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ABSTRACT OF THE DISCLOSURE 

This speci?cation discloses methods of binding books 
without the use of adhesive, staples, sewing, mechanical, 
looseleaf binders or other means for holding the pages 
of the book together. Instead of using the expedients of 
the prior art, this invention uses leaves made from sheets 
of paper that can be welded together, the composition 
of the sheet being uniform throughout its entire area since 
when the sheet is made, no one knows what parts of its 
area will eventually be the edge portions of a book made 
from the sheet. Applications of concentrated energy ap 
plied to clamped-together leaves cause them to weld to 
one another to produce connections that compare favor 
ably with the conventional binding mentioned above. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

There are many conventional ways by which pages and 
signatures of a book are connected together. These in 
clude the use of staples, either through the fold of a 
signature as in pamphlets and magazines; or through the 
sides of the pages near the rearward edges in other cases, 
particularly thicker books. Sewing is also used, but the 
most common methods use adhesive, either alone or in 
combination with stapling or sewing. Mechanical and 
looseleaf binding can also be used. All of these methods 
involve substantial amounts of labor and cost. 

This invention relates to methods for making books by 
welding together special sheets and without the use of ad 
hesives, staples or stitching. The sheets are made of paper 
and the term “paper” is used herein with the meaning 
set forth in Webster’s Unabridged Dictionary (2nd Ed.) 
which de?nes “paper” as: “a substance made in the form 
of thin sheets or leaves from rags, straw, bark, wood or 
other ?brous materials, for various uses.” 

This invention uses a special kind of paper which can 
be welded to similar sheets. 
The term “weld” is used herein to designate a connect 

ing of sheets by sealing them together as the result of 
the application of energy to the surfaces of the material of 
the sheet and without applying adhesives or other inter 
vening material to the sheets for binding. 
The term “book” is used herein to designate maga 

zines, pamphlets, letters and folders, regardless of the 
number of pages, and down to two or more leaves. 
The connections are not the same as “welds” made 

with metal, but they do have characteristics in common 
with metal welding. For example: the sheet welds can be 
made at lower temperature if more pressure is used, and 
can be made with only enough pressure to hold the leaves 
in ?rmly assembled relation if suf?cient heat and subse~ 
quent cooling is used. There are also distinct differences 
from metal welding. The stack of leaves is not a good 
conductor of paper heat, though the conduction is im 
proved by pressure. The sheets cannot be melted and 
puddled, as with metal. The “weld temperature” of the 
sheets is that temperature at which the confronting faces 
of the different areas of the sheets react with one an~ 
other so that they are bonded together when they cool. 
The speci?c temperature depends upon the composition 
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of the sheet or its resin coating system, and upon the 
moisture in the sheet. 

In analyzing the reaction which occurs, it appears that 
heat is necessary, but the term “heat” is used in a broad 
sense to include high intensive dielectric ?elds and highly 
localized energy applied for short duration. For thin 
books, where only a few leaves are involved, hot clamping 
jaws can be used because the heat can ?ow relatively 
quickly through the thin group of leaves. For a thick 

10 book and low heat-conductivity sheets, radio frequency 
electronic heating is advantageous because it generates 
the heat within the sheet itself and it is not necessary to 
depend on conduction and temperature gradients. 

‘It is desirable to have the leaves of the book secured 
15 together along only narrow areas of their bound mar 

gins. Clamping pressure for the welding may be over such 
a narrow area as to be insu?icient to hold the leaves in 
their desired assembled relation to one another. For this 
reason, the methods of this invention include embodiments 

20 where the same stack is clamped by different clamping 
forces, and the one for merely holding the leaves of the 
stack in assembled relation while being welded, may be 
of different clamping pressure than the one that co 
operates with the welding temperature to make the weld. 

Other objects, features and advantages of the invention 
will appear or be pointed out as the description proceeds. 

BRIEF DESCRIPTION OF THE DRAWING 

In the drawing, forming a part hereof, in which like 
reference characters indicate corresponding parts in all 
the views: 

FIG. 1 is a view of an unfolded sheet for use with this 
invention; 

35 FIG. 2 shows the sheet of FIG. 1 folded once in a 
lengthwise direction and once in a crosswise direction to 
produce a signature having eight pages (four leaves); 

FIG. 3 is a view similar to FIG. 1 but showing a sheet 
which is to be folded once along a crosswise fold and 

40 twice along endwise folds to produce a signature of sixteen 
pages (eight leaves); 

FIG. 4 shows an elongated sheet folding along parallel 
endwise folds in accordion fashion to make a multi 
leaf signature; 

FIG. 5 is an end view of the sheet of FIG. 4 with the 
sheet partially folded to illustrate the principle of the 
accordion folding; 
FIG. 6 is a diagrammatic sectional view showing the 

way in which a single signature or inserted signatures can 
50 be welded along the fold line between heated clamping 

Jaws; ' 

FIG. 7 is a diagrammatic sectional view showing the 
way in which the marginal portions of thicker books are 
welded together and showing the way in which signatures 

55 are welded together; 
FIG. 8 is a diagrammatic sectional view illustrating the 

welding of the marginal portions of an accordion-folded 
signature and with stray ?eld electrode high frequency 
heating; 
FIG. 9 is a diagrammatic sectional view showing still 

another modi?cation of apparatus for welding the mar 
ginal portions of a signature together with intermittent 
regions of welding along the weld line; 
FIG. 10 is a sectional view on the line 10--10 of 

65 FIG. 9; 
FIG. 11 is a sectional view taken on the line 11—11 of 

FIG. 8; 
FIG. 12 is a diagrammatic view showing a modi?cation 

of the heating means of FIG. 6 designed for continuous 
70 operations, as with a conveyor; and 

FIG. 13 is a diagrammatic view showing another 
modi?cation of the invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a sheet 9 which is to be folded along a 
crosswise line 10 and along an endwise line 12. 
FIG. 2 shows the sheet 9 after folding. The ?rst fold 

is made along the crosswise line 10 and the sheet after 
this ?rst folding is folded along the endwise line 12. Thus 
each leaf of the signature so formed is connected with 
another leaf along the center fold line 12, and the leaves 
are also connected together along the line 10. When the 
signature is trimmed, the portions which are connected 
along the lines 10 are cut off, in accordance with conven 
tional practice. 

FIG. 3 shows a sheet 9' which is folded ?rst along an 
endwise fold line 14, and then along a crosswise fold line 
16. The sheet is then folded along endwise lines 18 which 
are superimposed over one another by the previous fold 
ings and this produces a signature having eight leaves and 
sixteen pages, with each leaf joined to another leaf along 
a center fold which is made up of the folds along the lines 
14 and 18, all of which are adjacent to one another in 
the ?nal signature. 

FIGS. 4 and 5 show another common way of making 
signatures. A sheet 9a is folded along fold lines 20 with 
the fold at each successive line 20 in an opposite direc 
tion so as to produce an accordion fold, as shown in FIG. 
5. When the folds are completed and the successive leaves 
brought into contact with one another, the signature has 
half of the sheets joined to one another at one side and 
the other half joined to one another at the other side, as 
shown in FIG. 8. These are only an example of types 
of folds or combinations of folds that can be made either 
in ?at sheets on folding machines or rolls of sheet mate 
rial printed and folded on printing equipment. 
The folding procedure described above, and over-and 

over folds, and many other ways in which sheets can be 
folded to make a thin book or to make a signature for a 
thicker book are well understood in the art and the ex 
amples explained here are to illustrate the important fact 
that when the sheet is manufactured, the manufacturer 
does not know what part of the area of a sheet will con— 
stitute a marginal portion of a sheet which is to be bound 
for the ?nished book. In making sheets where the leaves 
are to be welded together, therefore, it is necessary to 
make the sheet with its entire area of a uniform con 
sistency so that no matter what part of the area of the 
original sheet becomes the edge portions of an assembled 
signature, the edge portions are of a consistency to be 
welded. 
One way to make paper weldable is to have the paper 

contain suf?cient quantity of thermoplastic resin to cover 
most of the surface ?bers of the paper. A paper with a 
layer of polyethylene resin extrusion coated on each sur 
face at the rate of 6 pounds per 3000 ft.2 is one example 
of such a paper, but the paper can be uniform throughout 
its full thickness. 

If the book or signature contains only a few leaves, 
such as the leaves 24 of FIG. 6, and the folding is like 
that described for FIGS. 1—3, then the leaves can be 
welded together along a center fold line 26 between 
heated clamping jaws 28 and 30. 

In the construction shown, the clamping jaw 30 is ta 
pered to a rounded upper edge 32 which can be a dull 
chisel point. It should not be sharp because of the danger 
of cutting the paper; but a more important reason is that 
the width of the clamping contact of the jaw 28 deter 
mines the width of the weld and the strength of the weld 
is increased as the width increases. The signature con 
sisting of the pages 24 can be draped over the lower 
clamping jaw 28, as shown in FIG. 6, and the upper 
clamping jaw 30 is then brought into contact with the 
outside of the center fold to press the folded leaves to 
gether between the heated jaws 28 and 30. 
The temperature of the clamping jaws 23 and 30 must 

be higher than the Welding temperature of the paper or 
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other sheet but not high enough to scorch or otherwise 
deteriorate the sheet along. the fold. The welding tem 
perature, as previously explained, depends upon the com 
position of the sheet. The heat must be maintained long 
enough to penetrate by conduction through the sheet 
which is in contact with the jaws and to heat the inner 
sheets to welding temperature. This is done more quickly 
by using higher pressure, but the pressure must be kept 
to a value which will not cut or tear the sheet and this, in 
turn, depends upon the sharpness of the end of the lower 
clamping jaw 28. The upper clamping jaw 30 has a re 
cessed face curved about an axis and with a radius of 
curvature preferably slightly greater than the radius of 
curvature of the upper end of the lower clamping jaw 28. 
The lower clamping jaw 28 maybe a part of a conveyor 

which brings successive signatures to a welding station, 
as will be described in connection with FIG. 12, and the 
upper clamping jaw 30 can be brought into contact with 
the successive signatures as they reach the welding sta 
tion. The clamping jaws 28 and 30 can be heated by any 
conventional heating means with sul?cient capacity to 
maintain their temperature as they operate on successive 
signatures and with the necessary controls to prevent the 
temperature from reaching excessive values. 
With the welding method illustrated in FIG. 6, the 

weld can be con?ned to the fold of the sheet and the 
center of the book can be opened ?at. However, the time 
for welding is longer as the number of pages used in the 
method of FIG. 6 is increased. This is because of the 
relatively poor heat conductivity of sheet, especially when 
made of paper; and the number of pages which can be 
welded by the thermal sealing illustrated in FIG. 6 is 
limited to comparatively a few leaves if the operation must 
be accomplished quickly. 
The use of a hot clamping jaw at 350° F. has been 

used to weld paper successfully without any deterioration 
of the paper but the depth of penetration of the heat is 
inversely proportional to the thickness of the paper be 
tween the clamping jaws and greater thickness cannot be 
compensated for by raising the temperature because of 
discoloration of the paper. Clamping-jaw temperatures 
of 400° F' have discolored the paper in actual practice. 
These temperatures are given merely by way of illustration 
since the results depend upon the composition of the sheet. 
Where greater thicknesses of sheet are involved, i.e., 

where the number of leaves is substantial, sealing without 
relying upon conduction of heat through the sheet must 
be used. For example: radio-frequency energy, as will 
be described in connection with other ?gures. Radio fre 
quency may be less desirable where only a few sheets are 
involved. For signatures as thick as 16 and 32 pages, 
better results are obtained with heat sealing by very 
high radio frequency energy, preferably about 27 mH. 
Radio-frequency energy has been used advantageously 

for welding the paper with a frequency of approximately 
27 mH. Higher frequency up to about 45 mH. can be used 
to obtain the same results at reduced voltage. A 16—leaf 
signature can be sealed in one half second with a power 
output of 1.3 kw. and with the frequency approximately 
27 mH. ‘No cooling time was required. 
With a 32-page signature, the power output was about 

1.8 kw. and other factors remained the same. These re 
sults are given merely by way of illustration, and the paper 
used to obtain these results was obtained from P. H. Glad 
felter, Spring Grove, Pa.; the Gladfelter identi?cation for 
the paper being “Self Binding Paper.” 

FIG. 7 shows two signatures 40 and 42. If these signa 
tures are thin, they can be previously welded along their 
folds in accordance with the method disclosed in FIG. 
6. This can be done to hold the individual signatures in 
assembled relation, but it is not necessary when a signa 
ture is to be Welded to another signature because the same 
welding which joins signatures together also joins the 
leaves of the individual signatures to one another. 

FIG. 7 has clamping jaws 44 and 46 which hold the 
signatures in assembled relation with one another. These 
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clamped jaws 44 and 46 may cover the entire areas of the 
signatures 40 and 42 except for the edge portions which 
are to be welded. Other clamping jaws 48 and 50 contact 
with the edge regions of the signatures 40 and 42 and 
press these edge regions together with substantial pres 
sure. 

The clamping jaws 48 and 50 may be heated to supply 
the necessary welding heat in FIG. 7. Because of the low 
heat conductivity of most kinds of paper, it is more ad 
vantageous to heat paper by using a high frequency elec 
tromagnetic ?eld from a stray ?eld electrode assembly 51, 
as will be more fully explained in connection with FIGS. 
8 and 11. The high frequency dielectric ?eld heats the 
paper between the jaws 48 and 50 and the heat is gener 
ated in the paper itself so that it is not necessary to rely 
on temperature gradients or conduction to reach the 
inner leaves. The intensity of the ?eld and its duration are 
su?icient to bring the paper to a welding temperature 
between the clamping jaws 48 and 50. 
The width of the weld is controlled by having the 

clamping faces of the jaws 48 and 50 relatively narrow. 
Because of this narrow width of the jaws 48 and 50, and 
the fact that they are close to one edge of the stack of 
leaves, it is advisable not to rely upon these jaws as the 
only means for holding the signatures in the desired as 
sembled relation. The clamping jaws 44 and 46 are repre 
sentative of other means for holding the signatures in the 
desired assembled relation during the welding operation. 

FIG. 8 shows clamping jaws 54 and 56 clamping leaves 
60 which are formed by the accordion folding of a sheet 
in the manner described for FIGS. 4 and 5. These clamp 
ing jaws 54 and 56 hold the leaves 60 together under 
su?icient pressure to maintain them in the desired as 
sembled relation and with their edge portions 62 ex 
tending beyond the clamping jaws 54 and 56. 
A stray ?eld electrode assembly 51 extends across the 

edge portions 62. This assembly includes a group of bars 
63 alternating with bars 64 of another group. Adjacent 
bars are of opposite polarity and in the construction illus 
trated in FIGS. 8 and 11, the bars 63 and 64 are spaced 
from one another by air gaps. The bars 63 and 64 are 
somewhat longer than the thickness of the group of leaves 
60; and each row of bars is longer than the extent of the 
leaves from the tops to the bottoms of the leaves so that 
the same apparatus can be used for welding the pages of 
books of different heights and of different thickness. This 
apparatus is representative of means for welding the pages 
by high-frequency electronic heating. Clamps 54 and 56 
are preferably ceramic material, not heated substantially 
by the dielectric ?eld. It will be understood that this ap 
paratus can be used for separate leaves, signatures, or 
any combinations, no matter how assembled, in addition 
to its use \with the accordion folding illustrated. 

FIG. 9 shows leaves 70 which are separate from one 
another, i.e., not connected by any fold lines. These leaves 
70 are held in assembled relation by the clamping jaws 
74 and 76 which cover sufficient areas of the sheets to 
hold them in the desired assembled relation; and edge 
regions 72 are clamped between other clamping jaws 
78 and 80. These clamping jaws 78 and 80 have projec 
tions 82 at opposing locations for clamping small spaced 
areas of the paper between them under substantial local 
ized pressure. These jaws 78 and 80‘ may be vibrated 
toward and from one another at supersonic frequency, 
with or without auxiliary heating. 

If the sheet is of a composition to generate substantial 
heat in the sheet when subjected to repeated high-frequency 
compressions, and the welding temperature of the sheet 
is low enough, the generated heat can be used for welding 
the sheet between the projections 82 with a “stitch” or 
spot welding. 

FIG. 10 shows the electrode clamping jaw 80. The 
upper jaw 78 may be of similar construction but opposite 
orientation. The face of the jaw 80, which contacts with the 
sheet, has projections 82 which contact with the sheet 
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at spaced locations to obtain intermittent regions of high 
pressure. The apparatus in FIGS. 9 and 10 produces welds 
which are intermittent or discontinuous along the line of 
the weld, whereas with the apparatus shown in the other 
?gures, the weld is preferably continuous. 

FIG. 12 shows a modi?ed form of the thermal sealing 
method of FIG. 6. The leaves 24 are dropped over a lower 
support 28a which takes the place of the lower clamping 
jaw 28 of FIG. 6. A pressure roller 30a takes the place of 
the upper clamping jaw 30 of FIG. 6. Both the support 
28a and the pressure roller 30a are preferably heated; 
and the support 28a is preferably part of a conveyor that 
carries successive pamphlets or books, containing leaves 
24, past the roller 30a. 

Instead of the heated roller 30a, a hot contact bar can 
be located along the path of the leaves 24 to supply the 
heat and pressure for welding the leaves together at their 
folds or along their rearward edges. A shoulder 86 on 
the support 28a prevents the leaves from sliding off the 
support and provides the thrust for advancing the leaves. 
If desired, the roller 30a or contact bar can move length 
wise of the book or leaves 24. 

FIG. 13 shows another modi?cation of the invention 
for binding multiple sheets or signatures of special paper 
88 accomplished by the application of infra-red energy 89 
from a source 90 to the edges of paper ?rmly gripped 
by clamping jaws 92. The infra-red heat source 90 may 
be replaced by a heated element that is applied to the 
edges of multiple leaves. Other heat sources can be used. 
The binding of single leaves as well as multiple signatures 
is possible by this method. 
The preferred embodiments of the invention have been 

illustrated and described, and the invention is de?ned in 
the appended claims. 
What is claimed is: 
1. The method of binding together paper leaves of a 

book which leaves are made from a sheet of paper larger 
than the leaves of the book, the sheets being cut along 
lines that comprise the eventual edges of the leaves, the 
sheet being of printable and weldable paper which includes 
a thermoplastic resin system combined with the ?bers of 
the paper and providing a composition across the entire 
surface of the sheet, from which the leaves are made, 
weldable at any region of the surface thereof, whereby 
edges of the leaves made from the sheet are weldable re 
gardless of the size of the leaves formed by cutting or 
folding the sheet prior to binding of the leaves together, 
holding the leaves in a desired assembled relation in con 
tact with each other, and subjecting the confronting sur 
faces of the leaves along their edge portions at one side 
of the assembly to the Welding temperature and pressure 
of the paper while in said assembled relation, and at the 
same time protecting the remaining portion of the con 
fronting surface of the leaves from said welding tempera 
ture. 

2. The method described in claim 1 characterized by 
the paper including a resin system that bonds the sheets 
together at a temperature substantially higher than the 
ambient atmospheric temperatures to which books are sub 
jected in normal use, but less than the heat-discoloration 
temperature of the paper, ?rmly clamping the edge por 
tions of the leaves together so as to obtain intimate sur 
face contact of the leaves over at least the portions of 
their areas that are to be welded, and while so clamped, 
bringing the clamped portions to a temperature in excess 
of the ‘bonding temperature of the resin system. 

3. The method described in claim 1 characterized by 
making the book from large paper sheets without the use 
of adhesive and wherein a sheet having surfaces of uni 
form composition throughout its entire area is folded 
both endwise and crosswise to make a signature having a 
plurality of leaves with folds along different margins of 
the folded sheet but with one side along which each of 
the leaves joins another leaf at back folds of the sheet, 
pressure being applied to all of the back folds from the 
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inside thereof along said one side of the signature, and 
complementary pressure being applied to the outside of 
the signature along said back folds to weld the leaves to 
gether at their back folds along said one side. 

4. The method described in claim 3 characterized by 
a plurality of signatures being clamped together to form 
a multi-signature book, and the successive signatures be 
ing welded to one another adjacent to their welded folds. 

5. The method described in claim 1 characterized by 
the book being made from large sheets of paper without 
the use of adhesive and wherein a paper sheet of uniform 
composition throughout its area is folded back and forth 
with an accordion fold to make a signature, pressure be 
ing applied to the signature from both the front and rear 
thereof at least along the margins at one side of the 
signature where there are superimposed folds, the sheets 
being welded along the margins at which the pressure is 
applied, and trimming the folded sheet to remove the 
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folded edges on the side of the signature opposite the , 
welded folds. 

6. The method described in claim 1 characterized by 
the portions of the leaves to be welded being clamped be 
tween heated clamping jaws, and the pressure of the clamp 
ing jaws being maintained until the innermost sheets reach 
a welding temperature. 

7. The method described in claim 1 characterized by 
subjecting the edge portions that are to be welded to a 
high-frequency electronic ?eld that generates heat in all 
of the leaves simultaneously whereby the leaves are 
brought to welding temperature quickly without requiring 
conduction through the paper of the other superimposed 
leaves. 

8. The method described in claim 7 characterized by 
the edge portions to be welded being clamped under pres 
sure su?’icient to cause welding of the leaves at the tem~ 
perature generated by the high-frequency electronic ?eld, 
and the stack adjacent to the edge portions being clamped 
at a lesser pressure insu?icient to cause welding of the 
leaves at the temperature generated in the leaves by the 
high-frequency ?eld. 

9. The method described in claim 1 characterized by 
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clamping the superimposed leaves together over a sub 
stantial area of the leaves, and applying other higher and 
localized pressure to edge portions of the leaves that are 
to be welded to one another. 

10. The method described in claim 9 characterized by 
applying the higher pressure and localized clamping force 
as an undulating force. 

11. The method described in claim 10 characterized by 
the undulating clamping force having a supersonic fre 
quency. 

12. The method described in claim 1 characterized by 
the Welding being continuous throughout the full length 
of the binding edge of each of the superimposed leaves. 

13. The method described in claim 1 characterized by 
the welding being intermittent along the length thereof. 

14. The method described in claim 13 characterized by 
the superimposed leaves being subjected to spaced and 
localized regions of pressure along the line of welding, 
and the paper being welded only at the localized region 
of the pressure. 

15. The method described in claim 1 characterized by 
generating the welding heat in the edge portions of the 
leaves by stray ?eld radio frequency electronic heating of 
a frequency between about 27 and 45 mH. 

16. The method described in claim 1 characterized by 
generating the welding heat in the edge portions of the 
leaves by the application of infra-red radiation. 
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