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On the Alkalinity of Casein glue.
Zenjiro TAMAMIYA.

Military Engineer, Military Aeronautical Department.
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Compositions of the Commercial Casein Glues.

The casein glues are generally adopted for the gluing of timber. They
contain casein 40—55%, calcium salt, and sometimes a small quantity of natrium
salt. The composition is shown in Table I.

The methods of analysis. There are no recognized methods of analysis for
casein glue, so that I have adopted the methods, with some modification, which
have served as the basis for the specificaitons for the purchase of casein used by
Bureau of Aircraft Production. (Browne. J. Ind. Eng. chem. 11, (1919) 1019).
| They were proposed at first by Hopfner and Burmeister . (chem. Ztg. 36,

(1912) 1053) and were modified somewhat for the work at the Eor'est Products

Laboratory of the U.S. Forest Service at Madison, Misconsin,
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TABLE I. Compositions of Commercial glues:.

s 5 s S
o & ; -
ﬁ v q? +?§ . L'* g4 :&gg norganic matters
= = 80 4 =g .
Species SRS ﬁg&%‘ a@§§§> 8%& 9;‘,1;9', in ash.
= 1= | 8 @3 8 28 |23
] '3 g £ 3| Large | . Small
g £| quantity | quantity
Pactol United Chemical Corp. . . Fe. Al
Noo T 39, Victoria Street | 69.5 | 9.78 | 29.6 | 133 | 0.208| 8.79 | 55.0 | Ca. Na.
© London. S.W.1. , Mg. K.
Merkel Co. ‘ ' Fe. Al
Certus Hamburg 4421 11.6 | 33.5 | 121 |0.515] 6.93 | 44.2 | Ca. Na.
Germany o : Mg. K.
The Monite Water
Ca. Na.
Napeo | Lroof Glue Co. 51.7 | 10.7 | 40.6 | 185 |0.506 6.52 | 41.6

Menneapolis

Minnesota, U.S.A. Mg. Fe.

Lactocol Ltd.
Lactocol 1, Central House 40.8 | 18.7 | 31.8 | 106 10.385| 7.03 | 44.8 | Ca. Na. | K. Mg.
‘Wembley. Hiel. N.W.

‘The Casein Manufac- Mg.K.Fe.

Casco | DB OO o ilding | 541 | 121|199 | 86 0.487) 8.11) 51.7 | Ca. Na. |~

15, Park Ros. N.Y.

Colle Le caseum Francais Ca. Na.
R G. 11, Rue de 53.8 | 7.33 | 394 202 10.696 | 7.41 Fe. Mg.
e Charenton, Paris Al

Caseum Francais

i Ca. Na. | Fe. al.
\ 30, Bis Avenue ) y
Caseum Vietor-Hugo 62.9 | 14.3 | 40.5 | 189 0.906| 6.94

Aubervillers, France. Mg.

Fineness. The portion passing through the Tyler standard 100 mesh shieves
(opening 0.147 m/m) is weighed and reported as percent passing 100 mesh.
]

Moisture. This is most accurately determined weighing out a 3. gs. sample

in a glass-stoppered weighing bottle, heating to constant weight in a. vacuum
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oven at 70° to 80°¢, cooling in a disicator, and weighing. The calculation is
reported as percentage for moisture-free sample.

Ash. A 3, gs. sample is accurately weighed out in a small crucible and
carefully charred over the low flame of a Bunsen burner. When completely
carbonized, it is placed in an electric muffle furnace and heated at a dullred heat
(not order 600° ¢) until the ash is ‘White, or at least slightly 'gray and weight is
constant. The results are reported on a moisture-free basis. ,

Fat. G.T. Bray and F. Major have discussed the various methods of deter-
mining fat in casein and obtained the best result (J. Soc. chem. Ind. 42, 106—107).
I adopted this method for determining fat in casein glue, with some modification,
as follows : the casein glue is extracted with ether and the ethereal solution dried
over calcium chloride. The solvent is distilled off and the residue dried at 100°C
to constant weight. Then the residue is extracted with gasoline which is in turn
removed and the residue dried as before. The resulting weight of gasoline
soluble matter is reported as moisture-free fat content.

Nitrogen. A 2 gs. sample is introduced into a Kjeldahl's flask and 10 gs. of
sodium sulphate, 20 c.c. of concentrated sulphuric acid and a small crystal of
copper sulphate are then interoduced. The flask is then adjusted obliquely over
a gas flame and the contents boiled briskly until the liquid, which first darkens
in colour, becomes clear and colorless. When the decomposition is complete
(1/2—1 hour), the flask is left to cool and the contents then diluted with 200 c.c.
of water. The flask is now attached to the distilling apparatus. A 0.5 g. of
granulated zine and 200 c.c. of caustic soda solution (1:1) are introduced into the
flask. The liquid is then boiled briskly until no more ammonia is evolved. The
ammonia gas is caught by 30 c.c. of sulphuric acid (N/2) and the excess acid is
back titrated. The results are reported on a moisture-free basis.

Alkalinity. A 0.5 g. sample is mixed with 30-50 c.c. of distilled water
in 250 c.c. flask, shaken well, and the solution titrated at once with N/10 HCL

solution, using 0.5 c.c. of aleoholic phenolphthalin solution (1 g. per 100 c.c.) as
indicator.
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The number of cubic centimeters of N/10 é.cid used up by one gram of
moisture, fat, casein-free casein glue is called the ‘‘ total alkalinity’ of the
sample.

A 1.0 g. sample is mixed with 200 c.c. of destilled water and are shaken at
constant temperature 25° for 8 hours and filtrated through filter paper.

A 10 c.c. of filtrate is titrated with N/10 HCL solution as above. The
number of cubic centimeters of N/10 acid used up by one gram of moisture, fat,

casein-free casein glue is called the ‘‘soluble alkalinity ”’ of the sample.

Basic salts in casein glues.

The various kinds of basic salts are mixed in commercial casein glues; the
calcium salt is the main basic salt in casein glue, and magnesium oxide, sodium
hydroxyde, potassium or sodium silicate, borax, sodium carbonate, water glass

ete. are sometimes mixed. Table II shows the compositions of casein glues which

are reported in books or literature.

The relation of joining pressure to joining power.

Animal glues increase the joining power very rapidly with increase in joining

pressure up to about 200 lbs. per sq. in. Beyond this point the strength

continues to increase gradually to 1000 lbs. per sq. in., and it is evident that
if maximum strength is desired a high pressure showed be used-certainly
not less than 200 lbs. to the sq. in. (R. H. Bogne. Chem. and Met. Eng.
(1920) 197.) |
Casein glues do not decrease strength as rapidly as animal glues in the case
of low pressure, and do not increase strength rapidly with increase in joining

pressure. But the joining power of casein glue increases gradually with increase
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in joining pressure up to about 15 kg/em, it coincides with animal glue. It
appears that the joining pressure which must be above 15 kg/em depends

more on the wood than on the glue.

The joining powers of commercial casein glues.

Shear strength is measured to determine the joining powers of casein glues,

based upon the testing method of military specification for aircraft materials,

that is, walnut test pieces whose joined areas are 6.25 sq. cm., are selected for

joining materials.

Commercial casein glues are mixed with distilled water in proportion as in
Table III. and ground in the glass-mortar until the milky adhesive substances are
obtained, then test pieces are glued under 15 kg/c_rn2 Iﬁressure for 24 hours and ;

tested a week after removing pressure. The results are as Table IV.

TABLE III. Proportion of glue and water.

Species Casein glue Water

Napco . 100 . - 180-200 |
Casco A 100 200225 v 1
Caseum _ 1 | 1 |
450 1000 |

Certus 11b | }0.7_56 litre For soft wood
| 1 0.666 ,, Forbardwood |

Lactocol 100 150 |
Pactol w0 | 170 |
Colle. R.G. 100 200 |

.
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TABLE IV. The joining powers of commercial casein glues.

B Species Joining power (kg/ecm?)
Pactol 59 (49-67)
Certus 61 (54-66)
Napco 58 (34-69)
Casco 62 (b7-68)
Caseum 57 (62-65)
Colle. R.G. 63 (562-71)
Animal glue 59 (54-64)

Apparatus for decomposition study of casein glue.

Casein glue decomposes ultimately when exposed to a damp atomosphere

for a long time. For many months studies have been under way at the Forest

Products Laboratory to discover the cause of this decomposition, and the con-

clusion has been reached that the decomposition of ordinary alkaline casein glues

is not due to the action of bacteria or molds.

A WETSON JOUD 1 BIRE KNIMCWTE

It appears to be due entirely
to chemical action of the
alkali in the glue. Moisture
and suitable temperature are
necessary to decompose casein
glue, therefore, I used as
the decomposition apparatus
an incubator, the temperature
of which was 25-35° and
humidity about 95%. (Fig. 1.)
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Fig. 2.

The decreasing curve of the joining power
of Pactol in the incubator.

The casein glue was put in the
incubator and the test pieces glued
with this decomposed casein glue
from time to time to determine
the decreasing of the joining p.ower

(curve 1.) On the other hand,
many test pieces which were joined
with the new casein glue, were put
in it also, and their shear strengths
measured together from time to time
with the joining power of the de-
composed casein glue (curve 2.) The
result was as Fig. 2. The joining
power decreased notably after five

or six days and was lost completely

after four or ﬁvé weeks.

TABLE V. Hardness of commercial casein glues.

Species Hardness Shear Strength kg/cm?®
Pactol ' 25 59
Certus 30 61
Napco 41 58
Casco 41 62
Caseum | 34 57
Colle R.G. 35 63
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The relation between the hardness and shear strength of casein glues.

The hardness of the coagulated casein glues are determined to knbw how
it depends on the jbining power. The result concludes that the hardness of the
coagulated casein glues depend on their compositions and do not correspond to
the joining power. To determine the hardness, the casein glue was coagulated
in the walnut piece as Fig. 4 and tested with shore’s tester.

The casein glue of the same composition shows the shear strength to
decrease with the decrease in its hardness. Fig. 3 shows the hardness and

strength of caseum which is held in an incubator for fifteen days.

20 E_.
)
\
. 30 \
% \\ V7
;| T
3]
o \ ‘z’lei,
. 20 x
2 {%%
2 N
% N3
10 77_14_:
. A N
0 6 12 18 Fig. 4.
day. .
No. 1. Original. No. 4. 9 Days.
Fig. 3. No. 2. 3 Days. No. 5. 12 Days.
The hardness and strength of caseum. No. 3. 6 Days. No. 6. 15 Days.

The glue which was held for six days in the incubator, glued on the wood
and cracked in the direction of perpendicular to the grain, that is, we know that
the gluing power on the wood is stronger than the coagulating power of caseum.
But the glue which was held more than six days in the incubator, coagulated
independent to the wood, that is, the coagulating power of caseum is stronger

than the gluing power on the wood in this case. (Fig. 4.)
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Purification of casein.

The commercial casein is treated with just enough dilute ammonia water
(about 5 c.c. of strong ammonia diluted to 100 c.c.) to dissolve the casein, forming
a solution neutral to litmus. The solution is diluted with distilled water and
reprecipitated by dilute acetic acid. Much less acid is required for the second
and subsequent precipitations than for the fast. The precipitate is washed free
from acid as before and redissolved in diluted ammonia.

Reprecipitation and redissolving should be performed five or six times
(Allen’s commercial org. analysis. Vol. VIII P. 116 “ Method of preparing casein ’’),
The casein is washed with water, rubbed down ﬁne. with 97% aleohol, drained
and washed with ether. This purified casein is used at the start of this research,

and ‘‘Merc’’ pure casein is used in the middle of the testing.

TABLE VI. Properties of purified casein.
Moisture Ash Fat Nitrogen Acidity
3.44 0.891 0.087 15.6 8.71
10.00 4.0 1.0 14.25 | 10.5 Specification, U.S.A.
17.00 3.0 1.5 11.00 1.0 (HCI) | British specification

The method of analysis is based upon ‘‘ The proximate analysis of commercial
casein”’ (Browne. J. Ind. Eng. chem. 11, (1919) 1099).

Variation of acidity of casein in the incubator.

A.I. Virtanen (Soc. Sci. Pennica commentations Physico-Math, I, No. 41.
1-13 (1923): Chem. Abst. Vol. 18, 2539) reported that Bacillus casei (casein
bacteria) decomposed casein vigoronsly at 20°, provided the temperature of the

culture was 40° for the first 24 hours of incubation.
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The result was reported on the technical note of Forest Products laboratory
that the decomposition of ordinary alkaline casein glues is not due to the action
of bacteria or molds, and cultures of molds and bacteria could not be obtained
from decomposed alkaline glues.

Did casein decompose in my apparatus ? I measured the é.cidily of casein to
determine it, and concluded that the casein did not decompose in the condition

where the casein glue lost its joining power. (Fig. 5.)

Variation of alkalinity of Ca(OH),, CaO, and the mixed
casein glue in the incubator.

Alkalinity of commercial casein glues are variable and stale glues have a lower
alkalinity. Some commercial casein glues decrease their alkalinity to half of the
first value in strage for three years. The decreasing of alkalinity of the casein

glue is related distinctly to the joining

16 . ‘
I A / power of the glue, and decreasing the
14 e " alkalinity loses the joining power. :
S
12 / +  (Caleium oxide changes into calcium
5 " / hydroxide and it absorbs carbon dioxide,
3 [ . forming calcium carbonate and water in
= gt AC g , . .. .
Z / Qd‘ﬁ S~ the incubator. The alkalinity of casein
5 6 / glue is the difference between alkalinity
4 ‘ of base and acidity of casein.
5 It appears that casein does not
combine with basic salt in the measuring
0
0o 2 4 ¢ 8 10 12 of alkalinity, the theoretical alkalinity
day. of the mixed casein glue (casein 409,
Fig. 5. ’ Ca(OH), 6095) is 270, and the experimental
The variation of acidity and moisture of value is 262. When this casein glue is
casein in the incubator. coagulated, mixed well with water and
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pulverized into fine powder to measure alkalinity again. This alkalinity decreases
931. Casein begins to combine with alkali, forming calcium caseinate when it
is stirred sufficiently with water. Calcium caseinate does not decompose com-
pletely when alkalinity of casein glue is determined.

There are maﬁy divided opinions on the capacity of casein to combine with
base. Long reported that one gram of casein combines with 9 c.c. of N/10, solution
of bases; such as hydroxides or carbonates of sodium, potassium, lithiurﬁ or
ammonium (Jour. Am. Chem. Soc. 1907, 29, 1334) and Cohn published that one
mol. sodium hydroxide combines with approximately 2100 grams casein ; (Jour.
Gen. Physiol. 5. 521-54 ; Chem. Abst. Vol. 17, 2589) and 735 grams casein not
previously exposed to alkali or 535 grams casein previously saturated with base
combine with one mol sodium hydroxide. Accepting 12.800 as the minimum
molecular weight of casein there are approximately 18 acid groups and in ad-
dition 6 acid groups which are released in alkaline solution and casein contains
34 acid valencies (Jour. Gen. Physiol. 7. 45-79 (1924). Chem. Abst. Vol. 18.
3608).

If the decreasing of alkalinity of casein glue in combining casein with alkali

is calcurated in basing of Long’s combined capacity, it is about 18.

Variation of alkalinity of casein glue in vacuum chamber.

Casein glue in which 60% casein is mixed with 40% calcium oxide, is sealed
in the tube of pressure 20m/m and this tube is held in the incubator for twelve
days to determine its alkalinity. Alkalinity of casein glue does not decrease in
this case. The decreasing of joining poWer of casein glue is due to the reducing
of soluble alkali and the increasing of insoluble alkali in casein glue. Insoluble
alkali injures the adhesive quality of casein glue, and soluble alkali recovers
the joining power, therefore, the stale casein glue can be utilized again by addi-

tion of soluble alkali, though it does not obtain its original joining power.
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Soluble alkalinity.
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The variation of scluble alkalinity
of casein glues.

Soluble alkalinity of casein glue.

It is convenient to know roughly
the total alkalinity of casein glue in
the decreasing of joining power, but
difficult to measure it accurately. The
soluble alkalinity is somewhat trouble-
some to measure but has an important
role in the joining of wood and the
less soluble alkalinity effects directly
the joining power of casein glue.
Casein glue desires to be no-reducing
of soluble alkalinity for a long storking.
For this purpose, 20% of alum, borax,
sodium tungstate and other elements
are added to the ca-casein glue (casein
509, calcium hydroxide 30%) and the
soluble alkaliniy of these mixed glues
are determined.

The addition of other elements in

the ca-casein glue lowers the soluble

~ alkalinity of glue and the ca-casein

-glue which composition is casein 607,

caleium hydroxide 409, has 270 soluble
alkalinity and the addition of other
elgments 209 in this glue, (casein 50%,
calcium-hydroxide 30%, other elements
20 %) reduces its value to 80-150. Oils
reduce less than others in these ele-

ments and the addition of sodium
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tungstate, alum retards the staling of casein glue, but they lower the alkalinity
of casein glue very remarkably. Soluble alkalinity is most important to produce
the ‘‘alkalized surface’”” of timber and the addition of the elements which

decrease its soluble alkalinity, therefore is insignificant. (Fig. 6.)

Hydroscopy of casein glue.

The hydroscopic property of casein glue is related to the reducing of the
soluble alkalinity and depends upon the staling action. Ca-casein glue (casein 60 %,
calcium hydroxide 40 %) absorps moisture gradually up to 15 26, and above this
point, the rate of absorping increases in very slight degree.

When paraffin oil is added to casein glue, it retards the absorbing rate of
moisture, and this glue absorps moisture gradually.

Fig. 7 shows the hydroscopic curve of the glue which is mixed with casein
62, Ca (OH), 37, paraffin oil 1. The casein glues which are mixed with sodium
hyposulphite, sodium tungstate are very hydroscopic.

A little addition of oil prevents

60
the staling and moisture absorption
£ of  casein glue. Paraffin oil and
linseed oil are tested in this experi-
- 40 o Jﬁu’ﬁ%{;ﬁﬂ slale ment; vegetable oil appears to be
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The hydroscopy of casein glues. therefore, that there is no need to
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consider about the content of the two or three percentage of oil in casein

glue.

On the alkalized surface of the timber.

The joining of glue is thought to be mechanical action, but there must be
also chemical action on the casein glue. The reason that the joining power of
casein glue is stronger generally than the power of animal glue, must be due to
this chemical action. The explanation of this chemical reaction is still far from
complete, but it appears to be true that the wood is alkalized by alkali of casein
glue and produces the ‘‘alkalized surface.” This alkalized surface serves ‘as the
joining mediation between caseinate and wood.

’Walnut, Hinoki, Shioji are respectively treated with one normal hydrochloric
acid and one normal sedium hydroxide for ten minutes, thirty minutes, one, two,
and three hours at the temperature 50°C, and glued than with casein glue (casein
1000 gms, Ca (OH): 16 mols) to determine their shear strengths. The strength of
woods which are treated by acid is lower and from 45 to 60 kg. per sq. cm.
The strength of woods which are treated by alkali for 10-30 minutes is very great
and shows the value of 56-88 kg. per sq. cm. and longer treating, lower strength.

It is important that the alkalized surface of timber must be produced in
suitable condition to be glued strongly. There is lower strength if the wood is
treated severely with alkali.

We can readily explain the indistinet phenomena when an ““alkalized surface”’
is taken into consideration. Increasing the insoluble alkali of casein glue lowers
its joining power but it must be more of the producing of ‘‘alkalized surface”
than of injuring itself to coagulation of casein glue, and the soluble alkalicity of
casein glue predicts its joining power. Though a weak basic alkali, such as
borax, alum, and magnesium oxide retards the staling of glue in storking and
solubles casein in its solution, they are too weak to alkalize the timber enough.

I think this is one of the reasons why they do not give the strong joining power.
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Capacity of alkali in casein glue.

Casein glue must contain the alkali which alkalizes the timber, forming the
alkalized surface, in addition to that combined with casein, and casein glue stales
in storking, changing soluble alkali into insoluble alkali. Therefore, there must
be at least the ca‘pacity of alkali which is necessary to form caseinate, alkalized
surface, and may change into insoluble alkali. It is necessary that the capacity
of the last alkali is as little as possible, and that other elements be added to
provide the staling and to eliminate the insoluble alkali. For this purpose, the
addition of a little oil is effective. It will be alone the ecapacity of alkali which
is necessary to form a caseinate and alkalized surface if the casein glue is

prepared when it will be employed.

Conclusion.

1. The joining pressure does not effect the joining power of casein glue as
it does the animal glue.

1. The hardness of the coagulated casein glue depends on its composition
and does not correspond to the joining power. The joining power of the same
composed glue decreases with the decrease in its hardness.

1. The decreasing of joining power of casein glue is due to the reducing of
soluble alkali and the increasing of insoluble alkali in casein glue.

1. Insoluble alkali injures the adhesive quality of glue and we can estimate
roughly the joining power by the determination of alkalinity. |

1. The addition of sodium tungstate or alum in the ca-casein glue retards

the staling of glue, but lowers the soluble alkalinity and gives a lower joining
power.’

1. Calcium casein glue which contains sodium hyposulphite, or sodium tung-

state, is very hydroscopic and a little addition of oil prevents the absorption of

moisture.
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1. There are both mechanical and chemical action in the gluing of the casein
glue and the timber is alkalize‘d by alkali of casein glue, producing the ““ alkalized
surface” and the joining power of casein glue depends on the production of an
alkalized surface.

1. Casein glue must contain the amount of alkali which is necessary to form
the caseinate, alkalized surface, and to change into insoluble alkali in storking

also.
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