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[57] ABSTRACT 
A coated paperboard of improved physical strength 
properties is provided where at least one surface of a 
paperboard, preferably containing a major proportion 
of low strength cellulosic fibres, is coated with an 
aqueous dispersion, the solids content of which com 
prises a water-soluble lignosulphonate, a non-reactive 
hydrophobic waxy material and, optionally, a high mo 
lecular weight polysaccharide. The improved physical 
strength characteristics are retained to a considerable 
extent even under tropical conditions of humidity and 
temperature. 

4 Claims, No Drawings 
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TREATMENT OF PAPERBOARD 

This application is a continuation-in-part of our co 
pending application Ser. No. 27,121, now abandoned, 
?led Apr. 9, 1970. 
This invention relates to an improved process for the 

coating (surface application) of paperboard and is par 
ticularly concerned with an economic process of such 
a nature which provides a product of improved physical 
strength properties which are retained to a consider 
able extent even under tropical conditions of humidity 
and temperature. 

FIELD OF THE INVENTION 

In this specification the term “paperboard" shall be 
understood as referring to a non-laminated product of 
basis weight within the range 130 — 850 g/m2 compris 
ing a ply or a plurality of intimately bonded plies con 
sisting essentially of cellulosic ?brous material, that is 
made on a board machine. The process of this inven 
tion is applicable to a paperboard possessing a caliper 
(i.e. thickness) in the range 0.004 — 0.050 inch (0.1 — 
1.3 mm) and particularly applicable to a paperboard of 
caliper 0.008 - 0.050 inch (0.2 - 1.3 mm). 
The process of this invention is advantageously ap 

plied to a paperboard that is prepared from a cellulosic 
pulp comprising a major proportion of low strength ? 
brous material. These paperboards such as unlined 
chipboard, chemical pulp lined chipboard and corru 
gating medium are used for the production of carton 
board, rigid board, pasted board and corrugated board. 

The term “physical strength properties” as applied to 
paperboard can be measured in relation to, for exam 
ple, stiffness, rigidity, Concora strength or Mullen 
value. The stiffness of a paperboard is de?ned as the 
degree of resistance offered by the paperboard when it 
is bent by application of a force under speci?ed condi 
tions. Its value is conveniently determined by the 
method set out in B.S. 3748/1964, using an instrument 
such as a Taber tester. The Taber tester measures stiff 
ness as a bending moment which is expressed in terms 
of Taber units. The value of this term is dependent 
upon a number of factors including the thickness of the 
paperboard, the method by which the paperboard is 
produced, the elastic modulus of the cellulosic ?brous 
material used to form the paperboard and the direction 
in which the measurements have been made. 
The rigidity of the paperboard is defined as the de~ 

gree of resistance offered by the paperboard when it is 
deformed by application of an edgewise force under 
specified conditions. Such a determination of rigidity is 
set out in TAPPl Standard T472 (Su 68). Measurement 
of this term is conveniently made by using a ring-crush 
holder on a Gaydon instrument. 
The term “Concora strength" is a measurement of 

the resistance to crush that is offered by a paperboard 
(corrugating medium) to a force applied at right angles 
to the corrugating plane. The measurement is conve 
niently made by following the method set out in TAPPl 
Specification T809 (Su 66) and using a Gaydon instru 
ment. 

It is an object of this invention to produce at econom 
ical cost, a paperboard which shows improved physical 
strength properties in respect of at least one of the 
above de?ned parameters, particularly under condi 
tions of high humidity. Paperboards having these im 
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2 
proved properties can be made from high strength pulp 
but are expensive particularly when compared with pa 
perboards prepared from waste paper. 

PRIOR ART 

Much effort has been directed to the development of 
processes for the coating of paper or paperboard. For 
example, US. Pat. No. 1,31 1,964 (Grosvenor) teaches 
the preparation of a paper suitable for lithographic or 
photogravure processing whereby a paper is coated 
with a combination of starch and wax. Canadian Patent 
Speci?cation 731,509 (Blackmore) teaches a method‘ 
for the creation of rigid tubes or cores where an aque 
ous solution comprising a lignosulphonate and an ani 
mal glue is applied to paperboard as an adhesive. Nei~ 
ther of these speci?cations suggestions however, that a 
paperboard of improved physical strength properties 
can be obtained by the processes they describe. 
The addition of certain water-soluble or water 

swellable high molecular weight polysaccharides has 
long been known as a means for improving the resis~ 
tance to deformation of a paperboard. This process 
leads also to an increase in the stiffness of paperboard. 
Any bene?cial improvement is however substantially 
lost under conditions of high humidity. 
The application of an aqueous solution containing a 

lignosulphonate salt to a paperboard has also been pro 
,posed (TAPPl Vol. 45, p.192a (1962)). This material 
is, however, highly hydroscopic and any paperboard 
thus treated will lose its improved stiffness when ex 
posed to conditions of high humidity. 
The addition of wax to a paper laminate as an adhe 

sive to improve the waterproofing properties is de 
scribed in Warth’s textbook “The Chemistry and Tech 
nology of Waxes.” This addition however does not im 
prove the physical strength properties of the paper lam 
inate to any signi?cant extent. 

SUMMARY OF THE INVENTION: 

In one aspect of the present invention there is pro 
vided a coated paperboard comprising: 

1. A paperboard consisting of a ply or of a plurality 
of intimately bonded plies consisting essentially of 
cellulosic fibrous material; and 

2. a coating on at least one surface thereof compris 
mg: 
a. a water-soluble lignosulphonate salt and 
b. a non-reactive, hydrophobic waxy material hav 

ing a melting point higher than the temperature 
of application of said coating to said paperboard, 

said paperboard having a thickness of 0.004 - 0.050 
inch and a basis weight of 130 - 850 g/m’, said water 
soluble lignosulphonate salt and said non~reactive hy 
drophobic waxy material being present in an amount 
effective to improve the physical strength characteris 
tics of said paperboard. 

In a further aspect of this invention there is provided 
a process for coating at least one surface of a paper 
board with an aqueous 5 — 60% w/w dispersion, the 
solids content of said dispersion comprising a water 
soluble lignosulphonate salt and an effective amount of 
a non-reactive hydrophobic waxy material, the melting 
point of said waxy material being such that the said dis 
persion remains stable at the temperature of applica 
tion to said paperboard. 
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DESCRIPTION OF THE INVENTION 

For paperboard containing no lining of high strength 
cellulosic ?brous material (unlined chipboard) it is 
preferable to coat both surfaces with the aqueous dis 
persion, particularly if the paperboard has a caliper ap-r 
proaching 0.050 inch (1.3 mm), in order to obtain an 
improvement in physical strength properties. For pa 
perboard which is lined on one side with a high strength 
cellulosic fibrous material (for example bleached and 
unbleached soft wood sulphite or sulphate pulp), the 
unlined surface is advantageously coated with one or 
more applications of the aqueous dispersion. 
For improving the stiffness of the paperboard it is 

preferred that the solids content of the aqueous disper 
sion should comprise 95 — 99 percent by weight of the 
lignosulphonate salt and 5 — 1 percent by weight of the 
non-reactive hydrophobic waxy material. The stiffness 
and resistance to deformation and burst of a paper 
board can be improved by coating at least one surface 
with an aqueous dispersion, the solids content of which 
comprises 47.5 - 95 percent by weight water-soluble 
lignosulphonate salt, 5 — 1 percent by weight of the 
non-reactive hydrophobic waxy material and 47.5 — 4 
percent by weight of a water-swellable, high molecular 
weight polysaccharide. Representative examples of 
such a material include corn starch, potato starch, pre 
gelatinised starch, oxidised starch, starch ethers such as 
hydroxy ethyl starch, esteri?ed bifractional starch or a 
mannogalactan gum such as guar gum. The resistance 
to burst of the paperboard is indicated by determina 
tion of its Mullen value as set out in B5. 3137/1959. 
The paperboard used in this invention can be pre 

pared from mechanical pulp, a hybrid of chemical and 
mechanical pulp, a pulp derived from secondary ?bres, 
pulp screenings or any mixtures of these materials. A 
pulp derived from secondary fibres, for example, mixed 
waste paper, container waste or news waste is a pre 
ferred material since the strength properties of such a 
material are not noticeably improved. 
The upper limit of the solids content of the aqueous 

dispersion is primarily determined by the viscosity and 
the stability of the dispersion at its application tempera 
ture. The lower limit of solids content is determined by 
the consequential pick-up of solids by the paperboard 
during application of the dispersion. A preferred range 
of solids content varies from 20 - 40% w/w. 
The preferred range of application temperature is be 

tween 15° and 40°C and should be below the melting 
point ofthe hydrophobic waxy material. The higher the 
application temperature the greater will be the likeli 
hood of the coating dispersion breaking down with con 
sequential deposition of gross amounts of waxy mateial 
onto the paperboard. The parameters of the process of 
this invention are desirably adjusted so that the amount 
of lignosulphonate and waxy material taken up by the 
paperboard varies between 0.5 and 15 percent by 
weight of the paperboard. 
The lignosulphonate salt should be soluble in water 

. and desirably contain a minimum of hydroscopic impu 
rities such as mono- or di- saccharides. Calcium, so 
dium, magnesium, ammonium and aluminium lignosul 
phonate salts are commonly available. Sodium lignosul 
phonate or calcium lignosulphonate are preferred ma 
terials for the process of this invention. 
The hydrophobic waxy material can be of an animal, 

vegetable, petroleum or synthetic origin and should be 
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4 
such as to form a stable dispersion with the aqueous lig 
nosulphonate solution and have a melting point such 
that the dispersion remains stable at the temperature of 
application to the paperboard. Further, the waxy mate 
rial should remain chemically stable in the presence of 
paperboard, water and lignosulphonate salt. Represen 
tative examples of a waxy material of animal origin in 
clude beeswax and lanolin. Carnauba wax is an exam 
ple ofa wax of vegetable origin while of the many types 
of petroleum waxes there may be included ozokerite, 
montan wax, microcrystalline petroleum waxes and 
various grades of paraf?n hydrocarbon waxes. Low 
molecular weight polyethylene or polypropylene, hy 
drogenated castor oil, cetyl alcohol or oxidised montan 
wax are examples of waxes of synthetic origin. 
The waxy material can be dispersed directly into the 

aqueous solution of the lignosulphonate salt. It is also 
convenient to form an initial aqueous dispersion of the 
waxy material with the aid of a surface active agent 
which is inert to the lignosulphonate salt and subse 
quently add this dispersion to the lignosulphonate solu 
tion. The solid lignosulphonate salt can if desired also 
be added to a suitable aqueous dispersion of the waxy 
material. The amount of waxy material preferably used 
in the aqueous dispersion lies between 1 and 2 percent 
by weight of the solids content of the dispersion. 
The aqueous dispersion of lignosulphonate and waxy 

material is conveniently applied to the surface of a pa 
perboard by an “on machine” process or an “off ma 
chine” process. The paperboard can be either partially 
or completely dried prior to the application. The aque 
ous dispersion is preferably applied to the paperboard 
by means of a size press, a calender water-box or a 
spray. The pick-up of the dispersion by the paperboard 
depends upon the temperature of application, the 
solids content of the applied dispersion, the degree of 
sizing of the base paperboard and the machine speed. 

The paperboard prepared according to the process of 
the present invention exhibits an improved stiffness and 
rigidity (even after subjection to tropical humidity con 
ditions) which is higher than in the case of similar pa 
perboards which have not been thus treated. 
The invention is further illustrated with reference to 

the following examples. 

COMPARATIVE EXAMPLE 

40 parts by weight calcium lignosulphonate were dis 
solved in 60 parts by weight water at 50°C. 4 — 5 mls 
of the solution were metered onto the surface of a sam 
ple of an air dried paperboard (derived entirely from a 
waste paper pulp) measuring 33 X 22.9 cm and pro 
cessing a basis weight of 558 g/m’. 
A sample of this coated paperboard (20.3 X 17.8 cm) 

was cut out, dried at 105°C and weighted. Small test 
pieces were cut from this sample and equilibrated at 
65% Rl~l/20°C (temperature conditions) and 90% 
RHI34°C (tropical conditions). The cross directional 
(CD) and machine directional (MD) stiffness of these 
equilibrated test pieces were determined in Taber units 
by means of the method described in 8.8. 3748/1964. 

Comparison of the CD stiffness of a coated and un 
coated paperboard showed that under temperature 
conditions there was an improvement of 31% [(254 — 
194) X 100/194]. After equilibration under tropical 
conditions a comparison of coated and uncoated test 
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pieces showed that there was an improvement in CD 
stiffness of 19% [(187 — 157) X l00/l57].lThe basis 
weight of the coated paperboard prepared by this ex 
periment was 570 g/m2. 
Samples of paperboard similar to that used in the 

above experiment were coated with an aqueous disper 
sion containing an amount of paraffin wax (melting 
point about 40°C) equivalent to 3 percent by weight of 
the calcium lignosulphonate used. The coated samples 
were dried, weighed and their CD and MD stiffness de 
termined under temperature and tropical conditions. 
Comparison of the CD stiffness of the coated test piece 
(190 units) and uncoated test piece (194 units) indi 
cated that no signi?cant improvement in stiffness had 
been brought about by this coating treatment. Simi 
larly, comparison of the CD stiffness of the coated test 
piece under tropical conditions (165 units) and the un 
coated test piece (157 units) showed that, again, there 
was no signi?cant increase. The basis weight of the 
coated paperboard was 559.5 g/m2. 
Samples of paperboard similar to that used in the 

above experiments was treated with an aqueous disper 
sion containing an amount of calcium lignosulphonate 
and an amount of paraffin wax equal to that used in the 
above two experiments. These samples were dried at 
105°C, weighed and equilibrated under temperate and 
tropical conditions. 
Comparison of the CD stiffness of a coated and un 

coated test piece which had been equilibrated under 
temperate conditions showed that there had been an 
increase of 32% [(257 — 194) X 100/194]. Comparison 
of the CD stiffness of the coated test piece and un 
coated test piece which had been equilibrated under 
tropical conditions showed that there had been an in 
crease of 34% [(211 — 157) X 100/157]. The basis 
weight of the coated sample was 570 g/m2. 

EXAMPLE 1 

35 parts by weight calcium lignosulphonate (contain 
ing 10 'percent sugar impurity) were dissolved in 65 
parts by weight water at a temperature of 50°C with 
suitable agitation. 0.88 part by weight of a 40% w/w 
aqueous dispersion of paraffin wax (melting point 
40°C) was subsequently stirred into this solution. The 
wax had been converted into an aqueous dispersion 
with the aid of 2 percent by weight calcium lignosul 
phonate. The two surfaces of an unlined paperboard of 
basis weight 670 g/m2 and a caliper of 0.040 inch (1.0 
mm) which was made solely from a recovered waste 
paper pulp were coated with the above prepared aque 
ous dispersion at 38°C. The dispersion was applied by 
means of calender water-boxes, one application per 
face of the paperboard. A sample of the coated paper~ 
board was dried at 105°C, weighted and subsequently 
equilibrated under temperate conditions (65% 
RH/20°C) and its CD stiffness determined in Taber 
units. The coated sample had a basis weight of 680.5 
g/mz and a stiffness of 406 Taber units. 
Compared with untreated paperboard of the same 

basis weight that had also been made from similar re 
covered waste paper pulp on the same machine and at 
similar production rate and equilibrated under similar 
conditions of humidity and temperature, the increase in 
CD stiffness was 27% (from 320 - 406 Taber units). 
This experiment was repeated using an aqueous dis 

persion containing an equal amount of calcium ligno 
sulphonate and equal amount of cetyl alcohol in place 

6 
of the paraffin wax. A similar increase in CD stiffness 
was maintained under conditions of tropical humidity. 

By applying the above prepared dispersion to the sur~ 
faces of the paperboard and using two water-boxes per 

. face a paperboard having a basis weight of 694.5'g/m2 
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and a CD stiffness of 464 Taber units was obtained. 
The increase in CD stiffness was approximately 45 per 
cent (from 320 - 464 Taber units). 

EXAMPLE 2 

A dispersion having a composition as described in 
Example 1 was prepared. This dispersion was used to 
coat the unlined surface of a white lined paperboard of 
caliper 0.021 inches (0.52 mm) and having a basis 
weight of 370 g/m2. A sample of the treated paperboard 
was dried at 105°C, weighed and equilibrated under 
tropical conditions of humidity and temperature (90% 
RH/40°C) and its CD stiffness was determined. The 
coated paperboard had a basis weight of 377.5 g/m2. 
The CD stiffness of the treated board had improved by 
22 percent when compared with the CD stiffness of un 
treated paperboard equilibrated under similar tropical 
conditions. 

EXAMPLE 3 

20 parts by weight calcium ligno-sulphonate contain 
ing 10 percent sugar impurity were dissolved in 80 
parts by weight water. 0.5 part by weight of a 40% w/w 
aqueous dispersion of paraffin wax, melting point 40°C, 
(containing 2 percent calcium lignosulphonate by 
weight of the wax as a dispersing agent) was added to 
this solution with agitation. A corrugating grade paper 
board of 0.009 inch (0.21 mm) caliper and having a 
basis weight of 136 g/m2 was coated on one side with 
this prepared dispersion at 25°C. The coated paper 
board had a basis weight of 140 g/m2. The coated pa 
perboard was equilibrated at 65% RH/20°C, subse 
quently corrugated and then subjected to a crush test 
using a Gaydon crush tester. 

It was found that the treated paperboard gave Con 
cora values 40 percent higher than the uncoated corru 
gated paperboard (from 20.2 - 28.6 Kg). 

EXAMPLE 4 

20 parts by weight sodium lignosulphonate was dis 
solved in 80 part by weight water. 0.5 part by weight of 
a 40% w/w aqueous dispersion of paraffin wax (melting 
point 40°C) was added to this solution with vigorous 
agitation. 
A paperboard similar to that used in Example 3 was 

coated with the above prepared dispersion to give a pa 
perboard having a basis weight of 140 g/m2. A sample 
of this treated paperboard was corrugated and its Con 
cora value determined. lt was found that the treated pa 
perboard gave Concora values approximately 40 per 
cent higher than those obtained using a sample of un 
treated paperboard. 
By replacing the paraffin wax used in this experiment 

with beeswax a similarly improved Concora value is ob 
tained. 

EXAMPLE 5 

20 parts by weight calcium lignosulphonate and 6 
parts by weight farina starch were dissolved in 74 parts 
by weight water. 0.5 part by weight of a 40% w/w aque 
ous dispersion of paraffin wax, melting point 40°C, 
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(containing 2 percent calcium lignosulphonate by 
weight of the wax as a dispersing agent) was added to 
this solution with agitation. A corrugating grade paper 
board of 0.009 inch (0.21 mm) caliper and having a 
basis weight of 136 g/m2 was treated on both sides at 
25°C with the above prepared dispersion which was ap 
plied at the size press of a board machine to give a pa 
perboard having a basis weight of 140 g/m". 
After equilibration at 65% RH/20°C it was shown 

that the above treated paperboard had a rigidity value 
(28 Kg) which was about 30 percent higher than the 
rigidity value (21.4 Kg) of a similar untreated paper 
board. ' 

Similar results are obtained if the farina starch is re 
placed by an hydroxy-ethyl starch or a pre-gelatinised 
starch. 

EXAMPLE 6 

30 parts by weight of calcium lignosulphonate were 
dissolved in 70 parts by weight water at a temperature 
of 50°C. 0.75 part by weight ofa 40% w/w aqueous car 
nauba wax dispersion were subsequently stirred into 
this solution. 
A white lined paperboard of basis weight 378 g/m2 

and a caliper 0.020 inch (0.50 mm) was coated on its 
unlined surface with the above dispersion by means of 
two calender water box applications. After equilibra 
tion at 65% RHl20°C it was found that the CD stiffness 
had increased by 40 percent (from 62 to 87 Taber 
units) as compared with the CD strength of a similar 
but uncoated white lined paperboard which had been 
equilibrated under similar conditions. The coated pa 
perboard had a basis weight of 385.5 g/m2. 

EXAMPLE 7 

Three aqueous dispersions were prepared containing 
respectively a 5, 20 and 40 percent content of the cal- 
‘cium lignosulphonate used in Example 1 and 1 percent. 
by weight paraffin wax (melting point 40°C) based on 
the weight of lignosulphonate. 
A paperboard prepared entirely from waste paper 

pulp and having a basis weight of 395 g/m2 and a cali 
per 0.027 inch (0.69 mm) was treated with a double: 
application ofthe 5 percent dispersion. The percentage 
pick-up of solids and the improvement in MD and CD 
‘stiffness (measured at 65% RH/20°C) was determined 
and is tabulated below. This experiment was repeated 
with further samples of paperboard which were coated 
with the 20 and 40 percent aqueous dispersion respec 
tively. ' 
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paraf?n wax (melting point 40°C). The solids content 
of this aqueous dispersion was about 17 percent. The 
basis weight of the coated paperboard was 241.6 glmz. 

The rigidity of a sample of the coated and uncoated 
paperboard was subsequently determined. The rigidity 
of the coated paperboard was 29.4 Kg while that of the 
uncoated paperboard was 26.8 Kg (both equilibrated at 
65% RH/20°C). 

EXAMPLE 9 

White lined chipboard of basis weight 295 g/m2 and 
caliper 0.0175 inch was coated with an aqueous disper 
sion containing 40 percent by weight calcium lignosul 
phonate and 1 percent by weight paraf?n wax (based 
on the calcium lignosulphonate). A single application 
of this dispersion was given to the unlined surface of 
this chipboard. The percentage pick-up of solids was 
2.7 percent (8.1 g/m”). The vcoated paperboard had a 
basis weight of 303.1 g/m2 and showed a 35 percent in 
crease in CD stiffness. 
A sample of the above white lined chipboard was also 

coated with an aqueous dispersion containing 40 per 
cent by weight calcium lignosulphonate and 20 percent 
by weight paraf?n wax (based on the weight of calcium 
lignosulphonate). The coated paperboard showed a 
lower increase (23 percent) in CD stiffness as com 
pared with the board treated in the first part of this ex 
ample. There was a 25 percent increase in the water re-1 
sistance of this board. 
What is claimed is: 
1. A coated paperboard comprising: 
i. a paperboard consisting of at least one ply consist 

ing essentially of cellulosic fibrous materials, and 
ii. a coating on at least one surface thereof compris 
mg: 
a. 95 to 99 percent by weight of a water-soluble lig 
nosulphonate salt and 

b. from 1 to 5 percent by weight of a non-reactive 
hydrophobic waxy material having a melting 
point higher than the temperature of application 
of said coating to said paperboard 

said paperboard having a thickness of 0.004 to 0.050 
inch and a basis weight of 130 to 850 g/m2, said coating 
being present in an amount effective to improve the 
‘physical strength characteristics of said paperboard. 

2. A coated paperboard in accordance with claim 1, 
wherein said non-reactive hydrophobic waxy material 
‘is selected from the group consisting of beeswax, lano 
,lin, carnauba wax, montan wax, paraf?n hydrocarbon 
wax, low molecular weight polyethylene, hydrogenated 
‘castor oil and cetyl alcohol. 

Av % improvement Av % improvement 
Treatment with % Pick-up in MD Stiffness in CD Stiffness 

5% dispersion 0.5 7.1 8.6 
20% dispersion 2.0 34.8 62.5 
40% dispersion 4.7 53.6 106.0 

EXAMPLE 8 3. A coated paperboard comprising 
A paperboard having middles and backs prepared? 

from waste paper pulp, a single lining of unbleached I‘ 
Kraft ?bre and a basis weight of 226 g/m2 was coated; 65 
on the unlined surface with an aqueous dispersion con- ‘ 
taining 540 parts by weight calcium lignosulphonate,; 
312 parts by weight starch and 15.4 parts by weight‘3 

i. a paperboard consisting of at least one ply consist 
ing essentially of cellulosic ?brous materials, and 

ii. a coating on at least one surface thereof consisting 
essentially of 
a. 47.5 to 95 percent by weight of a watersoluble, 
lignosulphonate salt and 
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b. from 1 to 5 percent by weight of a nonnon 
reactive hydrophobic waxy material having a 
melting point higher than the temperature of ap 
plication of said coating to said paperboard, and 

c. 4 to 47.5 percent by weight of a polysaccharide 
selected from the group consisting of corn starch, 
potato starch, pre-gelatinised starch, oxidised 
starch and esteri?ed bifractional starch, starch 
ether and a mannogalactan gum, 

said paperboard having a thickness of 0.004 to 0.050 
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10 
inch and a basis weight of 130 to 850 g/m2, said coating 
being present in an amount effective to improve the 
physical strength characteristics of said paperboard. 

4. A coated paperboard in accordance with claim 3, 
wherein said non-reactive ‘hydrophobic waxy material 
is selected from the group consisting of beeswax, lano 
lin, carnauba wax, montan wax, paraf?n hydrocarbon 
wax, low molecular weight polyethylene, hydrogenated 
castor oil and cetyl alcohol. 

* * =|< * * 


