ko4'0 

'a
4

 
l

~,o 
0
...

C
D

"4
0

liii 1t3
.e c:.

a~P
 

ho
4

-

ad9
4

i0.4.40400.4

IAaC
H

.494
03

I'.0

I4

to O
N

 to

o
2
' 

trio 
(T

* 
6

'I:
I 9

4

IL

C
I

V
Ig 1a i54f.04

~0'S
 

o
0
 bO

*4 
t:

b4ej0094N
4,

'-4 0
0

0

A
94 

0
~

.0 

-4
--- .

-
2

*
 

4
,U

Sc

-
4

4
.
 >p' 

-

4
 

a
4

 
4

.- 
4

�4

-
-
 

Ia
iI



! .4.

:1I''4S
.

I

4b

f I
I /

SS
p

S
.

I.a)

-A
pq

I84

4.

I II' 
6

a 
04

S
4.1

3'I4 
soI..k

I 

t



00

-d
~

~
~

~
.

I 
b
a
a

* 4b 
i"

-d ~ 
-

co
.4

 
*i0 

II
.4W

'4 kc

r,.. fl 
4 

W
%

W
p

td.4iiflc 
IC

 
;

*~
~

)C
D

ID
.I* 

44'4t

U
N

U

Is
00 

P
O

 
C

; 
d 

Z
3 

a

'-4.4~
~

~
~

4

cm 
1
-

'-no 
M

S
 

S

) 'p
40.4

 

00

D
 

C
)

-
91

%
T

 
-

bX
iAa
tIU

-.

S
O

N
J. 

64C
D

A
 

4

60

-, 1II
-i' 

z 
'---9

0

41-0
~

-
U

, 4 
4

,- 
I

.0
~t-

0-04
.

i 
U

IS

I
I 

C
 

FH

'UC4.1
S

P

wII'L
e%

SIN
Lto

U
1

IV

a2



* -,-- .-%. P-

As a i F1 m 

Proj ee .

iADESIVE TESTS

Further tests of Arabol 62-51-03 (made by Arabol Manufacturing
_ -... ...... .O Company,. Cicero, Illinois) .checked.the good results.of previous. tests of _ ._

this material. Asphalted fiber VIS boxes submitted by Dr. George Sears
were successfully glued and soaked several days in water without failure
of flap adhesive. One asphalted VIS box, with one end glued and dried,
was submitted to Dr. Sears.

Villiamson No. 100 Labeling Adhesive for Waxed Paper (made by
Williamson Adhesives, Inc., Chicago, Illinois) was applied to Tenex-wax
treated board. After 19 days at room conditions, it remains tacky and
semiplastic, but does give a fair bonding. This sample has been sub-
merged to determine the water resistance of the adhesive.

DISCUSSION

The following conclusions are based on the work reported
above: -

1; Relatively long dipping times (10 minutes or more) were
required to obtain good results fromotreating solid fiber box-
board in 85:15 Tenex-wax melt at 240 P.

- -..- -.. - _ .- 2.--Water submergence-teste-showed best-resistance from 20
minute treated boxboard, which retained good strength and
lamination bonding after 24 hour soaking .

3. Storage at 120 F. for 16 days had little effect on
treated boxboard.

4. Arabol 62-51-03 adhesive gave entirely satisfactory
results on asphalted fiber VI$ cartons.

rew/lhh
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A new waterproof glue sample Arabol 62-51-03 was received from
the Arabol Manufacturing Company and was tested on a Tenex-wax treated
box. The flaps of the box were sealed with this glue and the box was
filled with 24 No. 2 cans. The box was weighted with 4 other full cartons
and was allowed to stand for three days in order to set the glue. After
this period of time, the carton was examined and it was noted that the
flaps were bonded well. The carton was then placed in water for 24 hours
and was again examined. The flaps were bound which indicated that the
glue was water resistant. This box was then subjected to the standar ,
Army drop test and the following data were secured: , '

; ' 6 drops - can cut
7 drops - 6-inch can cut , ,,1 

~\ '~< 8 drops - complete failure of horizontal side score line. ?',}

The box was firm and detained its shape during this test. ,

A duplicate sealing test has been made on this glue and will
be reported on at a later date.

Two samples of adhesive were received from Trumbull Asphalt
__ .. -- Company, 5440 West 67th Street, Chicago, Illinois. These sample are ._

identified as follows:

1. Trumbull semiliquid waterproof sealer
2. Trumbull liquid waterproof sealer.

Strips of Tenex-wax treated boxib-afd were glued-together with . --
each of the above samples and it was noted that the semiliquid waterproof
sealer gave poor bonding and the liquid waterproof sealer gave fair bond-
ing.

In order to determine the value of the liquid waterproof sealer
as an adhesive, a Tenex-wax treated box was sealed with this material.
Xheybox was allowed to condition for 3 days after which it was examined.

l e of the flaps showed any degree of bonding although the adhesive had 
dried out. 'i'&
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EFFECT OF INCREASING THE TENEX CONTENT OF THE TNEX-
WAX MIXTURE FOR WEATHERPROOF BOXES

- - - -. Two types of boxboards (A) regular starch glued board, and 
(B) .016 inch - .023 inch - .025 inch - .023 inch - .016 inch weather-
proof board ("C1 board of trials made at Wisconsin Container Corpora-
tion on 4-19-43) were treated in various mixtures of Tenex and wax.

The samples were submerged in the molten Tenex-wax mixture
for varying lengths of time in order to obtain approximately the same
amount of Tenex-wax retention for each set of samples. The following
table gives the description of the various treatments and the amount
of Tenex-wax retained by the samples:

Tenex Wax
Proportion

1:1

1:1

2:1

2:1

3:1

3-B 3:1

4-A 5.7:1

5.7:1

Temperature of
Mixture

Degrees F.

- 230

230

230

230

250

250

260

260

The above samples were submerged in water for 24 hours and
gain in weight, increase in caliper, and the Mullen were determined.
These results are given in the following table:

Sample

1-A

1-B

2-A

2-B

3-A

Time of
Treatment

Min.

3

3

5

5

5

15

12

15

Tenex-wax
Retained

21.2

13.3

23.5 '

12.8

20.6

24.7

13.94-B
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Mullen 
Gain in Increase in Points per pound

- -- -- -' Sam ple ~ . ..Weight-%-- '-'-Cal-iper- ..-- .Eigh --- -Low-- -- Average- .-------- - --

_ -- -. - -A-Blank..

1-A

2-A

3-A

4-A

B-Blank

1-B

2-B

3-B

4-3

- 35.9

51.2

34:7

20.5

84.5

63.3

52.0

40.6

27.2

31.7

21.5

21.6

13.4

45.5

-43.1'

37.9

33.3

21.9 -

124, 104

445

515

555

650

390

g00

800+

8004

00+

250

330

275

535

310

375

480

430

800+

It was noted that the stiffness of the water-soaked board
samples increased with increasing Tenex content. The large variation
in Mullen for the same sample can be accounted for by the fact that
the samples were small and in some cases water penetrated between the

------- plies of-the samples. _ _ ._ _

We have placed small pieces of each of the above treated boards
in an oven at 1200 . and these samples will be tested for Mullen after
a week or two storage under these conditions. This test will give some
indication as to whether prolonged heating of a board which contains
Tenex will cause deterioration of the board due to the acidity of the
Tenex.

These results indicate quite conclusively that the higher the
Tenex content in the Tenex-wax mixture,, the better the weatherproofing
results are. From the standpoint of application of the Tenex-wax mixture
to the board, it may not be possible to increase the Tenex content too
much because longer impregnation times are required for the higher Tenex
mixtures.

cej/lhh

115 .....

328

429

378

596

614

710+

713+

800+
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4,,laminated solid fiber board.

c) Bird e&i' Son, Inc. regular solid fiber board.

3. Staybelite - wax (75:25) treated boards - same board as in

1-a but different treatment.

4. Tenex-wax-asphalt (4b.5: 46.5: 7.0) treated corrugated fiber

carton.

NOTE: All the boxboards above involve no new treatments except

1-b. This series represents a new method of dipping boards

in Tenex-wax (50:50) melt and removing excess surface coat-

ing by passing through hot rolls. Very good results were

obtained by this method; boards were passed through steam

heated iron rolls (215 ° F. surface temperature) four times

eand all surface excess was removed uniformly. Three similar

boxboards were treated thus; one retained 9.1% solids on the

final weight basis, the other two, 5.4% and 5.5%. This

difference was due to a lower density of tne first sample.

Five sheets 7 x 12 inches each were sent to Mr. Merrigold

of Wisconsin Container Corporation, and another five, to

Paisley Products, Inc., Chicago, Illinois, attention of

Mr. Earl C. Lens, from this first sample.

The glue tests are summarized in the following table:



Project Report No,; 940
Report No. <

Page. 3

-Description
of Adhesive

I

Concentration
used

Milk Casein dissolved
with 15% cone. ammonia 20%

Type of Board
(code above)

1-a
2-a

- 3 .

Time Pressed
min.

2-5
2-5
5-1440.

Strength of Bond
Dry Wet(48 hrs.)

Good
Good
Good

Good

Good

Egg Albumin

Cooper's Glue

Sodium Silicate

Thin Boiling Starch
(Stein Hall Co.
"Superfilm")

Milk Casein dissolved
with 15% cone. Ammonia

Urea-formaldehyde "Urac 132",
_by American Cyanimid, plus -
2- -% Ammonium chloride 89% (as r.ec 'd.) 1-b-1

Urea-formaldehyde "Perkins
1001 as rec'd. 1-b-i

2

2

Good Good

Good Poor

*Wet bond tests after only 24 hour soaking.

1-a
2-a
3

1-a
2-a
3

5
5
5

5
5
5

20%

as rec'd.

20%

Poor
Poor
Poor

Fair
Poor
Good

Good
Poor
Good

Poor
Poor
Good

1-a
2-a
3

1-a
2-a
3

5
5
5

5
5
5

17% 4 5 Fair Poor-Fair
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Description
of Adhesive

Concentration
used" 

Type of Board
(code above)

Time Pressed
min.

Strength of Bond
Dry Wet(48 EiHr-j

Urea-formaldehyde "Perkins
100" plus 0.2% ammonium
chloride 99% (as rec'd)

- Same plus carbon tetrachloride
in addition 94% (as rectd)

5% (CC14)

Same plus more carbon
tetrachloride

Same plus more carbon
tetrachloride

89% (as rec'd)
10% (CC14)

79% (as rec'd)
20% (CC14)

Wet bond tests after only 24 hours soaking.

As shown in the table above, casein and urea-formaldehyde solutions
gave the best results of all adhesives tested. Casein solutions were effective
bonding agents in all cases except one, namely on the Teaex-wax treated board
of slightly higher density but lower retention of coating. Other Tenex-wax
treated boards and untreated boards were glued satisfactorily with casein solutions,
however. The urea-formaldehyde adhesives were consistently good (with only one
exception, and in rechecks of that, similar tests'.showed good results) provided
that ammonium chloride was added. The recommended amount of ammonium chloride
(2% of the glue weight) wae found to be high; one-tenth of that amount (0.2% of
the glue weight) was found effective in setting the glue in almost the same time.
This subject is covered in greater detail below.

Urea-formaldehyde glue ("Perkins lOO") was tested for time required
to set, i.e. to "dry", or "harder%, in various mixtures with ammonium chloride
and carbon tetrachloride. The various mixtures were tested by placing 1/S inch
thick films on pad paper and noting the time for the glue to harden. A table
of the composition, setting time, and water solubility of the mixtures is given
below.

1-a

1-a

5

5

Good

Good

Good*

Good*

1-a 5

1-a

Good

Good5

Good*

Good*
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Urea-formnldehyde Glue Mixture Testse 

Composition of Mixture. %
Ammonium

Glue Chloride

100

94

78

99.0

96.1

90.9

99.0

94.3

90.1

82.5

2

2

0.2

0.8

1.8

0.2

0.2

0.2

0.2

Water

4

4

0.8

3.1

7.3

0.8

0.8

0.7

0.7

Carbon
Tetrachloride

16

4.7

9.0

16.6

Setting Time
Min.

not set in 2 days

30

15

85

50

50

60

60

70

70

Water Solubility
(after set)

i soluble (not set)

insoluble

insoluble

insoluble

insoluble

insoluble

insoluble'

insoluble

insoluble

insoluble

Casein adhesive films were tested for water solubility as follows:

a) 15% ammonium hydroxide - 204 casein solution

b) 5% sodium hydroxide - 20% casein solution

The above mixtures were spread into thin films on glass and allowed

to air-dry for 10 days. The dry films, about 1 inch square, were placed in

100cc. of water at 25 ° C. in separate beakers and shaken intermittently by hand

The time required for the solution of each was noted.

Results: Time for solution

a) 24-1/2 minutes

b) 13-1/2 minutes >

-. 

:. F -1
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B. Graphol Container Tests

Graphol container tests were continued from the earlier chipboard -

Vinsol - castor oil preparations. The results of various drying and storage

procedures are reviewed in the following tablet .

Table of Graphol Container Tests

Type

Chipboard - S.W.L. - Vinsol - castor oil

Same as 1 plus greaseproof

Same as 1 plus hezone

Same as 3 plus greaseproof

Graphol Storage

5 days at g00 F., 2 days at 1200 F.

7 days at 300 F., 21 days at 120° F.

1 day at 80° F.

1 day at 80° F.

These tests are being continued.

Drying

instant

instant

2 weeks at 1200 F.

2 weeks at 1200 F.

- complete failure

- no failure

- no failure

- no failure

C. Tests of Sulfur Impregnated Fiber Board.

A sample of sulfur-fiber sheet, 0.030 inch thick, was received from

Mr. Heard, Ontonagon Paper Co., Ontonagon, Michigan. Tests were made to determine

water, kerosene, and oil resistance as follows:

1. Water Immersion Test

2 samples 6 x 6 inches, placed in water for 26 hours;

weighed to determine water absorption in 4 and 26 hours.

2. Water, Kerosene, and No. 40 Oil Penetration

2 samples 4 x 4 inches were sealed to glass cylinders by

No.

1

2

3

4

(cont d)

1

2

3

4



- W.- ---- 'Project eep'iiW4ZrZ.^- *r~u-- 4 "^7 .<*-.-.* i^!^-,^. , t .- rrojei aepob
. rX,~t ̂ :^ \~ 4 ,-:? At - ;„... . He

- -'.." -$. &..4. 
-means of a castor oil - Vinsol - mixture.

a.-:i: ,,,. -

The test materials water, kerosene, and No. 40 oil were then added

in two cylinders each (kerosene also to a separate set which ws coated on the

test side with Vinsol-castor oil). The results are summarized in the follow-

ing table:

rt No.' 914
rt No.,. 
;-Page,'- '

Results of Impregnated Sulfur Board Tests

Test
Liquid

wat er

#40 oil

kerosene

kerosene on
coated sheet

Test 1 Test 2

no visible leak, but 12.5$ loss in 3 weeks

5 days 5 days

45 minutes 45 minutes

6 days 5 days

Average

5 days

45 minutes

5-1/2 days

Also, acidity and corrosion tests of oil which was in contact with

the sulfur impregnated paper for 19 days were carried out, along with similar

tests of oil in contact with Vinsol - castor oil mixture and free powdered

sulfur. The methods used were from Griffin, "Technical Methods of Analyses",

- - - 2nd edition pp. 334-5 McGraw' Hill, New York (1927). The results are tabulated

below.

Acidity and Corrosion Tests of Treated Oil

Mixture: 10-cc. No.-300 Texas Oir Plus Mineral Acid* T

1 40 g. sulfur impregnated paper 0.0011

2 20 g. (2:1) Vinsol-No.4 Castor Oil 0.0037

3 - (Blank) -- 0.0011

4 20 g. powdered sulfur 0.0018

Copper
otal Acid *'Corrosion

0.0072 strongly
corrosive

o.no68 not corrosive

0.0034 not corrosive

0.0033 strongly
corrosive

' Figures are in percent H2S04 on oil weight.
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D. Cold tests of. Solid-Fiber Boards

Series "ofoi' oe tests of solid fiber box board was concluded.

These tests were made on flsconsin 'ontainer Corporation's 750 dry, 500 wet test

weatherproof 0.100 inch board, glued with urea treated (10%) starch, Institute

treated and untreated.

The results aere:

1. Tenex-wax coated board stored 5 days at 22-32° below zero

Centigrade was slightly more brittle than originally, but

strong.

2. Tenex-wax coated board stored 12 days at 22-32° below zero

Centigrade was also slightly more brittle than originally

but strong.

3. Tenex-wax coated board stored 38 days at 22-32 ° below zero

Centigrade and- untreated board stored 19 days at 22-32°

below Centigrade were tested for cold Mullen strength:

Mullen strength - treated board cold - 755 lb./sq.in. (I

untreated board cold- 673 lb./sq.in. (I

N.n', 2eHO.CUO

av.)

&v.)

From the above test results, Institute treated solid fiber boards are

concluded to retain very good strength on cold storage (to 320 below zero C.)

E. Tests of Resistance of Vinsol and Castor Oil to Gasoline, etc.

Test tube experiments were conducted to determine the effects of gaso-

line, petroleum ether, and benzene on Vinsol, castor oil, and Vinsol-castor oil

mixtures.

The results, as determined after 24 hours and checked after 21 days,

were as follows-

-
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The development of improved paper containers was made the object of this
project. Work has been continued along lines established under Project -.
1000, of treating solid fiber boxboards with molten wax-resin mixtures, -
of incorporating sulfur in kraft sheets, and of treating chipboard for
greaseproofness by the use of castor oil-Vinsol mixtures.

I. Boxboard Treatments '

A. Vax-Tenex Resin Dip Followed by Oven Storage. 

Wisconsin Container Corporation's 750 dry, 500 wet test solid fiber
weatherproof board (made from four 0.025-inch plies laminated with 10%
urea treated starch) was treated in 50:50 paraffin wax-Tenex resin. Eight .
9 by 12-inch samples were dipped 5 seconds each in a molten bath of this
mixture at 90-100 C. After dipping, each sample was drained to one
corner, allowed to cool, and added to a common stack. This stack of 8
boards was clamped between rigid faces with the undetermined pressure of
two '"C clamps, and heated in a 148 F. oven for 23 hours. The resulting <i7
samples were uniform, free of excess coating on the surface, and only "S
slightly darker in color than before heating. The sheets were tested for 
Mullen (bursting) strength before andafter 48 hours of water soaking, · %l
along with untreated samples. The results are given in the following
table.

TEST DATA 0O OIS -CONDITIONZD BOXBOARD
TRTATED WITH 50:50 WAX-TEBEX

Description of Sample

Wax-Tenex
Retention,

a

Vet Mullen
(48-hr.soaked)

lb./sq.in.

Water
Absorption,
4 per 48 hr.

Treated, including edges

Treated, edges trimmed

Untreated

The average dry Mullen of untreated board was 638 lb./sq.in.

V
'n n InSTITUTE

<-' : . I- ' 
_ i' ~ 

17.8
16.4

0

487
492

255

33.9
36.2

51.8

-0

rw 7»
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B. Wax-Staybelite Dip

The same Wisconsin Container Corporation board that was described in A
was given a different treatment also. -This involved the use of a 75:25
Staybelite rosin-paraffin wax melt for the-dipping bath, and a treatment
similar to that of A with the exception of time of dipping (1 minute
dips were made in place of 5 second dips as before). The bath temperature
was again 90-100 ° C. No oven treatment was given these boards (6 samples
were treated) but two were soaked 48 hours in water, as before. The data
on wax-resin retention, water absorption caliper, and Mullen strength
are given in the following table.

TEST DATA ON 75:25 STAYBELITE-WAX TREATED BOXBOARD

Wax-Rosin Mullen Water
Retention, Strength Absorption, Caliper,

Description of Sample l% b./sq.in. % per 48 hr. inch

Treated, dry 6.9 671 - 0.100

Treated, soaked 48 hr. 7.1 407(wet) 57.5 O.l40(wet)

Also, three pieces of 50:50 Tengx-paraffin treated board from A were
placed in a cold chamber at -32 C. One of these pieces was removed
January 9, 1943, after 5 days in the chamber, and was found to retain
excellent strength and bending properties, but to have slightly weaker
bonding of the four plies. Other samples will be examined after longer
tests.

Small samples of the stock boxboard were also treated in 67:33 and 75:25
Tenex-wax melts to determine qualitatively the effects of varying Tenex
content. Progressively higher viscosities were encountered at the higher
Tenex contents at constant temperature (approximately 100 C.), and
slightly heavier coatings resulted. However, no difference in the brittle-
ness, color, abrasion resistance, etc., was noticeable in comparing with
50:50 Tenex-wax treated board.

II. Incorporation of Sulfur in Kraft Sheets

A. Impregnation of Kraft Sheets with Molten Sulfur.

Kraft handsheets of varying weight (from 20 to 240 lb. basis weight,
approximately) were prepared. Samples of each weight were dipped in
molten sulfur at 1LO C. The following table gives pertinent datp.
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Sulfur
Kraft Sheet' Penetration
Basis Weight Time, Sec.

29.3
41.8
55.8
83.8

112.5
132.5
191.0
254.0
336.0

2
2
2

3
5
5

20
30
40

Total Sulfur
Dip Time,

min.

1
1
1
1
2
2
2
2
2.

'Basis weight = lb./24" x 36" x 500.

Some of the sulfur-dipped samples and some corresponding untreated kreft
handsheets were tested for Mullen bursting strength, both dry and wet
(soaked over 48 hours in water), with the following results

MULLBE STRENGTH O KRAFT-SULFUR HANDSHEETS
' -·.^*.-

Kraft Sheet
Basis Weight'

132.5
254.0

Untreated Strength
Dry, Wet 48 hr.

lb./sq.in. lb./sq.in.

94
150 19

Sulfur Treated Strength,
Wet 48 hr.
lb./sq.in.

40
78

fBasis weight = lb./24' x 36' x 500.

Other kraft-sulfur combinations were produced by mixing eulfur in pulp
suspensions and forming the mixture to a pad on a sheet mold. After
steam drying, the sheets were pressed at 110 lb./sq.in. for 5 minutes at

-- a 10l C. temperature. In each case, sulfur flowed out-of the sheets.
Various data for the samples, all of which had the same weight of kraft
fiber (fiber equivalent to sheet of 132.5 lb./24" x 36" x 500 basis
weight), but a range of sulfur weights are given in the following table.

Sulfur in
Sheet ,

-67.7
64.8
69.1
65.7
70.1
61.7
62.7
60.8
58.5

Caliper,
inch

0.004
0.006
0.009
0.012
0.014
o.o16
0.025
0.031
0.040

I

T�� 1;. - .
k 4-
9 j-r
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Per cent Sulfur in Sheet Mullen Strength
Sulfur-Fiber Unpressed Pressed Final Weight Caliper, Wet 48 hr.
Ratio in Mold 4 4 lb./24X36X500 inch lb./sq.in.

6:1 83.0 72.0 499 0.028
5:1 79.2 70.9 481 0.027 
4:1 75.5 69.4 459 0.025 39
3:1 66.5 66.9 422 0.024 38

The Mullen strength (bursting strength) of the 4g-hour soaked samples in
the above table can be compared to the 94-pound dry blank test on the
same fiber weight sheet, and 40 lb. 48-hour soaked impregnated sulfur-
kraft sheet test.

III. Chipboard Treatments with Castor Oil-Vinsol Mixtures..

Two types of treated chipboard cylinders were prepared in attempts to
develop a greaseproof container"for "Graphol," a penetrating lubricant
containing graphite. Both types had'cylinders of convolutely round
chipboard, six plies laminated with Clarion extract. One uofthese had an
additional inner ply, also bound with Clrrion extract, of Thilmany Pulp
and Paper Ccmpany's greaseproof paper, A sample of each type was sealed
and inside coated with 2:1 Vinsol-No. 4 pale castor oil hot melt, and
another of each type, with methyl isobutyl ketone-Vinsol-No. 4 pale
castor oil mixture. The preparation data are given in the following
table:

CHIPBOARD CONTAINERS FOR #GRAPHOL"

1. Six-ply chipboard can; added 32.54 S.V.L., dry basis to laminate;
sealed bottom and coated inside with 2:1 Vinsol-No. 4 pale oil mixture
at 160° C. (paper can heated to 1200 C.). The weight gain was 15.44 over
the previous weight. -- --

2. Six-ply chipboard and one ply Thilmany greaseproof; added 27.54
S.W.L., dry basis, to laminate; sealed bottom and coated inside with
2:1 Vinsol-No. 4 pale castor oil mixture at 1000 C. The weight gain
was 19.89 over the previous weight.

3. Six-ply chipboard; added 32.7$ S.W.L., dry basis, to laminate; sealed
bottom and coated inside with.a mixture of 99 g. of 2:1 Vinsol-No. 4 pale
castor oil and 33 cc. of hexone (methyl isobutyl ketone) at 70° C. The
weight gain was 12.44 overthe previous weight before drying.
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