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A LABORATORY STUDY OF THE SOIL STABILIZING
EFFECTIVENESS OF ARTIFICIAL RESINS
WITH SPECIAL EMPHASIS QN THE
ANTLINE-FURFURAL RESINS

SUMMARY

This report presents the data obtained from a2 laboratory investigation of the
501l stabilizing properties of numerous artificial resins  Because of their ocutstand-
ing effectiveness, the resins formed by the reaction of amiline and furfural were
given special attention

For practically all of the exploratory work proper, the compressive strength
of 2" x 2" compacted soll cylinders, after exposure to different types of laboratory
weathering, were used as a criterion of the effectiveness of the various resin treat-
ments In the evaluation of the effectiveness of ome anlline-furfural resin with ten
different soils, load-plunger tests were performed on 4" x 6% cylinders 1in addition to
the compression tests on the small specimens

Experiments in which the ratio of aniline to furfural was varied indicated
that the resin formed by the reaction of 70 parts of amiline and 30 parts of furfural
was the most effective stabilizer This resin gave best results when formed in a neu-
tral or slaightly acid medium and was improved by the addition of aron or alumnum salts

Quantities of aniline-furfural resin (ratio 70 30) as small as 2 percent on the
basis of the dry weight of soil treated were effective in stabilizing most of the 10
different soirls tested It was found that this material acted both as a binding and
as a waterproofing agent for the compacted soils That these properties are of sig-
nificant magnitude 1s demonstrated by comparing data from tests om various types of
stabilizers

Urea—furfural, phenol-furfural, and phenol-formaldehyde mixtures were found
ineffective as so1l stabilizing agents. Urea-formaldehyde and calcium sulfamate
treated specimens showed some promise but the experiments performed were not conclusilve

4 discussion of the history and structure of amiline-furfural resins and the
results of a series of experiments concerning the catalyzation of these materials ars
given in the Appendixes

INTRODUCTION

Tne war-time investigations in soil stabilizaticen sponsored by the Technical
Develcpment Divisicn, Civil Aeronautics Admimstration, have emphasized the use of
lecal materials available in combat areas, and the development of superactive stabil-
1zers that would achieve with small quantaties the same results as the relatively large
quantities employed 1n the case of conventional methods  The stabilizing effective-
ness of rosin and 1ts derivatives has been studied and the results have been previous-
1y reported 1 Another group of materials that appeared to be of sufficient promse to
merit investigation was that of artificial resins

1W1nterkorn, Hans F and McAlpin, George W , "Soill Stabilization by the Use of
Rosin," CAA Technical Development Note Neo 34, McAlpin, George W , Mainfort, Robert C ,
and Wanterkorn, Hans F , "A Laboratory Study of the Soil Stakilizang Effectiveness of a
Complex Salt of Abietie Acid," CAA Technical Development Mote No 35



The possible usefulness of artificial resins for highway construciion was real-
i1zed 1n the early thirties and exploratory investigations were made concerning the fol-
loming possible applications of such materials 2

1 The posaible use for high-type pavements of plastics made of artificial
regins and natural secil as filler,

2 The stabilization of soils by meams of artaficial resins to serve as
base courses for highway and alrpert pavements,

3 The activation of conventional soll stabilizing materials, such as ba-
tumen, by means of artificial resins, to improve the quality and economlc
life of stabilized base cdurses;

4 The 1mprovement of the stripping resistance of bitumen coated mineral
aggregate by means of artificial resins

Each of these studies disclosed i1nteresting and pertinent data concernlng the
applicabilaty of these materials, The last of these subjects was pushed to practical
application with satisfactory results 3 Those data resulting from this previous work
which deal most directly wlth the treatment of solls may be summarized as follows

1 OCf the lower priced artificial resims such as urea-formaldehyde, urea-
furfural, anilins-furfural, and aniline-formaldehyde, the resin made of
about 2 parts of anmiline and 1 part of furfural was the most effective
for soil stabilization and as a precoating for aggregate to increase its
affinity for bitumen,4

2 About two percent of this resin on the basis of the weight of the dry
soil was required for effective so1l stabilizatlon at the relatively low
densities employed before the advent of even the Proctor method  The
ugse of smaller amounts, however, conslderably improved the physical
properties of the soi1l i1nvestigated. The effectiveness of the aniline-
furfural resin did not appear to be lessened in alkaline soils, which
usually react badly with bitumen;

3 If used as an activator for bitumen i1n soll stabllization only about
2 percent of the materaal, on the basis of the weight of the bitumen
were raquired The latter amount uauwally ranges between 5 and B per-
cent of the dry weight of the scal

2Winterkorn, Hans F , unpublished notes

3'WJ_|:115q3:r'ko:rn, Hans F. FAffinity of Hydrophilic Aggregate for Asphaltic Bitumen,
Use of Furfural and Its Resinous Derivatives for Improving Affimaty," Ind. and Eng
Chem , 30, pp 1362-68, 1938 (U 5 Patent No. 2,314,181 Granted March 16, 1943 )

4The probable molecular structure of this resin according to the laterature and
our owWn experiments 1s

HE HH OHH

3 This formula well indicates the polar

nature of this substance which makes 1t easily adsorbed by the soil particles, and
also explains 1ts dark red color



With the results of these earlier studies as a background, the Civil Asronautics
Administration i1naugurated an investigation of the so1l stabilizing effectiveness of
artificial resins This study, the results of which are presented herein, was conducted
under the directiocn of Dr Hams F Winterkorn in the 501l Mechanics Laboratory of the
University of Misscuri and in the So1l Science Laboratory of Princeton Universaty, assisted
by Rollie G Fehrman, I George Morrison, and Henry Walter The work was supervaised for
the Aarport Developmsnt Section of the Civil Aeronautics Administration Ly George ¥ MNcAlpin

DESCRIPTICON OF MATERIALS

Ten so1ls, representing textural aifferences from sand to silty clay, were
employed for this investigation  Their physical and chemical characteristics are
given 1n table 1  Figure 1 shows the grain-size distribution curves of the soils
Cnly the material passing the No 10 sieve was used 1n making the test specimens

The chemicals used were of C P quality except the aniline and furfural whach
were of commercial grades Ihstilled water was usea in all laboratory experaiments

FROCEDURES FOR PREFARING AND TESTIMG OF SPECIMENS

Two sizes of specimens were used during the investigation, viz , 2" x 2" and
4" x 6" compacted soil cylinaers Practically all of the exploratory and research work
proper wag done with the small eylinders The molsture content-density relationship
of the soils was determined by the standard Proctor compaction preocedure (A & S H 0
T99-38) with the exception that the size of specimens employed was 4 inches in diameter
and 6 inches high (standard specimen 1s 4" x 4 59") The consequence of this modifica-—
tion was, of course, a lowered maximum censity  The density of tnese specimens must
therefore be kept 1n mind 1in evaluating the test data  Work with other stabilizing
agents has shown that specimens compacted to the higher static-load density {2000 psi)
may be as much as four times as stable as specimens of the same materials compacted to
the Proctor density

In molding the larger test specimens, the optimum moisture content of the soils,
as found by the modified compaction procedure given above, was employed  Because of the
low compactive effort used and the low densities obtained, difficulty was encountered
in forming specimens with the desired properties These difficulties were magnified
1n the case of the smaller test specimens pecause of the small volume of so1l employed
Fortunately, these variations do not seem to affect disadvantageously the conclusions
which can be crawn from the respective experiments

Tne design values for dry densities and moisture content of compacticn as well
as the average of the actval values obtained for the 4" x 6" and 2" x 2" specimens,
are given in the following table

Planned Properties Obtained Properties
4"x 69 Specimens 27x 2" Specimens
So1l Dry Dry Iry
Moisture | Density Moisture | Density Moisture | Density
% 1b/Cu Ft 4 Lb/Cu Ft Lb/Cu Tt
H 12 103 10 103 98 o6
P 14 109 15 110 12 107
B 14 5 113 5 145 115 5 13.5 116
E 14 115 15 114 & 16 106
L 14 116 15 115 16 106
G 15 110 16 112 12 114
U 16 110 17 109 12 5 102
¥ 17 104 17 104 16 103
N 22 96 21 98 18 5 106
v 28 o 28 96 28 5 96
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2% by 2" Specimens

Enough air-drled scil to make twelve 2-inch specimens was weighed out into the
mixaing pan The =01l was davided into two equal portlons; one of the resin forming
ingredients together with the amount of water to glve one-half of the optimum morsture
content was thoroughly mixed into each portiom Just before the compaction the two
pertions were combined and thoroughly mixed

The specimens were made by means of a compaction apparatus adopted from the
testing of foundry sands and first used for soil stabilization testing by the Pertland
Cement Assoclation The apparatus permits uniform densification from both top and bot-
tom, the specimen being compacted in a floatlng ring.

A11 compacted specimens were air-dried for 7 days Duplicate speclmsns were
then subjected to each of the following variations in exposure, after which their com-
pressive strength was determined

No further exposurs

Two-hours 1mmersion in water

. One-cycle of webtting and drying?
Four-cycles of webttaing and drying

. One-cycle of freezing and thawingt
Four-cycles of freezing and thawing

(o AV, R R VAN I

4" by 6% Specimens

The so1l plus the required percentage of water to produce the desired density,
together with the stabllizer to be employed, were combined and compacted The result-
ing wet soll cylinders were extruded from the mold, carefully weighed, air-dried for 3
days, and then dried in an ovem at 70* C to constant weight Three identical specimens
wera then subjected to each of the fellowing variations of exposure

No further exposure

10 days capillary absorption’

10 days capallary absorption and re-drying ain an oven to constant weight
12 cycles freezing and thewing®

12 cycles freezing and thawang and re-drying in an oven to constant weight
12 cycles wetting and drying9

12 cycles wetting and drying and re-drying in an oven to constant weight

oVl

50ne wet—dry cycle consisted of 5 hours immersion in water followed by 43 hours oven-
drylng at 70° C For both the 1 and 4 cycle exposures, the specimens were immersed 1n
water for 2 hours just before being tested for compressive strength

60ne freeze-thaw cycle consisted of 2 hours immersion in water follewed by 24 hours
freezing at -10° F and 24 hours thawing in a moist room For both the 1 and 4 cycle
gxposures, the specimens were lmmersed in water for 2 hours just before being tested
for compressive strength

TSpecimens were placed on a bed of moist sand

BSpecimens were first subjected to 10 days capallary abscrption. One cycle of
freezing and thawing consisted of placing the specimens in a cold room (-10® F) for a
period of 8 hours with subsequent thawing in a molst room (70° F - relative humidity
95-100 percent) for 16 hours. Twelve such cycles constituted a freezing and thawing
test

9Spec:.mens were first subjected to 10 days capillary absorption One cycle of wetting
end drying consisted of placing the specimens for 12 hours in a water bath at room tem-
perature, 8o that the water level of the bath was % inch below the top of the cylinder,
with subsequent re-drying in an oven (70° C) for 36 hours. Twelve such cycles consti-
tuted a wetting and drying test



After each of these types of exposure, the unconfined specimens were placed upraight
under the head of a testing machine to which was fastened a metal plunger 2 inches long,
machined so as to have a ecircular head with an area of 0 75 square inches  This plunger
was placed concentrically on the specimen  After seating of the plunger, load was ap-
plied at the rate of 400 pounds per minute untal the specimen failed or a penetration
of 0 1 inch was cbtained The load and penetratien values for 3 i1dentical specimens
were averaged and repcrted for each combination and treatment

TEST RESULTS T — ANILINE-FURFURAL RESTNS

For the general study of the basic facters influencing the scil stabilizang
properties of aniline-furfural resins the previously described compressive strength
test on 2 1nch by 2 inch specimens was used One scil, Nimtz fine sand - designated
as "go1l H"™ in this report - was used for most of these tests

For the specific evaluation of the effectiveness of the 7C 30 amiline-furfural
resin with 10 different soils, both the compressive strength test on the small speci-
mens and the plunger test on the 4 inch by 6 inch specimens were employed The complete
data obtained in these tests are preserted in tabular form For the purpose of simpli-
fying this presentaticn, the effect of the different types of treatment upon the com-
pressive strength of the air-dried specimens and of thoss that had been immersed in
water for 2 hours has been shown graphically  Observations based upon the strength
values of the air-dried speclmens may be open to question inasmuch as the air tempera-
ture and humidity during the curing pericd varied consider=bly They do, however, in-
dicate general trends that are of value i1n analyzing the data  The results obtained
from the wetting-drying and freezing-thawing tests have nol been plotted since they,
1n general, give the same picture as the "wet" data.

The Effect of the Aniline-Furfural Ratio on the
Quality of the Resinocus Cement in Acid, Alkaline and Neutral Media

The strength data obtained in these tests are shcwn 1n figure 2 and 1n tables
2, 3, 4 and 5. It w1l be noted that a definite maxamum of compressive strength 1s
obtained, which, 1n all cases except that in which 3 cc of concentrated HCl (hydro-
chloric acid) were used as a catalyst, comes at a corposition of about 70 parts of
aniline to 30 parts of furfural In the case of the addation of 3 cc of concentrated
HC1 the curve shows a maximum at & composition of 1 part of aniline to 1 part of fur-
fural The dry strength curves peant to the possible existence of three resin compounds
corresponding tc compositions of 50 50, 70 30, and 35 65 parts of amline and of fur-
fural, respectavely This ilmpression, however, must be corrected on the basis of the
showang 1n the "“wet" test It will be observed that the curve of the neutral specimens
shows the highest value for compressive strength and that this value comes at a ratio
cf 70.30 However, upon the addition of 1 5 cc HC1 (0 08% by weight of the dry soi1l
per batch — 12 specimens) the maximum 1s moved to a ratio of about 2 1 and the best
compressive strength obtained 1s considerably less than that obtained in a neutral
medium  If more HC1 1s added (3 cc or O 16%), the compressive strength further de—
creases, ana the peak of the curve 1s roved to a ratzo of about 11 It will also be
noticed that though the pea< of the curve 15 lower, the strength of the specimens is
less affected by changes in the ratio of the aniline-furfural mixture than in either
of the less acid mixtures The alkaline specimens turned out very badly Fowever,
the best mixture was around the ratio of 70 30 parts of amiline and furfural, respec-
tavely

It 15 interesting to note that the tests in which specimens were soakea in
water gave no indication of a strength maxamum at a ratio of 35 parts of aniline to 65
parts of furfural as was found in the specimens tested dry  This would indicate that,
1f a resin might be formed at this ratic, 1t definmitely does not stand weathering



The Effect of Hydrogen and Hydroxyl Ions on
Three Aniline-Furfural Resins

The results of tests to determine the effect of hydrogen and hydrexyl 1ons an
the properties of amline-furfural resins are given i1n figure 3 and in tables 6, 7,
and 8 The data and curves marked dry represent the specimens tested directly after
curing without weathering treatment, while the data and curves marked wet are for
specimens subjected to two hours' ammersion in water It should be noticed that none
of the resan binders did as well in alkaline specimens as 1n neutral or acid specimens
The wet test curve for the 70 30 resin shows a sharp rise in strength 1n the most alka-
line specimens indicating the possible catalytic effect of strong alkala

The 50 50 resin turnea out te be very weak and unable to withstand weathering
conditicns

The 70 30 and 35 65 resins both showed a maxamum strength slightly on the acad
side wath the 35.65 resin being by far the weaker of the twe and the wmost faverably
affected by the acid treatment

The Effectiveness of Low Percentages of
Anilane-Furfural Resins

The results of the respective tests are given in figure 4 and in tables 9 ana
10, At the specimen densities employed no appreciable weathering resistance was ob-
tained with the 70 30 resin binder unless two percent or greater were used Weather-
ing resistance of specamens contaiming two percent of the 35 65 resin was quite law

The Effect of Various Jons on the Quallty
of Twe Amiline-Furfural Resins

Different Anions

The respective data are gaven in figure & and in tables 11 and 12 The dotted
line gives the strength after two hours! immersion — no catalyst added Addatzon of
HQSOA (sulfuric acad) gave best results on the 70 3C resin binder while additaon of
H3P0;, (phosphoric acad} gave best results on the 35 65 resin binder None of the ad-
mxtures resulted i1n great improvement, the acetic acid (GH3COOH) seemed to have even
a detrimental effect on the 70 30 resin

Various Amounts of H250/

Since 1t appeared to be the non-volatile acids (see the paragraph above) that
produced the best results i1n the anion tests, specimens were prepared using various
amounts of Hp50, as catalyst (tables 13 and 14) Figure 5 shows the results of these
tests It should be noticed that the curves on this figure for the wet strengtha are
very similar to those i1n figure 3 —- the peak of the curves coming slightly on the acad
side, then decliming again with increasing acidity of the medium This fact maght in-
dicate that the values obtained in both the H2504 test and the anicn tests are functions
of the acidaty rather than of the specific character of the anion added However, in
all cases of inorganmic admxtures the water affinity of the resulting reaction products
must be considered

Dhfferent Cations

The respective data are given in figure 8 and in tables 11 and 12 None of the
cation treatments produced strengths nearly as good as those of the control specimens
in which amiline-furfural alone was used This result 1s more than likely due to the
fact that the cationic compounds were added in the form of hydroxides, 1t has already
been noted (figure 3) that none of the amiline-furfural resins developed its greatest
effectiveness in alkaline mixtures



Different Salts

In the case of the salt admxtures, 1t 15 difficult tc estimate how much of
the effect 1s due to the resulting acidity or alkalimity caused by the reaction of the
salt with the system as a whole. Figure 7 shows the results of experiments with salt
admixtures 1llustrating the data gaven in tables 15 and 16 The specimens containing
70 30 aniline—furfural resin appear favorably affected by several admixtures However,
this may in part be due to the fact that the control specimen for the respective batch
had a sirength of less than 100 lbs per sg in , whereas, for the majority of tests,
the strength of the control specimens was about 200 lbs per sq in  Such check or con-
trol specimens were considered necessary for each batch because of the variation in
the temperature and humadity at the time cf preparation and curainz, and of other knowm
or unknown conditioning factors

Sodium Silicate

Sodium silicats was investigated because of its possible cementing acticon and
1ts possible catalyzang effect on the resin formation Tables 12 and 12 gave the
results of these experiments and show that the effect of the sodium silicate 1s detra-
mental rather than beneficial

The Effect of Foaming Agents on the Quality of Two
Aniline-Furfural Resins

Tables 17 and 1B show the effect of the addition of a combination of various
foaming and gas producing agents The proportion of gas-forming materials used for
each specimen was calculated on the basis of a desirable pore presswe of 20 1bs per
sq 1n  This appeared to be a suitable pressure, however, there 1s mo way of predicting
the optimum pressure for the purpose of concentrating the cementing resins on the
poants of contact of the soil partacles,

None of the specimens showed any appreciable improvement, in fact some of them
showed a decrease in strength from that of the contrcl However, a beneficial effect
could be observed from heating during the wet-dry tests

The Effectiveness of Two Percent
Aniline-Furfural Resin (70 30) in the
Stabilization of 10 Soils

The determination of the relatave effectiveness of a stabilizing agent with
widely different so1ls 1s a difficult task No testing procedure has been developed
that fully evaluates the properties of stabilized mixes employing resinous material,
consequently, an analysis of laboratory results requires considerable kncwledge of the
general behavior of soils and an understanding of the forces of nature to which sta—
t1lized soils are subjected in the field

In this part of the investigation, the response of 10 different soils to sta—
bilization with 2 percent aniline-furfural resin (70 30) was determined by two mechan-
1cal test procedures. first, by compressive strength tests on 2" x 2" specimens and,
second, by plunger-penetration tests on 4" x 6" specimens The data obtained from each
of these tests are discussed separately

Compressive Strength — 2" x 2" Specimens

The results obtained from these tests are gaven 1n tables 19 to 28, inelusive
Figure 9 shows the effectiveness of treatment as a function of the acidity or alkalin-
1ty of the media. Figure 1C 15 a plot of the strength of the treated soils after the
different types of weathering In this figure the scils are arranged from left to
right in order of increasing plastielty The discussion 1s divided according to the
type of exposure to which the specimens were subjected.



Two—ours Immersion Referring t¢ figure 10, 1t 1is seen that immersing the
specimens in water for 2 hours was not a sufflciently severe exposure to greatly af-
fect the heavier soils N and ¥V  Inasmuch as the specimens were air-dried befere im-—
mersion and conseguently were not all dried to an equal degree, and because unconfined
tests show low stabilaty for low-cchesive secils, the relative respomse of soils H, P,
B, E, and L 15 dafficult to determine The comparatively high strength of so1l G may
or may nct be an indication of success of treatment This so1l i1s probably better
than so1ls U and M, however No defimite rating of the soils can be made from these
data alone

Alternate Wetting and Drying The graph showing tre results of these testas
presents an interesting factor about the reactlon of the different treated secals to
this type of weatheraing It should be kept i1n mind that one wetting and drying cycle
consisted of 5 hours immersion in water and 43 hours drying at an elevated temperature
Because of the great water resistance of aniline-furfural treated specimens, little
water wes taken in curing the wetting period As a consequence, these tests are more
heating and coeoling than wmetting and drying tests

In will be noted that the strength of specimens of scals P, B, E, L ard M was
greater after 4-cycles than after l-cycle, shile that of so1ls d, 3, U, M and V was
less. The increase of strength of the first group of soils probably results from
either or both the penefits of repeated drying during the cycling and/or the addition-
al "set" of the resin at the elevated temperature used in drying In the second group,
the destructive forces exceaded any benefit that may have been gained On the basis
of this difference in performance and the relative strengths of the treated soils after
4 cycles of wetting and aorying, i1t appears that scils P, B, E, L, G ard U may be cecn-
sidered to have been satisfactorily treated. Although the latlier two of these solls
decreasea 1n strengtl during cyclang, they are included i1n this group because of their
high strength after 4 cycles

The effectiveness of treatment with soil H relatave to the cther seils 1s not
shown by these Tests since unconfined compressior tests do not give a true compariscn
of the relative stabality of cchesionless and plastic soils  The fact that this szna
was held Sogether durang the exposure shows that anmiline-furfural resin has consider-
able birding power It would seem, however, that a greater amount of treatment 1s
reguired to satisfactorily stabilire this soil.

Tre data on coil M seer errataic Tre only obvicus peculaarity of this seil
that mgent explain the large increase in strergth during cyeling 18 the actavity of
the clay fraction Tne magnrtuce of this activity ie shown by a high base exchangs
capacity

Sc1l & would be judged successfully stacilized soil 1f the specimen strength
after 4 cycles were taken as ihe sole criterion of acceptabulity  The decrease 1n
strength of tris se1l during cycling andicates, how=ver, bthat permansnt stability has
not been attained  An 1rcrease 1ir “he amount of resin admixture would undcubtedly be
advantageous

The low strength of so1l V after 4 cycles and the considerable reducticn in
strength during tre cyele tests indicate that this goil was not savisfactorily treated
with the 2 percent aomixture used

Aiternate Freezing and Thawing Figure 10 shows that the freezing and thawming
tests were consiuderably more severe or the specimens lhan the wetting znd drying tests,
especially i1n the case of the more plastie soils. This 15 an inleresting 1tem since
plastic soils usuzlly suffer less from freezing than non-plastic soila

While the strength of all specimens was quite low, a comparison of the response
of the daifferent socils to treatment is poseible Considering both the strengtn after
4 cycles and the recuction 1n strength during cyclang, it seems that so1l E should be
Judged the most susceptible to stabilization  Scal L, which orn the basis of physical
characteristics shoula perform quite similar to soll E, was much more aifected by the
weathering As in the wetting and drying test, the strength of so1l G was reduced



considerably during cycling but was still comparatively high at the completion of the
test. Specimens of the sanay soi1ls H and P were very resistant to freezing and thaw-
ing well. The action of s01l V indicates that 1t was not sufficiently stabilized

Plunger-Penetration —— 4" x 6" Specimens

The main difference between a plunger-penetration type of test and a compressive
strength test 1s the tendency of the former tc measure the properties of a surface or
outer crust of the specimens, proportlonal te the dimensions of the plunger, while the
latter method tests the entire specimen The relative merits of the two procedures are
controversial, but, as far as this investaigation 1s cencerned, both provided pertinent
data, and, 1in general, supported the same conclusions  The results obtained from the
tests on the 4" x 6" specimens are given in table 29 and in fagure 11

Capillary Absorption The origimnal drying cf the soils to 2 constant weight
in an oven at 70° C reduced their moisture content from a range of 10-30 percent to a
range of 1-3 percent, depending upon the scail type

After capillary absorpticn for 10 days the solls contained tre following
amounts of moisturs, based upon tre welght of the so1l after dryang i1n an oven at o’ c

H = 0.9% G= 2.4%
P=1¢6% U= 3.6%
B =2.7% M= 4.8%
E =1.6% N= 4 9%
L =2.3% V=e5 4%

These moisture contents are very low; therefore the load-penetration tests on
these capillary absorption speclmens was a measure of the properties of relative dry
specimens The low moisture contents indicate that the amiline-furfural resin was a
very good waterproofing agent

It 15 seen that the nlunger-load sustained by all treated specimens after sub-
jection to 1l0-days caplllary absorption was considerable  The relative stability of
the sandy specimens (secil H) is probably not truly reflected inasmuch as this test pro-
cedure provides no confinement for the specimen The scals M and N were the most un-
stable

Alternate Wetting and Drying The results of the alternate wetting and drying
tests are given in the bar graph of figure 11. Besides showing the load sustained by
the different soils after the cyclang, the ratio of this load to that sustained after
the capillary absorption test is gaven Since the specimens used i1n thess tests were
exposed te the 10 days capallary absorption pricr to cycling, the plot of this ratio
of strengths provides an index of the effect of wetting and drying on the stability of
the different soils ’

I¢ may be seen that the strength of soils P, B, E, L, G and U was increased by
the wetting ana drying cycles, while that of soclls H, M N, and V was decreased (rataoc
of the former 1s greater than one,- that of the latter is less tham ocne) While, on
the basis of load carried after cycling, seils L, U, and G appear the most stable, 1t
will oe ncted that they were more greatly affected by wetting and drying than were
solls P and B A similar reversal of relationship i1s noted for scails Mand ¥ The
fact that soil N had, after the cycling, only G percent of the stability measvured after
the 10 days absorption periocd indicates that at least the surface of this scil was very
getrimentally affected by the weathering cycles

The data obtained by the plunger and by the compressive strength test give the
same general indications The treated specimens of solls P, B, E, and L wmathstood
wetting and drying exceptionally well Soils G and U performed well but were not quite
as well as the aforementioned group Soils N and V were most affected by wetting and
drying The behavior of soil M is erratic, but 1t should be considered better than N
and V though not as good as U Judging from the test procedures employed, socil H
requires more binder to withstand the cycling
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Alternate Freezing and Thawing. During the freezing and thawing cycles the
specimens lost a small amount of moisture; consequently they were relatively dry at
the time of the load-penetration test

Approxamate molsture contents for the different soils after the freezing and
thawing cycles are given below

H=0 4% G=22¢
P = 0.5% U=40%
B=28¢ M=4 1%
E = 1.5% N=6"7%
L =2 5% V=50%

The results of the plunger tests performed after 12 cycles of freezang and thaw-
1ng are given in figure 11, comparison being made between the load carried after expo-
sure to freeze-thaw and the lecad after 10 days of capillary apsorption As in the case
of the compressive strength tests, this type of exposure was the most severe employed
The general trends shown by both test procedures were the same  The less plastic soils
resisted the exposure well while the heavier soils were considerably affected The
fact that so1l L had, after the freegze-thaw exposures, only 44 percent of the load
carrying capaclty determined after capillary absorption shows that this soi1l daffers
greatly from se1l E  The good resistance of soil H to freezing and thawing 15 of cut-
standing theoretical and practical significance

The lcad-penetration values after 12 cycles of freezing and thawing were lower
than those after 10 days®cazpillary absorption or all soals except E and M This seems
to i1ndicate that the freezing and thawing cycles were destructive on most of the soils
tested even though, at the low molsture contents prevailing in the specimens, there
conle be no guestion of a destructive action by ice formation

It appeers that tre effect of both the so-called wet-dry and freeze-thaw
cycles was 3 result of the mechamical stresses caused by the temperature changes involved,
and of the additional stresses caused by the differences in water affimity of the soils
and the differences an the physical state of the absorbed water at the different temper-
atures involved 1n the cycle tests.l0

Summary

The test procedures emplcyed in this study have not yet been correlated with
observations on actual field installations using aniline-furfural resin as a stabil-
i1zer, therefore, no definite design criteria may be set at the present tame. Towaever,
the tests do give a relative comparison of the response of the different soils to
treatment with 2 percent of amline-furfural On the basis of the test results pre-
sented, the following summarizing comments may be made

]

1 The fact that untreated specimens of all solls failed when immersed
in water and treated specirens withstood even the most severe of
the weatherang tests indicates that amiiine-furfural resin was
beneficial in all cases

2 The treated specimens of the medium plastic scils B, E, L, G, and
U were very resistant to the altermate wetting and drying test
Inasmuch as the destructave forces 1n these fests are due to the
shrinkage and expansicn of the specimens during changing moisture
and thermal conditicns, the successful treatment of these scils as
probably due to their good gradaticn and low plasticity ~ qualities
that have been demonstrated as advantageous for all types of
stabilization

10For greater detail concerming these phenomena see Winterkorn, Hans F , "Climate
and Fighways," Trans Am Geoph Union, June 1944.
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3 A comparison of the stabilaty of soil N as mesasured by the com-
pression tests and by the plunger test 1s of interest In the
former, this soil showed a relatavely high stremgth while in the
latter 1t made the pocrest showing of all the soils This may
be explained by the fact that, in the first procedure of test,
the properties of the entire specimens are measured while in the
second, the properties of the outer crust or surface are evaluated
The presence of amiline-furfural in this specimen so reduced the
water absorption that only the outer crust was affected during the
pericd of exposure  The waterproofing cf such a plastic soil
demonstrates tre effectiveness of this agent

4 The fact that all soils showed greater resistance to the wettang
and drying exposure than to the freeszing and thawing 15 quate
significant especially since the destructive action involved
could net be a consequerce of 1ce formation, because of the low
molsture content of the apecimens In general, stabilizing ad-
mixtures that owe their effectiveness to a binding or cementing
property are more affected by the freese-thaw test than by the wet-
dry test, for waterproofing admixtures, the reverse 1s true. Thas,
of course, 1s a consequence of the use of cementing agents for
nencohesive aznd of waterproofing agents for cchesive soils

4 From the results obtained in this study 1t may be concluded that
the effectaveness of amiline-furfural in the amounts employed 1s
due mainiy to 1ts waterproofing properties

6 That aniline-furfural resin acts as a binding as well as a water-
procfing agent 1s demonstrated in the resistance of the so1l H
specimen to freezlng and thawing Inasmuch as the test procedure
employed 1s usually quite destructave om sardy soils, the rela-
tively high strength of s¢1l H 1s wvery significant

7. The unexpected poor showing of scil L sheuld serve as a warning
of the danger involved i1n attempting to predict the resporse of
a sc1l to treatment on the sole basis of 1ts physical characteris-
tics

Comparison of the Soil Stabilizing Effectaveness
of Amiline—Furfural Hesin (70 30) with that of Other Stabaligers

In order to compare the stabilizing effectiveness of amiline-furfural resin
with that of other types of stabilizers, the resulis from a series of tests performed
in another study are presented i1p tables 30 and 32  Because of the limited scope of
these tests and the fact that laboratory tests do not alweys reflect the relative ef-
fectiveness i1n the field of different types of admixtures, the conclusions drawn are
necessarily of a quantitative character However, the results do demonstrate some
interssting properties of aniline-furfural resin

Table 32 shows the results obtained from a series of tests employing portland
cemant, a liquid asphalt, and anmiline-furfural resin with six different soils 11 The
characteristics of these soils are given in table 31  The plunger test, as prevaiously
described, was used in thas study

1These tests were performed oy the Joint Highway Research Project, Purdue
Universaty, as part of a project on scil stabilization sponsored by the Cival Aercmau-
ties Admnistration
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Sance the effectaveness of portland cement with soils 1s due to 1ts binding
properties and that of liquad asphalt to 1ts waterproofing properties (excluding gran-
ular mixes and asphaltic cements), the effectiveness of aniline-furfural resin can
perhaps best be seen by comparing the stremgth of the speecimens contalning this agent
with those made with pertland cement, and the molisture absorptlon with those contain-
ang the liquid asphalt Followang this procedure, 1t may be seen that the aniline-
furfural resin compares favorably with cement i1n binding properties and, at the same
time, performs as well as liquid asphalt in waterproofing the soils

Table 30 presents a comparison of the effectiveness of aniline-furfural resin,
a purely waterprcofing type of agent designated as Resin Stabilizer 321, and portland
cement It may be seen that by the procedurs of test employad (compressive strength
of 2% x 2" specimens), aniline-furfural resin appears to be a very effective stabil-
1zer Inasmuch as_Resin 321 has been shown to be very effective 1n waterproofing the
so1ls 1n quest10n,12 the binding properties of the amiline-furfursl] resin probably
account for the differences in strength obtained. It 1s interesting to note that
so1ls treated with Resin 321 showed prartically no stability after the freezing and
thawing test ~ an indication that Resin 321 has no binding effect A comparison of
the strengths of the aniline-furfural specimens and the cement specimens after wettang
ana dryang again demonstrates the excellent waterprocfing properties of this resin

TEST RESULTS IT - OTHER ARTIFICIAL RESINS

The Effectiveness of Urea—Furfurzl and Phenol-Furfural Resingi3

The results of the experiments on urea—furfursl and phenol-furfural resin bind-
ers are given in tables 34 and 36, respectively The phenol-furfural resing did very
poorly even with aniline-furfural admixtures The urea-furfural results were more en-—
couraging but still not nearly as good as those achieved waith aniline-furfural In
later experiments urea-furfural was used in combination with natural resin stabilizers
Tahble 35 shows the effectiveness of urea-furfural wath Belre Rosin in the stabilization
of s0ll G Experiments using Belro Rosin as a stabilizing agent and urea {from urine)
and furfural as dispersing agents were performed with soil N The results of these
tests, however, were very poor Ewvadenlly, as in the case of many other resins, urea-
furfural resins cannct be used effectively 1n heavy clay soils at the low densities
employed 1n this test series

The Effectaiveness of Phenol-Formaldehyde Combinations

Combinaticns of phenol and formaldehyde were tried on Nimtz fine sand (scil H)
The specimens failed upcn contact wath water, showing that the material did not set at
the low temperature employed.

lecAlpln, George W , Mainfort, Robert C , and Winterkorn, Hans F , "A Laboratery
Study of the Soil Stabilizing Effectiveness of a Complex Salt of Abietic Acad " CAA
Technical Development Note No 35

13The effectiveness of thnese and of other artificial resins depends, of course, to
a great extent upon the method of preparation of the resins and of the soil-resin
Speeclmens In this study, such methods of preparation were selected &s could be easily
aaapted to prevailing construction metheds It follows that the conclusions drawn here
hold only for the stated experimental conditions and for comparable field methods and
conditions
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The Effectiveness of Urea-Fermaldehyde Resins

Tables 37 te 39 show the results of experiments using urea-formaldehyde resinsc
including a commercial brand named "Weldwood glue ® Though several salt catalysts
were used, nowhere i1in these experiments was a direct acid-base catalysis attempted
In those experiments 1n which acid forming salt were used the PH value of the treated
so1l was not recorded It should also he noted that for the experiments recorded in
table 38 amounts of resln only slightly greater than 1 percent were employed, even the
very effective anliline-furfural resins showed poor strength at the prevalling low soll
densities until quantities of 2 percent or greater were used.

Clmstead and Kllpp14 found greater percentages (4 percent) of dimethylol urea
effective 1n s01l stabilization; however, they used a DuPont preparat.on, while our
stabllizer was prepared in the laboratory from urea and formaldehyde  They also maae
use of acid catalysts just before the addition of the resinm to the scal

The field for the development of this resin i1s still open  Better results
could, possibly, be achieved by adding the acid catalyst to the so1l just previous to
the addition of the dimethylolurea  Also some of the difficulties encountered by
Olmstead and Klipp might be overcome by keeping the resin solution alkaline until 1t
1s added to the acidified soil

The effectiveness of Calclum Sulfamate-Formaldshyde Resins

Table 40 gives the results cbtazined by the use of calcium sulfamate-.ormalde-
hyde resins. These results do nol appear to be very good However, very little work
has been done on this material and 1t might well bear further 1nvestigation especizlly
since the water inscluble resin is easirly formed by an exothermic reaction

The Effectiveress of Anilipe-Furfural Resins in Conjunction

with Vansol, Congo Resins, and Semi-Splid Amres

Table 41 shows the effectiveness of amiline-furfural resin in conjunction with
Congo resins and Vinscl Two percent of resinous material were used in each batch
cne percent of Vinsol or of the particular Congo resin and one percent of 70 30 anlline-
furfural resin The resin mxture was prepared by dissc.ving the Congo resir or Vipsol
1n the furfural, thenr adding the mixang water and amiline teo the furiural solution and
emilsifying tbe mixture 1n a milk shaker before adding it te the so1l  The results,
given 1in table 41, show that none of the resin mixtures proved to give as good results
as the 2 percent amiline-furfiral resin contrel sample on any of the 4 so1ls tested

Specimens were made using & 2 pereent of aniline-furfural resin (25 75) 1in con-
junction with two semi-solid amines  Four and ene-half percent of amine {on the basis
of resin added) was combined with the driline—furfural solution, and the resuiting
solution mixea with the soil The results showed no improvement over the control of
2 percent amline-furfaral resin ard are not recorded i1n this report

CONCLUSICNS

On the basis of the experiments performed in this investigation, the following
canclusiens may be stated

1. Two apsline-furfurzl combinations were found which gave reasonably
good resin binders. These represented ratios of 70 30 and 35465

’ of amiline and furfural, respectively Tke 70 30 resin was much
stronger and withstood weathering tests far better than the 35 €5
TESID

ligimstead, Lewis B and Klipp, L W "Chemical So1l Stavilazation of Seils for

¥alatary Uses,® Researcn Report No 22
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Both resins mentloned above were found to give poor results in
alkaline mixes Maxlmum strengths were obtalned when the mixes
were slightly on the acid sade

A minymum of approximately 2 percent of the best aniline-
furfural resin (70 30) was required to obtain appreclable
resistance to weathering for the low specimen densities
employed

The addation of 1ron or aluminum salts was found to improve
slightly the strength of the resin while the addation of
alkaline reacting materials was found to be detrimental

Foaming agents comblned with gas producing materials were
found unsuccessful 1n improving the strength of the specimens

Araline-furfural resin (70 30} 1s most effective with medium
plastic soils  Ccheslonless soils and heavy clays probably
require greater amcunts of admixture for successful treatment,
however, the amount required also depends upon the compacted
densities cf the scal

Aniline-furfural resin is both a binding and a waterproofing
agent — both properties are of considerable significance with
quantities of admxtures as small as 2 percent

Urea-furfural, phenol-furfural, and rhenol-formaldehyde resins
were found ineffective as soil stabilizang agents 1n the amounts
and form used

Urea-formaldehyde and calcium sulfamate-formaldehyde specimens
showed some promise bub the experiments performea were nct
conclusive
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APFENDIX 1

THE HISTORY AND STRUCTURE OF ANILINE-FURFURAL RESINS

The formation of resincus masses by reactien of furfural with various substan-
ces has been known for a long time Such materials were produced by Persowl5 1n 1860
and Stenhousel® 1n 1270 from furfural and aromatic amnes or phencls  However, nc con-
cise report was made at thal time on either the reaction mechanism or the reaction
products

Sehiffl7 1n 1870 assigned the formula

P CE,HA_NHz H20

/

y; P C6H4NH2H01
to the product obtained by the reaction of 1 mele of furfural with 1 mole of aniline
and 1 mole of amiline hydrochleride He considered the compound to be a derivative of
furyl diphenyl methane possessing a structure analogous to the dye stuffs of the tra
rhenyl methane class

Zincke and Mulhausenl8 1n 1905 concluded that the furfural ring opensd up in
the reaction gaivang the open chain compound

H H H H OF HH

I <::::>>—N £ =C -8 =C -C =N-<<::::>

C1

Raegel and Hathawaylg (1941) titrated the product with nitrous acid and found
that 1t reacted quantitatively From this formation of the diazonium salt they con-
cluded that the structure must be as shown in Formula I 1n order to permit the free NHy
groups fo be diazotized

However, Williams and Wilson?O discovered (1942) that in the formation of the
dlazonium salt of Riegel and Hathaway aniline 1is liberated They also found that treat—
ment with NaHS0j liberated aniline from the amiline-furfural product  Though the fate
of the remainder of the molecule 1s unkmcwn because of the ease of splitting off aniline
from the cpen chain compound compared to the dafficulty that supposedly wonld be en-
countered in aplitting off amiline from the diamilinofuryl methane structure, the authors
concluded that the correct structure is that preposed by Zincke and Muhlhausen, Formula
II. They also indicated that the dianilinofuryl methane structure coula not give the

15 persoz, Wagmer's Jahres Berichts, p.487, (1860)

16 Stenhouse, Proe Roy Seec., Vol 1B, p. 537 (1870)
Ann , pp 156, 199, (1870)

17 Schaff, Ann , pp. 201, 355, ilaso%
Ann , pp 239, 349, (1B67
18 7incke and Mulhausen, Ber., Vol 38, pp 282-1, (19C5)

19 Raegel and Hathaway, J Am Chem Sog , Vol 63, p 1835 (1941)

20 Williams and Wilson, J. Chem Soc , pp 506-7, (15942)
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deep reddish blue coler found in the aniline-furfural product which the open chain
structure very easily explains

Compounds of the Formula II type are known to crystallize easily, while the
free bases generally appear as resinous masses  Since the investigation described in
this report was concerned with a resan stabilizer, the work was done using 2 moles of
aniline to combine with 1 mole of furfural instead of the usual combaination using 1
mole of aniline and 1 mole of aniline hydrochlorade

For the purpose of checking the preposed structural formulas, two sets of ex-
periments were performed using p-toluidine and dimethyl amiline respevtively, instead
of aniline In the case of p-toluidine the p pesition of the benzene ring i1s full and
the reaction showld not go 1f Formula I 1s the structural formula Structural formula
IT requires the amino group to be free and theoretically p-toluidine would make a resin
under this proposed structure  The case of dimethyl anilline 1s just the reverse. A
resin would not be formed 1f IT 1s the correct formula, while, since the p posation is
open the resin would be formed according to I

Specimens 2 inches high and 2 inches in diameter were corpacted from Nimtz
fine sano (sozl H) comtaining 2 percert sniline-furfural in the first 3 batches, 2 per-
cent darethyl aniline furfural in the next 3 and 2 percent p-toluidine furfura®l in the
last batches  These sarples were then subjected to tne regular freeze-thaw and wet-dry
tests The results are shown 1n table 33

It can easily be seen that the dimethyl amiline furfural specimens did not
atand up at all, indicating there was nc resin formed On the other hand, while the
p-%o0lurdine furfural specimens did not stand up as well as the aniline-furfural specl-
mens, they did far better than the dimethyl anilaine furfural, These results lend sup-
port to Fermula IT

The series of tests made to fina the best propertions of aniline and furfural
for resin formation brought out two maxama in the curve (figure 2) The first and most
pronounced coincided with the ratio of 1 mole of furfural to 2 moles of amiline The
corresponding molecular structure has already been discussed The second maxamum coin-
cides with the ratio of 2 moles of furfural to 1 mole of aniline The structure of
this reaction product 1s probably

NHy
H
c
0 o
H
HCOH
0
SN |

This fermula 15 analogous te that for the condensation product of phenels and
aldehydes However, at present, the data avallable are too scarce to permlt a asfinite
decislon whether the material obtained 15 a2 chemical compound or a4 mixture of 2 1
anilipe—furfural resin with furfural and spontanecusly formed furfural resins

The resinous material thus formed is not as effective a stabllizer as the 2.1
amline-furfural compound
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APPENDIX II

ANTLINE-FURFURAL RESIN CATALYZATION

Recent work with aniline-furfural has shcwn a retardation of the condensation
reaction which wmath the technical grades of these materials availabie 10 years ago,
started sponteneously and instantaneously, immediately upon combination  This fact
represents an advantage insofar as 1t permits a betier control of the reaction How-—
ever, for the latter purpose it 1s 1mportant to have the right catalyst available
The tests described i1n the following were made in an attempt to discover and évaluate
an effective and adjustable catalyst for the aniline-furfural reactzon These tests
were concerned with

The Effectiveness of Powdered Chemicals as Catalysts

The Catalytic Effectiveness of Aqueous Salt Solutions

The Effect of Increasing Amounts of Water on Resin Formation
Amline-Furfural Emulsions

LN

The Catalytic Effectivensss of Powdered Chemicals

Batches containing 2 parts, by weight, of amiline to 1 part of furfural,
malkang 2 total of about 21 cc of the mixture, were prepared with small amounts of
potential catalysts A duplicate was made for each test wlith the addition of 2 cec
of water

One sample containing only aniline and furfural was set aside as a control
Thais sample was still soft after standing 3 days The sample containing 2 cc of water
(no catalyst) behaved the same way

The aaaition of a slight amcunt of ferric chlorade produced solidification both
with and without water, but produced better results wathout water. Possibly a little
mere of the ferric salt was added to the sample without water

Ferric sulphate produced a solidification, but to a very much lesser degree
than the chloride, and the soladification was not noticeable until several days after
adding the catalyst

The addition of aluminum chloriae caused thickening in the sample containing
water in about 30 minutes In the sample without water the reaction was slower, but
st1ll defimite

Barium chloride, sodium chloride, lead chloride, and calecium sulphate were tried
but preduced no thickerming or hardenaing effect on the mixture The addition of small
amounts of phosphoric acid produced a precipitate which appeared te be an aniline phos-
phate instead of the resin desired

This group of tests (table 42) pointed at the iron and aluminum chlorides as
the best catalysts for the purpose  As a check test, two samples were prepared in the
same manner as above, one with weter and one without water, adding a very small amount
of aluminum chloride Yo sach. In one aaditional sample with the alumnum chloride, 1
drop of phosphorie acid was added causing a slight precipitate as noticed 1n the earlier
tests  All samples showed thickening, but not very good solidificaticn

The Catalytic Effectaveness of Aqueous Salt Solutions

From these preliminary tests, the question arose as to the amount and form in
which the 1ron or aluminum chloride would be most effective Therefore, tests wers
made using diffe:enl amounts of these salts in agueous scoluticn  The resins were made
as formerly Ten grams of aluminum c¢hloride (6 H20) were digsolved 1n 25 cc of water;
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and 10 grams of ferric chloride (6 Hp0) were dissolved in 20 cc of water. All tests
were made on the pure anlline-furfural mixture without any water except that contained
in the catalyzaing solublon.

To adentaical samples ot the aniline-furfural mixture were added 1/2 cc, 1 cc,
2 cc, 3 ce, 4 ce, and 5 drops (1/4 cc) of catalytic solubtions (table 43) All samples
became hard after a day and a half. In general 1t was observed that the greater the
amount of the catalyst added, the more rapid the reactlon When 3 cor 4 cec were added,
the maxture hardened before the catalyst could be thoroughly stirred into the batch.
The samples contaiming 1 cc of the catalyst became thick falrly soon after the addi-
tion of the catalyst, but did not harden for 4 or 5 hours The samples in which 5
drops of catalyzing material were added toock cver nlght to harden. The aluminum chleo-
ride produced a better effect for the amount adaed than the ferric chlorlde., Much
better results were shown when the catalyst was added in solution than when 1t was
added i1n the erystal form

The Effect of Increasing Amounts of Water on Resin Formation

In order to determine whether or not the action of these catalysts was appre-
ciably affected by the presence of larger quantities of water, batches of the resan
were made 1n the same manner as before, adding increasing amcunts of water Six samples
were used with each catalyst, a control, in which no water was added, and 5 other sam-
ples, to which i1ncreasing amounis of water were added. To the firast six samples 5 drops
of ferric chloride solution were added to each batch, to the second six, 5 drops of
aluminum chloride sclution (table 44). The samples were stirred well 1n an attempt to
disperse the water into the anlline-furfural mixture However, these attempts were
not very successful With one sample an attempt was made to emulsify the aniline—fur-
fural solution and the water However, the emulsifier became clogged, and this process
had to be discontinued, however, such emulsification was carried out at a later date
in other experiments In these experiments the water remained in a separate phase from
the aniline-furfural solution, and had no effect on the solidafication of the resin

Anlline-Furfural Emulsions

Batcnes of anlline and furfural were made using 13 7 ¢c of aniline and 6 7 cc
of furfural in each batch Five drops of ferric-chloride soluticn (10 grams of ferric
chloride in 2C cc of water) were added to each batch (table 46). The fairst batch was
used as a control To succeeding batches, increasing amounts of water were added. Al1l
samples were emulsified with ferric chleoride added at the time of emulsification.
Probably the catalyst was not well dispersed in the conitrol sample, a large dark red
spot remained in the emulsifier after the emulsificaiion had been completed

After 1 hour the control sample had developed intc a soft resin, the sample
containing 5 cc of water had become a viscous liquid; the sample containing 10 c¢c of
mter seemed to have a surface scum thicker than the main body The other samples ap-
peared unchanged

After 2 hours apparently all the emulsions held except the sample containing
25 cc of water The emulsion had been broken in that case, and the amiline-~furfural
mixture had settled to the bottom.

The next observation was made after 3-1/2 hours The control was still soft
resin  The samples containing 15, 20 and 25 cc of water had broken from the emulsion,
and, instesd of formng a brittle-like resin, as 15 usually the case with aniline-fur-
fural, they formed a more or less flocculent precapitate This tendency to form a
floceulent precipitate appeared to be more prevalent as more water was added The sam-
ple centalnming 10 cc of water was gummy and showed tendencies to be flocculent 1In
the 5 ce sample, after the soft resin formed, the water collected im the center and
there mas a tendency to show a fluffy nature in thls aqueous portion

In a second group of experlmemnts, batches of aniline-furfural were made in
the same manner, except that aluminum chloride solution (10 g in 25 cc water) was
aedded in place of ferrie chloride.
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The control formed guite a hard resin immediately upon emulsification with the
catalyst. The second semple, having 5 cc of water, formed a viscous resin from which
water could be squeezed showlng that the emulsion was not badly broken before the resin
get. Homever, the resin formed was very soft The samplse contaiming 10 cc of water
formed a floecculent precipitate on the bottom of the cup with & gumy resin on top.

The emulsion ln all samples having more than 5 cc of water were not stable, but broke
before or durlng the reaction} the anlline-furfural settling to the bottom of the cup
and the water standing over it

It was found difficult to emulsify the mixture when the catalyst was added at
the time of emulsiflication becauwse chunks of resin would stop up the emlsifier.
Therefore a Serles of experiments was made in which the amlline-furfural and water
ware emulsified apd the catalyst added later It was alseo dealred to see the affect
of larger amounts of water; thersfore, to 400 cc of water were added 13 7 cc of aniline,
6.7 cc of furfural and 5 drops of respective catalytic solutions Samples were pre-
pared in which the catalyst was added both before and after emmlsificatlon (table 45).

After 5 hours, in the case of those samples o which the catalyst was added
before emulsification, the samples containing alumnum chloride seemed to remain asg a
stable emulsion with & slight coating on the bottom of the cup 1In the case of the
sample containing ferric chloride, the emulsion broke and formed a scum that floated
on top of the water.

In the cases whare the catalyst was not added until after emulsification, the
emulsified liquid came out white and milky in color. Upon the addition of 5 drops of
the catalyst, the aluminum chloride sample turned pink, and a thick flocculent precip-
i1tate was formed Upon the addition of the ferric chloride catalyst to another sample
of the same emmlsicvn, the solutlon turned a dark brown, and a small precipitate was
formed. A check test turmed out the sams as che origamel

Samples of the emulsion were taken and the amount of the catalyst was tripled
The effect was that a thicker and more strongly colored precipltate was formed more
quickly in both cases with the alumimum chlorlde showing the best over-all flocculent
effect., The brown color when the iron catalyst was used, and the red cclor when the
elumimm catalyst was used, may indicate that the flocculent precipltates which wers
obtained were not true aniline-furfural resins, but alumlnum and iron complex compounds,

It was found that the emulsificatlon of the aniline-furfural and water in an
aluminum emunlsifier caused the reaction to be catalyzed sometimes to thse extent that a
floceulent preciplitate was formed  However, it was found that a stable emulsion could
be obtained by adding a small amount of socap to keep the mixture on the alkaline side
until the catalyst was added.

Conclusions

1. The best catalyst found for the anillne-furfural reaction was 41Clg It was most
effective when added as a saturated, or nearly saturated, agqueous solution

2. FeClB was not quite as effective as AlCly It was more effective when added as 8
saturated, or nearly saturated, sclution than when added in pomder form

3 The greater the amount of either of these catalysts used, the greater was the ac-
celeration of the reaction (5 percent A1Clq added as a saturated aqueous solu-

tion produced solidification before the cata{yst could be thoroughly mixed with

the 21 cc of aniline-furfural used ) )

BaClsy, FeSO;, NaCl, PbO, and HyPQ, were tried as catalytic sgents, but did not

produce good results

Fe30, catalyzed the reaction, but much more slowly than elther FeClg or AlCl,

HyPQ,, produced an aniline phosphate precipitate.

The presence of large quantities of water was found to decrease the effectiveness

of the catalysts A soft, gummy resin was formed which tended to settle out at

the bottom in tests in which the water was just stirred into the amiline-furfursl

mxture However, 1f the water was emulsified with the anlline-furfural mixture,

the resin formsd as a floeculent precipltate

8 In cases where the samples were emulsified, 1t was found to be more practical to
add the catalyst after the material had heen emulsifled.

9 The addaition of a small amount of scap was effective in keeping the reaction
from takdng place in the aluminum emulsifaier

L. TN
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TABLE 1

EMPLOYED IN THE INVESTIGATICN

Gradation Atterburg Lamits Organic |Base Ex |[Optimum Max |Dry Densaity
So1l Colloiz|Clay|51lt(Sand |[LL PL PFPI1I S L Matter |Capacity|Moisture Lbs/Cu Ft
| ® | % |2 % (1) £ (2) (3)
H 4 5 5 50 Non Flastic 0 42 2 17 12 103
P 9 131 |12 TPo1e0 170 20 1 0o 5 62 14 109
B 14 22 |1° 67 |22 1 181 40 144 136 g 28 145 113 35
E 14 18 32 50 225 18 3 4 2 15 3 2 47 g 84 14 115
L 9 17 |28 55 | 23¢c 180 50 163 147 871 14 C 101 3
G 7 17 |53 30 [250 1B6 64 156 138 |12 86 15 110
U (3) 12 |22 |41 | 39 |31e 20111 1a9| 132 |10 15 16 110
N 12 25 |30 45 [ 321 124137 156 179 |16 24 17 104
N 19 40 |27 A3 | 450 G020 126 1 a5 13 56 22 96
v 20 45 21 AU |25 Q431 L 127 302 [18 48 28 S0

(1) Mla-equivalents per 10C g (2) By modified procedure aescribed in text {3) This scal contains

free Cal 03

TABLE 2

THE EFFECT OF TLE ANILINE-FURFURAL RATIO QN THE QUALITY
OF TEE RESINQUS CEMEMT (NO CATALYST)

Aniline— Furfural Compressive Strength in Lbs/S5q In
Ratao

Aniline | Furfural | Dry |Wet | Dry Wet | Moist | Wet
2 % 1 W-D|4W-D|1F-T |4 F-T
10 90 B4 | 26 85 34 25 10
20 BO 79| 33 59 29 25 27
30 70 125 ( 39 92 32 35 30
&0 60 167 40 | 121 ag 40 33
50 50 134 | 50 | 158 31 34 35
60 40 262 [ 148 | 153 49 67 72
70 30 450 (239 | 271 70 144 132
B0 20 221 | 150 | 108 26 50 21
90 10 98 | 25 69 29 23 g
0 100 58 6 70 & 12 *

# Mechamical defect
Batch Compositlion

Soil H, 2% Anilire-Furfural

Mixture, no catalyst




21

TARLE 3

THE EFFECT OF THE ANILINE-FURFURAL RATIO Ok THE QUALITf OF THE
RESINCUS CEMENT IN THE PRESELCE OF O O8% HGC1 AS CATALYST

Aniline —Furfural Compressive Strength an Lbs/Sq In
Ratic
Aniline | Furfural | Dry |Wet | Dry Wet |Moist [ Wet
4 % 1 W-D|4W-D|1PF.T]|4 F-T
10 S0 40| 10 e 10 5 4
20 80 46 14 HH 13 8 9
30 70 60 | 16 11 12 g 8
L0 60 43 8 19 10 L3 4
50 50 58 | &2 29 14 3 10
60 40 289 | 147 80 40 55 52
70 30 207 (128 | 67 1 75 46
60 20 225 | 40 41 28 11 13
90 10 16 5 ) 7 5 5
4] 100 ©7 8 7 2 3 £
>3 Failed

Batch Compositior  Scal H, 2% Amiline-Furfural
Maxture, 0 08% {1 1/2 cc) HC1

TABLE £

THE RFFECT OF TEE AJILINE—FURFURAL RATIO 0! THE QUALITY COF TiE
RESIMOULS CELEMNT IN TEE PRESENCE CF O 16% hCl AS CATALYST

Aniline —Furfural Gompressive Strength in Lbs/Sq In
Ratig
Amlaine | Furfural | Dry |Wet | Dry Webt | Moist| Wet
% % 1W-D|4W-D|1 F-T| 4 P-T
10 30 7| R4 38 7 21 9
20 a0 T8 | A5 8g 17 33 26
30 70 137 | 95| 111 29 61 3B
40 oc 188 |109 | 182 41 73 an
50 50 136 (123 | 137 34 £1 29
60 40 116 | 99 | 110 1 58 35
70 30 136 | 75 80 23 41 31
80 20 8L | 26| 45 16 26 12
Q0 10 48 | 2 35 g 17 8
o 100 57 11 88 g & *5
*x Failed

Batch Coroosition Sl E, 2% Anilaine-Furfural
Mixture, O 16% {3 cc) HC1

TAELE 3

THE EFFECT OF THE ALILINE-FULRFURAL RATIO O THE QUALITY OF THE
RESIYOUS CEMENT IN THE PRESEMCE OF © 05% NaCk A3 CATALYST

Aniline —Furfural Compressive Strength in Lbs/Sq In
Ratio
Aniline | Furfural | Dry (Wet | Cry Wet | Moist | Wet
1W-C |4 W-D|]1PFT]|4 F-T
10 90 :g] ot E3) R For 23
20 80 84 | »w 3 i = 2
30 70 130 rE £33 3 5 R
40 60 122 | == ¥ e e 103t
50 50 86 | 5 » 3 e
60 40 177 9 £ 4 7 e
7C 30 217 | 22 | 212 24 13 5
ac 20 201 18 154 25 10 5
Q 10 94| 12 96 17 4 8
o] 100 gz e = E2 Eid L
#% Failed

Batch Composition Soil H, 2% Amiline-Furfural
Yaxturs, 10% (10 c¢) NaOH
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THE EFFECT OF I'VDROGEN AND

2

TABLE 6

IYDROXYL IONS (FROM HCl AND NaCH)
ON 4 50 50 AN1LINE-FURFURAL RESIN

Catalyst Compressive Strength in Ibs/Sa In
cc Dry | Wet Wet Moist Wet
1WD |4 %D | 1FT]| 4 FT
Conc HC1
05 o8 10 33 28 23 4
190 211 7 40 22 21 13
15 147 13 31 16 18 15
20 A 14 44, 18 10 12
3.0 119 v 2G 20 7 23
None 3o i 29 15 = 2
10% NaOH
1 a8 2 T 28 LS 1
2 51 3 &8 19 FY a0
4 85 ¥ 45 2 * 3
é B, * i e T s
g 106 W 5 s * *H
10 105 2t ¥ o 2 b3
1
=+ Failed

Batch Composition

Resin {50 50)

added to 2200 g of soil

THE EFFECT OF HYDRCGEN AND

TABLE 7

HYDROXYL ICN3 (FROM HCl AND NaCH)
ON A 35 65 ANILINE-FURFURAL RESIN

So1l H, 2% Aniline-Furfural
Amounts of rcatalyst shown were

Catalyst Compressive Strength in Lbs/Sq In
ce fo_w Wet Dry Tet Mcist et
1 W-D | 4 W-D 1 P-T 4 F-T
Gonc HC1
a5 66 43 37 26 26 3l
10 &7 &7 47 23 51 34
20 62 a2 26 26 35 14
30 &4, 20 34 26 17 13
None 43 11 20 22 g 9
10% NaOH
1.0 63 13 &3 36 13 10
20 g8 16 54 15 13 11
4.0 89 5 71 25 5 &
6.0 g2 ¥ Hoe e o i
B0 118 4t e 3% e e
10 0 ag e e o e %
## Failed

Batch Compositicn

Hesin (35 65).

added to 2200 g of seo1l

Sorl H, 2% Analine-Furfural
Amounts of catalyst shown were
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TABLE &

THE TFFECT 0F FYDROGEN AND HYDROXYL IOMS (FROM HCL AND NaCH)
ON A 70 30 ANILINE-FURBURAL RESIN

Catalyst Compressive Strength 1n Ibs/Sq In
ce Dry | Wet Iry Wet Meaist Tet
1%-D | 4 WD 1Fr-T 4 FP-T
Conc HC1
05 4B1 | 230 96 65 92 62
10 317 | 113 62 51 51 a1
20 119 g9 24 7 Jz 7
30 118 78 95 20 J1 19
None 395 | 207 95 71 90 g2
10% NaOH
10 321 86 66 29 50 40
20 209 | 1loo FAA 38 32 17
4 0 286 32 62 55 15 10
60 272 19 75 &3 13 6
g o 341 L4 49 54 1 9
10 0 401 &2 52 &4 23 16
¢ Failed

Batch Composition So1l H, 2% Amline-Furfural
Resin (70 30) Amounts of catalyst shown were
added to 2200 g of so1l

TABLE G

T [E EFFECTIVEINESS Oz LOW PERCENTAGES CF 70 30 ANTLINE-FURFURAL
RESTh LIl ACID, AL<ALINE, AND NEUTRAL MEDIA

Percent | Catalyst | Compressive Strength in 1bs/Sq In
HResan ce Iry |Wet | Wet Wet Wet Wet
1W-D|4W-D|1lPFT|4FT
05 None 72 33 17 1 17 10
1.0 None 157 | 96 30 26 a0 23
15 None 291 (161 & 17 76 52
20 None 420 (303 76 64 121 104
HC1
0.5 07 53 | 22 10 14 7 6
1o 150 56 | 26 11 12 9 B
15 2 30 54 | 36 11 14 15 13
2C 3.00 iz24 | 57 20 37 32 28
10% NaOH
05 25 149 | 56 19 38 19 16
1.0 54 232 | 25 20 55 13 9
15 75 304 | 22 15 €0 10 6
20 00 393 | 12 | 44 63 9 6
Batch Composition  Soil H, Anlline-Furfural Resin
{70 30) Amounts of catalyst shown were added %o
2200 g of soll
TABLE 10
THE EFFECTIVENESS OF LOW PEFCENTAGES CF
35 65 ANILINE-FURFURAL RESIN IN NEUTRAL MEDIA
Percent Compressive Strength in Lbs/Sq In
Resin Iry Wet Vet Vet Wet Wet
1W-D |4AW-D| 1F-T | 4F-T
1 93 9 18 8 1 12
2 64, 10 14 5 15 7
4 32 14 55 2 16 12

Batch Camposition  Soil H, Aniline-Furfural
Resin (35 65)
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TAGBLE 11

THE EFFECT OF VARIOUS ICHS ON THE QUALITY
OF 35 65 ANILINE-FURFURAL RESIN

Compressive Strength in Lbs/Sq In

Catalyst Dry| Wet | Wet Wet Wet Wet
1%W-D |4 W-D (1 F-T |4 F-T
None (Control) 200! 135 st 34 a8 57
Cation Effect
11 g NaOH 1551 #w 22 25 = H
1 15 g KCH 71 9 26 22 2 5
22 g BaOH el 12 28 1 S 7
07 g Ca(OH)a 76| 13 28 16 g g
Anien Effect
13 g HaS0, 160y 106 70 38 50 51
17 g Hic 146 135 55 5 53 63
2 25 g HNO 173| 104 95 36 74 66
0B g HaPOy 162| 171 B8 25 B7 635
Effect of Sodium Silicate
10 cc 50% NapSi)0g go] 14 27 22 10 7
20 cc 50% NagS1,Cq 1230 45| 6 | 33 28 20

. Failed

Batch Composition

of so1l

So1l H, 2% Amline-Furfural Resin
(35 65) Amounts of catalyst shown were added to 2200 g

TABLE 12

THE EFFECT OF VARIOUS IONS ON THE QUALITY
CF 70 30 ANILINE-FURFURAL RESIN

Compressive Strength in Lbs/3q In
Catalyst Dry| Wet | Wet Wet Wet Wet
1WD| 4 W-D 1 F-T |4 F-T
Cation Effect
11 g NaOH 117 g 32 26 £33 £ 23
115 g KO 232] 19 135 52 12 6
43 g Ba(OH)p 38 7 60 41 8 5
22 g Bal0OH); 1241 13 29 28 11 8
14 g Ca(O}{)2 148|] =20 27 37 14 12
07 g Ca(OH)2 131| 16 36 38 14 5
Anion Effect
11 g 250, 544 271 98 67 121 66
17 g HAC 272 78 52 55 61 32
2 25 g HNOj 255| 139 S8 43 70 7L
08 gHgP0, A46( 199 B/ 69 101 55
Effect of Sodium Silicate
10cc 50% NapS1,0q I92] 21 41 51 16 6
B 20cc 50% Nap51,09 108| 10 == #x 7 »x

¢ Failed
Bateh Composition

of soal

Scal H, 2% Aniline-Furfural Resin
{70 30) Amounts of catalyst shown were added to 2200 g
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TABLE 13

THE EFFECT OF INCREASING AMOUNTS OF
SULFURIC ACID ON THE QUALITY OF
35 65 ANILINE-FURFURAL RESIN

Compressive Strength in Lbs/Sq In
HoS0 Oy | Wet | Wet | Wet et Wet
g 1 W-D 4 W-D 1 F-T 4 F-T
14 127 138 77 30 7 35
2.8 204 162 75 *H 61 43
56 162 160 72 i Ab Ay
8 4 219 | 183 % 32 49 64
11 2 120 78 80 27 4L8 30
14 0 131 166 65 39 59 4dy
#% Falled
Batch Composition  Seil H, 2% Aniline-Furfural Resin
(35 65) Amounts of catalyst shown were added to 2200 g
of s01l
TABLE 14
THE EFFECT QF INCREASING AMOUNTS OF
SULFURIC ACID ON THE QUALITY OF
70 30 ANILINE-FURFURAL RESIN
Compressive Strength in Ibs/Sq In
Eo80, Iry Wet Wet Wet Wet Wet
e 1 %W-D 4L W-D 1 BT 4 F-T
14 418 168 85 & 106 85
2.8 314 204 77 37 95 &0
56 402 229 96 55 116 109
B 4 246 172 58 a3 B8/ 95
11 2 340 145 77 40 82 73
140 250 131 g5 a7 7L 63
Bateh Comppsition  Soil H, 2% Anmiline-Furfural Resin
(70 30) Amounts of catalyst shown were added to 2200 g
of soll
TABLE 15
THE EFFECT OF VARIOUS SALTS ON THE QUALITY
OF 35 65 ANILINE-FURFURAL RESIN
Compressive Strength in Lbs/Sq In
Gatalysat Dry | Wet | Wet | Wet [ Wet | Webt
1 W-D|4 W-D|1 F-T|4 F-T
None 158 | 131 25 21 12 7
6 3 g Fep(80,)y 6 H0 109 [113| 74 | 35 | 25 | 27
3 2 g Fea(s80;)” 6 H0 124 | 93| 66 26 | 27 10
2 3 g ¥eCly. b HpD L3 | 76| 57 | 21! 34| 29
20¢g AlCl3 6 HpO 206 | 118 22 35 49 59
20¢g ZnSO&_ 7 Ha0 168 7 81 22 20 26
30 g MgS¢, H20 132 | 49| 33 13 21 7
5 4 g M12(504)3 18 Ha0 129 | 149 | 68 g 66 40
57 g Al2(80,)3(NH,) 250, | 128 |109| 47 | 41 | 56 45
2/, Ho0
3 5 g NapllPOy 134 10| 23 10 e i

Batch Composition
(35 65)

Soil H, 2% Aniline-Furfural Resin

Approximately 1/40 mole of salt shawn
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TALBLE 16

THE EFFECT OF VARIOUS SALTS CN THE QUALITY
OF 70 30 ANILINE-FURFURAL RESIN

Compressive “trength in Lbs/Sq In

Salt Dry Wel| Wet | Wet | Wet | Wet
g 1 W-D|4 W-D|1 F-T|4 F-T
None 221 &7| 58 43 | 119 20
6 3 g Fea(50,)3 6 FaD 37 23| 15 15 14 18
32¢ F82(504)3 6 Hal 33 21| 18 17 18 5
2 3 g FeCly 6 HyC 109 81f 23 26 56 24,
2.0 g M1C137 6 HpD 273 205 96 41 95 60
2.0 g Zn30; 7 HpO 320 198 102 4B 55 54,
30 g Mg80; 7 HoD 337 1e6| 48 27 62 23
5 4 g K15(50,)3 e Hp0 106 95| 16| 33 | 118 | %
57¢g

MQ(SOA)B(NH['_)QSOA 138 77| 60 21 60 65
24, Hn0
g Ha2H0P4 410 184 202 38 116 il

W
\h

Batch Composition Soil H, 2% Aniline-Furfural Resin
(70 30) Approdmately 1/40 mole of s21t as shown.

TABLE 17

THE EFFECT OF FOAMING AGENTS ON THE QUALITY
OF 1 3 ANILINE-FURFURAL RESIN

Compressive Sirength in Lbs/Sq In

Foaming Dry | Wet Wet Wet Wet Tet

Apgent 1 W-D 4 W-D 1 F-T 4 F-T
None 163 35 55 59 25 12
A 43 10 34 14 10 6
A1) 5 21 24 10 16 12
B 55 6 1z 11 6 *H
G 61 9 20 13 g 3
D 89 14 17 50 11 g
E 80 13 11 17 7 6
F 39 7 23 13 B8 3
#% Failed {1) Heat treated 16 hours at 75 &

Batch Composltion 3011 F, 2% Amiline-Furfural Resin
(1 3) Foamng agent as shown

Composition of Foaming Agents

A =tg NaHCOB + 2g K0l

B = 3g CaCy with Vinsol

C =2 3g NaNOy

D=2 3g NalWQy 4 2g urea 4 1 8g NH4Cl + Formalin
E =2 3g NaNO + 2g urea + 1.8g NH;Cl + Furfural

F =2 3g NaNOy + 2g urea + 1 Bg NHAGl
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TABLE 18

THE EFFECT OF FOAMING AGENTS ON THE QUALITY
OF 70 30 ANILINE-FURFURAL RESIN

Compressive Strength in Lbe/Sq In

Foaming Try Waﬁ Wet Wet Vet Wet
Agent 1W-D | 40D | 17T | 4 BT
None 331 | 201 B0 119 133 83
A 311 | 122 71 75 70 52
ALY | 150 | 230 7 g2 60 45
B ) 147 35 2 21 16 15
C 510 186 139 53 53 36
D 535 | 111 103 58 62 34
E 581 85 ge 69 33 19

(1) Heat treated 16 hours at 75°C
Bateh Composition  Soal H, 2% Aniline-Furfural Fesin

(70 30] Foamng agent as shown

Composition of Foaming Agents

A = 4g NaHCO3 + 2g NH; C1

B = 3g Caly with Vansol

C =2 3g NaNO,

D =2 3g NalNOp + 2g urea + 1 8 MH,C1 + 4g Formalin

E =2 3g NalOp + 2g urea + 1.8g NH,Cl + 3g Furfural

TABLE 19

THE EFFECTIVElESS OF TWO PERCENT 0F ANTLIME-FLEFURAL RESIN
(70 30} In THE STABILTZATICN CF 30IL B AS A FUNCTIOM
CF THE ACIDITY GR ALKALINITY COF THE MEDIA

Gompressive Strength in Ibs/Sq In
Catalyst Iry | Wel | Wet el et Wet
1 %- D4 W-DJ 1 F-T| 4 P_T

None 556 | 460 | 359 [ 521 | 248 g3
3 ce Cone HC1 540 [ 403 | 441 425 243 89
15 ce Cone MHCL 547 | 282 | 3484 383 278 &7
2 cc 108 NaOH Sol 592 | 434 | 315 316 200 80

6 cc 10% NaCH Sol 60C [ 362 | 140 496 79 41

10 cc 10% NaOH Sol &72 (350 | 283 488 188 67

Batch Composition Scil B, 2% Amyline-Furfural Resin
{70 30} Amounts of catalyst shown were added to
2500 g of s01l




TABLE 20

2

THE EFFECTIVENESS OF TWO PERCENT OF ANILINE-FURFURAL RESIN
(70:30) IN THE STABILIZATION OF SOIL E AS A FUNCTION
OF THE ACIDITY CR ALKALINITY OF THE MEDIA

Compressive Strength in Lb

sés% In.
e

Catalyst Dry | Wet Wet Wet Vel

1 W-D 4 W=D 1 F-T| 4 F-T
None 702 | 528 203 518 282 137
3 ce Conc., HC1 s 2801 220 77 162 173 86
1.5 cc Conc. HC1 2081 313 184 328 204 146
2 cc 10% NaOH 5611 441 181 213 261 161
6 cc 103 NalH 803 | 418 172 T 133 85
10 cc 10% NaCH 743 | 406 | 219 626 223 77

Batch Composgition:

g of soil.

Soil E, 2% Aniline-Furfural Resin
{7G:30). bAmounts of catalyst shown were added to 2200

TABLE 21

THE EFFECTIVENESS OF TWO PERCENT OF ANILINE-FURFURAL RESIN
(70:30} IN THE STABILIZATION OF SOIL G AS A FUNCTION
OF THE ACIDITY OR ALKALINITY OF THE MEDIA

Compressive Strength in Lbs/Sq In.

Catalyst Try | Wet Vel Wot | Wet | Wat

1 W-D 4 W-D|1F-T| 4 F-T
None 884 | 681 642 477 395 132
3 cc Conec. HC1 834 | 685 704 512 402 206
1.5 ce Conc. HCL 1325 | 1044 1174 555 563 259
2 cc 10% NeOH Sol. Q44 | 445 Q79 679 401 209
6 ce 10% NaCH Sol. 1395 | 657 613 1087 451 170

Batch Composition:

g of =oil.

S0il G, 2% Aniline-Furfurasl Resin
{70:30). Amounts of catalyst shown were added to 2520

TABLE 22

THE EFFECTIVENESS OF TWCO FERCENT OF ANILINE-FURFURAL RESIN
{70:30) IN THE STABTLIZATION OF SOIL H AS A FUNCTICN
CF THE ACIDITY CR ALKALINITY OF THE MEDIA

Compressive Sirength in Lbs

/Sq In,
ﬁet Vet

Catalyst Try | Wet et Wet

’ 1W%W-D,4WD|1FT}{4 F-T
None g6 | 211 96 54 91 23
3 ecc Cone. HC1 132 79 65 20 a2 19
1.5 cc Conc. HAC1 207 128 &7 11 76 46
2 cc 10% NaGh Sol. 210 106 2y 39 32 17
& cc 10% NaCH Sol. 272 20 75 63 14 6
10 cc 10% HaOH Sol. 452 62 77 45 23 16

Batch Compobition:

g of scil.

501l H, 2% Aniline-Furfural Resin
(70:307. Amounts of catalyst shown were added to 2100



TABLE 23

2

THE EFFECTIVEKESS OF TWO PERCENT OF ANILINE-FURFURAL RESIN
{70:30) IN TFE STABILIZATION OF 50IL L AS A FUNCTION
OF THE ACIDITY OR ALKALITINITY OF TUE MEDTA

Compressive Strength in Lbs/Sg In.

Catalyst Try | Wet Wet Wet Wet Vet

1%W-D|4W-D|1F-T| 4 FT
None 478 [ 371 172 513 162 51
3 cc Conc. EC1 221 | 348 117 398 Q93 as
1.5 ce Conc. HC1 453 | 372 ‘a5 350 166 a2
2 cc 10% KaQH Sol. 562 411 78 353 143 43
6 cc 104 NaOH Scl. 611 | =69 69 259 ole] L8
10 cc 10% NaOH Sol. 506 | 157 11z 316 149 49

Batch Composition;

g of soil.

Sc¢il L, 2% Aniline-Furfural Resin
(70:30). Amounts of catalyst shown were added to 2200

TAELE 24

THE EFFECTIVENESS CF TWC PERCENT OF AMILINE-FURFURAL RESIN
(70:30) TN THE STABILIZATION OF SOIL M AS A FUNCTION

OF TEE ACIDITY OR ALEALINITY OF THE KEDFA

Compressive Strength in 1bs/Sq In.

Catalyst Dry | Wet | Wet Wet Net Wet
: L W-D| A W-D 1 F-T 4 F-T
None 1124 246( 515 | 21196 175 35
3 ce Cene. HCL qoy 586| 560 548 182 78
1.5 cc Conc. ECL a20 1391 109 499 17 5
2 cc 10% NaOH Sol. 956 405| 189 702 83 22
6 cc 10% NaCH Scl. 827 184 75 445 82 15
10 ce 104 NaQHd Sel. a15 2L4 | 221 198 135 26

Baten Composition:

g of s0il.

S50il M, 2% Aniline-Furfural Resin
T75:30). fmounts of catalys< shown were added to 2200

TABLE 23

THE EFFECTIVENESS CF TWO PERCENT OF ANILINE-FURFURAL RESIN
(70:30) IN THE STABILIZATIOK OF SCIL N AS 4 FUNCTION
CF THE ACICITY CR ALKALIRITY OF THE MEDIA

Compressive Strength in Lbs/Sq In.

Catalyst Cry | Wet | Wet TWet Wet Wet
: 1 W-D| 4 W-D 1 F-T |4 FP-T
None 1273 | 981 [1263 gas 59 105
3 cc Cone. HGLl' 947 | 757 | 808 722 4B 90
1.5 cc Conc. HCL w003 | 771 | 835 247 178 54,
2 ce 10% NaOH Sol. 1060 | 643 | 7782 436 419 96
é cc 10% NaDH Sol. 1208 | 638 | 942 713 178 22
10 cc 10% NaCH Sol. 1019 | 443 | BO4 [ 21C 248 a5

Batch Composition:

(70:30). Amounts of catalyst shown were added to 2200

g of soil.

Scil N, 2% Aniline-Furfural Resin
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TAELE 26

THE EFFECTIVENESS OF TWQ PERCENT CF ANILINE-FURFURAL RESIN
(70 30) IN TVE STABILIZATION OF SCIL P AS A FUNCTION
OF THE ACIDITY COR ALKALINITY OF THE MEDIA

Compressive Strength in Lbs/3g In

Catalyst Dry [Wet | Wet Wet Wet et

1W-D| 4 WD 1 F-T|4 F-T
None 494 | 173 | =252 284 135 59
3 cec Conc HC1 414 | 283 | 158 188 149 99
15 cc Conc HC1 412 [ 318 | 346 256 165 130
2 ce 10% WalH Sol 496 | 208 | 298 198 140 78
6 cc 10% NaOh Sol 503 31 99 198 83 17
10 cc 10% NaOH Sol 561 | 181 45 167 a2 45

Batch Composition Sc1l P, 2% Aniline-Furfural Resin
{70 30) Amounts of catalyst shown were added to 2360
g of scal

TABLE 27

TFE EFFECTIVENESS OF TWO PERCENT OF ANILINE-FURFURAL RESTN
(70 30) IN THE STABILIZATION OF SOIL U AS A FUNCTION
COF THE ACIDITY OR ALKALINITY OF TFE VEDIA

Compressive Strength in Lbs/Sq In

Catzlyst Ory | Wet Wet Wet Wet ~Wet

1%-D|4W-D|1FT |4 FT
None 622 | 310 536 466 185 43
3 ec Conc, BC1 482 | 200 370 222 96 25
15 cc Come HC1 436 48 309 314 121 28
2 cc 10% NaOH Sol 277 #r 38 29 10 5
6 cc 10% NaCH Sol 406 68 134 201 45 E
10 cc 10% NaCH Sol 553 e 191 137 13 { 12

¥#Farled

Batech Composition  Scal U, 2% Aniline-Furfural Resin
(70 30) Amounts of catalyst shown were added to 2270
g of soil

TABLE 28

THE EFFECTIVENESS CF TWCG PERCENT OF AMILINE-FURFURAL RESIN
(70 30) IN TdE STABILIZATION OF SQIL V AS A FTUNCTION
CF THE ACIDITY CR ALKALINITY OF THE MEDIA

Compressive Strength in Lbs/S8q In

Catalyst Dry | Wet Wet Wet Wet Wet

1W-D|4W-D|1PF-T|4 F-T
None 749 | 468 664 223 72 12
3 ez Cone HCL 935 530 186 E) g6 19
1 5 ce Conc FC1 1147 | 512 242 E33 40 13
2 cc 10% WaCH Sol 1143 | 276 51 P 18 9
6 cc 10% NaOH Sol 915 | 500 222 25 24 16
10 ¢c 10% NaCH Sol 1089 | 528 127 o 45 10

rxFa1led

Batch Composition So1l V, 2% Aniline-Furfural Resin
(70 30) Amounts of catalyst shown were added to 2310
g of soil




TABLE 29

THE EFFECTIVEIESS OF TWO PERCENT OF ANILIME-FURFURAL
RCEIN (70 30) 1M TIEE STARILIZATICH OF
10 S0ILS - 4" x 6" SPRCIMLONS

TABLE 30

COMPARTSON OF THE SOTL STABILIZING EFFECTIVENESS
OF ANILINE-FURFURAL (70 30), RESIN STABILIZER 321, AND

PCRTLAND CEMENT

Plunzer Loald 1n Lbs

Compressive Strength in Lbs/Sq In

So1l After Different Conditions of Treatment 501l Type of Wet Tet et Wet
la 1 2 3 &4 5 [ 7 Admixture Dry Tet 1W-D| 4 W-D |1 F-T |4 F-T
H 360 767 358 669 329 €52 175 442 H Anmiline-Furfural 396 211 96 54 9L 83
Resin 321 17 3 15 w w3 n
P 20451 1327 554 1102 493 1144 Q41 1136 Portland Cement 106 6l 59 54 47 a7
B 2029 1588 584 1488 563 1515 987 1549 P Aniline-Furfural 494 173 252 284 135 59
Resin 321 95 41 a1 29 8 1
E 2446 1339 613 1213 638 1527 991 1591 Portland Cement 185 98 7 g7 80 92
L 2812 2442 820 1911 260 942 1376 1648 B iniline-Furfural 556 460 359 521 248 93
Resln 321 255 157 163 156 53 7
G 2216 1991 727 2084 539 1681 1098 1987 Portland Cement 420 269 178 397 225 198
U 2364 1880 602 1784, 429 1568 1240 1665 E Aniline-Furfural TR 528 203 518 =282 137
Resin 321 341 187 210 141 ] 34
¥ 2065 1201 367 1025 397 685 298 260 Portland Cement 307 171 146 141 119 a3
N 1552 1286 350 1516 140 423 J1 476 L Anilane-Forfural 47g 377 172 513 162 51
Resain 321 413 142 i78{1) 258 48 7
v 1701 1936 6RE 2348 351 2024 311 1164, Portland Cement 150 227 153 185 154 148
Hatch Compesition 2% Aniline-Furiural Besan (70 30) G=- Anmiline Furfural 284 681 642 A7 395 132
Resin 321 390 57 121 185 39 2
Fortland Cement 291 131 47 75 B85 75
Conditions of Treatment U Aniline-Furfural 622 110 536 466 185 43
Resin 321 264 67 176 134 3 1
All specimens were air-dried for three days, dried to Portland Cement 17 153 102 120 115 90
constant weight i1n an oven and then subjccted to the
different conditinns of treatment described below M Amiline-Furfural | 1124 249 515 1196 175 35
Resin 321 425 234 233 308 73 4
la Untreated specimen — No further exposure - tested dry Portland Cement 367 181 112 o7 103 111
1 No further exposurs - tested dry
2 10 days capillary absorptien - tested wet N Anmxline-Furfural | 1273 GRl 1263 884 99 105
3 10 days capillary absorption, and re-drying 1n ovan- Resin 321 645 155 306 20 BE 2
tested dry Portland Cemenl 470 206 95 118 142 96
4 10 days capillary absorption and 12 cycles of freezing
and thawing - tested wet v Amiline-Furfural 749 468 664, 223 72 12
5 10 days capallary absorption, 12 cycles of freezing Resin 321 284 110 142(1) &7 20 1
and thawing, and re-drying in oven-tested dry Portland Cement 370 177 127 | 130 128 17
6 10 days capillary absorption, and 12 cycles of wetting
and drylng - tested wet {1) One test omly #xFailed
7

10 days capallary absorption, 12 cycles of wetting and
drying, and re-drying in oven-tested dry

Batch compositior

Specimens treated with 2% Anilipe-Furfural
Resin (70 20), 1% Resin 321, and 6% Portland Cement respectively

1E
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TAELE 33

STRELCTURE STUDIES Ck ANILINE-FURFURAL RESINS
THROUGH TPFE USE COF DIMETHYLANILINE AND
P-TOLUIDINE IV REACTICY WITH FURFURAL

Compressive 3trength in Ibs/Sa In

Resin Material Catalyst Try | Wet Net Wet Wet Wet
1W-D | 4W-D;1FT]| 4F-T

2 1 Amiline-Furfural None 393 276 1c1 21 124 B2
2 1 Amiline-Furfural 3 cc HC1 Conc 132 64 78 17 43 11
2 1 Aniline-Furfural 10 cc 10% nMalHp | 1032 2 19 -— 2 g
2 1 Damethylaniline-Furfural None 31 -— - = = o
2 1 Daimethylaniline-Furfural 3 ce HC1 Conc 18 3 e ok ~ =
2 1 Tnmethylariline-Furfural 10 cc 10% NaCOH &0 R 4 2 o s
7C 30 p-Teluwadine-Furfural None 19 5 71 16 7 4
35 65 p-Tnluidine-Furfural Nene 14 £ 38 15 2 )
50 50 p-Toluidine-Furfural Hone 94 47 37 31 33 28
70 30 p-Toluidine-Furfural 3 cc HC1 Conc 108 T4 a1l 29 52 40

w=Falled

Batch Uomposition  Scal H, 2% Hesanous Meterizl

Arounts of catalyst shown were addea to 2100 g of

5011

TABLE 34
Tl & EFFECTIVENESS CF LREA-FLRSTLLAL RESINS
Cempressive Strength an Lbs/Sg In
Resin Materaal Catalyst Dry  Wet Jry Ory Wet Wet
1W-D | 4 W-D|1FT/| 4 F-T

1 1 Urea-Furfural 3 cc HC1 Conc 46 6 80 a0 22 2
1 2 Urea-Furfural )
1 3 Amline-Furfural) 3 cc HC1 Conc | 118 73 100 L4 26 24

Batch Composition

So1l H, 2% Pesincus Material

Amounts of cata’yst shown were added te 2100 g of

so1l

TAZLE 35

THE EFFECTIVERESS OF DIFFZIREMT AMCUMTS CF FLEFURAL
ADDED TO URINE AND BELRC ROSIN Ik THE STABILIZATIC OF SOIL G

Compressive Strength in Ibs/Sq In
Urine Furfural Dry Wet Wet Wet Wet Vet
ce g 1 W-D 4 W-T 1 Pp-T 4 F-T
260 12 8 878 659 599 407 154 15
260 g & 972 715 558 415 266 33
260 b 4 936 389 518 305 159 17
260 32 1026 615 70 13 189 20
13C 6 4 1028 17 7 - 3 =3
130 4 8 1156 545 558 L34 148 15
130 32 1220 b3x 259 L9 21z 20
130 16 925 175 14 11g 33 =
—Failec

Batch Composition 2520 g Sec1l G, 50 g

Amount of urine anc furfural per batch

Zelro Rosin
as shown
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TABLE 36

THE EFFECTIVENESS OF PHFENOL-FURFURAL RESINS

Compressive Strength in Lbs/Sq In

Resin Material Catalyst Dry | Wet Wet Wet Wet Wet
Molar Ratio 1W-D | A¥W-D|1PFT | 4 FT
1 2 Phenol-Furfural 5 cc HC1 Conc 12 i e E B3 3¢
1 1 Phenol-Furfural 20 cc 10% NaQH | 53 5 s a5 > 3
1 2 inmiline-Furfural) 4 cc HCL Cone 52 24 33 36 20 11
1 2 Phencl-Furfural )
1 2 Aniline Furfural) 4 cc HCl Conc 79 32 59 L9 22 15
1 2 Phenol-Furfural )
it Failed
Batch Composition  Soil H, 2% Hesinous Material.
Amounts of catalyst shown were added to 2100 g of
so1l
TABLE 37
THE EFFECTIVEMNESS OF UREA-FORMALDEFYDE RESINS
Compressive Strength in Lbs/Sq In
Percent Gatalysts Dy Wet Wet Wet Wet Wet
Resin Added 1 W-D| 4 W-D 1rF-T 4 F-T
2 05 g NH,C1 239 9 90 74 56 16
2 (1) 05¢g NHﬁGl 140 12 4, 31 14 g
2 2 0 g Resorcinol 255 16 127 B/, 15 10
0 5 g NHiC1 :
1 3 5 g Resorecaincl 19% 15 G3 116 14 12
0 25 g NF C1
1 1 7 g Rescrcainol ot 7 64, 35 2 —c
0 25 g NE/CL
1 025 ¢ NHACl 65 # 3 =t e 2
15 2 5 g Resecrecincl 115 11 92 7 11 7
0 4 g NH,CL
15 0 4 g NH/C1 122 15 81 54 & 2
2 Q5¢g NH401 19 10 13 9 11 10
2% frmour Amine
1180 B Lot 601 7
2 0 5 g NE4CL 26 5 11 11 8 12
2% Armour Amine
Coco B Lot 360 1
2 l10¢g NHACI 69 16 G7 60 14 7
3 5 g Resorcainol
1 g NaHCO,
## Failed

(1) The resin was reacted 1n bhe usual way (1 part urea to

2 parts formalin reacted at 50-559 C)

reaction solution

Batch Composition

Fowever, the resin was
then cried and added in the powdered form instead of the usual

So01l H, percent Resin Solution (1 part of urea

to 2 parts of formalin)} Amounts of catalyst shown were added to

2100 g of scal
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TABLE 38

THE EFFECTIVENESS OF SMALL PERCENTAGES OF UREA-FORMALDEHYDE
RESIN IN THE STABILIZATION OF SELECTED SCILS

Compressive Strength in Lbs/Sg In
So11 Dry Wet Wet et Wet Wet

1W-D 4 W-D 1 F-T 4 F-T
B FATIA 151 66 40 28 25
H 60 5 17 ) 4 2
N 1C39 Lo % X e e
P 390 9 7 5 3 3
v 735 IRt b2 K 2 i

% Failed

Batch composition

T2 to 1 3% Dimethylolurea Resin for each batch}
3011 as shown

TABLE

39

THE EFFECTIVENESS OF WELDWOOD GLUE IN THE
STABILIZATION OF SELECTED SCILS

20g Urea + 60cc 37% Formalin {makes

Compressive Strength in Lbs/Sq In

Seal Dry Wet Wet Wet Wet Wet
1 W-D 4 W-D 1 F-T 4 F-T

E 169 £33 E ) e ) 3
H 62 B 16 3 4 3
N 567 3¢ 33 0 % 3
P 133 ot i - ] e

v 459 e S o -5 =

¢ Failed

Batch composition

(eppreximately 1 B8%)

So01l as shown

TABLE 40

40g of Weldwood glue per bateh

T1E EFFECTIVEI'ESS OF CALCIUM SULFALATE-FCRMALTEHYDE
RESIL (1) Tt THE STABTLIZATICh OF S0ILS M AND E

Compressive Strength in Ibs/Sq In
Resin Added te Neutralize Cry Wet Wet Wet Net Wet
1 W-D 4 W-D 1 F.T 4 F-T
So1l E
Totzl base exchange 1ons 215 10 g 2 5 3
Totzal Ca 1nms 193 g & 1 3 3
% Tetzl base exchange 1ons 264, 4 = e 3 3
= Ca 1ons 262 3 I A 1 2
So1l M
Tctal base excharpe 2ons 106 38 3 1 3 2
% Total base exchange 1one 31C 3 . * -+ 2
z Ca 1ons 44, - 2 *h e 3o
(1) Sulfamc zeid and formaldehyde were added on the basis of the base exchange 1cns

wnich might be supplied to the resin

*¥Failed
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TABLE 41

THE EFFECTIVENESS OF ANILINE-FURFURAL RESIN Ih COMJUNCTIOh WITH
VINSOL AND CONGD RESTMKS

hatural Anijine-Furiural Compressive Strength in Lbs/Sg In
Scal Resin Added Added (1) Cry Tet Wet et Tet Wet
1 W-D 4 W-D 1 F-T 4 F-T
1% Cecngo TV2 1 58 10 6 g 2 I
1¢ Congo No. 28 1 82 11 7 14 7 5
H 1% Ccngo PC1 1 126 63 48 31 29 6
1% Vinsol 1 77 36 12 13 & 2
None 2 283 265 116 &7 60 92
1% Congo TV2 1 204, c1g 425 505 191 132
1% Congo PCL 1 741 699 650 6691 208 136
E 1% Congo No 28 1 720 536 248 510 249 59
1% Vainscl i 820 561 380 407 231 5]
None 2 g70 789 702 434 413 256
1% Congo TV2 1 S0G 679 703 621 229 32
1% Congec No 28 1 g02 623 734 568 238 27
¥ 1¢ Conge PC1 1 1095 819 BOO 785 321 10
1% Vinsol 1 1061 833 979 756 303 62
None 2 911 79 802 ©50 330 106
1% Congo TV2 1 934 660 938 288 223 57
1% Congo No 22 1 765 134 52 205 16 7
L 14 Congo PC1 1 874 570 283 692 230 50
1% Vinsol 1 783 489 21 308 165 53
None 2 782 578 675 6Ea6 283 182
#Falled
(1) V ratio of aniline~furfural Percentage adaed 15 based om the dry weight of sonl
used
TABLE 42
ANILINE-FURFURAL RESIN CATALYZATION
Eesult
Salt Mo Water 2 cc Water
None (Jentrol) Soft, viscous liouic Seft, viscous liquad
FeGlB Good hardening cover Harder than ccntrol
night tut still soft
A1013 Good hardening over Becare thick after 30
n:ght mnutes  Gooa brittle
resir
BaCls No effect - same as No eifect - same as
centrol control
FeSO4 Very little eflect al- [ Very little effect,
most same as control game as contrcl
NaCl No effect - same as No effect - same az
contrcl control
Fb0 No effect - same as
control
H.FC Immedarate precipitate
-4 of aniline phosphate
H.PQ + Al1C1 Imrmzdiate precipitate
3 3 of anzl-ne phosphate
Rest of mirxture re-
raired soft

Batch composition 13 7 cc Aniline and 6 7 cec Furfural in each
sample Approxamate O 1 g of the catalyst.
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TAFLE 43

ANILINE-FURFURAL RESIN CATALYZATION

Catalytic
Sclution-cec Effect
A1C1q
1/4 Very slow hardening  Braittle resin after cne day
/2 Faster hardening food resin formed in 18 hours
1 Geood resin formed cver night
2 Britvle solid 1n less tHan two hours
3 Reszin formed ammediately
4 Resin formea immediately
Tell
1/4 Slov haraerirg 1nto bri‘tle resin
1/2 Good resir Jormec over night
1 Goed reszin formela cverright Harder resin than
given aith 1/2 cc of FeCly
2 Gocd resin in several hours
3 Rarad resin fornetion
4 Ver, rac_a colidificat_on
5 Yer; ravia so_idii:icat_or

Catalytaic Solutions Batch Compositinn

10g F9013 ) HA0 + 20 ce Hy0
10g 1&101j 6 HaO + 25 ce Hy0

15 7 cc Analine
£ 7 cc Furfursl

dote  Alummur salt generzlly dad better then irer szlt  The more salt
in either case, the quicker anz more brittle the rcsin Zorred

TuBLE 44

AMILIT JE-L TRETURAL =8S5) CATAL ZATIOD

Water cc Bf fact

Yo
Em.ls1_1cation

174 cc #elly Solution \

1/4 ce A1C13 Splution

\
\
\
|
\
| J
4 I

“one (Contrel) | Reszn formed bat re- Erittle resin formed
? m=1red fairly seft slovly cne day
5 “zaxn fermnzd but wes [esin ormed but re-
slich~l zoiter tran mained fairly so-t in-
cortiol stead of hardening as
1in tne continl
1 Ttec2- Termad vnder a Resgan forred uncer a
15 layer ol water be- layer of water be-
20 COring 1rcrIasingly corury, 1hereasingly
25 gsofter tne wore water so’ter the more water
ased ucea
Catalytic Solutious Bateh Compesition
10g Felig € Hpl + 20 ce Ha0 1) 7 cc Amaline
1Clg AICL3 5 Fo0 + 25 ez HaO 5 7 ce Furfural
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TABLE 45

ANILINE-FURFURAL RESIN CATATYZATION

Catalyst

H30 Content

Effect

1/4 ce A1Cl, Scl
added before emul-
sifacation

1/4 cc FeCl, 5ol
added before emul-
sification

1/4 cc AlCly Sol
adaed to portion of
sample after emulsi-|
ficataon

1/4 cc FeCly Sol
anded to pertion of
sample after emulsi-
fication

400 cc

400 cc

400 cc

ADO cc

Femained emulsified and form-
ed slight precipitation on
bottom

Emulsion broke ana a floccu—
lent precipatate was formed
which floated cn the tap of
the agueous soluticn

Sample came through in a
vhite malky emulsion whaich'
turned pink upon addition of
Al1Clq with formation of flocec-
ulent precipitate

Sample was milky wren emulsi-
fied (as above) but turned
brown upon addition of Fe013
with formaticn of brown
flocculent precipitate

Catalytic Solutions

Batch Compesition

13 7 ce Anllane

& 7 cc Furfural
Varied water con-
tent (Emulsified)
Note 1. The adaition of larger amounts of catalyst in duplicate of
the last two teste yielded a faster reaction witn a brighter color
Note 2 It was found that the additicn of a small zmount of soap
prevented the emulsion from reacting while in the emulsifier

10g FeCly 6 FoO + 20 ec Hg0
10g 41C13 6 Hy0 + 25 ce ko0

TABLE 46
ANILINE-FURFLRAL RESIN CATALYZATION
Water
Content-cc Effect
Catalyst 1/4 cc of FeCl, Solution
None Soft resin formed in one hour (catalyst may not
(Contrel) have been thoroughly mixed)
5 Viscous liguid, later developed into a soft
resin water collecting at the center
10 Iagqmd, thacker scum on tep lalter became gummy
with small spots of floccules
15 Emulsion broken after about 2 hours, floeculent
precipitate
20 Emulsion broken after about 2 hours, flocculent
precipitate
25 Emulsion broken after about 1 hour, flocculent
precipitate
Catalyst 1/4 ecc of ALCl,; Scluticn
None Immediate formation of a Tairly hard brittle
{Contral) resin
5 Very vaiscous resin from which water could be
squeezed, showing emulsion had not been brokxen
10 A1l had broken from emulsion in 2 hours These
samples showed much less tendency to be floccu-
lated than those treated with FeCl A resin of
somewhat gummy texture was formed a2t the bottom
of the cup becoming increasingly softer and
lichter in color with samples havang increasing
water contents.

Catalytic Selution
10g A1C15 6 Hy0 + 25 cc Ho0

Batch Composition

13 7 ece Amline + 6.7 cc Furfural
Varied water content (emulsified)
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