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The Precipitation of Aluminum Oxide

In view of our mejor interest in aluminum oxide it scemed wise to
begin experimental work on this project with a fundemental investigation of
the effect of alkeline materials, and of pH changes on its precipitation.

In order to have materiale of known composition, the Analytical Dspartment
made an analysis of a 5 1b, bottle of Merck Aluminum Sulphate Lot No. 32097,

The alumine and sulphur trioxide were determined gravimetrically in
the usual wey and also by a thermsl decomgosition I suggested in 1932. This
involved heating the originsl salt to U00°C. for 3 - 4 hours to drive off
weter, then a further heating to 1000°C, for 4 hours drove off the sulphur
trioxide leaving alumina residue,

A1 503% 50+% H,0%

Theoretical 15.31 36.04 48,65
Gravimetric 16.75 37.87 45,38
Thermel Decomposition 16.97 37.69 45,24
Average of Inst. Detn. 16.86 37.78 ‘45,36

The theoretical composition is for Ala(SOh)3 . 18H,0. It is clear

that Merck product is a basic salt containing more alumina than is equivalent
to the S0¢ and less water than the theoretical. Since in this work we are
interested in the aluminum concentration, the formula was calculated as follows:-

Alp(SOy)3 o 18HZ0 = 4103 . 3803 . 18H0 - MN.W. 666

Merck product - A1203 0 2.,86503 . 15.2&H20 - M.W. 605

It is clear then that if one weighed out this "Merck Reagent" salt,
he would have just about 10% more alumimum than he would calculate on the
basis of 666 as the molecular weight. In all probability commercial alum
differs even more than this from the theoretical. The Merck salt (60.5 g.
gave a liter of 0,1 Molar or 0.6 Normal with respect to sluminum) dissolves
to give a clear solution while the commercial salt betrays its even more
basic character by a marked turbidity which soon settles as 2 precipitate
in the solution. The Merck salt on extensive dilution in tap water develops
2 marked turbidity as a result of hydrolysis,

Although there seems some question as to whether the Glidden Nelio
Resin is a typical peper makers rosin, it has been used so far in this work.
It was tested by the Analytical Department, using a large sample taken
directly from the barrel on the bridge.

Nelio Resin

Acid Number 160.3
Saponification Number 180.0
Unsaponifiable Matter 8,724 "



The acid number indicates the resin to be about 86.3% abietic acid. This plws
the unsaponifiable portion equals 95%, leaving 5% for the esters requiring hot
alkall for saponification. Subject to revision later, the following develop-
ment has been made from the saponification number data,

1 g, Nelio Resin = 180 Mg K OH = 128.3 Mg NaOH = 170 Mg NapC03
311.8 g. Nelio Resin = Y40 g. NaOH z 53 g. NapC03 = 62 g. NapCOz « HpO

If this last weight of resin were saponified with the alkali shown and
diluted to one liter, one might call thie a liter of Molar (or Normal) neutral
rosin soap. This would be about a 30% resin solution, and would not be stable
(Lorenz says that 5% is about the maximum stable solution). One tenth of this
weight of resin saponified with the 4 g. NaOH to give a dark brown liquid which
was diluted to give a liter of 0.1N Nelio resin soap.

Alum Plus Sodium Hydroxide

In the experiments regorted below 5 cc. 0,60 alum solution was pipetted
into a large test tube, The required volume of the slkaline solution was
pipetted into a graduate, enough water added to total 45 cc. and the whole
dumped into the large test tube. After mixing the tubes were allowed to stand
overnight for measurement of the sediment and pH of the supernatant liquid and
for tests for aluminum ions in the supernatant liquid. Yor this test in most
cases “aluminon" resgent (aurin tricarboxylic acid) was used, and also the
dropping of some ammonium hydroxide in the tube and observation of turbidity
produced if there was residual aluminum in solution. The aluminon test is
slightly more sensitive to very small amounts of aluminum. The table below
outlines the effects observed, the amounts of alkali added being expressed in
terms of equivalents of alkali per aluminum atom, Theoretically each aluminum
atom requires three equivalents of NaOH for its conversion and precipitation
as Al 203.

TABLE I,
Alum 4 Sodium Hydroxide
Sediment
, pH Depth, cm.

0.06 ¥ Alum only (no alkali) 3.5 .

1 Equivalent NaOH 3.94 2.0
1.25 Equivalent NaOH 4,05 2.7
1.5 Equivalent NaOH 4.11 303
1.5 Equivalent NaOH 4.05 2.8
1.8 Equivalent NaOH 4,20 4.6
2.0 Equivalent NeOH 4,32 4.0
2.0 Equivalent NaOH L.35 5.1
2.1 Equivalent NaOH 4,502 5.1
2,2 Equivalent NaOH 4,67 5.4
2,25 Equivalent NaeOH 4,86 4.3
2.3 Equivalent NaOH 5.1l 5.7
2.4 Equivalent NaOH 5. 79 h.6
2.5 Equivalent NaOH 6,13 h.g -
2.6 Equivalent NaOH 7.01 4.5
2.75 Equivalent NaOH g8.46 5.0
3.0 Equivialent NaOH 9,68 4.3




This table includes results of three different runs which check guite
well except for the volumes of sediment. The critical lower value for complete
precipitation is sbout 2.2 equivalents giving pH 4.67. For this run, aluminon
test was not used and there is almost certainly some peptized Al0x in the
supernatant liquids of the last one and possibly two systems. An Gnexpectedly
large dispersing effect was exhibited by ammonia so that this test fails in thse
alkaline systems. Above pH 5.1 there is no demonstrable aluminum ions in
solution until the alkaline peptization occurs,

TABIE II. ,

Alum 4+ Sodium Carbonate Sediment

Depth
pH cm,
1.5 EBEquivalent Na 003 4,03 3.0
1.75 " 7 4,13 309
1.8 " " 4,13 o0
1.9 " # 4,20 4,2
2.0 i " 4,30 4.7
2.0 n u 4,28 4,2
2.1 " “ 4,42 5e2
2.2 fl " L. 62 5.2
2.25 (] " H,TB 5.5
2.3 # n 4.8 5.5
245 " " 5.25 5.9
2. 75 " " 5.55 6.5
3.0 " " . 5,92 6.5
0.1X N32003 10.8 approximately

The critical system here is 2,25 equivalent soda ash per aluminum atom
giving pH 4.8, and there is no evidence of repeptization since the pH is so low.

TABLE III.
Alum + Sodium Resinate Sediment
. Depth
] EH [o::: PN
0.15 Equivalent Na Resinate 347 4.3
0030 # L} W °57 505
1.5 N " H J11 11,5
1.75 " " " 4,18 11.7
2.0 n " f 4,27 12,5
2,25 o " " 4,37 1&.3
2.3 " " " 4,25 14,2
2.4 i " " 4,32 1.3
2.5 U L " 4,50 14,3
2.5 H f # 4,32 15.2
2.6 i " " k.57 15.3
2.75 " # " 4,93 14,2
3.0 L L f 6.35 14,2
0.,1F Sodium Resinate 10,71 -
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In this sytem complete precipitation of aluminum is achieved by 2.6
equivalents of sodium resinate giving pH 4.57. The results in this system
appear greatly influenced by the conditions of preparation. Thus it appears
probable that a hot resinate solution would give different results from the
one at room temperature,

Another system about which there has been much discussion is the
aluminum acetate system, Table 4 shows the effect of adding sodium acstate
to alum, The first run made had to be doubted when it was found that a
0,1¥ Sodium acetate solution (C.P. reagent) gave a pH of 7.0l when it should
show about 8.7, To prepare a solution of sodium acetate, some &Cetic acid
was titrated with standard sodium hydroxide until the pE was 8.58. In spite
of the lower alkalinity of the first solution the pH values with alum were
only about 0.1 pH lower as shown.

TABLE IV,
Alum + Sodium Acetate

Pirst Bun Second Run

Sediment Sediment
pE Volume cm. PR Volume cm.

1.5 Bquivalent Na Acetate U4.05 0.3 4.11 0,2
1.75 u " " 4,10 0.5 4,18 0.6
2,9 L " B 4,15 0.7 4,21 0.8
2.25 o " " 4,20 1.1 4,27 1.0
2.5 " n u 4,23 1.4 4,35 1.5
2.75 " " " 4,28 2.1 4,38 2.2
3.0 " " 4,35 2.8 4. U5 2.5
3,5 8 n " - - 4,53 3,2
20 f n f - - .62 3.7

0.1N Ka Acetate 7.01 - 8.58 -

A1l of these gave positive tests for aluminum ions in the supsrnatant
liquids, Since 4.0 equivalent gave the least ppt., it appears possible that
more salt and a pH higher than 4.6 would complete the precipitation,

It would appear that the 3.0 equivalent system at pH 4,4 represents as
near as one can get to aluminum acetate and it is largely precipitated in this
system (sulphate). Incidentally the preparation of these systems offer a
splendid opportunity for a visual following of hydrolysis. When first mixed
all these systems are perfectly clear and then in 5 « 20 minutes a visible
turbidity appears which increases rather rapidly to agglomeration and precipi-
tation, I have demonstrated before the coagulating effect of sulphate ilons
on alumina peptized by acetic acld, One could undoubtedly have clearer and
relatively more stable systems by using aluminum chlorids instead of sulphate.
Conversely some acetic acid would peptize the precipitate observed here,

Borax was chosen as another alkaline salt, and for its interest in
comnection with prosize. Assuming the correctness of Na93§07° 10 H20, 19,07

grams was dissolved to make a liter of 0.1 Normal borax.
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TABLE V.
Alum 4+ Borax
Sediment
. Depth Supernatant Aluminon Ammonia
pH cm. Iiquid Test Test
1.5 Zquivalent Borax 4.35 5.5 Purbid Slight reé No
1.75 u H 5,16 6.2 Clear Yellow Change
2.0 " " 6,40 6.6 Clear Yellow in
2.25 " n 7.28 6.5 Clear Yellow any
2.5 H " 7.68 5.6 Tarbid ‘Reddish Tube
2. 7% # - 7.87 k.4 Turbid Reddish
3.0 " t 8,00 3.4 TParbid Reddish

This shows & most interesting cese of irregular series, With borax
the aluminum is all precipitated between pH 5.16 and pH 7.28, but shows
increasing turbidity above this, decreased sediment depth and increasing
color with aluminon. The ammonia test appears to be inoperative here
because its dispersing effect is sufficient when coupled with that of the
borate ion to peptize the sluminum oxide. Thus some of the turbid super-
natant liquid (1.5 system) with & few drops of ammonia actually cleared on
heating., Careful addition of dilute HC1 did produce a characteristic alumina
precipitate in this system. In absence Qf aluminum the aluminon reagent is
yellow, with a quantity of aluminum there forms a flocculent red precipitate,
and with only a trace of aluminum the solution takes on a red color.

Conclusions

1. The alum - NaOH run confirms very closely my findings by a
titration with hydrogen elsctrode in 1932,

2. Tne pH values produced by various equivalents are shown.

TABLE VI.

pH Values Produced by Various Equivalents

, pH of 0.1N
Equivalent 1.5 2,0 2.5 3.0 Solution
NaOH 4,1 4,3 6.4 9.7 13
Na,C03 4.0 L.3 5.2 5.9 10, ¢
Na Resinate 4.1 4,3 4.5 6.3 10.7
Na Acetate 4.0 4.1 4,2 4.3 8.6
Borax 4.3 6.9 1.7 8.0 9,1

2. The equiw}alents of alkaline material and pH for complete
precipitation of aluminum are:-

Equivalents pH

¥aOH 2.2 4.7
Na5CO 2,25 4.8
Na ReSinate 2.6 4,6
Borax, less than 1.75 Hol
4.0 4.6

Na Acetate, more than
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4, These data seem t0 indicete that aluminum trioxide is precip-
itated from an aqueous system when the pH exceeds 4.8 - 5.0.

a. There is so far little demonstration of the effect of
divalent or complex negative ions. If it be considered
worthwhile, an additional run on borax to cover the pH
between 4.3 and 5.1 is indicated, and possibly one on
sodium acetate to go beyond pH 4,6,

b. In these systems the carbonate must be present as the
bicarbonate and the resinate may form an acid soap. It
might be useful to investigate the effect of added sodium
sulfate on the alum -- Na(OH systems.,

. This work has this bearing on the size project work. It will be
necessary to study the precipitation of alumina for addtion to the beater,
Probably a positively charged alumina will be more effective in precipitating
the rosin emulsion, and we now have the necessary data for completing that
precipitation. Some of these precipitates will be more effective than others
by reason of diminished aging, ggfater ease of dispersion,

hl
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Verious Experiments im the Sizing Project

Solvent Siging Using Aluminum Resinate.

For some time I have been studying the possibility of sizing
with a solution of aluminum resinate instead of the more usual rosin. A vholly
qualitative experiment demonstrated that good sizing could be thus obtalned.

100 cc. 0.6N alum was treated with 400 cc. 0.1N sodium resinate, While 600 cc.
would represent the equivelent amount of soap, this excess of alum was ueed in the
belief that such an acid product should be superior. It is slightly short of the
amount needed %o precipitate all the alumina and would show pH 4.1 - 4.2. This
voluminous precipitate was filtered on a Buchner, washed, air-dried, and ground
up. The yield was about 15 g. as compared to theoretical 12 g, (water).

A small amount of this materiel dissolved readily in bengene.
Strips of Scott towels were passed through the solution, dried in air. On testing
with a drop of water the untreated towel 1s waterleaf, while the treated towel is
hard sized, and the drop rounds up upon it almost as upon paraffin. A drop placed
at the border between sized and unsized portions is rapidly drawn off the sized
area and spreads  in untreated fibers. It is suggested that if there be sufficient
interest in this process to warrant more extensive literature search, there should
be some measurements of size values achieved with varying concentrations of aluminm
resinate in various solvents. Minton chooses (Cl), or ethylene dichloride as not
dehydrating fibers as alcohol does. They would be free from the fire hazard of
benzene, Aluminum resinete has been used in benzene or xylene as & quick-drying
lacquer. A fundamental test to be applied or paper is its resistance to aging --
8 characteristic in which the Minton rosin-solvent sizing is defective. Various
retios of alumina to rosin should be tested,

Making Rosin Sizing Visible.

It would aid the sudy of sizing if one could detect in some way
just how the sizing material finally lands in the sheet. Some years ago it was
shown that if fat be stained red with Sudam III (2 typical oil-soluble dye), the
soap formed by its saponification would also be red, the free fatty acid is red,
etc., This demonstrates the affinity of the dye for the fatty acid anion, and it
wes thought a similar method might increase the visibility of rosin size.

In the first trial of this, some alcoholic solution of
Sudan III was mixed with 0,1N sodium resinate to form a red sol. This was
diluted to 1% rosin and used in the usual way with 2 and M% rosin size and
44 alum. The sheets prciuced are colored pink, and are well sized; but
examination of the sheets under the microscope reveals no particles inter-
pretable as sizing. The fiber suspension before sheet meking was pink, and
in a few cases some suggestion of the tiny dots described by Lee (1936)




5 CCe
5 cc.
5 eco
5 ce,
5 ce,
5 cc.
5 ce.
b ¢cce

5 ce.
50 cc. 5% calgon

was found. It appeared that the siging material was too finely divided to be
visible, '

It was believed that better results would follow if one used a
sample of rosin, colored with dye and then emulsified with as little alkali as
possible %o give a high free-rosin (Bewoid type) size. A sample of Nelio resin
was thus colored deep red, but saponification with small amounts of alkali with
the malted milk s tirrer proved ineffective until about 50% of the theoretical
amount of caustic had been added. There resulted a deep pink or red emulsion
of poor stability and about half of the rosin unchanged.

Some pulp was sized with this emulsion, giving pink sheets of
good color and sizing. Examination shows some aggregates of red material where
fibers cross, but still fails with 430X magnification (lLee used 720X) to reveal
rosin particles beyond question. The fibers showed considerable red drops entangled
in the fibtdllar material of the sheet and a few fine dots on the fibers. Discussion
with Dr. Kress suggested use of darker dye (Methyl violet base) both as a means of
achieving the end sought, and of discovering if any such use of oil-soluble dye for
similtaneous coloring and sizing of a sheet might have superior fastness or other
properties,

Calgon Prevents Precipitation of Aluminum,

In connection with some work on the wax emulsion being carried on
at the same time, the suggestion of Smith of Calgon, Inc. (1934) to the effect that
calgon represses the precipitation of aluminum hydroxide uritil pH of about & in
strong calgon solutions was of interest., In order to learn more about this phenom-
enon, the following results were obtained.,

Pable I.

Alum ¢+ Calgon
Super-
Precip-~ natant

pH
AT Once 2% Hrs. itate Liguid

68 (64 Alum + 45 cco Hy0

0 3.5 3.3 - -
0.6N Alum + (0.5 cc. 5% calgon + L4,5 cc. water) 3.3 2.9 0.2 cm, Clear
0,68 Alum + (1 cc. 5% calgon + UU,5 cc. water) 3.1 2.8 0.8 em. Clear
0.6N Alum + (2 cc. 5% calgon + 44,5 cc. water) 3.0 2.6 1.2 em. Turbid
0.6% Alum + (5 cc. 5% calgon + MU.5 cc. water) 2,9 2.6 1.3 cm, Turbid
0.6N Alum + (7.5 cc. 5% calgon + Ul.5 cc. water) 306 3.0 None Turbid
0,6N Alum + (10 cc. 5% calgon + 44,5 cc. water) o3 3.8 None Clear
0.6N Alum + (20 cc., 5% calgon + W4.5 cc. water) 5.6 5.5 None Clear
(or 10 ce,) 5% calgon + H,0 te 50 cco 7.5 7.8 - -
T3 7.8 - -

It is to be roted that celgon, although itself very faintly alkaline, makes alum
solution drop in pH from 3.3 to 2.6 and then to rise to 5.5 as the amount of
calgon increases.




Table II,

Alum + Sodium Hydroxide + Calgon
pH of similar
systems with-
pH out calgon

%? cc. 0.6N (64 Alum €5 cc. 0.1N NaOH
10 cc. 5% Calgon + V{30 cc. water

5.6
" + 10 cc. 0,1N NaOH 6.5 -
4 + 15 cc. 0.1N NaOH Tol b1
u + 20 cc. 0,1V NaOH 8.3 4,3
# & 25 cc, 0.1W NaOH 9.3 6.4
R % 30 cco. 0.1N NaOH 10,0 9.7

(411 systems were madeup to 50 cc.; 30 cc. O.1F alkali represents the theoretical
equivalent.)

The effect of calgon is here truly remarkable. Without calgon
everyone of these systems would have had a bulky elumina precipitate. With the
calgon every system was and remained perfectly clear, even though the pH rose to
10,0, Since alkali alone would repeptize alumina, it 1s now possible to prepare
clear solutions of aluminum in some form at any pH . Such systems, containing

calgon, no longer give any test for aluminum by ammonia,

They also fail to have the usual flocculating action of alum
on the wax emulsion. When 50 cc. samples of & 0.,02% wax emulsion were mixed with
5 or 10 cc, of a mixture made by diluting 5 cc. alum + 10 cc. calgon to K0 cc.,
there is no visible or microscopically apparent effect on the emulsion. These
emulsions are at pH 6.0 and 5.8 respectively, and this is the only method I know
yielding stable wax emulsion systems at this pH. One cc. of a similar alum
solution without calgon would coagulate the emulsion completely. With calgon no
amount of alum seems to affect the emulsion. On April 1, I found such wax
emulsion~-alum-calgon systems capable of rendering cotton water-repellent in a
one-bath process. Today Mr., Johnson and I prepared a similar system with wax
emulsion at pH 6.3 and at 7.5% solids,

The action of calgon (sodium hexametaphosphate (NePOz)g) in
increasing the acidity of alum systems and of decreasing the acidity o% alum-
caustic systems appears quite mysterious, If there appear suitable applications,
further work might be justified. It appears probable that calgon is able to

lock up alumina from alum in a soluble complex and leave the sulphuric acid free.
When all the alumina is thus cared for, excess calgon behaves as a mild alkali

to raise the pH. The systems containing alkali may fall under the same explanation,
coupled with the large repression of the buffer effect observed when alumina is
precipitated in the usual way. Another way to consider its action is to observe
that it effects precipitation of alumina (or something else) at pH 2.9, and it
repeptizes alumina in some form at pH 3.8, Both of these are very low pH values
for such & phenomenon.
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Precipitation of Sodium Resinate by Alum or Hydrochloric Acid.

I# fhe beater, the rosin-pulp system is treated with alum. It

systerf were brought to F0 cc. as total finmal volume.

Pable III.

Sodium Resinate + Alum

5 cco 0» IN Na Resinate + U5 cc. water

{2 cc. 0,1N Alum
43 cc. water

& 3 cc. 0.1F Alum
+ 4 ecc. 0.1N Alum.
+ 20 ce. 0,028 Alum
+ 21 cc. 0.02N8 Alum
+ 22 cc. 0,028 Alum
+ 23 ccC.
+ 24 cc. 0,028 Alom
+ 25 cco 0,020 Alum
+ 5 cc. 0.1N Alum
4+ 6 cc, 0.1¥ Alum

0.02N Alum -

appeared worthwhile to investigate this for the later work.

In all cases the

- Super-

pH Pre- natant

At once 24 Hrs, cipitate Liquid

908 953 - Purbid
9.0 8.7 HNone 8
8.5 8.2 4.7 cm, L
E 7.8 7.4 7.8 cm. R
796 70"‘ 8.2 cm. h
7.3 7.3 8.5 em. “
7.0 7.0 8.6 cm. "

6.5 6.6 9.5 cm, Clear
6.1 6.2 9.5 cm. "
is.ﬁ 5.5 10.0 cm, fi
2.2 5.3 9.8 cm. ®
5 4.2 9.8 cm. "

The agreement between the two runs can be seen from the values of the duplicate

systems,

Table IV,

Sodium Resinate + Hydrochloric Acid

pH

At once 24 Hrs.

Pre-

Super-

ratant

cipitate Liquid

5 ecc. 0.1N Na Resinate + §2 cc. 0.1N HC1 8.7 8.5 XNome Milky
43 cc. water
# + 3 cc. 0.1N HC1 8.2 8.1 1.5 cm, "
u + Y4 cco 0.1N HC1 %609 7.0 2.7 em. Turbid
" + 20 cc. 0,02N HCL 6.7 6.8 2.0 cm. "
" + 21 cc. 0,02N HC1 6.2 6.4 2.2 em, "
" + 22 ce. 0,028 HCL 5.7 5.9 2.4 cm. "
H + 2& cc. 0,028 HC1 5.1 H.2 3.2 cm. Clear
" + 2l cc. 0,028 HCL LYy 4.2 3.0 cm. "
+ 25 cc. 0,028 HC1 .9 3.8 2,8 cm. 8
+ 5 cc. 0.,1N HC1 807 307 20? Ccl, "
+ 6 cc. 0,1N HCL 2.7 2.7 2.7 cm. U

The end points for complete precipitation of rosin (as Judged
by obtaining a clear supernatant ligquid) are:-

With alum

23 cc. 0.02N (92% of theoretical) pH 6.6 - 7.
With HC1 5

23 cc, 0,028 (924 of theoretical) pH 5.2 =

i P s




A recent correspondent asked if there was any change in pH
on standing after sige precipitation in the beater. The data of Table III
indicate that in the usumsl range such change is negligible. All tubes were
open to air so that absorption of 002 would explain changes observed in the
alkaline systems,

Examination of a few of these systems in the paraboloid dark
field is of interest. The original sodium resinate before or after dilution 1is
nearly optically empty, but on standing development of increasing turbidity in
the diluted solution is matched by appearance of tiny (0.5 micron) particles in
the dark fiela., The addition of small amounts of alum accelerat®s this process

‘and produces also elumps of material and a dense cloud of material which in

particle size or high hydration is just tlow the limit of resolution with 930X
magnification. Possibly this cloud represents colloidal alumina hydrate in
process of flocculation by rosin anions. The HCl systems are similar except
that they lack this cloud appearence and have fewer clumps of material sorbed
on the slide.

It is of interest that the same rather sharp end point is
obtaired for alum as for HC1 in terms of equivalents required to precipitate
the rosin. This might argue for the formation of aluminum resinate and free
rosin acid respectively as the actual reaction occurring. 1If it were colloidal
flocculation one would expect the precipitating power of alum and HC1 to be
quite different. It may be that even in this presumably neutral sodium resim te
there is actually only 92% of the resin in the true ionic form. The large
difference in pH in the final two systems argues in favor of colloidal sorption
of the acids involved -~ the HC1 being less sorbed than the'HZSOu.

Precipitation of Alumina for Beater Addition.

In order to minimize electrolyte content of the sheet, a
separate precipitation of alumina was proposed. In terms of the earlier work
50 cc. 0.6 alum should require 230 cc. O.1N sodium carbonate for complete
precipitation and this would kave alumine on the desirable acid side. Two
lots were prepared in this way, in the first 0.5 g. Hy-flo Supercel was added
to the alum solution before the carbonate was added. In the second the Celite
wag added after precipitation of the alumina. In both cases the celite speeded
filtration markedly but there was little difference in the rates as above
prepared, The filter cake (a2lumina + celite) was dispersed in water with some
difficulty, and the suspension was passed through the hand homogenizer once.
Both systems settled out rather rapidly and would require some addition to
realize their full effectiveness. A little aluminum chloride or alum would

help but would introduce unwanted electrolytes. Experiments are in progress

to discover the effect of adding this alumina suspension to a pulp - rosin - aéid
system. Possibly peptization with 10% of the originel alum would disperse the
alumina so that it would be sorbed on pulp and would sorb a high free-rosin size,

Sumary.
1. It has been found possible to produce good sizing by

immersion of a sheet in a benzene solution of aluminum resinate., Such solvent
sizing may possess advantsges discussed in previous reports. P
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2. Attempts to render rosin sizing visible have given only
peartiael success. Further work on this is planned.

3. Remarkable effects of calgon on alum and on alum-alkali
systems are presented. Small amounts of the 8lightly alkaline calgon increase
the acidity of alum solutions, larger amounts decrease the acidity. Calgon-
alkali-alum systems have much higher pH values then the same systems without
calgon, This shows some value in wax emulsion work,

4, Precipitation of sodium resinate by alum and by hydro-
chloric acid has been found complete belows-

For alum - 92% of the theoretical at pH 6.5
 For HC1 - 92% of the theoretical at pH 5.2

o

This is to bs compared with the previous finding that complete
precipitation of alum with sodium resinate (the reverse problem) required 87% of
the theoretical resinate giving pH 4.6.

RH
' Complete pptn. Equiv. Amounts
Adding alum to Na resinate 6.5 5o 2
Adding Na resinate to alum 4.6 6.2

On the basls of these experiments it would appear that the pH
range 4.6 ~ 6.5 would represent complete precipitation of both alumina and rosin.
As I understend it, this includes all the useful pH range for efficient rosin-alum
sizing, The alumina~rosin ratio must have an important effect for usually about
three times the theoretical.amount of alum is employed.

5. A preliminary study of the separate precipitation of alum
for use in the beater to minimize electrolyte content has been made.
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Experiments on Sizing, Including Effect of Sodium Sulphate on Neutral Roein Size.

Hydrolysis of Sodium Resinate

It has been observed on numerous occasions that, although the 0.1N (3%) neutral
sodium resinate is clear yellowish in appearance, dilution of this to O.0LlN
solution ie followed by a slow development of turbidity. Since most of these
experiments have been done in tubes left open to the air, thers was an excellent
chance that absorption of carbon dioxide was responsible for this turbidity,
precipitating the rosin, Duplicate tubes of O,01lN solution have been stending
for two weeks, one stoppered and one open. The tube left open has decreased in
pH from 9.5 to 9.0 and has developed several times as much turbidity as the
stoppered tube (pH 9.36). The marked turbidity of the closed tube and the fact
that in the paraboloid dark field there is little difference in appearance between
the two samples ~- both showing a dense cloud of very fine material in Brownian movement
(the original dilute system was nearly optically empty) -~ Justify the conclusion
that the 0.01N sodium resinate doss undergo extensive hydrolysis.. Althongh this
represents a possible beater concentration of size, the speed of this hydrolysis
i3 80 slow as to be of minor significance in commercial practice. Since & normal
hydrolysis would be expected to increase the pH, the mechanism of the opposite
effect here is obscurs,

Alum plus Duponol System

The idea back of this work wss that since the sulfonated alcohol detergents such
as Duponol are able to form soluble calcium and magnesium compouvnds, they might
2lso aid in producing clear systems of aluminum ions at pH § - 6, which might be
used to precipltate the wax emulsion without the possibility of repeptization,

The Duponol behaves somewhat like a soap in producing a fairly clear 5% solution
in warm water, and then, with time, producing a slow precipitation of considerable
of the material from solution., On adding 5% Duponol to 5 cc. 0.6N (6%4) alum there
is at first an increasing, then a decreasing precipitate, and finally clear system.

Table 1.
Alum 4+ Calgon
PE .
5 cc, 0,6F Alum + 1 cc. 5% DuPonol 3.28 Smell precipitate

i L 2 2.35 Increasing ppts,
# H u 3,42 "
i ] i Ll 3,49 o o
] # 5 "o 3,52 f "o
" L 6 " 3,56 Maximum precipitation
i 0 7 ] 2.59 Slowly decreasing ppts.
" # 8 u 3,62 # Lo
f # 8.5 " 3.64 # o "
] H 9 f 3,66 # i ]




D

Table 1.
(Conttd)
pH
5 cco 0.6N Alum + 10 cc. 5% Duponol 3,66 Clear System
f " 12.5 u 3,72 Clear System
5% Duponol only .59

Although this behavior of Duponol with alum was analogous to that previously
reported for Calgon, the Duponol systems do not permit any alkali additionm,

nor more than a very slight dilution without producing immediate and extensive
precipitation, While the Calgon-alum systems did not precipitate the wax emulsicen,
Duponol-alum systems are almost as effective as alum alone. Since, bowever, no
way was seen of achieving clear aluminum systems at pH § - 6, this work was set
agide at this point,

Staining Bewoid Sigze with Sudan III.

It was previously suggested that a stained Bewoid type size might be visible
when precipitated on the fiber, When Sudan III is shaken or heated with some
commercial Bewold size, the sigze assumes a pink color. But in the microscove
none of the rosin particles appear stained, so that apparently only a little

of the dye is dispersed by the protein-soap present. The expectation that the-
dye would not pass through this interface to the rosin seems justified, and
further efforts may be made later to prepare such a size using rosin previously
colored by dye before its emulsification,

Sodium Sulphate Salts Qut Rosin Size

In the formulation of this project, one of the objectives was to minimize the
concentration of sodiuvm sulphate in the beater, since it was believed seriously
to interfere with sizing., An indication of a possible reason for this has been
found in the surprising fact that the sodium resinate may be very extensively
precipitated by merely adding neutral sodium sulphate,

Before presenting the experimental data, a resume of relevant calculations would
be of interest. The Paper Makers Chemical statement is that 50 - 70 grains of
sodium sulphate per gallon ruins sizing. The handbook gives the following
relation:

1 grein / gellon = 17.1 varts per million = 0.0171 grems / liter

Thus, 70 gr.f/eallon = 1,197 grams / liter ,

Sodium sulphate has a molecular weight of 142, so that 1,12 grams /
liter would te 0,01 Molor,

In the typical beater would be placed:

2,000 1bs. stock + LHO 1bs. rosin + 80 1lbs, slum + 40,000 1bs, water. . Since the
sulphate present is the deciding factor, it would be equivalent to 80 g. alum

in 40 liters, or 1/8 mol. alum in 4C liters, or _1 mol, in one liter, Since
320 .
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each mol, of alum contains 3 mols of sulphate radical, this gives _3  mols
sulphate in one liter. It therefore appears that, as the beater 320

is made up with freshvwater, the sulphate ion concentration is of the order of
0,01 molar. But such a figure is already 18% more than the 70 grains per gallon
figure given above as destroying size. As the white water circulates in a closed
gystem, it should pick up increasing concentrations of electrolytes, and this is
commonly advanced as explanation of the difficulties encountered. In the recent
run on such a closed system at Cornell Wood Products, the log sheet shows nowhere
as mach as 2 grams of soluble solids per liter, and yet a single beater charge
should make its water have 1.U42 grams Na,SO) per liter,

There appear certain possible explanations of this discrepancy. The rosin size

is rarely a neutrel size so that the sulphate ions muet remain in solution along
with calcium and magnesium from the water and with hydrogen liberated by hydrolysis.
This, however, would not greatly affect the weight of soluble solids. Probably a
much more important factor is the sorption of the sulphate ions on the fibers and
particularly on the alumina. Even in alkaline systems, alumina is known to sorb
quantities of sulphate ions and this effect would be much larger in the acid systems
used for sizing. By the same token, these sulphate ions would be carried along

with the sheet and would tend to preserve its excess acidity as sulphuric acid,

Two problems are thus presented. The first of these is the discovery of the
mechanism by which sodium sulphate interferes with sizing, and of a method to
minimize this, The answer to this latter question may well be found only in
the generel basis of this whole project = how to minimigze electrolyte concen-
tration in the beater,

In the previous report, Table III showed the precipitation of sodium resinate

by alum additions. The obvious extension was to study the seme precipitation

in the presence of sodium sulphate, using 0,1M sodium sulphate system to
emphasize the effects. Table 2 shows the results of such a run comparsd with

the same systems without the added salt., Previously, the production of a clear
supernatant liquid above a precipitate of aluminum resinate was taken as evidence
of complete precipitation of the rosin, but it was found that on treatment of

5 cc of these clear supernatant liquids with a drop of 5% HCl there were produced
additional precipitates. This was taken as a very sensitive test for some form
of finely dispersed rosin, Another interssting feature of these systems 1s the
inmediately large precipitation when 5 cc M Na_S0), be added to 5 cc 0.1N Na
resinate, On dilution with 40 cc distilled water, this precipitate disperses -

slowly, but overnight is still seVeral times more turbid than a comvarable
system made by adding 5 cc M NapS0) in 40 cc water to 5 cc 0.1N Na resinate.
For the runs shown, the second method of adding the salt diluted with the alum
solution was employed°
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Table 2. )
Pfecipitation gfrﬂa Besinate by Alum in Presence of Sodium Sulphate

S'upep- Without Na 250)4,
natant Super- HC1
pE 18 hrs, HCl Test ©pH natant Test

.5 Sl.Turbid Vol. floc.
6 H " "

5 ¢ce O, 1N Yo Resinate + 45 cc water 9
+ (5 cc M NasS0, 9

{40 cc water

" + 5 cc M NasS0y 8,3 Clear Sm, floc, 8.5 Turbdbid -
+ 3 cc 0.1 alum
" + £ cc M Na,y3Q 7-9 # Less floc,
+ 17 ce 0,02 N alum
" + 5 cc i NaySOy 7.4 " Parbid
+ 13 cc 0.02 ¥ alum .
o + 5 cec M Naasok 7.2 # TMaintly # 7.7 Turbid Floc.
+ 20 cc 0.02 N alum
" + 5. cc Y Na,SOp 6.6 " Very w. % 7.0 Turbid Floc.
+ 22 cc 0,02 ¥ alum
" + 5 cc 0.1 N alum 5.5 " Clear ™ 5.4 Clear C(lear
" + 6 cc 0.1N alum 4,3 t clear ™~ k.5 # "
M Na,SOy alone 7,04 ‘

Observations of Table 2 are as follows:

1. At pH values above 5.5 the sodium sulphate definitely lowers the
pH of the corresponding systems although it is itself neutral.

2, Testing for complete precipitation of resin; clear supernatant
liquids without NaoSOy -- 23 cc 0.02N alum (92% theor.); clear supernatant liquids
with Naésoh -~ less than 15 ce., 0,028 alum. This is misleading, howesver, for
vhen tested hy the HCL addition, there is about an equal faint turbidity iz
both systems with 22 cec 0,028 alum (pH 6.6), and clear systems with more alum
and at lower pE values.,

3, The comlusion from this is drawn that sodium sulphate changes
the rosin into a form which gives a clear adueous liquid at pH values whers
without the salt there would be considerable turbidity. In other words, it
seems to heve a dlspersing effect on the rosin.

4, A further indication from the HCl test is that the 22 cc 0,02N
alum alone is the last tube to produce an immediate floc. while with NaoSO)
no tube beyond 17 cc 0.02N alum shows a floc. On this basis, the Naesou
seems %0 ald the alum 1o flocculating the rosin,

In view of the conflicting interpretations possible in this Table, the following
run was made on systems without alum to get a measure of the effect of the
sodium sulphate.

/ .




Table 3.
SOdlum Sulphate Salts out Sodium Resinate
At Once 24 Hours
pH Appearance pH Ppt. Appearance
5 c¢ 0.1N Na Besinate + 45 cc Hep 9.53 Slightly  9.19 - Tarbid
+(5 cc M Na,S0y, 9,53 increasing 9.36 - "
(40 cc water
" + 10 cc M NaoSOy  9.49 9,37 -~ Max. Turbidity
L + 15 cc M Na,50y 9.46 Slight 9.15 Slight Decreasing
Turbidity Purbidity
+ 16 cc M Na,S0y  9.48 9.15 0.2 cm. n
+ 17 cc M NapS0y  9g,hg 9.15 0.3 cm. "
" + 18 cc M NaoS0y 9.46 L4 X as 9.17 0.5 cm. U
Turbid
" + 19 cc M Na,ySO) 9.44 Milky ppt. 9.17 0.5 cm. "
" + 20 cc M Na,S0y 9.1 " 9,15 0.5 cm.
" + 25 cc M Na 80y  9.32 H " 9.12 0.6 cm.
“ + 35 cc M Na SO 9.34 " " 9,12 0.7 cm. o
H + 45 cc Na, S0  9.34 Most ¥ 9,10 0.7 cm. f

In the first half-hour, tubes up to and including 17 cc (0.34 M NaSOy) had about
the same slight turbidity; beyond that there was marked increase in turbidity up

to an immediate partial precipitation in 0.9 M NasSOy. The pH change is too slight
to be significant. This appears to be a straight case of slow flocculation, for

in three days all tubes except the blank had become milky and produced some precip-
itate. In tube 35 and U5, the supernatant liquid appears quite clear and the HCl
test shows that about nine-tenths of the rosin has been precipitated by the salt,

The attempt was then made to correlate this precipitation with other properties
of the solution in an attempt to control the change, Table 4 shows such obser-
vations, using a new solution of sodium sulphate.
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The slight increase in turbidity which develops in 0.5 hour is not
associated with visible particles in the dark field until the 20 cc
system whose opaque turbidity is due to a dense swarm of particles
which grow continuously, and overnight develop particles 1 - 5 microns
in diameter and look like a2 rosin milk emulsion. The surface tension
data are gsimilar to those we have previously had in the lab course by
adding salt to ordinary soaps. The sodium sulphate salts out the
sodium resinate, 0.06M Na S0y, being enough to saturate the surface with
the soap and achieve the fimiting effect,

The persistence of tube 1 cc (0.02 M) as c¢lear, showing no such turbidity
as was shown by tubes on either side of it suggested that this might be

a fundemental clue. Table 5 shows a check series confirming this obser-
vation.

Table 5.
Properties of Sodium Sulphate -- Sodium Resinate Systems

M 6 Hours Surface 24 Hours
Nazsoh Appearance Tension Appearance

5 c¢ 0.1 N Na Resinate + 45 cc Ho0 0 Tarbid 1 39 Tarbid 1
L + (5 cc 0.1 M Na S0, 0,01 ¥ 0.5 36.5 " 0.5

2
(40 cc water
" +10 cc 0.1 M Na 80, 0.02 CQlear 34,2 Clear

" +15 cc 0.1 M Na,S0 0,03 Clear 34,3 Turbid 0.1
" + 20 cc 0,1 ¥ NajS0, 0.0% Clear 33.7 Torbid 0.2
f +25 cc 0.1 M Nay80), 0.05 Turbid 0.5 33.5 Turbid 0.4
o + 30 cc 0,1 M Nas80),  0.06 Turbid 0.75 33.4 Turbid 0.9
" + U5 cc0.1 M Na S0, 0.07 Turbid 1 32,5 Tarbid 1.2

The turbidity estimates are personal estimates, referred in each series

to the blank as 1, although in 24 hours the blank is about 4 times as

turbid as in 6 hours. There is 2 slow drop in the surface tension from

the time of mixing and comparison of the three duplicates in the two

series showing that the result achieved in 6 hours is that found in U8 hours.

It seems probable that the failure of sizing with sodium sulphate in the
beater may be associsted with the persistence of clarity in systems which
are so close to 0.02 M NWNa S0y, which even after three days is most striking.
If the only effect of the salt is to agzlomerate the slze, we could expect
a loss in sizing as & result, but in the critical range the effect seems to
be one of a dispersion - of clarification. The phenomena exhibit a
striking analogy to those observed by Rhodes & Wynn (1937) in the deter-
gent power of common sosps shown in Table 6.
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' Table 6 °
Effect of Naesoh on Detergent Power of Soaps

Concentration 4 Increase

of Na,SOy H in Brightness % Improvement
0.0 9.66 22,45 100

0.0025 M 9.65 25.8 115

0,0050 M 9.65 25.8 115

0.05 M 9,68 19.1 85

Something of the nature of Alexander!s zone of maximum colloidality may
be involved here, but the true explanation is still obscure.

hl

1,

2s

Sodium resinate when dilutéd to 0.01 N solution undergoes extensive
hydrolysis with 2 development of considerable turbidity and a dense
cloud of material visible in the dark field.

Duponol behaves like Calgon in producing clear systems with alum,
Unlike Calgon, the Duponol-slum systems still give a test for
aluminum and precipitate wax emulsion but are precipitated by
dilution or alkali addition,

The Bewold size cannot be stained directly with Sudan III.
Neutral sodium sulphate salts out sodium resinate.
a. This is accompanied by only a slight change in pH (Table 3).
b, It enables alum to precipitate rosin more readily as judged by
clarity of supernatant liquid, but has no marked effect if the
liquid be tested with HCl.

¢. In presence of sodium sulphate some of the sodium resinate is
modified into a soluble not easily precipitated form.

d. In systems of sodium resinate-sodium sulphate there is a marked
maximum in this effect at 0.02 ¥ NaESOu with 0.01 N sodium resinate.

e, This maximum falls at just double the concentration of the sodium
sulphate introduced by an average size precipitation in the beater.

f. There is probably some relation between these facts and the
sizing @lfficulties encountered in closed white water systems,

/ -
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The Effect of Sodium Sulphate on Rosin Sizing

This report will include a summary of the first handsheets made
(4/26) in this project. TFor these sheets, Weyerhaeuser bleached sulphite pulp
was beaten to a freeness of 520 cc at 1,544 consistency. The procedure
adopted was to weigh out enough (650 g.) of the pulp suspension to contain
10 g. 0.D. pulp for each batch. To the batch was added rosin and then alum
with stirring by the malted milk mixer at a moderate rate, allowing about 3 - §
minutes stirring between rosin and alum and after the alum addition. Then the
batch was diluted to 1000 cc (1% pulp), stirred, and 170 g. taken for each of
the four sheets. No attempt was made to control the pH of the water in the
sheet mold, the 170 g. pulp suspension were poured in, stirred, and the water
drained at once. GSheets were pressed between blotters and felts one minute at
100 1bs. and then dried 10 minutes on Williams drier. Yor all systems, the
neutral sodium resinate (0.1 Molar or 3.12% rosin) was used. TFor the first
two series a neutral turbid commercial aluminum sulohate was used, for all
others the better standardized Merck aluminum sulphate (0.6N or 6.05% alum)
was used. The pH values shown are for the 1% pulp suspension as it was
poured into the sheet mold.

TABLIE I.
Rosin plus Alum Sizing
Basis Size

pH Welight Currier TAPPI

Sec. Sec,

I A, Blank, no size, no alum 1.7 40.9 0.6 2,6
I B, Pulp + 2% Na Resinate, no alum 7.7 40.0 1.2 Yol
I1C, Pulp + 2% Na Resinate + 2% alum 6.3 .1 26.9 ho.L
I D, Pulp + 2% Na Resinate + 4% alum 4L k1.5 35.0 38,5
I E, Pulp + 4% Na Resinate, no alum 8ol 42,0 4,2 8.6
I F, Pulp + 44 Na Resinate, + 24 alum 6.5 42,0 Lo.8 43,3
1 G, Pulp + 44 Na Resinate, + Lf alum 4.5  U43.2 bz.5 b1

From this, the following conclusions are drawn:

L 1. There is fair agreement betwsen the Currier (electrical
4 conductivity) and the TAPPI (dry indicator) size values, the TAPPI values
being generally slightly higher. '
i% 2. T¥our per cent rosin gives about 15¢ higher sizing than
two per cent,.
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3. Four per cent alum is little better than 2 per cent; in
system D it seems to give an excessively low pH.

In the next two runs, a study was made of the effect of sodium
sulphate on sizing. This matter was discussed in the previous report with
some test tube experiments demonstrating that sodium sulphate salts out sodium
resinate and affects its precipitation by alum. It was also pointed out that
in the beater, using h% alum on the stock, there would be an initial concen—
tration of 0.01 Molar with respect to sulphate ion and that this concentration
is greater than the 70 grains per gallon said by P.M.C. to ruin sizing. fthe
direct study of handsheet sizing reveals no such action even by amounts of
sodium sulphate considerably larger. A preliminary run is shown in Tables

II end III.
TABLE II.
Effect of Sodium Sulphate on Sizing
Basis Size ;
_pH Weight Currier Tappi §
II A, Pulp + 2% Na Resinate + 2% alum 6.2 38,2 29,1 33,3
II B, Pulp + 2% Na Resinate + L% alum 4oL 39.1 35.1 34,2
II C, Pulp + 0,024 Wao,S0) + 2% Rosin + 6.2 38.4 33.9 33,8
2% alum . ;
II D, Pulp + 0.02M Na,SO) + 2% Rosin + 4.6 39.5 35.7 36.3
L% alum , ;
I1 E, Pulp + 0,24 NasSOy + 2% Rosin + 5.8 39,4 19.8 33.3 :
2% alum i
II ¥, Pulp + 0.24 Na,SO, + 2% Rosin + b.g 39.7 17.7 31.9 ;
44 alum ;
i
A second more extensive run on this is shown in Table IIJ, ?
TABLE III B
Effect of Sodium Sulphate on Sizing : a4
Basis Size ;
pH Weight Currier Tappi
III. A, Pulp + 2% Na Resinate + 24 alum 6.0  Lk.5 47.7 L9k i
IIT B, Pulp + 2% Na Resinate + 3% alum 4.9 .3 7.8 bs.0 %
IIT C, 0.0lM NaoSOy + 2% Rosin + 3% alum 5.0 44,6 47.8 T
IIT D, 0.0 Na,S0), + 2% Rosin + 3% alum 5.1 U8 51.8 hg. 4 *f?%;
III E, 0.03M Na,S0) + 2% Rosin + 3% alum 5.0 b5.7 1.7 45,9 .
JII F Discarded as obvious error ?
III G, 0.1 NayS0) + 2% Rosin + 3% alum 5.1 b, 2 31.1 hg.2 b
II1 H, 0.2M NaoSOy + 2% Bosin + 3% alum 5.0 45.2 25.0 hg.2 i
In the following systems, Pulp, Na,50), + Na Resinate stood 4 hours before alum %
addition, : %
III I, No Na,80), 2% Rosin + 3% alum 4,8 43,2 1.9 - u7.3
III J, 0,024 Na,S0), 2% Rosin + 3% alum 5.0 uh, 2 . k.7 Ee.; it
II1 K, 0.2M NayS0y., 2% Rosin + 3% alum 5.1 4.6 24,0 7.2 b
7. ﬁ;




In the examination of these results, two approximations are noted. The
pH values are repxted to only one significant figure although two are
recorded. In adding the sodium sulphate to the 650 g. of pulp suspen-
sion, 13 cc and 130 cc M Na,S0) were added to the systems called respec-
tively (D) 0.02M and (H) 0.2M although dilution would make the actual
concentration less than this in the systems when the rosin was added.

These conclusions seem justified.

1. With 0.03M NaESOu or less, there is no demonstrable e ffect
on either size value although this is more than three times the reputed
upper permissible limit,

2. It may be only a coincidence that the maximum sizing comesg
at (D) 0.02M NapSOy which is the concentration of salt previously shown
to give the least agglomeration of sodium resinzte alone.

3. With 0,10M NasS0y or more the Currier size drops sharply
but the Tappl value is unchanged. This appears due to an excessive amount
of electrolytes left in the sheet so that the penetrating water becomes a
far better conductor,

4, If sheet B be taken as standard, the following comparison
is made of the changes in size values (for Currier size).

Blank 0.02M NaosS0), 0.2M Na,S0y
Alum added at once  Standard + 8% ~4ge
Alum added after U hours -12% -144 ~lgg,

5. It appears that dilution may effect an agglomeration of
the sodium resinate, that small amounts of salt accelerate this favorably
at first (D) and then excessively with time. The high salt concentration
agglomerates the rosin immediately and time has no further effect,

In the ordinary procedure where alum is added very shortly
after the rosin, such changes would be unimportant; but, in a closed
water system, if alum were added near the machine, such conditions might
prevail,

The three sheets shown in Table IV were made to demonstrate
certain ideas. In the A and B sheets two rosin emulsions were used in
which the rosin was dyed with Sudan III, in an attempt to render sizing
visible in the sheet, while the C sheet was made by a separate precipi-
tetion of aluminum resinate.

TABLE IV,
Special Sheets
Basis Size
pH Weight Currier Tappi

A. Pulp + 4% Rosin (Red) + 3% alum 4.9 45, g 52.7 53.9

B. Pulp + 44 Rosin (Red) + 34 alum Bolt 46,3 37.6 RO 4

C. Pulp + [44 Na Resinate + 3% alum] 5.7 L6.6 35.1 47.3
Separately precipitated ,




Although sbeets A and B are colored pink, and this suggests
the use of such 0il-soluble colore for dyeing paper, the visibility of
the rosin in the sheets has not been demonstrated. The C sheet represents
ny first attempt to achieve sizing by this method. To 100 cc water was
added 5 cc alum solution and then 12.8 cc sodium resinate solution. This
suspension of aluminum resinate was then dumped into the 650 g. of pulp
suspension, stirred, diluted, and sheets made as before. No direct com-
parison cean be made with any other sheet, but it is demonstrated that
satisfactory sizing can be achieved by a separate precipitation of aluminum
resinate. Many more sheets will show this in subsequent reports.

The general results of these experiments, performed over a
month ago, are as follows:

1. BReference values have heen obtained for sizing of handsheets,

2. It is demonstrated that handsheets sized in the presence
of reputedly destructive amounts of sodium sulphate still do show good
sizing. Excessive amounts of the salt do greatly decrease the value of
the Currier size, but still have practically no effect on the Tappi size
values,

3. Delay in adding alum to pulp-rosin-sodium-sulphate mixtures
may decrease sizing in presence of moderate amounts of salt,

4, It is possible to obtain good sizing by adding freshly
precipitated aluminum resinate to pulp.

nl
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Further Sizing Handsheets Especially with Bewoid Size

In the origin of this project, a prime purpose was to produce effective sizing
under such conditions that the electrolyte content of the paper should be a
minimum, This was to be achieved by some such procedure as the separate pre~
cipitation of alumina, filtration, and then the addition of this alumina to ths
pulp-rosin mixture. A further idea to try was the separate precipitation of
aluminum resinate, filtration, and then addition of this to the pulp. In Series
IV and VI various procedures were followed using the sodium resinate solution,
while in V, VII, and VIII similar experiments were run on the Bewoid size so

kindly furnished by Dave Peterson of Bergstrom's on Mey 3.

In the tables will be shown the substances added, calculated on the weight of
the pulp, and added in the order shown. Thus, for IV A - 625 g. x 1.6% gave

10 g. O.D. pulp. To this were added 6.4 cc of 3.12% sodium resinate (24 on pulp)
and 3.3 cc of 6.05% aluminum sulphate (Merck) (2% on pulp). The additions shom
in parentheses were mixed separately as indicated, filtered (or not), and added
to the pulp. In IV D and in several systems thereafter it was found that a
portion of the total pulp could be used as a filter medium. This portion was
usually about one tenth of the total, and the filtered wet lap plus the pre-
cipitate was stirred into the rest of the pulp., Pulp used was Weyerhaeuser
bleached sulphite beaten to freeness 540 - 550 cc. '

Table 1. Sizing by various methods

Basis Size
- - pH  UWeight Currier Tappi
A, Pulp + 2% Na Resinate + 2% Alum 6.1 Ul.3 W.3 s, 50.8 s.
B, " + " + 3% 0 L.g MW.1  L45.0 51,3
C, " +[10C cc water + 27 Na Res.+ 3% Alum] 5.0 k42,1 o 4 48,8

The water, sodium resinate, and alum were mixed separately, stirred, not filteredl,
whole suspension added to pulp.

D, Pulp + [100 cc water + 2% Na Res. + 3% Alum] 7.2 n.g 9.8 12.2
The aluminum resinate was formed as shown, stirred, much of it ran through filter
paper. The turbid filtrate was stirred up with about 0.5 g. pulp (50 cc) to be
used and poured on same filter, giving more clear filtrate. This wet pulp +
alumina resinate was shredded into the rest of the pulp, stirred, diluted to one
liter, stirred 15 minutes,

E, Pulp + 3% Alum + 29 Na Resinate 4,9 Lok 43.8 43,9
F, 4 4 W 4 1% NaOH + 2% ¥a Resinate 7.9 k42.b 28.9 32.1
G, " + 2% Na Resin + 1% N20H + 3% Alum 7.9 46.3 29.6 34,8

L]




VI.
VI.
VI.
VI.

Vi,

VI.

VI.

VI.

Vi.
VI.
VIQ
VI.

Table 2. Sizing of Various Methods

A, Pulp + 2% Na Resinate + 3% Alum

B, Pulp + 3% Alum + 2% Na Resinate

C, " + 2% Na Resinate + 3% Alum + 0.6% NaOH

D, " 4+ [2% Na Resin + 0.6% NaOH] + 3% Alum

Tne alkali precipitates the resin soap considerably.
tne turbidity.

E, Pulp + [3% Alum + 0.6% NaOH] + 2% Ne Resin

Basis Size
pH  Weight Currier Tappi
4.7 .7 45.6 47.1
4,8 41.3 36,8 38,2
6.6 42,1 .5 4o.5
6.6 42,3 35.7 37-9

Even dilution does not clear

5.1

42,1

36,8 38.8

Alum and alkali were mixed separately in water and added to pulp without filtration,
F) Pu-lp + [100 CC. Plllp Su.sp, - 2% Na Resin -+ 3% Al\m. 705

Filter]

414

16.3 21.1

The aluminum resinate was precipitated on about a tenth of the total pulp, filtered,

and the Wwet pulp pad stirred into rest of the pulp.

The filtrate contained unpre-

cipitated aluminum as more sodium resinate gave a precipnitate.

G, Pulp + [Pulp + 3% Alum + 2% Ne Resinate, Piltered]

7.4

procedure same as in F except alum added before resinate

H, Pulp + [Pulp + 2% Na Resin + 1.5% Alum, filtered] 7.4

Still filtrate shows excess aluminum

I, Pulp + [Pulp + 2% Na Res. + 2.25% Alum, filtered] 7.3

J, +[ "+ " + 4,57 f " 7.3

K, " +[ " « i + 1% NaOH + 4.5% Alum,fil]7.2

L, «[ " + H + 2% LB 6% Alum, filtw]Y&
7

Original pulp suspension in tap water

0
of

From these data, the following conclusions may be drawn.l

19

40.7

L2.1

4.8 8.6
20.1 32.1
12.4 13.8
12.8 20.5
14.9 25 8§
30.0 39.6

The usual method employing 2% rosin and 2 or 3% alum gives good

sizing, but adding alum before rosin (IV E, VI B) reduces its effectiveness,

A variety of m thods of preparing and adding aluminum resinate were

Fresh unfiltered aluminum resinate gave almost as good sizing

2a
used.
a.
(IV C) as the usual precipitation on 2ll the fibers,
b. None of the filtered mixtures were nearly as effective.
The following sheets all had aluminum resinate precipitated on a pulp portion,
filtered,
Vi. H, 1.5% Alum
Vi. I, 2.25% Alunm
Vi. P, 3% Alum
VI. G, 3% Alum before Rosin
Vi. J, 4% Alum
VI, K, 4% Alum + 1% NaQH
VI. L, 6% Alum + 2% NaOH

It seems probable

Currier Tanci
20.1 32,1
12,4 18.8
16.3 21.1

4.8 8.6
12.8 20.5
14,9 25.%
30.0 39.5

itation took place was too low to secure satisfactory alumina.
of all the pulp, a greater proportion of the alumina and acid would be sorbed
from the alum solution and raise the pH into the range 4.6 - 6.5 previously

suggested as aptimunm,

that in all these the pH of the small volume in which precip-

In the presence

4 -




3, In IV F and G, the additional alkali used was excessive, resulting
in incomplete precipitation of the rosin, but in VI C the amount used was ahout
right giving a nearly neutral sheet with a loss of 10% in size value,

4, In VI X and L procedures which should give a lot of alumina still
failed to be very e ffective in the separate precipitation method.

Probably the real solution of this problem will involve the use of some such high-
free~rosin size as the Bewoid size as this involves little alkali to be neutralized
end little electrolytes left in the sheet. The fresh Bewoid size obtained from
Peterson was listed at 35% total solids and was diluted to 3% Bewoid size. Tables
3, 4, 2nd 5 describe the results obtained by this material in various procedures.

Table 3., First RBun with Bewoid Size

Basis Size
pH Weight Currier Tappi

V. A, Pulp + 2% Na Resinate + 3% Alum 4.9 41.5 .9 43,8

V. B, + 2% Bewoid size + 1% 6.5 42,1 43.6 Wy, 7

v. ¢, " + " + 2% 5.6 4.3  Lo.C Ly,3

V. D, " + " + 34 W 4.6 42.0 434 45.3

V. E, Pulp + 2% Bewoid + [water + 3% Alum + 1% WaOH] 7.2 42.3 43,3 W, 5

The alumina was not filtered but stirred into pulp + Bewoid '

V. P, Pulp + 2% Bewoid + [Pulp + 3% Alum + 1% NaOH, 7.3 W7 39.7 LR
Filtered]

V. G, Pulp + 2% Bewoid + [Water + 3% Alum + 1.2% 7.9 43.0 . 1.3 46.1
NaOH]

V. H, Pulp + L + [Pulp + 3% Alum + 1.2% 7.6 1.4 26,1 29,1

NaOH Filteredd

My 3% alum is equivalent to 1.2% NaQOH, while 0.9% YaQH was previously shown to
glve ccmplete precipitation of the aluminum,

Table 4. Second Bun with Bewoid Size
Basis Size
pE  Weight Currier Tappi

VII. A, Pulp + 2% Na Resinate + 3% Alum 4.7 Le.7 4.8 49,7

VII. B, " + 2% Bewoid Size + 24 " 5.6 k2.5 39.4 4l

vil. C, " + " + 3G " 5.6 L2,7 33.6 Lo,.2

VII. D, " 4 0.5% NeOH + 2% Bewoid + 3% Alum g.0 41,6 25.0 33.0

ViI. B, " + [water + 0.5% HaOH + 2% Bewoid + 6.3 4H1.9 31U 37.6
37 Alun)

Vi, ¥, " + [Pulp + 0.5% NaOH + 2% Bewoid + 7.1 42,5 25.9 32,3
3% 1um FllterJ

VII. G, " 4+ 2% Bewoid + {Pulp + 39 Alum + 1% NaOH 7.1 U3.7 k2.9 49.5

Filter]
Vil. H, " + " + [Water + 3% Alum + 5.0 43,8 37.8 45.3

2% %a Resinate]

In F the turbid filtrate (pH 3.8) was too acid and contained aluminum. In G the
clear filtrate (Eﬁ 7.2) contained no alumina. System D seems to be in error.
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-with the usual method.

-l

Table 5, Third Run with Bewoid Size

Basis Size
pH  TWeight Currier Tappl
VIIT. 4, Pulp + 2% Na Resinate + 3% Alum B 44,0 43,6 U46.8
VIII. B, " + 2% Bewoid + 3% Alum 4.5 43,3 46.3 4g.9
VIiir. ¢, " + [ + [Water + 3% Alum + 1% NaOH] 7.3 bo.7 40,7 L2.8
VIII. D, "% 4+ " + [Pulp + 3% Alum + 1% ¥aQH, 7.5 43,5 4z.6 41
filter)
vIiIil. E, " + n + [Pulp + 3% Alum + 0,75% NaOd?.l bo. b 38.0 39,1
filter] P
VIII, F, * 4+ . o +[ v + + 1.56 v ]7.6 b3,3 30.6 36.0
vIII. G, " 4 L +5 cc 5% HaS0y 6.5 h2,9 2.9 7.7
VIII. H, " + L + 5 cc 5% CaClo 7.2 Uo,8 4.5 8.7

The filtrates and their pH values; D - 7.5 (slightly too alkaline), & - 4.8
(slightly too acid), F - 9,7 (much too alkaline.).

From these three runs with the Bewoid size, the following conclusions are drawn:

1. The Bewoild size eppears about as effective as the sodiur resinate,
It appears that with either, no definite effect is demonstrated to depend upon
the amount of alum used so long as the pH remains within the range 4.6 ~ 6.5.

2. Good sizing results (VIII C, V E, and G) from adding separately
precipitated, but unfiltered, alumina to pulp Bewoid mixtures; but there is about
a 10% loss in sizing if the alumina be precipitated on a portion of the pulp
(V¥ ana H), filtered, and the wet pad added to the rest of the pulp. However,
VII D and VII G were excellent by this method.

3. In system V E - H inclusive, good sizing with Bewoid is demonstrated
in alkaline svstems - more alkaline than CaCO3 (oE 7.3).

4, Tnis precipitation of the 95% free-rosin Bewoid size by the
separately precipitated alumina practically completely vrecludes any possibility
of the formation of aluminum resinate to effect sizing and yet is effective,

. Neither sulphuric acid nor calcium chloride are effective in giving
sizing with Bewoid.

The specific conclusions demonstrated by the data in the tables are detailed in
the report. Certain general conclusions may be listed in summary:

1. While no procedure has been found superior to the usual rosin-alum
addition to pulp, it is possible to obtein good sizing (IV C) by the addition of
a fresh separately precipitated aluminum resinate to a pulp. In other words, it
is not necessary to precipitate the sizing complex directly on the fibers.

2. Various procedures aimed at precipitating aluminum resinate on
10% of the total pulp to be used, filtration, and then mixing this pad with the
rest of the pulp have failed to give more than about 75% of the sizing possible
It should be possible to improve this.




3. The effect of amounts of slumina formed still appear as of less
moment than the pH of the sizing systems.

Y, By means of Bewoid size, it is possib’az to obtain good sizing by
means of precipitated and filtered slurina, This is of interest as a major objeo-
tive of the project. It throws light on the mechan’:sm of siging since little
aluninum resinate can possibly be formed.

5. An important by-product of these data, and some to come, is that
it is thus possible to secure well-sized sheets from alkaline suspensions. The
resulis of the handsheets technic must be accepted with caution, but it appears
nossible that the methods here described (and some yet to be reported) will ver-
mit sizing of sheets left neutral or slightly on the alkaline sice, This should
be of interest not only for the carbonate-filled sheets (pH 7.2) but also
possibly for closed water systems whose pH could be maintzined throughout the
cycle at any desired pH, the aluminum resinate or other form of size being
separately orecipitated and added to the pulp. This rests on the not yet
completely proved assumotion that good sizing depends primarily on the pH of the
system in which the sigze was precipitated, and is but slightly influenced by not
excessive contact with systems at other pH values.

nl
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Sizing with Fatty Soaps and Scap-Starch liixtures. STVRY

Tne sluminum soaps of the fatty acids have long been used for waterproofing of
textiles and many other articles and surfaces. In February, 1837, I suggested

& triel of soap-alum sizing, and on March 23, 1937 (p. 41258) we carried out
such a test on & mixed furnish of unbleached soda and unbleeched sulphite pulps.
The conclusions of that run were that sodium oleate is more effective than rosin,
wonile Swift soap, sodium stearate or ammonium oleate are about as good as rosin.
It is reported tnab at least one member organization is commercially sizing
special papers by some such combinations.

At various times last year beginning January 11, 1937 (p. 141170) and continuing
through a number of runs, it was suggested and demonstrated that starch mixed
with soap could be completely precipitated by alum, but that rosin was without
effect. The physical strength of the sheets produced showed disappointingly
little improvement and the work was dropped.

It seemed worthwhile with the Weyerhaeuser bleached sulphite pulp being used
for this work to give the thing another trial in an attemot to discover hitherto
overlooked factors. The soap solutions used were 0ld ones, made some months

- ago for the course. On standing, they appear to agglomerate, hydrolyze, etc.,
so that fresh solutions will probably work better. Even a heating just before
use disperses the soap, and this was done for Series IX but not for Series X,

Table 1. Sizing with Soap and Alum

Basie Size
pH . Weight Currier Tapni
IX. A, Pulp + 2% Na Resinate + 3% Alum L.g hE.9 BE.0  55.5
X. B, Pulp + 1% Na Cleate + 3% Alum 4.7 Lg.7 bg.2 7.7
IX. ©C, Pulp + 2% Wa Oleate + 3% Alum 4,0 Lg.3 5l.% bg,7
IXZ. D, Pulp + 44 Na Oleate + 3% Alum 5.5  L7.3 21.2 27.6
IX. E, Pulp + 1% Swift Soap + 3% Alum 4,7 47,4 22,5 3C.1
IX. F, Pulp + 2% Swift Soap + 3% Alum 4.7 Le.3 b5, 47,0
1Z. G, Pulp + 1% NHjOleate + 3% Alum 4,7 U7.6 36.8 42.7
IX. H, Pulp + 2% NHY Oleate + 3% Alum 4.8  U47.9 5.3 be.5
2!4." O;)Z\ s
S
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Table 2, Sheets with Soap-Starch-flum
e : Mullen
e Basis Size pts,
o pH Weight Currier Tappi /100 lbs.
X. A, Pulp + 2% Na Resinate + 3% Alum 4.9 7.4 56.0 57.5 10U
X. B, Pulp + [2% Wa Resin + 4% Starch] 4.9 45,9 55.5 54,9 122
+ 3% Alum
X. C, Pulp 4 2% Swift soap + 3? Alum 4.7 47.0 31.9 36.7 89
X. D, Pulp + [2% Swift Soap + 4% Starch] 4,6 51.1 63.6  H8.0 11
+ 3% Alum
X. E, Pulp + 2% Na Qleate + 3% Alum L.g u6.8 L4 47.3 78
X, F, Pulp + [2% Na Cleate + U4 Starch] L, g 49,2 61,0 56.8 122
+ 2% Alum
X. G, Pulp + [2% NH), Oleate + 4% Starch) U7 49,8 60.8 57.0 130
+ 3% Alum
X. H, Pulp + [Na, Silicate + U% Starch] 9.8 Ul y Zero Zero 116
No Alum

For the preparation of Series X, Hoyal Tapioca Starch was dispersed by heating

to 90° C. with stirring. Then 100 cc of this warm 2% starch dispersion was
treated with one gram (20 cc F% solution, etc.) of the soap and the whole diluted
to 200 cc which was 1% with respect to starch and 0.5% with respect to soap --

40 cc of the mixture being taken for each batch of sheets containing 10 g. Q.D.
pulp. In the systems duplicated in the two series (IX C and X B) (IX F and X C)
the first sheets made show higher size than those made two days later. This is
probably because the soap solutions were heated to clearness before the IX
series, and were not so heated before the X series, :

The following conclusions appear justified.,

1. In each of the three soaps tested, 2% of the soap gives nearly
as good sizing as 2% sodium resinate. One per cent additions of the soap give
lower values while 4% sodium oleate is quite low,

2. Starch does not affect rosin sizing, but does give the usual
strength gain, This agrees with the previous demonstration that rosin is not
helpful in the vrecipitation of starch.

3. All three of the soaps used with starch give better sizing than
rosin and two of them improve Mullen. Iost noteworthy is the cheap Swift soap
producing the highest size values in the set {or the project so far) and a
remarkably high Mullen.

Sizing with Sodium Silicate., Merely to keep the record complete, it is to be
noted that Series XI, in which an attempt was made to secure sizing by precipi-
tation of sodium silicate by alum, proved to be a complete flop -- all the size
tests being zeros. While it is true tlhat the silicate was more alkaline than I
anticipated, and the sheet pH values are too high to ensure complete vrecipitatim
of alumina and silice, there appears little promise in this direction. Whatever
contribution silicate makes to a sheet of paver it does not avpear to confer on
it any water resistance. ~ '




Conclusions:

nip

1. Three so®ps (sodium oleate, ammonium oleate and Swift soap) may
be precipitated by alum, and produce nearly as good sizing as sodiuvm resinate,

2, OCne of the most interesting develowments of this project so far
is the finGing that if these soaps be mixed with starcn and precipitated by
alum,

a. The starch adds considerably to the sizing power of the
soap -~ nearly doubling it in the case of Swift soap, and thus exceeding the

velue for rosin.

b, The soap adds considerably to the strength imparted by the
starch. Mullen
Rosin - Alum 10
Rosin - Starch - Alum 122 - gain 18 pts.
Swift soap~-starch-alum 141 - gain 37 pts.

3. Dr. Rowland suggests today that this effect will probebly be even
more marked if applied to a pulp not beaten so far as this. This sulphite pulp

was beaten to a freeness of 545 cc.

4, sodium silicete confers no sizing.

hl
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Solvent Sizing. Rosin Sizing Affected by Wetting Agents, Salt, Calcium and
' Magnesium Ions

Solvent Sizing., In the first report on this project, dated February 26, 1938,
it was suggested that possibly a solvent sizing, employing aluminum resinate
instead of the usual rosin, should have certain virtues if effective. A
sample of aluminum resinate was prepared two months ago and qualitative tests
showed that a benzene solution of it did render paver well-sized. This idea
was continued in the work here reported.

(ualitative tests showed that the aluminum resinate is readily soluble in
benzene, toluene, ethylene dichloride, chloroform, carbon tetrachloride (fairly).
It is not apparently soluble in ethanol, kerosine, or acetone, cold or hot.

In one of Minton's papers on solvent sizing, using rosin, he says that alcohol
tends to dehydrate the fibers and that carbon tetrachloride or ethylene
dichloride would probably be better. Ethylene dichloride (3.P. &3 ) was chosen
because of its lower toxicity, flame hagzards, and ability to dissolve both
rosin and sluminum resinate. The paper dipped was the 100% rag stock from

Fox River Paper Company, long used by Kjelson for sterch coating. Pieces

were cut 7-l1-x inches x € inches weighing about 2 grams each. Nelio rosin

was dissolved in ethylene dichloride; aluminum resinate was also dissolved

in the same solvent. The sheets were drawn once through 100 cc of the
solutions shown, contained in a special tray, previously used for such dips,
and were then hung up. After eight sheets had thus been dipped, the last

foew were permitted to dry a few minutes and were then heated 5 minutes on

the Williams drier. After use, 50 cc of the 2% aluminum resinzte solution

were diluted with 50 cc more of ethylene dichloride, called 1% solution and
used for C and G. In similar fasnion dilution gave solution for D and H.

Table 1. Solvent Sizing

Size

Currier Tappi
Blank - Untreated sheet 17. 21,0
¥II. A, Dip in 1% Nelio Resin in Ethylene Dichloride 28,7 31.0
XII. B, Dip in 2% Aluminrum Resinate in fthylene Dichloride 32.6  35.5
XII. C, Dip in 1% Aluminum Resinate " Y " 30.0 32.5
XIiI. D, (] 0.5% ] ] " i ] 32,5 35.9
XII. B, Same as A, followed by heating in drier 30.7 34,3
X11. F, non B, f i " " 1 ' 35,7 38.0
XII. G, [} C, ] i 4 1} 1] 35°9 38.2
xI1I. H, wonoc, i " " i ] 30.7 32,9

Conclusions from these data:

1. A1l the aluminun resinate systems show better sizing than
the rosin sizing, ‘.

2. The one per cent solution is about as effective as 2% aluminum
resinate,

2. Heating the sheets on the drier brings in general a small increase
in size,
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Rosin Sizing in Presence of Wetting Agents and of Salt,

In connection with the recent work on the sizing problem at
Bscanaba, it appeared that some pulps might contain capillary active wetting
agents which might prevent sizing, or by increasing the wetting by water give
low size tests., It was shown by Reineck that the Soo pulp contained a
material which could be extracted by washing end whose removal permitted good
sizing of the Soo pulp. It was argued that the extracted material might inter-
fere with the normal sizing of the Weyerhaeuser bleached sulphite pulp used in
this work, and the explanation be thus complete. Reineck extracted 10 g. of
Soo pulp with 300 cc water which was then added to our pulp, XIII B and a
second extraction was used XIII C. Unfortunately neither of these showed any
large effect on sizing. But the possibility still exists that a wetting agent
left in a pulp might give low sizing values. A most likely impurity would
be the lignosulfonic acids 'in the sulphite waste liquor if incompletely washed
out. A fresh sample of sulphite 1iquor (pH 2.1) in the Interlake mill was used
as snown - on 10 g, 0.D. pulp batches, As a further check Sulfatex, a wetting
agent in use by Phoenix and Duponel, were employed as a typical wetting agent
such as might purposely be introduced by some mills.

Finally it has become somewhat of a legend among the practical men
of the industry that chlorides ruin sizing, although nobody has any ideas
as to the explanation. Typical of such comments is the statement attributed to
Arnould (1921) to the effect that the presence of only 0.043% sodium chloride
in a pulp may completely prevent sizing by the usual rosin-slum method. He
suggests the mechanism may depend on the action of crystalloid sodium
chloride on colloidal resin, which is true but not useful. Washing with
water may be ineffective for the removal of the strongly sorbed salt, and
dilute caustic followed by thorough washing must be resorted to. Since this
figure means less than one tenth of a pound of salt per ton of stock, this
should mean that no pulp in natural water would ever size. At any rate,
systems XIII K and L demonstrate that ten and twenty times this much salt
are still far from destroying sizing and probably this hazard has been grossly
overrated.

Table 2. Sizing - Wetting Agents, Salt
Besis Size

pH Weight Currier Tappi

XIII. A, Pulp + 2% Na Resinate + 3% Alum L.g L.l M43 7.1
XIII. B, " + 300 cc First Ext. Escenaba Pulp h.g UL5.9 42,0  L47.9

+ 2% Na Resinate + 3% Alum
XIII. C, " + 300 cc Sec. Ext. + 2% Na Resinate 4,9 Lm.z 47.7 L.z

+ 3% Alum
XIII. D, " + 1% Duponal + 2% Na Resin. + 3% Alum 5.0 U5.2 31.0 38.8
XIII. B, " 4+ 2% + 24 t + 3% 5.1 L5,2 Zero  Zero
XIII. P, " + 5 cc Sulphite Lig. " + L 4.6 45.0 bo.z  46.7
XII1. G, " + 10 cc ® " " + " L6 46,3 Ug.2 9.z
XIII. H, " 4+ 20 cc ¥ " " + " L4 Y43.u 26.9  33.2
XIII. I, " + 0.5% Sulfatex + L + " L9 Lo.7 29.7  35.5
XIII. J, " + 1% " + " + f 4,9 43,1 16.5 22,8
XIII. K, Y + 0.5% Nacl + L + " 4.8 42,8 Lo.&6 43,72
XITI. L, " + 1% HaCl + " + " 4.8 L2.6 36.5  L2.6




Conclusions:

1. Thg.éif?act from the Soo Escanaba pulp has practically no
influence here. = :

2. Both Duponol and Sulfatex do markedly decrease sizing. The
zero values in B are too low to be accented without confirmation.

3. Sulphite liquor in amounts up to 100% on the pulp have, if any,
a slightly beneficial effect on sizing. These systems all gave excessive foaming,
and floating of the pulp - the G being the worst as well as giving the best
sizing. Excessive sulphite liquor reduces sigze,

4k, Sodium chloride additions lower Currier size values somewhat -
probably due to the same mechanism as previously advanced for sodium sulphate,
the conductivity of the penetrating water. They have less effects on Tappi
size, In neither case do these excessive amounts ruin sizing.

Sizing in Presence of Calcium and Magnesium

The most recent series run was designated to demonstrate the effect
of hardness of water on sizing. While the run is not satisfactory in several
respects and must be repeated, it seems to throw some light on the problem.
The Appleton tap water runs about 150 pp.m. in hardness reckoned as CaCO,. The
solubility of CaC0, is 0.00153 g./100 cc. a 15.3 p.p.m., while €05 increéses
this tenfold or motTe. Dr. Browning says that a very hard water might go wp to
1000 p.p.m. (1 g./L), which in terms of CaCO3(M.W. = 100) would be 0.01 M, The
solutions used here were prepared by dissolving c.p. CaC0Q, and U.S.P. Mg0 in
the calculated volumes of standardized acetic acid. Neitger of the solids
dissolved completely, and filtration was resorted to, so that the final con-
centrations are only approximately 0.4 ¥ calcium or magnesium acetate. The acetate
was chosen to avoid the then unknown effect of chlorides: the next time the chlorides
may be used. In B and D, therefore, we have such concentrations of the salts
as would.be found in a tremendously hard water, while C and E contain four
times this much hardness. The original calcium acetate had a pH of 5.2, while
that of magnesium acetate was 5.3, both therefore representing an excess of
acid, since the solutions should be nearly neutral or on the alkaline side.
The pulp used had been beaten six days previous to the run. To ensure equilibrium
the CaCO; (10% on pulp) was mixed with the pulp and allowed to stand overnight
before size was added,




Table 3. Sizing in Presence of Calcium and Magnesium

]
R -

e, i Basis Size
pH Weight Currier Tappi
XIV. A, Pulp + 2% Na Resinate + 3% Alum 4.9 ko,8 32.6 34.6
XIV. B, Pulp + 0.01 ¥ Ca Acet. + 2% Na Res. + 3% a1um5.’+ .o 33,5 34.8
XIV. C, Pulp + 0.0k M " + + 5.3  40.0 29.9 31.9
XIV. D, " 4 0,01 M Mg. Acet.+ i + 54 39,2 34,8 37.8
XIV. B, " 4 0.04 M n + " + o5 4 uh6 49.9 43,7
XIV. F, "™ +(0.01M Ca Acet. + " + "
(0.01M Mg Acet. <+ L + no 5L Lh,5 Y1.7 39.8
XIV. G, " +(0.01M Ca Acet.
(0,01l Mg. Acet. + 3% Alum + 2% Na Res.5.4 L3.6 Ui, 6 42,3
XIV. H, " 4 34 Alum + 2% Na Resinate 5.1 Ul.6  16.0 20.9
XIv. I, " ¢ 10% Ca COy + 2% Na Res. + 3% Alum 7.3 Lh.2 5.0 9.2
XIv. J, " + " + 39 Alum + 2% Na Res. 7.4 us.2 Zero 2.9
iIV. K, " o+ W + [Pulp without CaCO 7.3 440 2.3 4.8
2% Na Res. + 3% A{um
no filter)
XIv. L, " «+ " + [Water + 2% Na Res. + 7.3  U45.1 1.7 4,2
3% Alum, no filter)
Conclusions:

1. Calcium decreasss size but slightly even in thesé large amounts;
magnesium very unexpectedly increases sizing in every system where it is used,
and up to 50% above the blank. In three casesaf four magnesium gives Currier
size above Tappl values, contrary to the usual finding. The higher basis
weights of the magnesium sheets is complicating and requires repétition.

2, Adding a2lum before rosin gives an abnormally low value in H
(previcus IV & and VI B) runs showed only 10 and 20% loss in sizing), but does
appear to improve sizing in herd water ( cf F and G).

3. In no CaC0; system is there any sizing, and the reason for this
must be sought further. %t was argusd that since a separately precipitated
sluminum resinate gave good sizing when stirred into a pulp (even though the
final pulp mixture be on the alkaline side), it should continue to do so

even in the presence of CaC0; which buffers systems so that they can not go
below about pH 7.3 in its présence. How calcium carbonate can affect precip-
itated aluminu m resinate is not clear, unless it forces a straight double
decomposition reaction, or selectively adsorbs and agglomerates the sizing
material. It should be possible to avoid this difficulty. DPeterson achieves
sizing of carbonate filled sheets by the use of Bewoid size precipitated by
alum added at the fan pump (minimizing principle). The hardness of water
consists chiefly of Ca and Mg chlorides and sulphates, and it may be that the
use of such salt will have a greater effect than the acetates.




The general results,gf_this report include:

1. Solvent sizing using aluminum resinate in ethylene dichloride
is more effective "than' such sizing with rosin., According to Dr. Kress, many
unsuccessful efforts have been made to achieve solvent sizing (especially
with the Minton equipment), so that it is a desired but yet unattained goal.
It has the great virtue, pointed out by Minton, of introducing no electrolytes
into the sheet and, if a solvent, recovery process can be worked out, would
probably be welcomed. My idea is that such a process using aluminum resinate
should show a greater resistance to aging than rosin alone.

2. Wetting agents (sulfatex, Duponol) do lower size values,

3. Sulfite waste liguor in moderate amounts has no great effect,
but does increase foaming, and, in excess, reduces size,

4, Sodium chloride additions have a slight effect on Tappi sizes;
on Currier size they give lower values, probably attributable to the increased
conductivity of the penetrating liquids. These large additions 4o not ruin
sizing as is alleged for much smaller impurities of salt,

5. Calcium or magnesium acetate exhibit no very severe influence
on sizing even when used in much larger concentrations than would be found in
hard water,

6. Calcium carbonate still ruins sizing, even when the a2luminum
resinate is separately precipltated.

hl
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I. Checking and Extending Runs on Separate Precipitatisn of Aluminum Resinate

In runs IV and VI reported previously, verious methods were tried involving the
senarate precivitation of aluminum resinate without or with a portion of the wulp,
and without or with filtration before the sheets were made. The run :#15 was de-
sizned to investigate these procedures further. The moterials enclosed in paren-
theces were mixed as shown before being added to the oulp.

SFPARATE. PRECIPITATION OF ALUNINUL RESIHATE

pH Basis Sige
Yeight Currier Tappi
sec. sec.
15A Pulp + 2% Ho Resinate + 3% Alum 5.1 3.6 35.6 Lo.1

155 Pulp + (100 cc.. tap vater + 2% Na Resin.

+ 3% Alum) 5.2 Wy g 41.0 Lo .z
15C Pulp + (Water + 3% Alum + 2 Na Resin.) 5.3 43,5 29.0 30.7
15D Pulp + (Yater + 0.65 MoOH + 2% Wa Resin.
+ 3% Alum) 7.1 b3k 3.5 35.6
15E Pulp + (Water + 2§ a Resin. + 3% Alum +
0.66 YaOH) 7.1 h3.0 20.4 . 29.8
15F Pulp + 2% He Resin. + 3% Alum + 0.25%
Wa OH 6.4 45.0 38,1 40.8
15G Pulp + 2% ¥a Resin. + 3% Alum + 0.5%
' HaOH - 6.8 bl 7 37.1 Li.c
15H Pulp + (100 cc. Pulp + 2% Ha Resin. +
7% Alum, no filter) 5.1 hr.1 bl hi.7
151 Pulp + (100 cc. Pulp + &% Ha Resin. +
2% Alum, filtered) 7.5 Y .o 9.8 15.5
150 Pulp + (lOO cc. Pulp + &% Na Resin. +
5 Alum, + 0.5% HaCr , filtered) 7.3 U5.0 18.7 27.C
15K Pulp + (100 ce. Puln + 2% Ha Resin. +
2 Alum, + 0.7%% NaOH, filtered) 7.3 L7 23.4 32.7
15L Pulp + 2& ¥e Resin. + 7% Alum + 1% #aOH 8.1 uh 7 28.5 33.8

The following conclusions may be dravm from these data:

1. The separate nrecivitation of alumimvm resinaete in scme mater (»
and the addition of this fresh susvension to the puln zives just about ag good
ulzlng as the usuwal precipitation in presence of fivers (A). This involves mix-

g the AlR7 suspension (pH -~ 4.1) with the pulp suspension (pH - &.1) to zive a
flael systelm at p¥ - 5.1.

/ .

-

a. But adding alum first in this method (C) is woor practice, an
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b. Adding 0.6% NaOE before (D) or after (E) the rosin-alum loses
size. The attempt hére ¥ras to produce good sizing in neutral systems, and (D)
gives good sizing at pH - 7.1, although slightly inferior to (4).

2. Aluninum resinate mey also be nrecinitated (H) on about a tenth of
the total yulp and then mixed with the rest of the pulp to give sizing as effec~
tive as if it were precipitated on all the oulp.

a. But if this system be filtered (I) (pH of filtrate 4.1) and
“the wet pulp pad be mixed with the rest of the pulp there results the poorest sig-
ing here.

b. The addition of alkali (J, X) helvs but does not cure this con-
dition. The filtrates from (I) (pH - 4.1) and (J) (oH - U.4) contained veptized
alumina precipitated by ammonia or by standing over night, but the filtrate from
(K) (pE - 6.7) was clear and contained no aluminum. It seems probable that pH -
71.3=7.5 is too high for effective sizing snd could be brought to the acid side by
acid sddition to the orizinal vulp in tap water (pH - 8.1) (tep water alone, pH -

7.5).

3. TFollowinz rosin-slum by 0.25% (F) or 0.5% (&) NaOH to pH -~ 6.46.8
is without effect, btut 1% WaOH (L) to pH - 8.1 is ex ce551ve This confirms the
previously expressed opinion that good sizing would be wossible in the pH rang
i 6 - 6.5. The most promising development would be pulp brought to oH - 6-7 by
acid and then treated as in (F) or (L) without or with filtration.

II. Sizing with Bewoid Size

The seme dilution of Bewoid size was used 2s in series V, VII, and VIII. Standing
five weeks caused the 3% Bewoid size to have a slightly bad protein odor, and on
dilution with tap water it flocculates badly, although the undiluted sample smells
satisfactory: When fresh the 3% Bewoid size is stable to tap water.

TABLE IT

POURTH RUYW WITH BEWOIL SIZE

pH Basis Size

Weight Currier Tappi
sec. secC.
16A Pulp + 2% Ne Resinate + 3ﬂ Alum E.l hg.l ho,1 Lz L
16B Pulp + 2% Bewoid Size + 3p Alun T L 39.6 L.k

16C Pulo + 2% Bewoid Size + 3% Alum
+ 0.5% aOH 6.3 Wy g 3.7 ho.g

16D Pulp + 2 Bewoid Size + 3¢ Alum
+ 15 WaOH 7.6 NS 33.7 36.6

16% Pulp + & Bewoid Sigze + (Water + 3% Alum

+ 0.5% NWaOH, not filtered) . 6.5 L. 3 36.4 36.5

T———




TABLE II (continued)

FOURTH RUN WITH BEWOID SIZE

nH Basis Sigze

Weizht Currier Tappi

gsec. SeC.

16F Pulp + Zb Bewoid Size + (Pulp + 3% Alum 7.5 45.3 4.7 35.0

+ 1% HaOH, filtered) 7.2 U5, 8 26.2 33,2

16G Pulp + 1 g. CaCO; + 2% Bewoid + 3% Alum

16H Pulp + 1 g. cpco + 2% Bewoid + (Pulp
(0aC0;) +77% Alum + 0.5% N20H,

filte%ed) 7.6 Ul 5 21.7 28.0

Conclusions from Table II:

1. Bewoid is about as effective (B) as sodium resinate (4) in the usual
method.

a. At higher pH velues (by adding ¥a0H to 6.3 or 7.6) there is some
loss in sizing, as is true also of rosin.

2. Separately precipitated alumins (Alum + HaOH), unfiltered (E) or pre-
cipitated on pulp (F) and filtered zives about 15% less sizing than does the usg ual
onrocedure. This is the aux of Dr. Rowland's idea, and the method would noss¢bly be
more effective if the ol.allnlty of the »ulp suspension were neutralized as by acid
or flue gas.

3. Calciwn carbonate (G, H) does seriously reduce sizing with Bewoid also,
bat does not lead to commlete destruction of size as it does with rosin.

IITI. Solvent Sizing with Malinckrodt Alwaninum Soaps

This run included solvent sizing, using benzene solutions of aluminum resinate re-
centlv recelved from Wilkens—Anderson, alumiaum resinate made three months before
by Davis, and the alum1num soaps indicated, recelved as samples from lalianckrodt.
These inclvude grades: M (lonoacid, Al (OH) Stearate, $.22 1b.); D (Diacid, ALCH
(St)o, $.20 1b. ) Fluffy (Same as D, most usezul grade $.20): T (Trl&Cld, 41(st)

$ 91 1v. ). Also a Malinckrodt sample of calcium stearate, v._O 1b. One zram nof-
tions of the soaps were treated with 99 cc. benzene, The V=A. 2luninum resinate
dissolved to give a clear solution, all the rest being very turbid and the aluminum
soans showing a Christensen effect color in the benzene. Sheets of the Kjelson rag
naper as used for the previous run (XII) were dinved once through the special tray.
AlYl sheets were dried in the hood; four of each lot were then heated five minutes
on the Williams drier.




17A
173
17¢
17D
178
17F
17G
17H
171
177
17K
17L
1T
178
170
17P

Ser.
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TABLE III

SECOND SOLVENT SIZING RUN

Size

Currier Tappi

SEecC. secC.

1% Nelio Resin in Benzene 29.2 31.4
Seme + Heating 29.2 30.6
1% Aluminum Resinate, W-A 27.6 31.5
Same + Heating 30.4 31.9
1% Aluminum Resinate, Davis 31.0 31.2
Same + Heating 6.8 35.4
1% Malinckrodt Al. St. M 0.4 30.3
Same + Heating : Lo.k 30.5
1% Malin. Al. St. D 1.k 30.5
Same + Heating Wy 1 30.7
1% lialin. Al. St. Fluffy Lo Lt 31.0
Same + Heating bzl 31.0
14 Malin. AL. St. T 26.9 27.7
Same + Heating 34.0 29.2
1% Malin. Calcium Stearate 76,4 31.7
Same + Heating 36.8 31.8
XIT Blank Untreated Sheet 17.9 21.0

Conclusions from Table III:

1. Practically all the soaps are more effective than rosin here. Since

rosin is commonly applied from a volar solvent like alcohol, it may not be quite
fair to compare it in benzene. Also the greater cost of the soaps may not malke
interesting even the 50% increased sizing in (J) and (¥).

2. In general, heating males no difference; in aluminum resinates it

improves somewhat.

3. The Davis sluwainum resinate is slightly superior to that from Wilkeng-

Anderson.

b, The Tappi sizes in the whole series are remarkably constant, while the

Currier sizes showing improvement exceed the Tappi values (reverse of usual order).

and solveant recovery, no further work is now planned on this feature. If it becomes
practicable, it should give nermenent electrolyte-~free sheets. One other trial mlght

5. The order of excellence for these materials is:

Aluminum Stearate D or Fluffy M (Best)
Calcium Stearate

Al Stearate T {Would be expected to be best)
The Aluminum resinates

Rosin (Poorest).

6. In view of the commercial difficulties of carrying out solvent sizing
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be run to demonstrate the® real advantage of these aluminum resinates and other soaps.
One of the principal defects of solvent sizing with free rosin is its impermanence.

A selection of these sheets might be made up and the size values determined after
intervals of natural or artificial aging. The aluminwn resinate sheets should demon-
strate superior resistance to aging which night justify recpening the whole question.
liinton's views as to the superiority of solvent sizing rest woon much the same basis
as lmpelled us to set up this wroject - strength and color maintenance, resistance to
aging, etc. I believe these aluminum salts represent an advance beyond Hinton's ideas.

IV. The 8oap - Starch Sheets.

In runs IX and X it was shown that commercial fatty acid soaps zive good sizing, and
that in cooperation with starch, the starch increases the sizing conferred by the
soap, and the soan increases the Mullen advantage conferred by the starch. It was
thought that fresh werm soap solutions mizht be even more effective than the ones
used then. The starch and soap dispersions were used the same day they were made.
For the three systems shown in the parentheses, the soap and starch were mixed and
stood together 3 - 5 hours before use. The starch cook obteined hed some lumps but
the strength values are of the same order as those found in the previous run.

TABLE IV

SOAP - STARCH SHIETS

nH Basis Size liallen
Weight Currier Tapni nts/100#
184 Pulp + 2% ¥a Resinate + 3% Alum 5.1 38.4 29.7 31.8 95
g8 Pulp + 2% Swift Soap + 3% Alum L.g  39.6 28.0 30 L 9%
18C Pulp + 2% Swift Soap + 2% Alunm 6.1 38.9 22.2 5.3 9o
18D Pulp +“2% Na Resinate + &% Starch '
+ 3% Alum 5.1 39.5 38.6 35.2 129
18E Pulp + 2% Swift Sosp + W Starch
+ %% Alum L.g 39.1 33.1 33.0 122
18F Pulp + (2~,, o Resinate + Y% Starch)
+ ),3 AJum 5.0 39.5 3.6 33.5 129
18G Pulp + (2% Swift Soap + 4% Starch)
+ 355 Alum 4.8 bo.1 37.1 33.0 125
18H Pulp + «7; YHy Oleate + 3% Alum h.g 39.8 18.4 22.% 103
18I Pulp + 2 IH, Oleate + 4 Starch
+ %% Alum b7 39.7 22.8 33.7 134
187 Pulp + (2} WHy Oleate + 4% Starch)
+ 3,9 Alum b,z 39.7 36.1 73.7 143
18X Palp + 2% Soalum Silicate + %% Alum 5.3 39,0 0 0 95
18L Pulp + 2.5% Sodium Silicate +
6 Alun b1z 38.7 0 0 99

Conclusions from Table IV:

1. The use of 155 grams of the final 1% oulp suspension for each sheet




(instead of the vprevious 170 z.) gives basis weights nearer 4O# and more consistent.
The lower basis weights must be taken into account in comparisons, however.

2. Comparison of (4), (B), and (C) shows Swift Soap, lite Rosin, requires
the lower pH (4. 8) with more alum to be effective, and is then equivalent to rosin
in sizing.

3. Starch definitely aids sizing for all three soaps. It is here most
effective with ammonium oleate, although vreviously Swift Soap was superior. Pro-
bably longer time of contact of starch - soan would be an advantage with the fatty
soaps. It tends to raise Currier size above Tapni size.

4. Starch in presence of ammonium oleate adds sbout HO% more lullen
(J - 143) than it does with rosin (p, ¥ - 129).

h. Silicate, even though brought to a low pH by alum, has no sizing nor
strength - affecting properties.

V. Fffect of Wetting Agents, Calcium and llegnesium

It seemed wise to check the runs XIIT and XIV made on these effects. In those runs
the acetates of the Ca and Mz were used but since it was demonstrated that sodium
chloride does not impair sizing, the chlorides were used in this run. The Deceresol
is a very effective wetting agent, $1.00 a pound, from the Americen Cyanamide Company.

TABLE V

FFFECT OF VBTTING AGEUTS, CALCIUM, MAGITESIUM

pH Basis Size
> Welght Currier Tapovi
19A Pulp + 2% Ha Resinate + 3% Alum 5.1 39.0 25.2 Z1.4
19B Pulp + 1% Duponal + 2% ila Resin. + 3% Alum 5.3 39.1 20.0 27.3
19C Puln + 2% Duponal + &% ila Resin. + 3% Alum 5.5 3%.9 0 0
19D Pulp + lu Decprosol + 26 fa Resin.
3 Alum 5.“ 29.1 0- 0
198 Pulp + O. 5: Deceresol + & Ha Resin.
+ %% Alum .2 39.1 e 0
19F Pulp + & Call, + 273 Ha Resin. + 3% Alum E.S 39.8 28.6 32.5
196 Pulp + U Cally + 2% Ya Resin. + 3% Alum U4.8 39.0 31.5 31.1
198 Pulp + 2% zgc1p 2 Ha Resin. + 3% Alum g.o 38.7 26.0 70.1
191 Pulp + U% MeCls + 2% ¥a Resin. + 3% Alum .9 33.1 27.2 32.7
197 Pulp + 2% Ca(‘lq 2% 1igCly + 29 Hg Resin.
+ 7% Alum L.g 334 26.1 30.4
19K Pulp + &% 01019 + 25 1igCly, + 3% Alam
+ X Wa ‘Resm. 4.9 38.2 25.1 30.2
19L Pulp + 1% CaClp + 1% ligCly + 3% Alum )
+ 2% Wa Rps:m. 5.7 37.4 2%.7 25.2

5 Duponal - oH 8.6 2% Deceresol - pH 6.8

?3 vaulg - —oH 6 7 2% igClo - pH 6.3
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Conclusions from Table V¢

1. One per cent Duponol has some effect (B) but 2% Duponol (C) or 0.5%
and 1% Deceresol (E and D) ruin sizing. The systems with Duponol check those of
series XIII (D and B), while the Deceresol demonstrates its more poverful wetting
action. The guantities shown are all reckoned on the weight of the pulp. One ner
cent reagent means 0.1 g. in one liter or a 0.0l% solution in the original sizing
beaker. Enough of these reagents is adsorbed on the oulp and held through the
dilution in the mold and the drainage to ruin the sizing of the resultant sheets.

2. UNeither calcium nor magnesium chlorides have any demonstrable effect
on sizging. In run XIV it speared that magnesium acetate had a favoravle effect to
increase size more than was to be explained by the hisher basis weight, but that is
not borne out in the present run. This lack of influence of CaClp agrees with the
statement of Sutermeister who believed CaS0O, also harmless but recognized CaCOz and
Ca(OH)g as extremely injurious. At first sight this would apvear to be a matter of
the high pH of the latter two. lore work is in nrogress on this point, in the home
that a successful method of sizing carbonate-filled sheets may be found. At zny rate,
the hardness of weter does not appear to be a2n important factor in mducinz sizing.

3. Since there wes no deleterious effect of calcium 2nd megnesium, adding
alun before rosin (K and L) gave no improvement. Therefore, if in the mill adding
alum first does give an advantage, it rmst be for some other reason than to teke
care of the hardness of the water. Possibly the lowering of a hizh nH nmay be the
real purpose and may be better achieved, as Dr. Rowland has demonstrated, by acid
2ddition.

L. The 2% Callp / pulp would be 0.2 z. per liter or 200 parts ver million
in the sizing solution. This is to be comwared to the 150 p.p.m. hardness in Apole-
ton water. In view of (L) another run will be made using smaller ousntities of
these salts left in contact with the pulp longer times. But it does not espear that
Calcium and mognesivm ions in zolution in the beater hnve any grest effect on sizing.

>

Summery of This Report.

1. ¥ot included in this revort was any mention of some incideantal obser-
vations to the effect that excessive agitation might cause 500 cc. (1.6% pulp) sus-
pension to increase in volume by 150 cc. due to entrasoed cir when 20 cc. of sulfite
liguor was added. This foaming action was discussed with Professor Heuser as
an explanation of the flabing of pulp sheets in the merceriging bath in the viscose
brocess, but does not avpear a sufficient explenation. It did demonstrate an error
introduced in hand sheet technics, if the ouly be talen out by volume rather then by
veight., v. H6346.

2. OSome preliminary erperiments on the mechanism by which calcium carbonate

Tuins sizing were also not detailed because they are inconclusive. They demonstrate
that while the pH of CalO; suspension is sbout §.2 - .3, the addition of Hel (probably
alum would work the same Woy) is followed by a ‘drov in pH to 6 or § and then a gradusl
rise, the reation with the solid being slow. This, of course, is the reason why the
ninimizing vrinciple is effective; the water is drained sway before the pH rises to
excessive values. By the same token, the carboaate filler will fin2lly bring the

sheet on the alleline side, ensuring its wermanence.
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3. PRun #15 demonstrates again that it is not necessary to precipitate
aluminum resinate on theé fibers to get gzood sizing. Tqually effective is a separate
precivitation in water or on a2 pulp portion and then 2dding the whole to the pulp
suspension.

a. But filtration of the pulp, AlR;, and adding of the wet pad to
the rest of the pulp is not effective. This is fof one or both these reasons.

1. The precipitation system is at pH 4.1, too low to precipitate
the alumina, so that muach of it goes into the filtrate and spontaneously precipitates
on standing. If the filtrate is not discarded, mixing of the whole at pH 4,1 with
the pulp suspension at 8.1 brings the final pH to 5.1, a satisfactory sizing value.
Wnen the filtrate is discarded the final pH is 7.5 which is too high.

2. There is some commonent in the filtrate producing good siz-
inz. This is probably colloidal alumina. Added alizali helps to precipitate it but
does not entirely correct the t rouble. tlore experiments on this will be done.

L. The Bewoid size can be orecipitated by alumina separately precipnitated
on a pulp portion and yields about 15% lower size than does the ususl method. This
would zive a .sheet very low in electrolytes as proposed, and can probasbly be improved.
Colciwm carbonate r educes but does not ruin sizinz with Bewoid size.

5. The lalincxrodt aluminum stearate D in benzene gave best results in
solvent sigzing - about 50% higher Currier values than rosin in aluminum resinate.
The i grade and the calcium stearate were also effective.

6. Agzain it is demonstrated that fatty soap helps starch to raise lullen,
and starch helns soap to give good sizing., Starch in presence of ammonium oleate
adds about 40 more ifullen than it does vhen used with rosin. It might be thet
Swift and Company or one of the other soap people might be willing to sponsor a wnro-
srem of research on this or related matters.

7- It is shown that 2% Dunonol or 0.5% Deceresol on the wulp are able to
ruin rosin sizing completely. This may some day have apolication to the use of
such wetting agents in puly or the nrevention of such use.

8. Calcium or maznesium salts do not have the deleterious effect on siz-
ing commonly imputed to the hardness of water. It seams doubtful if sizing is great-
ly affected by unerdness and much more likely thet the pH of such water is far more
significant.

tore detailed conclusions are drawn under each table for the data presented therein.
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Aluminum Soaps as Sizing Agents

Some time agc some runs were made in an effort to introduce orepared
aluminum soavns into the sheet, The first idea was to disperse the technical
fluffy aluminum stearate (monobasic) from Malinckrodt by means of dispersing
acents in water, ¥o great success was achieved, although Deceresol and
Igepon © gave fair results, with Ultrawet showing some effectiveness. Poor
results here »lus the consideration that, even if these were effective, the
wetting azents would be likely to spoil sizing in the sheet led to the

csebtting aside of this idea,

Another vossibility would be to Aissolve the aluminum soaps in an organic
golvent and add this solution to the beater in the hove that the mrecipi-
tated sosp might ve sorbed on the fiver before agglomeration proceeded too

far. - One gram of aluminum resinate from Wilkins-Anderson dissolves in 3 cc.
benzene or ethylene dichloride, or in 3,7 cc. dioxan, Such solutions were
dumped with repid stirring into 200 ce, of 1.5 % pulp and sheets made as
usual. The excessive amounts of soap collected in huge amounts, dut the
sheets anveared: dioxan- hard sized, benzene- well sized, ethylene dichloride-
very little sizing., Since this renresented 10 ~ 50 times the necessary amount
of aluminum resinate, a repitition with a possible amount was indicated.

This was run with a freshly beaten (freeness 420 cc.) Dleached sulfite
Yeyerhaueser nulp. “he first five systems were designed to test the sizing
efficiency of aluminum chloride and of lanthanum nitrate recently received
from Lindsay Lisht snd Chemical Company. (Dr. McCoy)

Basis Currier

. oH W, Size TAPPI
20 A Pulp + 2 % Ha Resinate + 3 % Alum 5.0 42.5 28,0 le.u
20 B Pulp + 2 % Na Resinate + 1.29, 1a(¥04) 6.8 ha2.6 22.% 38.8
20 C Pulp + 2 % ¥a Resinate + 5,15 0~ 5.8 434 27.1 Lo,
20 D Pulp + 2 % Ua Hesinate + 9 4 La (1«03)3 5.6 43,6 3.7 Lo.L
20 E Pulp + 2 v ¥a Resinate + 1 ce. A1013 6.6 k2.5 6.2 U3.3
20 I' Pulp + 2 » la Resinate + 3 cc. ALCL L& 43,0 33, b Lh 7
20 G Pulo + 2 % Resinate in 3Jenzene 7.0 43,6 1,0 L. &
20 H Pulp+ 5 % Resinate in Benzene 7.0 43.7 3.5 8,2
20 I Puln + 2 % Al Zesinate in Dioxan 7.3 43.h 2,0 8.8
20 J  Pulv + 4 % Al Resinate in Dioxan 7.7 W3.7 3.5 10.3

(System 20 H showed lots of agglomerated soap azsregates, )
Conclusions:

The introduction of vrevared aluminum soans, either disversed by

ents, or dissolved in organic solvents, does not annear very oronmising.

a. ZRanid nrecinitation may have 2llowed too 1ittle time for distrib-
bution and sorntion hefore flocculation occurred.

&/ (ﬁ . A solvent more niscible with water might worls better,

v c. Polar substances such 25 oleic acid might inhibit flocculation of
the aluminum resinate,
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o, TLanthanum nitrate is effective in giving sizing with rosin, and
gives values-comparable to trose obtained with alum,

3. Aluminum chloride appears sore effective than alum in sizing at
a nigher pl.

nl
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Dehydration Phenomena in Starch Sols,

In Hovember, Dr. Rowland and Dr, Davis discussed the work on starch then
current, and evolved an attack which is here recorded, A long time ago
Dr. Rowland observed that a sheet produced by nrecinitating starch on pulp
fibers by a2lconol addition, nossessed enormous strenzth, and that the
disintegration of such a sheet gave a pulp which could again be made into
a very stirong sheet. fThis suggested that édehydration of starch by alcohol
or by some other metiod might zive nroducts canable if immarting remarkable
properties to paper. 3ome of the students in the Colloid Course had shown
that alcohol additions to starch sols produced nrecinitation of the stard
unless alkali was sdded to increase the weak negative charge on the starch,
This showed that in ordinary aqueous sols the stability of starch is due
almost solely to its hydration, and that the charge is too slight to
stabilize it, i1f this hydration be removed.

Certain cuestions arise as s result of this and subseguent work,

1. Would the alcohol on the nulp alone have vroduced any such effect
of strength, or did the improvement devend on the starch?

2. Vould it be possible to treat cellulose so that it does behave as
starch with such dehydration »rocedures?

3. Is such an effect on starch reversible or irreversible?
4, Is there any vossibility of commercial utilization?

5. Would otner dehydration mechanisms prove cheaper and more effective?
Materials to be considered here include Acetone, Tthanol, methanol at 6 cente
oer nound, glycerin at 17 cents for C.P. or 8-10 cents ver pound for commer-
cial grades.

The original idea was to bring the starch sol nearly to its flocculation
point by the non~solvent, and then complete the nrecivitation with alum,
added late in the pavermalking vrocess. If the starch dehydration be
irreversible, the starch paste cooked in concentrated form could be treatel
with alconol, dumped in the beater, and finally precinitated by alum after
the jordan, Prombly the alkali-alum treatment would have significance
here, The preliminary experiments do not make success, Dy such a simple
procedure, apnear very mrobable, but there is a real chance that other
techniques may be more effective,

Some nreliminary experiments performed at that time indicate that 10 cc.
of 5 mer cent Zoyal Tapioca starch reguired just 2bout 3 cc, of Acetone




]

or 3 cec, of ethyl alcohol for complete vrecipitation., Dilution showed

that 10 ce. of 1 per cent Tapioca starch required I cc. acetone and that
addition of small amounts of alum does imnrove mrecivitation in systems
containing nearly the critical volumes of organic liquid. 4 sample of
oxidized starch "Starch Suverfilm Fo. 4, Received 4/5/37" behaved similarly,
requiring slightly more acetone and being more affected by alum.

Ten cc. 25 ver cent Suverfilm starch requiredlh+ cc, acetone, and was
precinitated by 3 cc. acetone plus 7 drovs 6 per cent alum. Diluted to
5 ver cent starch, 10 cc. required 5+ cc. acetone or 3 cc, acetone vlus
6 drops alum,

Conclusions:

1. It is possible to vrecipitate ordinary Tapioca starch or an
oxidized starch by alcohol or acetone additions.

2, The presence or subsequent addition of small amounts of alum
facilitate this precipitation by non-solvent liquids.

3. A further investigation of these phenomena seems advisable,but
at present the amounts of organic liguids required to pnroduce vrecipi-
tation appears excessive from the standpoint of 2 commercial epplication.
Thus in the tapioca starch run, 0.5 g. starch requires about five times
this welght of alcolwol or acetone,

L, o technic has been appiied to test the reversibility of this
precinitation, and nrovably handsheet tests will be the most significant
criterion,

5. In view of the lmown pnrecivitating effects of 10 per cent soap
on the basis of starch, some other substances or metlods will Dbe sought
to be correspondingly effective., The tannin-starch effects described by
Dr. Koets suggests similar tests with related compounds.
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MODIFICATION OF PROSIZE

It was recently reported that the increasing adoptions of the
prosize method of sizing is already using about a third of the nztional
production of boric acid, and that the concern of the producers of boric
acid, coupled with a good probability of an increased price on that material,
create something of a problem., Dr. Rowland sugzested a brief investigation
of the process, especially with a view to the feasibility of replacing boric
acid by cheaper and more abundant acidic materials. This report of a few
experiments carried out this week (1) advances certain considerations of the
preparation and oroverties of prosize, (2) outlines experimental results
which meke it appear that such materials as ammonium chloride or ammonium
sulfate, or possivly carbon dioxide may effectively displace boric acid in
the present vrocedure, and (3) suggests criteriz and standards by which
suitable vprosize combinations and procedures may be evaluatedo

The Rowland patent 2,116,768, issued a year ago, describes a
procedvure whereby a rosin size containing a slight excess of free rosin
is treated with a protein such as milk casein or soy orotein so that the
protein is dispersed by alkali sorbed from the sodium resinate equilibriume
This hydrolysis equilibrium is still further displaced in favor of the free
rosin acid by the addition of boric acid. The resultant very fine dispersion
of free rosin is stabilized by the soy vrotein and some sodium resinate, so
that alum addition results in the precipitation of a well distributed rosin
size of superior effectiveness. Last December lr. FEngstrom renorted their
vrocedure was to start with a 70-80 per cent saponified rosin at 3 per cent
rosin concentration, pH 9.h5° Addition of 15 per cent soy protein on basis
of rosin lowered pH to 9.35, and then addition of 15 per cent boric acid on
basis of rosin lowered the pH to 8.8-8.85 which was then used as such., For
experimental purposes, it apmeared wise to start with a completely sanonified
rosin, and Dr. Rowland freguently advises addition of alkali to commercial
size in order to start with the finest dispersion vossibleo

For the experiments described here, the completely saponified
Nelio resin was used in the 3.12 per cent rosin concentration (0.1 M sodium
resinate). The soy protein was weighed out (15 per cent on the basis of
rosin used), sosked briefly in a little water, mixed with the sodium
resinate solution and heated on the hot plate up to 70-80° C., with stirring.
It appears probable that 60° C. would be a more satisfactory maximum temper-
ature. Portions of the rosin-protein mixture so vprepared were mixed with
various dissolved acidic materials as shown below.
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TABLE I

50 ccs 3.12 per cent Prosize Blank
Same + 15 per cent Boric Acid

Same + 15 ver cent Sodium Bicarbonate
Some + 64 per cent Sodium Bicarbonate
Same + Ol ver cent Alum

Same + 50 ver cent Ammonium Chloride

A second lot goave the systems below?

Go
Ho
I,
Jo
Ko

Lo

A third batch was prepared using a new samvle of

ID
1i.
III.
IV,

VI
VII.
Viil.
1%

XLo
XIle

was

50 cce 3%.12 per cent Prosize Blank

Same + 2.5 cce 10% NaHG0 (16%)

Seme + 5 n W w  (329)
Seme + 2.5 " 0 NHC1 (16%)
Seme + 2,5 " (mzu)asoLL (16%)
Same + 2,5 " 6% Alum

TABLE II

50 cc. 3.12% Prosize Blank
Same + 13% NHy, C1
Seme + 2h% " W

Same + 38% now

Seme + 137 (NHy), SOy

Seme + 25% M "

Seme + 38% W "

Szme + 1 cc. N HCL

Same + 2 cco W

Szme + 1 cc. N Acetic Acid
Tube A + C0. gas 1 hour
Tube & + ne i 1/2 ]

-\J\I\DW\OPQOQKOOQOQUI\O

9.4
9.2
9.1
8.6
8.8

"

[+ - o (] o Q o L] -]
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1

o

Appearance
Clear, yellow brown
Milky
Slightly clearer than A.
Yellow milky, about as B.
Gelatinous flocculation

White milky, considerable
precipitation.

As Ao

Slightly cleared

Slight milkiness

White milky

White milky (less than J)

Largely precipitated

sodium resinate:

Appearance

Clear solution

Yellowish milky

White milk

White milk

Yellowish, pale milk

White milk

White milk

Curds below clear yellow liguid
Stirred, curds and turbid W
Same as IX.

White milk

White milk

In all the white milky systems, including the boric acid one, there
considerable precipitation of a white caky material.

/




It had been previously observed that the soy protein confers on
the wax emulsion and on the prosize perfect resistance to flocculation even
though extensively diluted with top water. The microscopic examination of
such dispersion is possible only after extensive dilution, and their use in
the beater involves such dilution in tap water. The white milky systems
obtained above were diluted by adding 50 cc. tap water to 1 cc. of the
3,12 per cent prosize combinations. This isstill more concentrated (0.06
per cent) than the vrosize would be after addition to the beater, but it does
vermit the dark field ultremicroscopic exsminations recorded in Table III.

TABLE III

DILUTION SYSTEMS (0.06% Rosin in Prosize).

Turbidity Dark Field Appearance
Ao Prosize Blank + 1 hour C0O 3 Excellent, 0.5 micron, gﬁ%%%%ﬁ.
B. " "+ 15% Boric“Acid 1 (Least) Good, considerable larger
particles.
Go " "+ 1/2 hour CO 2 - :
Je i L 16% NHY Cl 3 Excellent, very few layer
. particles pH 8.2
Ko " "+ 16% (NHY) 5SOY 3 Excellent, more. agsregates
A than J.
III, - ® "+ 25% NHy Cl 2 ——
1V " o4 385 0 4 Good, but lots of aggregates
. BH 803
VI " "+ 25% (NHY) SOy 1 (Least) =—
Vil " L " 3 Fair, lots of aggregates—-
protein?
XIV. L cco 3.12% Sodium Resinate +
50 cce tap water - Immediate flocculation pH 8.7
Systens wiﬁhout Protein
XVe 50 cco 3.12% Sodium Resinate +
253k ¥H), Cl pH 8.8
XVI. 50 cce %.12% Sodium Resinate +
38% (umHy) .50y 4 pH 8.9

Both of these systems were initially white milky dispersions but
soon began to appear more and more yellowish and to deposit increasing smounts
of rosin. One cc. portions of the fresh white dispersions were diluted:

1 cco XVo + 50 cco tap water

8o
) ce, XVI + 50 CCo t& 0 water 8

3
o7

i

These initially appeared fine and uniform disversions, buu gradually
creamed downward and deposited rosine.




The pH values of some relevent systems were:

Distilled water 6.2 10% NaHCO 8.0
Tap water 7e3 10% NHy, G2 5.5
3.12% Na Resin 11.1 (est.) 10% (N})iu) 550y, 502

CRITERIA FOR JUDGING PROSIZE PREPARATIOHS

In the evaluation of these results for laboratory purposes, the
following criteria seem justified on the basis of our emlsion experienceeo
The correlation with practical mill results is the final test, but these are
sugzested tentatively.

“As Lolor. If the final prosize product is a dispersion of free
rosin particles of the finest vossible sizes, this dispersion will vprobably
appear white. Insufficient acidic material (systems C, H, I,D with bicarbonate,
or V with (NHy),S0y) develop increasing turbidity but the residual ionie
rosin leaves the resultant system yellowish in color. In like manner, condi-
tions under which the agglomerated rosin particles can continue to grow as
in the absence of vrotective orotein (systems XV and XVI) will develop 2
yellowish color. This agrees with the general colloid ideas of maximum
scattering of light from varticles in the zone of optimum colloidality.

B, Resistance to flocculation by the salts in hard water. As
indicated above, this protective action is due to the protein. In the absence
of protein, dilution with tep water flocculates saponified rosin, and this is
an effect of the ions present, for the pH (system XIV) is higher than which
would otherwise vrecipitate any rosin. It appears that this may well be one
of the prime advantages of prosize to which it owes its commercisl velues;
when ordinary rosin size is diluted in the beater it is probadly extensively
flocculated. If these flocs are sorbed on fibers immediately little harm is
done, but if they agglomerate in the solution vhase, covering power and
sizing may be voor. On the other hand, prosize is not thus flocculated on
dilution 2loune but waits for the alum addition to set it on the fibers in
‘the best degree of dispersion., Satisfactory prosize preperations must, there-
fore, be capable of producing homogeneous, stable dispersions at dilution of
005 ner cent rosin or less in ordinary tap water,

Ce Ultramicroscopic apnearance. For all such dispersions as these,
direct observation will be a rapid check on methods and ingredients. Any
good vrosize preparation will have essentially all its rosin disversed in
particles one micron and smaller. These exhibit rapid Brownisn movement and
show no great tendency to agglomerate. There should be few if any varticles
of nrotein or rosin larger than this size.




CONCLUSIONS

1. Contrary to my first expectation, sodium bicarbonate is not
very effective in reducing the pH of the rosin-protein systems. In view of
the pH 8.0 for the 10per cent NaHCO_ this is not surprising. Iven though

this salt costs only about two cent§ ver oound, and although exzcess of it
could do no great harm (except to require a lot of alum and produce 002)
its use does not promise much.

pH
A. 3.12% Na Resinate 11,1
Bs Rosin + protein 9.~ 9.7
Co M " + 16% NaHCOB 9.2
Da ft f & 32% it 9,1
Fo M " + olg 9.0

2. Small additions of hydrochleric or acetic acids or alum
produced floceculations even through the BH was now lowered greatlye

Z, The most vromising compounds tried so fer appear to be
ammonium chloride or ammonium sulfate. Ammonium chloride technical costs
nine cents but sal ammoniac white costs about five cents per pound.

. Ammonium sulfate (fertilizer grade) costs 1.4t cents per pound end e

gsatisfactory material ought not to cost more than 2-3% cents,

i, Bubbling cerbon dioxide through rosin-protein systems gives:
zood prosize systems. These would be low in electrolytes. Flue gas might
serve as & source of C0,. The gas would probebly have to be nut in under
vressure somewhat as Spencer does for his special alumina.

5. In order to achieve the milky white systems, the pH of the
prosize must be lowered to or below nE 8.9. Ho lower limit has been
ascertained. System XI (COp for one hour) gave 7.3 &s the lowest here
recorded. The lower the pH, the lower the 2lum requirement-~hoving in
mind the alumina necessary to stebilize the size.

6o Suggestions for future work.
2. Seek for improved vrotective colloids~-glue, zums, etce

bo Try out other acidic materialse

(1). A4cids are cheap, if some method of introduction
be devised.

co Investigate alum flocculation of prosize as sffected by
such variablese

J
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THE PRECIPITATION OF STARCH-SCAP COMPLEXES

. In the previous revort, "Dehydration Fhenomena in Starch Sols
it was shown that 2).cohol or acetone onrecipitate starch from agueous
suspensions, and experiments were anticipated to discover cther methods
of dehydration.

it seemed wise to review the previous effective use of soaps for this
purpose in order to ascertain the amcunis required and the conditions

of precipitation.

Varyvine Sozp Additions

Heald has shcvm stesrates to have greater effect than
stearate was used on Reyal Tenloca sterch. The starch
susvension (2%) was cooked directly on the hot plate with good stirring
to 909 C. Ther A0 cc. of the 2» starch were mixed with approoriate
volumes of hot l% sodium stearate sclution and the mixture diluted to
500 cc, of )
that is, 5, 10, and 20% scap on the basis of the starch. Only the
significant sysfems in esch run are reported. For each test 50 cc.
of the 0,2 starch + soap mixture were treated with alum as shown.
Fingzl observations were taken after the tubes stocd overnight.

es

=

Since
oleates, sodium

TABLE I

Precinitate
2§ cm. Appearance
iﬁ Sodium Stearate
50 cc. (0.2% Tapioca + 0.01% Soap) 0.97 1.3 Mrbid
Szme as above + 2.5 cc. 0.1% Alum he 70 3.0 Yearly clear
Same as'above 4+ % cco 0,15 Alum 5.08 2.7 Clear
Seme as above + 10 cc. 13 Alum 2,88 2.8 Clear

Hertert L.

Davis

a
’

The nerformance of these experiments led to a disapnoint-
ing lack of effectiveness of the substances added to the starch, so that

2 solution 0.2% starch and 0.01, 0,02, 0.04% sodium stearate--

)All gave

slight vpur-
)pled color
with ilodine

)




TABLE I (Concluded)

Precipitate
pH Su Apvearance

10% Sodium Stearate

50 ce. (0.2% Temioca + 0.02% Soap) 7.0L 0.8 Turbid

Same 2s above + 3 cCe. 0.1% Alum 5.U3 3.8 Hearly cleer
Slight iodine color

Sume as above + U ce. 0.1% Alum b7 349 Clear
Mo iodine color

Szme as above + 20 cc. 0.1% Alum 3,79 2,2 - Clear
Mo iodine color

20% Sodium Stearate

50 cc. (0.2% Tapioca + 0.0W% Soap) 8.3 0.5 Turbid
Seme as above + U4 cc. ﬂ,lﬁ Alum 6.1k 1.8 Sti1l1 turbid
Same ag above + 0.7 cc. 1% Alum M,}E 4.5 Clear

7o icdine color

Same as above + 10 cc. 135 Alun 3. 74 ' 3.5 Clear
Jo incéine color

Precinitation by Substances Other Than Alum

The data in Table I indicate that while 5% soar on ithe basis
of the starch is insufficient, 10 or 20% soan enatles alum completely to
nrecipitate sterch at pH values zt or below 5. It was next sought to
discover if other substances counld orecipitate the soap~-starch comlex.
Taing the szme technic of adding soap to the cold starch, sulfuric acid
was ag effective as alum but celcium chloride and aluminum chloride
failed to precipitate the complex completely. This was corrected when
g0lid sodium stearate was added to the hot 2% starch sol.




TARLE 11

Tavioca + 107 Sodium Stearate + AlClB, CaCl,, HySOy

Precivitate
oH CIt. Appearance
50 ce. (0.2.2 Tapioca + 0.02% Soan) 7.02 ~ . Tarbid
Same as above + 2 cc. A1C13 5o 23 De7 Slightly turbid
Same as above + 3 cc. A.lCl3 b,55 - 5.5 Clear
No iodine color
Same as above + 10 cc. ALCY, h, 37 5sH Clear
- Wo iodine color
Szme as above + 0,25 cec. N Call, 6.5 10.7 All clear supernatant
- liquids, but 2ll g¢ive
Same as above + 5 cc. ¥ Call, 6.50 He& slight purplish color
with iodine.
Same as above 4+ 0.75 cc. 0,1% HZSOu 6.13 12.0 Slightly turbid
Same as above + 0.85 cc. 0.1% HoSOy — 6.18 Holt Clear
Ho iodine color
Same as above + 2 cc. O.1% HESO RS u,2 Clear
. Ho iodine color

Finelly, duplicate runs were made which showed that t_ sre is
no mar¥ed difference in the hrec1nitation wvhen starch was conk in
distilled or in tep water. In either case the dilution from 2 to 0.2%
gtarch must be done in distilled water as otherwise the hardness of the
tap water does wrecinitate the dilute sterch-soap comolex partially.

2

The general conclusions of this work are:

1. Five per cent sodium stearate on the basis of tapioca
stareh is inadermste, but 10 or 20% soap permits complete precinitation
by alum vhen the pH reaches 5 or below.

2. The soan-starch comnlex may be precipitated 2lso completely
by alumimum chloride at shout nH &, by sulfuric acid at about vH 6, and
partially by calcium chloride at vH o.%5.

3. Tap water is satisfactory to cook the starch in, but dilution
of the starch-soan commlex with tap water lesds to its partial orecioitation,

which in the oresence of fibers would take vlace on the fibers,
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A STUDY ABOUT THE PREPARATION OF ALUMINA SOLS FROM ALUM
INTRODUCTION

The two principal methods of preparing alumina sols are the hydrolysis

of certain aluminum smlts, especially of aluminum acetate, and the
peptirzation of gelatinous aluminum oxide with salts, usually aluminum
chloride, or with acids such as hydrochloric or acetic acid, In the
peotization method aluminum chloride used to be the starting material

from which a precipitate of alumina was obtained:; this could then easily

be peptized to a stable and active s0l, In a recent study, alumina sols
proved to be effective in the purifizcation of water and future research
work in the Institute will deal with their use in the process of sizing
paper, Jlherefore, a further investigation of the preparation and properties
of alumina sols is not only of an academic interest but also of the greatest
practical importance, The first step in this extensive program aims at

the preparation of an active alumina gol from aluminum sulfate, the
papermaker'!s alum, which is consumed in large quantities by the psper
industry and which costs much less than aluminum chloride,

The very nature of alum, however, adds enother factor to those already
nresent and complicates the preparation of o satisfactory sol, The divalent
negative sulfate ions unfavorably affect the charge and the zeta-potential
on the positive alumina micelles and consequently the stability and
reactivity of the sol, Such a phenomenon which had frequently been observed
lets the suggestion arise whether the method may be improved by a quick

and thorough removal of the distertbing sulfate ions from the system before
they fully exert their harmful influence, In this study most experiments
were based on such an assumption, Besides the effect of the anions meny
other factors come into play and determine the final properties of the

sol, Among them there are the kind of precipitating reagent, its con~
centration and mainly that of the alum, the rate of adding the precipitating
reagent, the rete of stirring, the temperature, the rH value, and above

21l the aging of the precipitated alumina, and probably a good many other

varigbles which are partly not yet known,
EXPERIMENTAL

The precipitation of alumina was done by adding a solution of ammonium

THE INSTITUTE OF PAPER CHEMISTRY
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hydroxide or of sodium carbonate to a solution of slum, The Waring
Blender proved to be a very effective stirring device, A gquick separation
of the precipitate from the 1iquid was brought about in the ordinary
centrifuge (about 3000 r.p.,m,) or in Sharples Supercentrifuge (sbout

25000 r.p.m,)., <‘he sediment was repeatedly washed and centrifuged until
the gest for sulfate iomns with BaCl2 was negative, which generally occurred
after the fifth or sixth run, In some experiments the precipitate of
alumina was allowed to settle without the application of the multiple
gravitational force of 2 centrifuge, Then the sediment was taken up

with water and the peptizing agent, mostly a one per cent AlLCl, ° 6H20
solution, wae added, Generally it was necessary to heat the sdspension

on a hot plate to around 70 C, or to stir it in tke Waring Blender in
order to obtain a better disversion, In all experiments distilled water
was used,

Lccording to the instructions of Von Weimarn (VWeiser, Inorganic Colloid
Chemistry, Volume I, page 32) & red gold sol was prepared by reducing
chlorauric acid with an alkaline formaldehyde solutiocn in order to test

the sctivity of alumine sols, But the change of color from red to blue

was not very sharp, therefore, an arsenio ifsulfide sol (Bartell "Laboratory
Manuel for Colloid and Surface Chemistry“};was made from arseniouns oxide

and hydrogen sulfide, The stability of the As 53 50l was tested with

alum, The mutus)l cosgulation of the negstive iezs 30l and of a positive

A1 0, sol within one hour served as a measure for éhe activity of the
aluming sol,

PRECIPITATION OF ALUMINA WITH AMMONIUM HYDROXIDE

In the first experiments with the ordinary centrifuge it was possible to
obtain.a stable, dilute sol when 150 cc, of n_ alum (0,015 equivalents)
10 '
were precipitated with 11 cc, of 2,8 per cent NH OH (slightly alkaline
reaction) and then only if, after the fourth or fifth centrifuging--the
beginning of peptizstion--, the suspension was vigorously stirrgd in the
Waring Blender, The addition of a little one per cent A1Cl, - bH,0
solution, usually 3 cc., was necessery to keep the sol stablé,

The rate of adding the NHuQH solution obvicusly influenced the type of
precipitate, To two solutions of the same alum concentration the same
amount of NH,OH solution was added, to the one &ll at a time, but to

the other during a period of 10 minutes, In the first case a gelatinous,
bluish, more slowly settling precipitate resulted whereas the gradual
addition of NHuOH gave a dense and white 2lumina which becamge less easily
peptized,
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pepiizad,

In another parallel experiment different quantities of WH),OH solution
were quickly added to solutions of the same 2lum concentration, The
larger amount of NH, OH favored the formation of a precipitate which
better settled, was earlier washed free of sulfate ions and gave a2 more
satisfactory sol than with the use of less NHuOH solution,

The time factor seemed to be more decisive than the amount of NHuOH
solution, for 10 cc, of 2.8 per cent NH,OH, when quickly added, enabled
& better peptization than 11 ce, of 2,3 per cent NHYOH which were added

very slowly.,

When large quantities of alumina were handled in the ordinary centrifuge

the precipitate could not be peptized, neither with an excess of 1 per

cent A1C1l, - bH 0 golution nor with dilute HCl, Also the gradual

dropwise gddition of the alumina suspension to 2 solution of A1Cl, o 6H,O--

so that the peptizing agent was present in excess, at least in the beginning--
did not help, Neither did the precipitation of alumine at 56° C, improve

things,

Then the influences of the pH, of the concentration of the original

alum solution snd of the time factor were investigated in more detail,
Varying quantities of distilled water were added to usually 10 grams

of alum, Thus solutions containing by weight 40 per cent, 20 vper cent,

10 per cent, 2 per cent, 1 per cent, 0.5 per cent and 0,25 ver cent of
elum were prepared, The precipitation of alumina was carried out with
concentrated NHuOH solution (28 per cent) in two sets of experiments whch
differed in their pH values, In one series the pH was adjusted to about
8, whereas the other series was brought to a pH around 9, Both cases
showed certain cheracteristics.bAth the higher concentrations of alum
milky vrecipitates formed, but from a concentrstion of 2 per cent alum

the suspensions looked more and more bluish with decreasing concentration,
This phenomenon was more marked at a pH of 9 than of 8 On the following
day the bluish appearance changed into a greyish color. In both sets

of experiments the flocs settled qunickly, the sedimentation volume increased
with decreasing alum concentration and the pHE values decreased with the
time, All suspensions were allowed to stand for some days before they

were washed,

e
RIS

Aluminse precipitates from a 10 per cent alum solution could not be peptized
no matter whether they wefe run in the ordinary or in the Super Centrifuge.
Alumina suspensions from 0.5 per cent and 1 per cent alum solutions, how-

ever, becawse nearly completely peptized after the third and fourth passage
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through the Super Centrifuge, although three and four days had passed
after the precipitation, The s0l from the 0.5 per cent alum solution
remained stable even without the addition of aluminum chloride, After
one week alumina precipitates from one per cent and 10 per cent alum
solutions were vashed and run in the ordinary centrifuge for ten times
without getting rid of the sulfate ions and no peptization was possible,

The best result was obtained when alumina was precipitated from a 0,25
per cent alum solution with a dilute NH}OE solution (1:6) at a pH of

9,13, As soon ag the flocs had settled, the supernatant liguid was
giphoned off and replaced with distilled water, After the fifth washing
the sediment was nearly free of sulfate lons, only after several hours

a slight turbidity could be noticed in the test with BaCl_, Three cc,

of 1 per cent Al C1, - 6H20 solution were added to the se&iment which
occupied a much sma%ler volume than after the first few washings, and

the suspension was shortly boiled, Complete peptization occurred and

the sol showed a fine opalescence, It was concentrated by keeping it

at 60° C., for several hours and it remained steble, The same precipitation
was repeated, but with the. difference that the settling of alumina was
brought about in. the ordinary centrifuge and that the first three washines
were performed with a very dilute NH)OH solution of & pH of 9.05. Here
the attempt of preparing & sol was unsuccessful. Also in another case,
the alumina was sllowed to age for a day until the clear supernatant
liquid was decanted, then it did not get dispersed,

PRECIPITATION OF ALUMINA WITH SODIUM CARBONATE

From 0,25 per cent alum solutions alumina was precipiteted with 1 N Na CO3
at a pH of 9,0 and at a pH of 5,98. In neither case a stable sol caulé

be orepared, The suspensions looked less bluish than in the flocculation
with NH)OH; the alumina settled down quickly $0 that the use of the
centrifuge was not necessary, When the precipitation Book place in the
plkaline range, the alumina could be washed oractically free of sulfate
jons, but not when the pH was adjusted to the acid side, In the latter
case, however, part of the alumina became peptized after the sixth washing,
But the bulk of the floc could not be broken up, Also higher alum
concentrations and the use of the ordinary centrifuge gave no satisfactory

results,
SUMMARY

The only successful attempt of preparing a stable, not too Adilute alumba
sol from alum was the precipitation of alumina with NH)OH in a very dilute
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solution of alum at a pH around 9, This observation agreed with the X-ray
diffraction studies of alumina gels by Weiser (Ind, Eng. Chem,, November
1940, page 1487, May, 1941, page 669). He found that alumina particles
precipitated from aluminum sulfate were smaller in size than those which
were precipitated from the chloride or nitrate, Therefore, they had also
a greater edsorption capatity for anions, which meant a decreesed stability
of the so0l, In asccord with Von Weiman's Rule Weiser observed that the
primary alumina particles increased in size and correspondly showed &
lessened degree of adsorption of sulfate ions as the =lum concentration
decreased, Another result of his studies was that the particle size of
alumina increased with increasing pH,

The effect of centrifugal force was not clear, It seemed as if the

ordinary centrifuge with its limited angular velocity would cause an
aggregation of the primary particles into agglomerates which would resist

to peptization, especlally if concentrated solutions of alum were used,

The high number of rotations in Sharples Super Centrifuge, however, appeared
to have caused some disintegration into small particles, This factor needs
further investigation,

The best sol was obteined without the use of any centrifuge and by allowing
the particles to settle of their own accord, That meant a prolonged contact
with the mother liquor which wag full of sulfate ions, Perhaps this time
was ‘still too short to cause any considerable aging effect, '

The failure of obtaining a stable sol with Na_,CO, was probably due to
the disturbance of the ~zerbonate ions, in add?tign to the trouble from

the snlfate ions,

ho /mh
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A STUDY ABOUT THE PREPARATION OF ALUMINA SOLS FROM ALUM

In previous experiments described in Report No. 1, sodium carbonate gave a
precipitate of alumina which could not be peptized to a stable sol, because
the rate of its addition was slow. In this study, however, alumina sols
could be prepared with sodium carbonate as precipitating agent, provided that
it was edded very quickly. Also sodium hydroxide could successfully be used.

In order to obtain comparable results about the effectiveness of sodium hydroxide,
ammonium hydroxide and sodium carbonate, a series of experiments was carried out
under the same conditions. 125 cc. of a 0.1 ¥ solution of alum were diluted to
500 e¢c. in a 600 cc. beaker so that the concentration of alum was 0.0125 N

or about 0.25~0.3 per cent. The precipitating agents were applied as 0.5 N
solutions and added to the well=stirred solution of alum as quickly as possible.
After the measurement of the pH the suspensions were allowed to settle. The
supernatant liguids were decanted, fresh water was added and the alumina flocs
again settled. The washings were repeated. Mostly after the slxth time, part

of the alumina became peptized. Then the sediment was centrifuged to concentrate
the alumina and 0.6 cc. of a one per cent solution of AlCl -GHéO

(6 mgn. or 7.5 x 102 milliequivalents) were added to it. “Findlly the suspensions
were heated, which was always necessary to bring about a good peptization.

Precipitation with 0.5 N NaOH

The precipitations covered a pH range from 4.5 to 10.0. In the acid range
no peptizable precipitate could be obtained. The best sols resulted when
alumina formed at a very high pH. But from a pH around 8.5, part of the
alumina already dissolved to aluminate in the excess of base so that this
method is not economical. PFurthermore most sols did not remain stable for
a long time; after a few days they became very viscous and finally set to a
gel. ‘

Precipitation with 0.5 N NH)0H

Here the pH range extended from 6.0 to 9.0. Also, here all attempts to
prepare & stable sol by precipitating alumina on the acid side failed. Fairly
good sols were prepared already from a pE of about 7.5, dbut only from 8.0.

the sols looked nearly clear and showed a fine bluish appearance and a sharp
Tyndall cone when illuminated with = strong light. The adjustment to a higher
pH value, from about 8.5, required very large amounts of NH,OH, which can aleo
be seen from the pH-concentration curves of Weiser (Ind. Eng. Chem., November
1940, page 1487) . At this alkelinity, the solubility ~f alumina
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was no more negligible. Another observation showed that, with increasing pH
the alumina floc settled quicker and that its sedimentation volume became
smaller.

Precipitation with 0.5 Nap003

Precipitations were carried out in a pH range from 7.05 to §.40. The acid

side of the pH scale was no more investigated. ®Rfter some experiments with
1X Na2003 down to a pH of L4.55 had already been without success. The alumina
which had” formed at 2 low pH still contained considerable quantities of sulfate
ions after several washings; nevertheless it started to become peptized,
sometimes already at the fourth or fifth washing. In systems of originally
high pH values, the alumina was never completely washed free of these disturbing
ions, but their concentration was reduced to a minimum so that their presence
conld be detected only in a rather large quantity of the sediment and even

then it took some time until a precipitate of BaSO, appeared in the test. From
a pH of 7.5 upwards, good sols were obtained, but always the peptization
proceeded slowly and required boiling of the suspension. The observetions

with Nas00, fit into the results of Weiser's x~ray investigations of alumina.

He found tHat alum and sodium carbonate formed the most highly dispersed
crystals of y-4120;+H;0 at a pH between 5.5 and 6.5 and that the particle

size of alumina inéreased with increasing pH. Corresponding to this effect

the adsorptioiz capacity of alumina for sulfate ions should decrease, which
actually was observed.

Comparison of the Effeects of 0.5 N NaOH, 0.5 W NH)0H and 0.5 ¥ N@3993 at a pH of 8

Finally alumina was precipitated at the same time with 0.5 N NaOH, 0.5 ¥ NHuOH
and 0.5 N Na,CO, at 2 pH of about & and under the same usual conditions.
THL0H caused a Mmore bluish appearance of the suspension than NaOH, and this
more than NapCOz. The rates of settling decreased in the order N20H, FMHLOH,
Na,C0z, whereas the sedimentation volumes showed the reverse order. These
observations may again be correlated to Weiser's studies according to which
at 2 given pH the size of the primary alumine crystals fell off from NaOH %o
WH)OH and then to NaoC0;. As expected, the larger NaCH particles settled
quicker. Their close packing to a smaller sedimentation volume was probably
related to the degree of hydration. The alumina floes from IH, OH and Na,CO
were easily and completely peptized, but not those from NaOH. The test for
sulfate ions always was positive, but their concentration apparently fell
below a critical value in case of NH)OH and NaCH,

The decisive factor in the successful preparation of an alumina sol seems to

be the very first step of the whole process, the method of precipitation. This
conclusion was drawn when alumina was once more precipitated with 0.5 XN WH)0H
at a pH of 8. The suspension was split into two parts. One of them was
allowed to age for 1 j/h hours before it was washed, whereas in the other

/ .
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part the aluminas was repeatedly separated from the wash water not by mere
settling, but in the centrifuge. In both cases alumina could be peptized to
a good so0l. But the time factor and , to a less extent, K the centrifugal
force affected the stability and thus proved to be of influence. After some
time the sols set to a gel.

With tap water and softened water, it was auite impossible to peptize the
alumina which showed a stronglyellow color due to the presence of colloidal
substances. The sulfate ion concentration in the water was too high to
allow peptization.

It is difficult to decide which of the two reagents, NHOH and NaOH, should
be preferred in practice. Although the use of Na,C0y required a much larger
amount, as it is also evident from the X-ray concentfation curves of VWeiser,
its cost, taken on a weight basis, i1s much smaller than that of IH)OH.

A1l the sols which wers prepared contained alumina in a concentration of

only 0.5-0.8 per cent. In order to obtain sols with a higher alumina content
larger quantities of the reageats were used, e.g. 20 grams of z2lum in 3600 cc.
water were precipitated with 400 cc. of 0.5 § NHuOH at a pH around 8. Here
the original 2lum concentration amounted to about 0.5 per cent and was already
too high to allow the alumina floc to settle quickly. The rate of settling
could be increased when the suspension was split into two parts and washed

in two U-liter beakers. But it did not help in obtaining 2 good sol.
Peptization was either impossible or, at best, incomplete so that 2 turbid
sol resulted. If alum was added to NHyOH, the alumina consisted of small
particles which could not be peptized.

Precipitation with 0.1 N Ba(OH),

Whereas in the precipitations with NaOH, WHLOH, and NapCO; the sulfate ions
can only gradually and incompletely be removed from the system, the use of
Ba(GH)g with the resulting formation of BaSOL and A1203 should immediately
gliminate the harmful influence of these ions. Then it should be possibvle

to peptize the alumina floc by adding AlCl;.6Ho0 and to separate the sol

from the insoluble BaSOy by filtration. 100 cc. of 0.1 ¥ Ba(OH)» were diluted
to 400 cc. and were slowly precipitated with 0.1 XN alum in a slightly alkaline
medium. Thus during the whole process no excessive sulfate lons were present.
A better settling floc formed when the precipltation was done at 60° C. Then
adsorbed sulfate lons were more readily washed off from the precipltete than
in case of the precipitetion at room temperature. 1 cc. of one per cent AlCl,-
BHPO solution was added and the suspension was heated to 70—800 C. for about
one hour, and filtered afterwards. Sometimes a very dilute sol of alumina
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was obtained. It showed a Tyndell cone and Ku[Fe(CN)G] produced a floc

which was soluble in HCl. The low yleld of alumina sol mey be explained on

the assumption that the negatively charged BaSO)y particles and the positively
charged alumina micelles mutually precipitated each other and formed irreversible
aggregates. It seems to be worthwhile continuing these studies about the

optimum conditions,for the use of Ba(OH)2 would make the preparation of

alumina sols relatively simple and the valuable by-product BaSOj would be
obtained.

he/ hic
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A
A STUDY ABOUT THE PREPERATION OF ALUMINA SOLS FROM ALUM

Precipitation of aluminz by the interaction of alum and barium compounds.

The experiments with alum and barium hydroxide which were mentioned at the

end of Report Ko. 2 were continued. If the precipitation was carried out at
room temperature and if aluminum chloride, the peptizing agent, was added
immediately after the formation of the alumina and barium sulfate precipitates,
a stable alumina sol could be obtained at a pH around 4.5 and on heating

the suspension to 60—70° C. for some hours. Unfortunately the sols were

very dilute and 2 large part of the alumina was still in the precipitated
form.

In a modified procedure barium hydroxide was replaced by a saturated
solution of barium sluminste. Alum wzs added to it until a pH of about 7
was reached. Then immediately aluminum chloride was added so that the
pH of the suspension dropped to around 4.5. Here the effect of the rate
of addition of alum was very striking. If the precipitation was carried
out slowly, large flocs formed, settled quickly and left the supernatant
liouid only slightly turbid, whereas the gquick addition of alum resulited
in a fine blulsh turbidity of the supernatydt liquid,which meaent the
formation of a sol. It was not auite free of finely dispersed barium
sulfate and again not very concentrated. Precipitation at higher
temperatures caused the formation of larger particles which settled easily,
but they could not be peptized.

It seems to be very difficult to prepare alumina sols with a satisfactory
quentitative yield by the use of alum and barium compounds, although, at
first sight, the idea to eliminate the harmful sulfate ions by the
formstion of the insoluble barium sulfate sppears very attractive and
inviting. But barium sulfate itself introduces new complications.

It itself is present in the colloidal state, as a negatively chaprged sol
of high surface reactivity and thus tends to flocculate the positively
charged alumina micelles. At boiling temperature a coarser floc of
barium sulfate was obtained, but at the same time alumina became rather
insoluble.

Precivitation with godium hydroxide

\kﬁ The applicetion of a different technique succeeded in the preparation
of alumina sols with NaOH as precipitating agent. Both reagents were
added simultaneously to water so that the golution was always dilute.
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This should reduce the influence of the quantities to be used. The
details of the procedure were as follows: To 300 cc. of distilled water
;E a 400 cc. beaker, 50 cc of roughly SNaOH and 50.6 cc. of approximately
§§A12(50hk'18H20 were similtaneously aftded within three to four minutes.
20H was added“at a higher rate than alum to keep the system always
alkaline, at a pH between 8 and 9 during most of the time. The final
pH was 7.6. The alumina flocs showed a bluish white appearance and, in
the beginning, settled slowly. It did not make any difference if the
suspension was allowed to stand for a day and then was centrifuged several
times or if it was worked up immediately. Nor did it have any influence
if the alumina was washed by allowing it to settle and then by decanting
the supernatant liquid or by the use of the centrifuge. In any case, a
stable sol resulted when 5 cc. of a one per cent ALCl <6H_0 solution
were sdded and when the suspension was boiled. Even émal@er quantities
than 5 cc. were sufficient to cause peptization, but an excess of A101, *6H0
was purposely used. The sols looked bluish and yellowish when viewed in
transmitted light, but somewhat turbid. They did not clear up on the
addition of some more aluminum chloride. The concentration of these sols
varied between 1.1 and 1.3 per cent of A1203°

Precipitation with sodium carbonate

Also here the above described modified technique gave good results. In
order to use again approximstely equel ¥olumes of both reagents, sodium
carbonate had to be applied as a 1N solution. The other details of the
procedure were as before with the exception of different adjustments of
the final pH value. An excellent peptization was achieved when the
precipitation was carried out to a pH value of 7.2. A sol of a fine
bluish color resulted which looked almost like a clear solution but
exhibited a sharp Tyndall cone when i1t was illuminated with a strong 1light
source. The precipitation could be extended even into the acidic range

of the pH scale. Alumina flocs which formed at a pH of 6.5 could easily
be peptized to a very stable sol which appeared only slightly more turbid
than that obtained from a precipitate at a pH of 7.2. With a pH of 6,
however, the sol became ®ery viscous and often turned into a gel. Whereas
with NaOH as precipitating agent it did not matter whether the alumina
floc was separeted from the liquid by mere settling or by the use of the
centrifuge, with Na,CO; more viscous sols or even gels formed when washing
was accomplished with The centrifuge. This behavior was checked several
times and always confirmed. The time factor was not important; good sols
were obtained as well when the suspension was waghed immediately as when
it was allowed to stand overnight.

In the first two or three washings, each with about 700 cc. of Ho0 in a
1 1iter beaker, the alumina floc settled: slowly and the supernatant
liguid contained small particles. After the third washing large flocs

of a bluish appearance formed and settled ouickly so that the supernatant

liguid was clear. Usually after the sixth washing a slight peptization
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started. Then the alumina was concentrated by centrifuging it in the
ordinary centrifuge.5cc. of a one per cent A1Cl,.6H,0 solution mede the
system sufficiently acid and peptization occurréd on boiling.

The same results were obtained when alum was quickly added to a dilute
solution of sodium carbonate. In both techniques the system was kept
alkaline during the precipitation. In such a medium the alumina micelles
were probably negatively charged so that they should not so much be
affected by the sulfate ions as if they were positive micelles.

The x-ray studies of alumina by Weiser have shown that, at a given pH
with different precipitants the size of the primary crystels % A120 H20)
falls off in the order NaOH, NH OH, Na,C0.,. Correspondingly the same
order was observed for the Bate of set%ligg and the inverse order for the
sedimentation volumes. A smaller particle size means a higher adsorption
capacity. Therefore one would expect that alumina precipitated with
Nas00; should adsorb more sulfate ions and therefore should be less suited
for peptization than when formed with NaOH. But just the opposite happened.
An explanation for this surprising observation may be found in the
assumption that the carbonate ions very effectively compete with the
sulfate ions for being adsorbed on the surface of the alumina micelles.
At least a large part of the sulfate ions may be excluded from the available
spots of adsorption by such a "protective barrier" of carbonate ions.
In agreement with such an assumption was the test for sulfate ions in the
washed sediment. A slight turbidity of BaSOu was visible only after some
time, sometimes not until the following day. Heating would displace the
equilibra.

T

+ -
———a
°2H + Co3 H + HGOB——a H 003 HEB + 002

to the'right side and actually a strong gas evolution preceded the
peptization to a sol.

Also the sols prepared with Na €0, contained sbout 1.1 to 1.3 per cent

Al O They proved to be more stgble than those made with NaQH or

THuOé BEven after nearly three months some of them did not show any apparent
change.

Thus a method seems to be found to prepare stable alumina sols from alum
and sodium carbonate at a pH around the neutral point. With sodium
hydroxide and ammonium hydroxide which are both more expensive good sols
were obtained only when the precipitation was made in the alkaline range.
There the solubility of alumina is no more negligible so that part of it,
although a small onep,is lost. But also with NapCOz the difficulty of
preparing higher concentrated sols has still to be overcome. The ordinary
centrifuge does not permit a concentration higher than 1 to 1.5 per cent
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the
A120 o When/ Sharples supercentrifuge was used, alumina could not be
peptézed, no matter which was the precipitant. But the systems with NQECO
did not appear to be hopeless. They were nearly free of sulfate ions 3
and on boiling a lumpy gel formed like that of silicic acid when
HC1 is added to water glass. It looked nearly transparent. It may be
that a larger quanfity of the peptizing agent and a very cautious heating
and stirring will meke the preparation of a concentrated sol possible.
Further experiments in this direction could no more be undertaken because
of the necessity of overhauling the supercentrifuge, but, as soon as this
apparatus is again available, they will be continued.
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