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GOurº invention-relates to the process of manu 
faeturing paper and particularly boxboard; and 
relates to the process, product and apparatus for 
practicing the process and producing the prod 
uct to secure decreased weight or increased 
strength, or both decreased weight and increased 
strength. 
Our invention relates primarily to fiber treat 

ment - and conversion into a substantially stand 
ardized product for producing dry paper of uni 
form strength characteristics. 

This invention deals with dry strength paper. 
In this art the problem competitively is to 

produce boxboard of decreased weight or in 
creased strength, referring to strength as resist 
ance to crush, or both. The variations due to the 
variety of raw materials used in manufacture nec 
essarily present an unusually difficult problem 
in the control of the weight and strength and 
particularly in the effective reduction of weight 
and increase of crush strength economically on 
existing paper, making and corrugated boxboard 
making machines and in . connection with the 
mechanisms used for preparing the stock prior to 
delivery to the machines. Due to the nature of 
manufacture of boxboard in which the paper 
sheets are first manufactured on one machine 
and then corrugated in part and the corrugated 
sheet is assembled between two flat sheets on 
still other machines...and heat is applied on both 
machiness to the paper stock, an additional set 
of variables is introduced into the problem. 

It is an object of this invention to be able to 
meet these varying. Conditions and at the Sane 
time, to so, modify, the crush strength and Weight 
of the paper as to produce an improved product 
ands one that is more econoianical as the . Sales 
price and cost vary, in proportion: to the weight 
and strength. 
it is a further object to provide a product that 

can be so manufactured, while at the same time 
retaining most of the desired charaeteristics of 
ink absorption for the printing on the boxboard 
and other, characteristics required by the trade. 

It is an object of this invention, to provide an 
additive compound, and method of making; and 
to provide a methods of -introducing this com 
pound into the papers stock, to treat the fibers, 
control; the stock, pH value, control its absorp 
tion: and adsorption on the stock so. as to regu 

gresulting: strength and weight of the 
-nd further to powide for golymeriza ?? ??? 

tion of the collapound on or in the fibers, prefer 
.aby by stages on the paper machine: and the 
lateritreatment on the corrugating.machine,sso 
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2 
that the ultimate polymerization will be accom 
plished for producing the ultimate in increase 
of strength. and saving in the weight with the 
approximate conclusion of the manufacture of 
the completed boxboard. 

It is a further object to provide for a mecha 
nism for adequately introducing and incorporat 
ing the compound so as to bring about the maxi 
mum saving in weight and increase in crush 
strength of the dry paper. 

It is particularly an object of this invention 
to provide for a new combination which is pre 
cooked and is introduced as a pre-cooked combi 
nation constituting a new composition of matter 
introduced into the fiber stock under controlled 
pH condition. We bring about the combination 

Stock itself and chemical means to control alka 
linity and acidity. 
The unexpected result is that the new composi 

tion effects the desired results of increased 
strength resistance to crush and reduced Weight 
although the components from which the new 
composition is manufactured in themselves do 
not produce the same result. 
The particular object of this invention is to 

provide for the combination of water soluble. urea, 
formaldehyde resins and Starch pre-cooked Suf 
ficiently to pre-polymerize this composition of 
matter into a new form, preferably in the pres 
ence of papermaker's alum, aluminum Sulphate 
(Al2(SO4)3), or its equivalent, for acidifying the 
resin and starch polymerization composition, to 
facilitate the polymerization prior to introduc 
tion into the fiber stock by controlling the pH. 

It is a further specific object to likewise con 
trol the acidity upon the introduction of this pre 
polymerized composition into the stock. 

It is an additional object to utilize the heat on 
the paper machine for further polynerization 
of the composition of matter in the presence of 
alum in the stock to bring about, not only fure 
ther polymerization of the composition, but to 
do so on the stock. So as to control and secure 
adsorption in or absorption on or into the fibers. 

It is an object to control absorption and ad 
sorption of the composition with the fiber- and 
to provide-a, controlled balance between absorpe 
tion and adsorption. The pre-polymerization of 
the composition prior to the introduction into 
the paper fiber. is for the purpose of providing a 
moleeular structure that permits centry of the 
molecules into the fibers as well as coat the fibers 
thereby effecting a controlled balance if desired 
between absorption and adsorption. 

  



3 
It is still a further object to provide for the 

completion of this polymerization in the com 
pleted sheet by the application of the heat in 
connection. With the corrugation of the sheet and 
final aSSembly of the corrugated sheet With the 
liners as a part of the boxboard manufacture. 

It is an object of this invention to control the 
pH value at each stage to regulate the poly 
merization rate and to regulate the incorpora 
tion of this composition of matter into and upon 
the fiber stock to form the resulting paper and 
boxboard. 

It is a particular object to accomplish this 
result for dry strength, particularly crush 
strength, of the finished paper. 

It is an object to provide a method involving 
time, temperature, and viscosity control, plus 
control of the chemical reactions indicated above, 
and the control of the pH values for regulating 
and accelerating the reaction and the polymeriza 
tion and unity of the composition with the paper 
fibers into a new composition. 
Due to the fact that heat is applied to the 

paper in both the making of it originally and 
later during the corrugation and assembly into 
bOXboard, this new composition is particularly 
adaptable to progressive polymerization until the 
final result is achieved in the completed box 
board, but it will be understood that the inven 
tion is equally applicable to conditions in which 
polymerization is completed in one stage when 
used with a product where a single heating takes 
place. In both instances it is an object of this 
invention to be able to utilize the existing heat 
employed in paper making and boxboard mak 
ing to conclude and complete the polymerization 
which has been initially started in the step of 
combining starch and resin in the initial pre 
polymerization operation to produce the composi 
tion of matter which is introduced later into the 
stock to treat the fibers. At this stage, the com 
position is readily combined with the stock fibers. 
Later, the stage polymerization completes the in 
Corporation into the fibers while completing the 
boxboard. 

It is a further object to provide a method of 
introduction of this composition into the paper 
making line for its maximum incorporation and 
to insure the ease of control of the pH values, 

It is a further object of this invention to 
provide for proportions of this new composition 
of matter which have a low ratio compared to 
the resulting dry paper stock. 

It is a further object to provide a highly cat 
ionic resin of water Soluble urea, formaldehyde 
composition in combination with starch and alum 
(the latter optionally) under an elevated temper 
ature sufficient to bring about pre-polymerization 
and the formation of a new composition of mat 
ter; and to combine such partially polymerized 
composition. With paper fibers; and then to com 
plete the polymerization of the composition on 
or in the fibers as the boxboard is made. 
The drawing shows a flow sheet indicating 

the various steps in connection with the practice 
of these inventions. 

Referring to the accompanying flow sheet, the 
following examples indicate variations of the 
basic features of our invention. It will be under 
stood that our objective is to improve the dry 
strength and primarily the crush strength prop 
erties of boxboard by increasing crush strength 
and reducing weight; and, in doing so, to adapt 
this process and its composition of matter to 
the specific operating conditions of producing 
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4 
the paper and resulting boxboard while at the 
same time providing a process and composition 
of matter that can be equally effectively emi 
ployed on other types of paper where increased 
dry strength is desirable. 

Statement of introduction steps 
The process is as follows: designates a source 

of papermakers' alum which is introduced into 
the cooker 2 containing a suitable amount of 
water 5 and into which the water soluble form 
aldehyde condensation resin is introduced as at 
3 together with Starch as at 4. The mixture is 
heated at elevated temperatures supplied by the 
steam 6. A typical cook comprises introducing 
140 gallons of water to the mixer tank 2; adding 
125 pounds of 50% resin and mixing thoroughly. 
Then there is added 62.5 pounds of starch slowly 
which again is mixed thoroughly. Alum is then 
added to the mixture as required to the desired 
pH. The exact amount however varies and the 
amount to be added should be Sufficient to give 
the desired pH of 5.5 to 6.5. The mixture while 
agitated is heated to gelation (166 to 180° F.). 
When the gelation starts a temperature of ap 
proximately 175 F. is maintained for approxi 
mately 25 minutes. It is understood that a 
longer or shorter time may be chosen depending 
om character of paper to be treated and the 
degree of molecular Size desired of the resin 
starch mix; We may use from 5 minutes to 50 
minutes. On the completion of the heating, the 
steam is shut off and the mixture is diluted to 
300 gallons With cold Water. For convenience We 
COok at approximately 10% total Solids and then 
dilute to 5% solids for use. We emphasize this 
is a typical Cook: the procedure and proportions 
can be varied considerably. The solution diluted 
with the water 7 is stored in the tank 8. A 
certain amount of overflow 9 may be added from 
the Weir box O' to which the composition is 
added through the line 0 and then sent to the 
dividing head . This pre-cooked, pre-poly 
merized starch-resin Composition prepared in the 
presence of alum is added on a one to one solids 
ratio to provide a 2% total solids based on dry 
paper weight. In practice, this composition is 
metered into the stock as it flows from the Weir 
box or head box into the dividing head f. 
The second alum Solution is prepared and 

added as follows: Turning to the right hand side 
of the flow sheet there is added alum í 2 and 
water 3 to the alum dissolving tank 4. The 
mixture then passes to the alum storage tank 5 
which is supplied with overflow water through 
the line 6 from the alum Weir box . The alum 
Solution from the storage tank 5 is introduced 
by the line 8 into the alum Weir box to pro 
duce a pH of 5.5 to 7.0, preferably not above 6.9. 
This alum solution is introduced by the lines 9, 
20 and 2 into the dividing head 22 which is pro 
vided with dilution water 23. The dividing head 
22 receives the starch-resin composition which 
has been pre-cooked and pre-polymerized in the 
presence of alum through the lines 24, 25 and 26. 
Turning to the left of the flow sheet, We now 

describe the preparation and Supply of the paper 
fibers. Water 27 is delivered to the digester 28 
which is supplied with steam 29. In this digester 
is introduced straW 30 as an example, it being 
understood that other materials may be used; 
and the digesting chemicals 3 of conventional 
type. The pulp passes through the line 32 to . 
the multiple beater 35 and thence through the 
line 34 into the beater chest 35 where it is stored. 
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and its completion by corrugation into boxboard. 
It should be kept in mind that the greater the 
molecular size, the greater the dry crush strength 
and probable reduction in weight, but this rule 
is modified by the fact that if the molecular size 
progresses to such an extent that only the fiber is 
coated on the outside by adsorption and there 
are not sufficient Smaller molecular sizes there 
will be no desirable absorption to carry the mole 
cules of the composition into the fiber to add that 
internal strength as well as the coating producing 
external strength so desirable in a balanced fiber 
treatment. It will be understood that the fore 
going is our theory and we do not wish to be bound 
to such a theory but state it for the purpose of 
making the best and most complete disclosure 
within the realm of our knowledge. 

Place of introduction of the pre-polymerieed 
composition 

Keeping in mind that thoroughly mixing of 
this composition of matter is important to incor 
porate it with the stock, we have employed its in 
troduction into the open trough leading to the 
Jordan after the flow regulating dam; into the 
stock stream from the Jordan to the machine 
chest; into the machine head box after the gate 
regulating overflow back to the machine chest; 
and into the dilution box at the end of the na 
chine head bOX. 

It is found that the preferable point for addi 
tion of chemicals is at the dividing head of the 
machine head box where dilution with Water 
takes place. This head box is located between 
the machine chest and cylinder vats. The dilu 
tion water creates sufficient agitation to mix the 
chemicals into the pulp. 
While the pre-cooked partially polymerized 

starch and resin combination can be introduced 
into any one of the vats it has been found pref 
erable to introduce the composition into all of 
the vats equally. 

pH values 

The question of pH values is an important One 
both in the initial reaction of the starch and the 
water soluble urea, formaldehyde resin, and in the 
stock to which the starch-resin product is added. 
In the pre-cooked mixture it is desired to have a 
pH range of 5.3 to 6.5. While this varies accord 
ing to the type of resin used, and paper stock to 
treat, as elsewhere indicated, yet the foregoing 
range is typical and will prove an effective guide. 
The preferred optimum pH in the stock due to 

the addition of an additional amount of con 
trolling alum or its equivalent at the time of mix 
ing the foregoing composition of matter with the 
fiber stock is in the range of 6.5 to 6.95, although 
under some conditions an even lower pH may be 
Suitable. 

Temperature control 
Temperature control is important in Connection 

with the pre-cooking. A satisfactory cook of 
starch, alum and resin is effected at 175 for five 
minutes after gelation and then held for 20 min 
utes at that temperature. This period may Vary 
and the temperature may vary with the type of 
resin employed. With Such a combination the 
proportions of resin and starch are 1% resin and 
1% starch making a 2% mixture of Solids based 
On the dry paper weight. 
The word "cook' used herein indicates heating 

and holding of the components to temperature aS 
required and does not indicate a boiling ten 
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8 
perature. This holds true throughout the 
proceSS. 

EXAMPLE 
The following is a typical composition and 

method of preparation of a pre-cooked starch 
and water soluble urea, formaldehyde resin: 
Cook the starch and water and a water soluble 

urea formaldehyde resin and bring the composi 
tion to boiling point and thereafter cook at 175' 
F. for five minutes and then hold for twenty min 
utes at that temperature. The composition of 
matter so formed is then cooled and used as an 
additive as indicated as follows: 
The pH value of the composition is maintained 

at 5.7 by the addition of alum or its equivalent 
such as any acid salt or any material which gives 
excess of hydrogen ions such as sodium, bisul 
phate, hydrochloric acid, acetic acid, phosphoric 
acid, nitric acid, oxalic acid or any mineral acid 
or any of the strongly organic acids or any acid 
Salt. 
The alium added or its equivalent depends upOn 

the pH value to be maintained. 
This composition is then added as indicated 

to the stock where the pH value ranges from 6.5 
to 6.95, although an even lower pH may be used 
under some circumstances. This pH value is 
controlled by the second addition of alum or its 
equivalent. 
The stock is then passed through the paper 

machine and is manufactured into finished sheets. 
The heat of Such manufacture brings about fur 
ther polymerization of the starch resin composi 
tion. Thereafter the corrugation of the sheets 
and the assembly with the front and back liner 
sheets involve the application of heat which com 
pletes the polymerization and the reaction be 
tween this composition of matter and the paper 
fibers to form a boxboard of high crush strength 
and reduced Weight. 

Principles of cooking 
In principle the shorter the foregoing cook, the 

longer the period necessary for the final cure to 
bring about complete polymerization. The longer 
the cooking time or the longer the heating of 
this composition of matter prior to combination 
with the paper pulp the larger the resin mole 
cules and the higher the viscosity, whereas the 
shorter the cook, the Smaller the resin molecule, 
giving greater ability to effect penetration into 
the paper fiber to bring about absorption. In 
this Way one can control the formation of average 
molecular size thus governing the degree of ab 
sorption and adsorption in or on the fiber. 

For instance if a short cook composition is in 
troduced into the machine chest with slow agita 
tion and mixing is conducted for an hour we 
find that greater absorption is secured, but if it is 
added at the head box which holds a much small 
er amount and there is movement continuously 
in and out of the head box, creating shorter time 
of contact we find that greater adsorption or Sur 
face coating and lesser penetration result. The 
resulting strength and characteristics of the pa 
per can be accordingly modified. If there is a 
short cook, the paper will be more flexible be 
cause of greater absorption, While, with the longer 
cook, the composition of matter stays more on the 
Surface of the stock and provides a stiffening ef 
fecit on the fiber. 

In the making of the paper sheet the temper 
ature of the dying rolls ranges from 235 to 300° 
F. as the stock moves through the machine. 
Depending on the length of the driers and their 
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capacity for drying from 100 to 500 feet of sheet 
per, minute the temperature of the sheeti ranges. 
from 70–280°F. On the corrugating machine the 
temperature runs: approximately 300-340 F.in. 
the drying: ovens with the paper travelling at 300 
to; 500 feet, per minute, agains depenidiñgi on-the 
particular i machine. . 

EXAMEPE II 
The steps of a typical example of our invention. 

are as follows: 
A 

10 --?? glmS?--------------------------------??--?--- ?? ? ?Stareh 
Water, soluble-urea formaldehyde resin . 

gms: -. 20 
170 - ??gmS-------------------------- ? - :------------?---* ?WateT 

Heat. to 167 F., hold 5 minutes, cool 
This is a 5% solution of each component in 
Water 

B 
Preparestraw pulp: 

strawboard pulp (15gms: solids in 1350gms. 
water) --------------------------gms:- 1365 

Solution A-------------------------gms - 6 
Stir and add: 
Alum (25%' sol.) to pH of 5.7. 

The final mixture contains 1% starch and 1% 
resin on finished paper weight. 

EXAMPLE III 
The steps of a typical example of our inven 

tion, areas. follows: 

Stairchl ------ S SALASSSLSSSSSSLSSSSS SSTSSAS SLS LS LSAS SSASSNiwr-y-wea' am wrw naw' rwysau-gms. 10.0 

Water soluble urea formaldehyde resin 45%. 
Solids---------I'm a «... ww - a nn va marw"???» ???. ?? ? ???--gns - 22.2 

Water--------------------???:? ??? ?? ??? ????????????gmS - 1700 

Heat the above mixture 167°F, hold five mini 
utes and cool (5% of each component in 
soltution.). 

B. 

Straw pulp (15 gms. Solids in 1350 gms. 
.1365 --gms-?------------------------------ (Water 

Solution A-------------------------gns:- 6 
Stir. and stand:3 minutes, add alum: (25%. Sol)." 
to pH 5.6. 

EXAMEPE V 

The steps-of a typical example of our inven 
tion are as follows: 

A. 
Wáter soluble urea.formaldehyderesin: (45% 

:'11.10-- .gmS?? --------- ? ------------------------------------SolidS 
.83,9 .SAS MSASASqAAAAAAAA S LSASASq AqAASS qSASqS SqM MSSL SSgmS????????????? ??????? -- "Water 

Mikª 
Add cornstarch---------------------gins-- 5.0 

Reduce to pH 5.0 with papermaker's alum and 
heat ten minutes at 175° F 

B 

Straw, pulp (15 gms. solids in 1350 gms. 
water) -------------------------- gms--- 1365 

Solution A---------------------.8111 ??????S 6 ? ? 

The final mixture contains 2% starch and 2% starch resin on finished paper weight. 
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EXAMPLEV. - 

The steps of a typical example of our inven 
tion are as follows: 

A. 

Corn pearl starch--------------------lbs. 73. 
Water ----------------S SS S LSLCL S S SSSL SLSLSL S SLLLSSS SS SS SS gall. 135 

Mix. Well and: add: 
Water Soluble urearformaldehyde resin (50% 

Solids). - - - - -???- - - - - - ? ? ? - ???? ?????? - ??-??-???bS146 ??. 
Mix. Wellard while mixing add, dry alum, 

(papermaker's grade) to a pH of 5.3. 
Heat with agitation tid approx. 175°. F. and 
hold at this-temperature for twenty miruites, 

Dilute with Water--------------------gal - 350: 

This is a 2.5% solution of each (resin-and-starch) 
in solution' (total 5%). 

This solution is fed into the pulp, at the divid 
ing: head", of the paper: machine: at the head; boX:r. 
at a rate to add 1% of each component based: 
on the air dry paper being made on the machine. 
Alum is added: continuiol?Slyi here - (25 %? Solula . 
tion) simultaneously to hold the pH at about 67. 
to 6:95. 
On a paper "machine" producingº : 55 tons per 

day the additions as above would amount to:30:56: 
lbS: per minute of theresin-Starch Solutiorì3. 
Above resin-starch solutions have also been. 

used by." adding...to straight bogus. Stock . (scrag. 
paper), with equally improved results over the 
results obtained on: a straight untreated paper. 

Curing of the resin 
The cooking period of the starch and resin is 

the first step in controlling:the extent-to', which 
there will be obtained absorption or adsorption. 
in or on the fiber. As a rule slow agitation for 
a considerable period; approximately an hour, of 
the starch resin' composition with the pulp as 
in the machine chest will bring about the pre 
domination of absorption, whereas by adding at 
the head box where shorter time of contact re 
sults will give greater adsorption. As a rule the 
shorter the cook, the smaller the molecular struc ture and the greater the ability to penetrate the 
fiber by the starch resini pre-cooked combinia. 
tion to bring about greater absorption, whereas 
the longer the cook, the larger"the molecule size 
which will bring about greater adsorption. 

Also, it is the rule that the shorter the cook the longer the final' cure at equal temperatures. 
A short cook may result in a more flexible prod 
uct while a longer cook brings about more of 
a surface deposit of the starch resin composi 
tion tending to give a stiffer fiber after curing. 
We have found that alonger or shorter dura 

tion of time of contact of the resin starch solu 
tion with the fibers will also govern, the degree. 
of relative absorption or adsorption even after 
the average molecular sizes have been controlled. 
and established in the pre-cook of the resin-and 
starch. 
The heat used in... manufacture- of- paper...is 

largely consumed in the drying of the paper-so 
that the heat is effective to a lesser. degree-for. 
further polymerization and curing. of the resin: 
as compared with the corrugating operation: 
where the paper runs-over-corrugating rolls-and 
over steam heated driers to dry the glue-applied 
to the corrugations. In a typical machine-these: 
driers normally runs about 340° F. The paper. 
travels about 450 per-minutes and the driers are:- 
about 40 long. The temperature of the papers 
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is such that the paper is too hot to touch, but 
being in rapid motion it is not possible to deter 
nine the actual temperature of the paper. 
Between the paper machine and the corrugat 

ing machine the paper is rolled while Warm and 
this residual temperature continues the slow Cur 
ing of the resin. 

After the delivery of the boxboard from the 
boxboard making machine there is sufficient re 
Sidual heat in the boxboard so that the cure of 
the resin in some instances will continue (even 
at room temperature) to bring about the final 
C?f:8- 

Generally speaking temperatures above 250 
F. Will bring about the final and accelerated cure 
of the resin. The speed of cure is a function of 
and is governed by the pH values as a high pH 
(alkaline) gives more stability and less tendency 
fOT rapid cure tham a low pH (acid cOndition). 
These conditions are controlled by using the 
proper amount of papermakers' alum or other 
similar chemicals. 
In the instant case when Straw is the basis of 

the stock it is essential that the acidity be con 
trolled as indicated, in order to prevent any de 
struction of the strength of the stock itself which 
would negative the strengthening effect of the 
additive composition. 

However, in the event that the composition 
is employed. With Stock other than StraW We have 
found it possible to increase the amount of alum 
and thereby accordingly modify the pH values 
because the effect of alum in some cases is not 
deleterious per se on the strength of the stock. 
Thus in the event that bogus (any scrap paper 

and mixed boxboard) or other paper making 
fibers were utilized as the basis of the stock. On 
the run then the pH values would be accordingly 
adjusted as indicated because, the destructive 
effect of incorporating alum would not be as 
marked as in the case of using virgin stra W. 

It is understood that the use of alum under 
these circumstances for the primary purpose of 
effecting the polymerization of the resin and 
setting it up in combination. With the starch and 
its combination with the paper fibers is (aside 
from) its well known function of acting as a size 
precipitant for rosin size and other sizing mate 
rials. 
In various places throughout the text the 

phrase “to increase strength and lower weight' 
is used. It must be understood that this is pro 
portional, that is if we lower the weight, strength 
changes proportionally to the reduction in Weight. 
In other words we lower the weight to a point 
where strength remains the same as it was with 
out any treatment. By the same token if We 
maintain constant Weight then strength (crush 
resistance) increases to its maximum. This re 
solves itself into an economic feature. By main 
taining uniform crush resistance (strength), we 
can reduce Weight and save costs. If we main 
tain uniform weight compared with untreated 
sheets then at the same cost or very slightly 
additional due to chemical costs, we attain in 
creased quality of crush resistance. 

In increasing strength. We do not refer to ten 
sile strength, but mean resistance t0 crush force. 
The term “crush resistance' can be employed 
instead of "strength' as We have no reference 
to tensile, burst or tear Strength when we speak 
of this property called crush resistance, although 
increased crush resistance will influence these 
properties of tensile and burst to some extent. 
This differentiates this result from “wet strength.' 
which is essentially a tensile Strength. When wet. 
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12 
The property of crush resistance is essentially 
a stiffening of the fibers by applying treatment 
to fibers as well as some stiffening of the matrix 
Which cements these fibers together. s 
Again referring to our description of the flow 

sheet of paper making this is merely typical. 
Although this procedure is used in a number of 
mills, others use One or more Fourdrinier ma 
chines instead of cylinder machines. 
The urea resin starch is applicable to either 

type of sheet forming. 
There are, also, variations as to preliminary 

preparation of the cooking, the pulp treatment, 
etc. before reaching the paper sheeting stage. 
Some plants use spherical steam heated digesters, 
others use chemical pulpers and various other 
types of digesters. 

In the case of "bogus' paper it may be pulped 
in the beater or it may be treated in a "hydrau 
lic' pulper or by other mechanisms. 

Also, in a cylinder machine, the number of 
cylinders may vary from one cylinder up to four 
or even five cylinders or more. 

In our flow sheet and description thereof, there 
are shown two weir boxes for controlling the rate 
of addition of the chemicals to the paper pulp. 
This again is a typical set up. Instead of weir 
boxes we may use proportioning pumps or flow 
regulating meters or any other devices suitable 
to control and regulate a constant flow. 

This also is true of the dividing head of the 
boxes. Any other method may be used to furnish 
three or more (or less) uniformly controlled feeds 
such as three separate pumps, three meters or 
any other suitable method. 
The chemical addition agents, besides being 

Suitable for Straw stock and “bogus' can also be 
applied to any other type of stock including 
jutes, kraft, rag, wood, chestnut or any other 
grade of pulp. 

It will be understood that We desire to compre 
hend within our invention those modifications 
and substitutions of materials that are found 
necessary in adapting these inventions to various 
conditions of use and particularly where the 
claims Specify a particular resin or other mate 
rial it will be understood that equivalent substi 
tutes of material may be employed some of which 
are indicated herein as typical substitutes. The 
Specification and the claims therefore of a specific 
material is meant in the generic sense of any 
materials of that class having those similar chair 
acteristicS. 
We claim: 
1. The method of making a water-dilutable 

potentially thermosettable starch-resin reaction 
product which comprises adding from about 62.5 
to about 73.0 pounds of raw starch to an aqueous 
Solution of about 125 to 146 pounds of a 50% 
Solids Water-Soluble urea-formaldehyde resin 
precondensate in about 135 to 140 gallons of 
Water at room temperature, adding Sufficient 
alum to adjust the pH of the mass to about 5.3 
to 6.5, heating the mass at Said pH and with 
agitation to a temperature in the range of 166 F. 
to 180° F. and maintaining the mass at said ele 
wated temperature for from about 20 to 25 
minutes. 

2. A water-dilutable potentially thermoset 
table raw starch-urea formaldehyde resin reac 
tion product made by the method of claim 1. . . 

3. The method of making boxboard having 
controlled Crush resistance and weight which 
comprises (1) incorporating an aqueous dilution 
of a water-dilutable potentially thermosetting 
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raw starch-urea formaldehyde reaction product 
in the paper stock in an amount to provide the 
stock with a total solids content of 2% of the 
raw starch modified-resin based on the dry 
weight of the paper, said 2% being made up of 
1% of raw starch and 1% of the urea-formalde 
hyde resin, (2) adjusting the pH of the mixture 
of paper stock and diluted starch-modified resin 
to 6.7 to 6.95, (3) sheeting the mixture, (4) lami 
nating a plurality of sheets to obtain a multi 
layer product, (5) passing the laminate through 
a drying zone, (6) passing the dried laminate 
through a corrugating Zone, (7) and then passing 
the corrugated laminate through a finishing Zone 
in which an adhesive is applied to at least one 
Surface of the corrugated laminate and a liner 
sheet is applied to the adhesive-coated Surface, 
the temperature to which the mixed fibers and 
heat-curable starch-modified resin are subjected 
from the wet end of the sheeting machine to the 
exit end of the finishing Zone being increased 
progressively and being correlated with the rate 
at which the mixture, in the sheeted form and 
then in the laminated form, is passed to the exit 
end of the finishing Zone So that conversion of 
the resin to thermoset condition is effected pro 
gressively but is not completed before the box 
board is ready for removal from the finishing 
zone, Said aqueous dilution of the starch-resin 
reaction product being obtained by adding from 
about 62.5 to about 73 pounds of raw starch to an 
aqueous solution of about 125 to 146 pounds of a 
50% solids water-soluble urea-formaldehyde 
resin precondensate in about 135 to 140 gallons of 
Water at room temperature, adding sufficient 

10 

2) 

25 

30 

35 

14 
alum to adjust the pH of the mass to about 5.3 
to 6.5, heating the mass at said pH and with 
agitation to a temperature in the range of 166 F. 
to 180° F., maintaining the mass at the elevated 
temperature for from about 20 to 25 minutes, and 
diluting the mass with 300 to 350 gallons of Water. 

ELWOOD P. WENZELBERGER. 
KURT A. WOHL. 
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