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A LABORATORY STUDY OF THE SOIL STABILIZING 
EFFECTIVENESS OF ARTIFICIAL RESINS 

WITH SPECIAL EMPHASIS ON THE 
ANILINE-FURFURAL RESINS 

SUMMARY 

This report presents the data obtained from a laboratory investigation of the 
soil stabilizing properties of numerous artificial resins Because of their outstand­
ing effectiveness, the resins formed by the reaction of aniline and furfural were 
given special attention 

For practically all of the exploratory work proper, the compressive strength 
of 2" x 2" compacted soil 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 one aniline-furfural resin with ten 
different soils, load-plunger tests were performed on 4" x 6" cylinders in 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 aniline and 30 parts of furfural 
was the most effective stabilizer This resin gave best results when formed in a neu­
tral or slightly acid medium and was unproved by the addition of iron or aluminum 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 soils 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 is demonstrated by comparing data from tests on various types of 
stabilizers 

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

A discussion of the history and structure of aniline-furfural resins and the 
results of a series of experiments concerning the catalyzation of these materials are 
given in the Appendixes 

INTRODUCTION 

Tne war-time investigations in soil stabilization sponsored by the Technical 
Development Division, Civil Aeronautics Administration, have emphasised the use of 
local materials available in combat areas, and the development of superactive stabil­
izers that would achieve with small quantities the same results as the relatively large 
quantities employed in the case of conventional methods The stabilizing effective­
ness of robin and its derivatives has been studied and the results have been previous­
ly reported I Another group of materials that appeared to be of sufficient promise to 
merit investigation was that of artificial resins 

^TTmterkorn, Hans F and McAlpm, George W , "Soil Stabilization by the Use of 
Rosin," CAA Technical Development Note No 34, McAlpin, George W , Mainfort, Robert C , 
and Winterkorn, Hans F , "A Laboratory Study of the Soil Stabilizing Effectiveness of a 
Complex Salt of Abietic Acid," CAA Technical Development Note No 35 
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The poss ib le usefulness of a r t i f i c i a l res ins f o r highway const ruc t ion was r e a l ­
i zed i n the ear l y t h i r t i e s and exp lo ra to ry inves t iga t ions were made concerning the f o l ­
lowing poss ib le appl icat ions of such mater ials 2 

1 The poss ib le use f o r h igh- type pavements of p l a s t i c s made of a r t i f i c i a l 
res ins and na tu ra l s o i l as f i l l e r , 

2 The s t a b i l i z a t i o n of s o i l s by means of a r t i f i c i a l res ins to serve as 
base courses f o r highway and a i r p o r t pavements, 

3 The ac t i va t i on of convent ional s o i l s t a b i l i z i n g mater ia ls , such as b i ­
tumen, by means of a r t i f i c i a l r e s i n s , t o improve the q u a l i t y and economic 
l i f e of s t a b i l i z e d base cburses; 

4 The improvement of the s t r i pp ing res is tance of bitumen coated mineral 
aggregate by means of a r t i f i c i a l res ins 

Each of these studies d isc losed i n te res t i ng and per t inent data concerning the 
a p p l i c a b i l i t y of these mater ia ls . The l a s t of these subjects was pushed to p r a c t i c a l 
app l i ca t ion wi th s a t i s f a c t o r y r e s u l t s 3 Those data r e s u l t i n g from th i s previous work 
which deal most d i r e c t l y w i th the treatment of s o i l s may be summarized as fo l lows 

1 Of the lower p r iced a r t i f i c i a l res ins such as urea-formaldehyde, u rea-
f u r f u r a l , a n i l i n e - f u r f u r a l , and ani l ine- formaldehyde, the r e s i n made of 
about 2 parts o f an i l i ne and 1 par t o f f u r f u r a l was the most e f f e c t i v e 
f o r s o i l s t a b i l i z a t i o n and as a precoatmg fo r aggregate to increase i t s 
a f f i n i t y f o r bitumen,^-

2 About two percent of t h i s r e s i n on the basis of the weight o f the d ry 
s o i l was requ i red f o r e f f e c t i v e s o i l s t a b i l i z a t i o n at the r e l a t i v e l y low 
dens i t ies employed before the advent o f even the Proctor method The 
use of smaller amounts, however, considerably improved the phys ica l 
proper t ies of the s o i l i nves t i ga ted . The e f fec t iveness of the a n i l i n e -
f u r f u r a l r e s i n d id not appear to be lessened i n a lka l ine s o i l s , which 
u s u a l l y react badly w i th bitumen; 

3 I f used as an ac t i va to r f o r bitumen i n s o i l s t a b i l i z a t i o n on ly about 
2 percent of the mate r ia l , on the bas is of the weight o f the bitumen 
were requ i red The l a t t e r amount usua l l y ranges between 5 and 8 pe r ­
cent of the d r y weight o f the s o i l 

^Wmterkorn, Hans F , unpublished notes 

^Winterkorn, Hans F. " A f f i n i t y of Hydroph i l i c Aggregate f o r Aspha l t i c Bitumen, 
Use of Fu r f u ra l and I t s Resinous Der iva t i ves f o r Improving A f f i n i t y , " I n d . and Eng 
Chem , 30, pp 1362-66, 1938 (U S Patent No. 2,314,131 Granted March 16, 1943 ) 

^The probable molecular s t ruc tu re of t h i s r e s i n according to the l i t e r a t u r e and 
our own experiments i s 

H H H H OH H 
N-C = C-C = C-C = N-

; Th is formula w e l l ind ica tes the po la r 
nature of t h i s substance which makes i t e a s i l y adsorbed by the s o i l p a r t i c l e s , and 
a lso expla ins i t s dark red co lor 
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With the r esu l t s of these e a r l i e r studies as a background, the C i v i l Aeronautics 
Admin is t ra t ion inaugurated an i nves t i ga t i on of the s o i l s t a b i l i z i n g ef fect iveness of 
a r t i f i c i a l res ins Th is s tudy, the resu l t s of which are presented he re in , was conducted 
under the d i r e c t i o n of Dr Hans F Wmterkorn i n the S o i l Mechanics Laboratory of the 
U n i v e r s i t y of Missour i and m the S o i l Science Laboratory of Pr inceton U n i v e r s i t y , ass is ted 
by R c l l i e G Fehrman, I George Morr ison, and Henry Walter The work was supervised fo r 
the A i r p o r t Development Sect ion of the C i v i l Aeronautics Adminis t rat ion by George // McAlpin 

DESCRIPTION OF MATERIALS 

Ten s o i l s , represent ing t e x t u r a l a i f fe rences from sand to s i l t y c lay , were 
employed fo r t h i s i n v e s t i g a t i o n The i r phys i ca l and chemical cha rac te r i s t i c s are 
g iven i n tab le 1 F igure 1 shows the g r a m - s i z e d i s t r i b u t i o n curves of the so i l s 
Only the mater ia l passing the No 10 s ieve was used i n making the tes t specimens 

The chemicals used were of C P q u a l i t y except the an i l i ne and f u r f u r a l which 
were of commercial grades D i s t i l l e d water was useo i n a l l labora tory experiments 

PROCEDURES FOR PREPARING AND TESTING OF SPECIMENS 

Two s izes of specimens were used dur ing the i n v e s t i g a t i o n , v i z , 2" x 2" and 
4" x 6" compacted s o i l cy lmaers P r a c t i c a l l y a l l of the exp lo ra to ry and research work 
proper was done wi th the small cy l i nde rs The moisture content -dens i ty r e l a t i onsh ip 
of the s o i l s was determined by the standard Proctor compaction procedure (A A S H 0 
T99-3S) w i th the except ion that the s i ze of specimens employed was 4 inches i n diameter 
and 6 inches h igh (standard specimen i s 4" x 4 59") The consequence of t h i s modi f ica­
t i o n was, o f course, a lowered maximum aens i t y The dens i t y of tnese specimens must 
therefore be kept m mind i n evaluat ing the t e s t data Work wi th other s t a b i l i s i n g 
agents has shown that specimens compacted to the higher s t a t i c - l o a d dens i ty (2000 p s i ) 
may be as much as four times as s tab le as specimens of the same mater ia ls compacted to 
the Proctor dens i ty 

I n molding the la rger t e s t specimens, the optimum moisture content of the s o i l s , 
as found by the modif ied compaction procedure g iven above, was employed Because of the 
low compactive e f f o r t used and the low dens i t ies obtained, d i f f i c u l t y was encountered 
m forming specimens w i th the des i red proper t ies These d i f f i c u l t i e s were magnified 
i n the case of the smaller t es t specimens oecause of the small volume of s o i l employed 
For tuna te ly , these va r i a t i ons do not seem to a f fec t disadvantageously the conclusions 
which can be drawn from the respect ive experiments 

Tne design values f o r d ry dens i t ies and moisture content of compaction as w e l l 
as the average of the actual values obtained fo r the 4" x 6" and 2" x 2" specimens, 
are g iven i n the fo l low ing table 

Planned Propert ies Obtained Propert ies 
4"x 6 U Specimens 2 n x 2" Specimens 

S o i l Dry Dry Dry 
Moisture Densi ty Moisture Densi ty Moisture Densi ty 

% Lb/Cu F t % I b /Cu F t % Lb/Cu F t 

H 12 103 10 103 9 8 • 96 
P 14 109 15 ]10 12 107 
B 14 5 113 5 14 5 115 5 13-5 116 
E 14 115 15 114 5 16 106 
L 14 116 15 115 16 106 
G 15 110 16 112 12 114 
TJ 16 110 17 109 12 5 102 
M 17 104 17 104 16 103 
N 22 96 21 98 IS 5 106 
V 28 90 28 96 28 5 96 



2 " by 2 " Specimens 
Enough a i r - d r i e d s o i l to make twelve 2-inch specimens was weighed out i n to the 

mixing pan The s o i l was d i v ided i n t o two equal po r t i ons ; one of the res in forming 
ingredients together wi th the amount of water to g ive one-half of the optimum moisture 
content was thoroughly mixed i n t o each por t ion Jus t before the compaction the two 
port ions were combined and thoroughly mixed 

The specimens were made by means of a compaction apparatus adopted from the 
tes t ing of foundry sands and f i r s t used f o r s o i l s t a b i l i z a t i o n tes t i ng by the Port land 
Cement Associat ion The apparatus permits uniform dens i f i ca t ion from both top and bo t ­
tom, the specimen being compacted i n a f l oa t i ng r i n g . 

A l l compacted specimens were a i r - d r i e d fo r 7 days Dupl icate specimens w&re 
then subjected to each of the fo l lowing var ia t ions i n exposure, a f te r which t he i r com­
press ive strength was determined 

1 No fu r the r exposure 
2. Two-hours immersion i n water 
3- One-cycle of wet t ing and drying^ 
4. Four-cyc les of wett ing and dry ing 
5. One-cycle of f reez ing and thawingo 
6 Four-cyc les of f reez ing and thawing 

4" by 6" Specimens 

The s o i l plus the requi red percentage of water to produce the desi red dens i ty , 
together w i th the s t a b i l i z e r to be employed, were combined and compacted The r e s u l t ­
ing wet s o i l cy l inders were extruded from the mold, c a r e f u l l y weighed, a i r - d r i e d f o r 3 
days, and then d r ied i n an oven at 70° C to constant weight Three i d e n t i c a l specimens 
were then subjected to each of the fo l lowing var ia t ions of exposure 

1 No fu r ther exposure 
2 10 days c a p i l l a r y absorpt ion^ 
3 10 days c a p i l l a r y absorpt ion and re -d ry ing i n an oven to constant weight 
4 12 cycles f reez ing and thawing8 
5 12 cycles f reez ing and thawing and re -d ry ing m an oven to constant weight 
6 12 cycles wett ing and drying9 
7 12 cycles wett ing and dry ing and re -d ry ing i n an oven to constant weight 

50ne wet-dry cyc le consisted of 5 hours immersion i n water fo l lowed by 43 hours oven-
dry ing at 70° C For both the 1 and 4 cycle exposures , the specimens were immersed m 
water f o r 2 hours jus t before being tested f o r compressive st rength 

^One freeze-thaw cyc le consisted of 2 hours immersion i n water fo l lowed by 24 hours 
f reez ing at -10° F and 24 hours thawing I n a moist room For both the 1 and 4 cyc le 
exposures, the specimens were immersed i n water f o r 2 hours j us t before being tested 
fo r compressive strength 

^Specimens were placed on a bed of moist sand 

^Specimens were f i r s t subjected to 10 days c a p i l l a r y absorpt ion. One cyc le of 
f reez ing and thawing consisted of p lacing the specimens i n a cold room (-10* F) f o r a 
per iod of 8 hours w i th subsequent thawing i n a moist room (70* F - r e l a t i v e humidity 
95-100 percent) f o r 16 hours. Twelve such cycles const i tu ted a f reez ing and thawing 
teat 

^Specimens were f i r s t subjected to 10 days c a p i l l a r y absorpt ion One cyc le of wet t ing 
and dry ing consisted of p lac ing the specimens fo r 12 hours i n a water bath at room tem­
perature, so that the water l e v e l of the bath was \ inch below the top of the cy l i nde r , 
w i th subsequent re -d ry ing i n an oven (70* C) f o r 36 hours. Twelve such cyc les c o n s t i ­
tu ted a wett ing and dry ing tes t 
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Af te r each of these types of exposure, the unconfined specimens were placed upr ight 
under the head of a t es t i ng machine to which was fastened a metal plunger 2 inches long, 
machined so as to have a c i r c u l a r head w i th an area of 0 75 square inches This plunger 
was placed concen t r i ca l l y on the specimen A f te r seat ing of the p lunger , load was ap­
p l i e d at the ra te of 4-00 pounds per minute u n t i l the specimen f a i l e d or a penetrat ion 
of 0 1 inch was obtained The load and penetrat ion values fo r 3 i d e n t i c a l specimens 
were averaged and reported f o r each combination and treatment 

TEST RESULTS I — ANILINE-FURFURAL RESINS 

For the general study of the basic fac tors in f luenc ing the s o i l s t a b i l i z i n g 
proper t ies of a n i l i n e - f u r f u r a l res ins the p rev ious l y descr ibed compressive s t rength 
tes t on 2 inch by 2 inch specimens was used One s o i l , Nimitz f i ne sand - designated 
as " s o i l H" i n th is repor t - was used fo r most of these tes ts 

For the s p e c i f i c evaluat ion of the e f fec t iveness of the 70 30 a n i l i n e - f u r f u r a l 
r e s i n w i th 10 d i f f e r e n t s o i l s , both the compressive s t rength t e s t on the small s p e c i ­
mens and the plunger t e s t on the 4 inch by 6 inch specimens were employed The complete 
data obtained i n these tests are presented i n tabular form For the purpose of s i m p l i ­
fy ing t h i s presenta t ion , the e f fec t of the d i f f e r e n t types of treatment upon the com­
press ive s t rength of the a i r - d r i e d specimens and of those that had been immersed i n 
water f o r 2 hours has been shown g raph i ca l l y Observations based upon the s t rength 
values of the a i r - d r i e d specimens may be open to quest ion inasmuch as the a i r tempera­
ture and humidity dur ing the cur ing per iod va r i ed considerably They do, however, i n ­
dicate general trends that are of value i n analyz ing the data The resu l t s obtained 
from the wet t ing-dry ing and f reezing- thawing tes ts have not been p lo t ted s ince they, 
i n genera l , g ive the same p ic tu re as the "wet" data. 

The E f f ec t o f the A n i l i n e - F u r f u r a l Rat io on the 
Qua l i t y of the Resinous Cement i n A c i d , A lka l ine and Neutra l Media 

The st rength data obtained i n these tes ts are shown i n f i gu re 2 and i n tables 
2, 3, 4 and 5. I t w i l l be noted that a d e f i n i t e maximum of compressive st rength i s 
obtained, which, m a l l cases except that i n which 3 cc of concentrated HC1 (hydro­
c h l o r i c ac id ) were used as a c a t a l y s t , comes at a composition of about 70 parts of 
an i l i ne to 30 parts of f u r f u r a l I n the case of the add i t ion of 3 cc of concentrated 
HC1 the curve shows a maximum at a composition of 1 par t of an i l i ne to 1 par t o f f u r ­
f u r a l The d ry s t rength curves po in t to the poss ib le existence of three r e s i n compounds 
corresponding to compositions of 50 50, 70 30, and 35 65 parts of an i l i ne and of f u r ­
f u r a l , r e s p e c t i v e l y Th is impression, however, must be corrected on the basis of the 
showing i n the "wet" t es t I t w i l l be observed that the curve of the neu t ra l specimens 
shows the h ighest value f o r compressive s t rength and that t h i s value comes at a r a t i o 
of 70.30 However, upon the add i t ion of 1 5 cc HC1 (0 08$ by weight of the d ry s o i l 
per batch - 12 specimens) the maximum i s moved to a r a t i o of about 2 1 and the best 
compressive s t rength obtained i s considerably less than tha t obtained m a neu t ra l 
medium I f more HC1 i s added (3 cc or 0 16%), the compressive s t rength fu r the r de ­
creases, ana the peak of the curve i s moved to a r a t i o of about 1 1 I t w i l l a lso be 
not iced that though the pea-c of the curve i s lower, the st rength of the specimens i s 
less a f fected by changes i n the r a t i o of the a n i l i n e - f u r f u r a l mixture than i n e i ther 
of the less ac id mixtures The a lka l ine specimens turned out v e r y badly However, 
the best mixture was around the r a t i o of 70 30 parts of an i l i ne and f u r f u r a l , respec­
t i v e l y 

I t i s i n te res t i ng to note that the tes ts i n which specimens were soakea i n 
water gave no i nd i ca t i on of a s t rength maximum at a r a t i o of 35 parts of an i l i ne to 65 
parts of f u r f u r a l as was found i n the specimens tested d ry This would ind ica te tha t , 
i f a r e s i n might be formed at th is r a t i o , i t d e f i n i t e l y does not stand weathering 
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The E f fec t of Hydrogen and Hydroxy l Ions on 
Three A n i l i n e - F u r f u r a l Resins 

The resu l t s of tes ts to determine the e f fec t o f hydrogen and hydroxy l ions on 
the proper t ies of a n i l i n e - f u r f u r a l res ins are g iven i n f i gu re 3 and i n tables 6, 7, 
and S The data and curves marked d ry represent the specimens tested d i r e c t l y a f te r 
cur ing -without weathering treatment, whi le the data and curves marked wet are f o r 
specimens subjected to two hours ' immersion i n water I t should be not iced that none 
of the r e s i n binders d id as w e l l i n a lka l ine specimens as m neut ra l or acid specimens 
The wet t e s t curve f o r the 70 30 r e s i n shows a sharp r i s e i n s t rength i n the most a l ka ­
l i n e specimens ind i ca t i ng the poss ib le c a t a l y t i c e f f ec t o f strong a l k a l i 

The 50 50 r e s i n turnea out to be v e r y weak and unable to wi thstand weathering 
condit ions 

The 70 30 and 35 65 res ins both showed a maximum strength s l i g h t l y on the acid 
side wi th the 35-65 r e s i n being by far the weaker of the two and the most favorab ly 
a f fected by the ac id treatment 

The Ef fec t iveness of Low Percentages of 
A n i l i n e - F u r f u r a l Resins 

The resu l t s of the respect ive tes ts are g iven i n f i gu re 4 and i n tables 9 ana 
10. At the specimen dens i t ies employed no appreciable weathering res is tance was ob­
tained w i th the 70 30 r e s i n binder unless two percent or greater were used Weather­
ing res is tance of specimens containing two percent of the 35 65 r e s i n was qui te low 

The E f f ec t of Various Ions on the Qua l i t y 
of Two A n i l i n e - F u r f u r a l Resins" 

D i f fe ren t Anions 

The respect ive data are g iven i n f i gu re 6 and i n tables 11 and 12 The dotted 
l i n e gives the s t rength a f t e r two hours 1 immersion - no ca ta l ys t added Addi t ion of 
H2SC4 ( s u l f u r i c ac id ) gave best r esu l t s on the 70 30 r e s i n binder whi le add i t ion of 
H3PO4 (phosphoric ac id ) gave best resu l t s on the 35 65 r e s i n binder None of the ad­
mixtures resu l ted i n great improvement, the acet ic ac id (CH3COOH) seemed to have even 
a detr imental e f fec t on the 70 30 r e s i n 

Various Amounts of H2SO4 

Since i t appeared to be the non -vo la t i l e acids (see the paragraph above) that 
produced the best r esu l t s i n the anion t e s t s , specimens were prepared using var ious 
amounts of H2SO4 as ca ta l ys t ( tab les 13 and 14) F igure 5 shows the r esu l t s of these 
tes ts I t should be not iced that the curves on th i s f i g u r e f o r the wet strengths are 
ve ry s im i la r to those i n f i g u r e 3 — the peak of the curves coming s l i g h t l y on the acid 
s ide , then dec l in ing again w i th increasing a c i d i t y of the medium This f a c t might i n ­
d icate that the values obtained i n both the H2SO4 t e s t and the anion tes ts are funct ions 
of the a c i d i t y ra ther than of the s p e c i f i c character of the anion added However, i n 
a l l cases of inorganic admixtures the water a f f i n i t y of the r e s u l t i n g reac t ion products 
must be considered 

D i f fe ren t Cations 

The respect ive data are g iven i n f i gu re 8 and i n tables 11 and 12 None of the 
cat ion treatments produced strengths near l y as good as those of the con t ro l specimens 
i n which a n i l i n e - f u r f u r a l alone was used Th is r e s u l t i s more than l i k e l y due to the 
fac t that the ca t i on i c compounds were added m the form of hydrox ides , i t has a l ready 
been noted ( f i gu re 3) that none of the a n i l i n e - f u r f u r a l res ins developed i t s greatest 
e f fect iveness i n a lka l ine mixtures 
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Different Sal ts 

In the case of the sa l t admixtures, i t i s d i f f i c u l t to estimate how much of 
the effect i s due to the resul t ing ac id i ty or a lka l in i ty caused by the reaction of the 
sa l t with the system as a whole. Figure 7 shows the results of experiments with s a l t 
admixtures i l l u s t r a t i ng the data given in tables 15 and 16 The SDecimens containing 
70 30 anil ine-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 strength of less than 100 lbs per sq in , whereas, for the majority of t e s t s , 
the strength of the control specimens was about 200 lbs per sq m Such check or con­
t ro l specimens were considered necessary for each batch because of the variation in 
the temperature and humidity at the time of preparation and curing, and of other known 
or unknown conditioning factors 

Sodium S i l i c a t e 

Sodium s i l i c a t e was investigated because of i t s possible cementing action and 
i t s possible catalyzing effect on the resin formation Tables 11 and 12 give the 
results of these experiments and show that the effect of the sodium s i l i c a t e i s de t r i ­
mental rather than beneficial 

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

Tables 17 and 18 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 pressure of 20 lbs per 
sq in This appeared to be a suitable pressure, however, there i s no way of predicting 
the optimum pressure for the purpose of concentrating the cementing resins on the 
points of contact of the s o i l pa r t i c les . 

None of the specimens showed any appreciable improvement, in fact some of them 
showed a decrease in strength from that of the control However, a beneficial ef fec t 
could be observed from heating during the wet-dry tes t s 

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

Stabi l iza t ion of 10 Soi ls 

The determination of the re la t ive effectiveness of a s t ab i l i z ing agent with 
widely different so i l s i s a d i f f i c u l t task fto tes t ing procedure has been developed 
that f u l l y evaluates the properties of s tab i l ized mixes employing resinous material , 
consequently, an analysis of laboratory resul ts requires considerable knowledge of the 
general behavior of so i l s and an understanding of the forces of nature to which s ta ­
b i l i zed so i l s are subjected in the f i e ld 

In this part of the invest igat ion, the response of 10 different so i l s to s ta­
b i l i za t ion with 2 percent anil ine-furfural resin (70 30) was determined by two mechan­
i c a l t e s t procedures, f i r s t , by compressive strength tes ts on 2" x 2" specimens and, 
second, by plunger-penetration tes ts on 4" x 6" specimens The data obtained from each 
of these tes t s are discussed separately 

Compressive Strength - 2" i 2" Specimens 

The results obtained from these tests are given in tables 19 to 28, inclusive 
Figure 9 shows the effectiveness of treatment as a function of the ac id i ty or a lka l in ­
i t y of the media. Figure 10 i s a p lo t of the strength of the treated soi l s after the 
different types of weathering In this figure the so i l s are arranged from l e f t to 
r ight in order of increasing p l a s t i c i t y The discussion i s divided according to the 
type of exposure to which the specimens were subjected. 
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Two-Fours Immersion Referr ing to f i gu re 10, i t i s seen that immersing the 
specimens i n water f o r 2 hours was not a s u f f i c i e n t l y severe exposure to g rea t l y a f ­
fec t the heavier s o i l s N and. V Inasmuch as the specimens were a i r - d r i e d before Im­
mersion and consequently were not a l l d r ied to an equal degree, and because unconfmed 
tests show low s t a b i l i t y f o r low-cohesive s o i l s , the r e l a t i v e response of s o i l s H, P, 
B, E, and L i s d i f f i c u l t to determine The comparatively high s t rength of s o i l G may 
or may not be an i nd i ca t i on of success of treatment This s o i l i s probably bet ter 
than s o i l s U and M, however No de f i n i t e r a t i n g of the s o i l s can be made from these 
data alone 

Al ternate Wetting and Dry ing The graph showing the resu l t s of these tes ts 
presents an i n te res t i ng fac to r about the reac t ion of the d i f f e r e n t t reated s o i l s to 
th is type of weathering I t should be kept i n mind that one wett ing and dry ing cyc le 
consisted of 5 hours immersion i n water and 43 hours dry ing at an elevated temperature 
Because o f the great water res is tance of a n i l i n e - f u r f u r a l t reated specimens, l i t t l e 
water was taken i n aur ing the wet t ing per iod As a consequence, these tes ts are more 
heating and cool ing than net t ing and dry ing tes ts 

I n w i l l be noted that the st rength of specimens of so i l s P, B, E, L ard M was 
greater a f te r 4-cyc les than a f te r 1-cyc le, while that of s o i l s H, 6, Q, It and V was 
l e s s . The increase of s t rength of the f i r s t group of s o i l s probably resu l t s from 
e i ther or both the D e n e f i t s of repeated dry ing during the cyc l ing and/or the add i t i on ­
a l " se t " of the r e s i n at the elevated temperature used i n dry ing I n the second group, 
the des t ruc t i ve forces exceeded any benef i t that may have been gained On the basis 
o f t h i s d i f ference i n performance and the r e l a t i v e strengths of the t reated s o i l s a f te r 
4 cycles o f wett ing and c r y i ng , i t appears that s o i l s P, B, E, L, G ard U may be con­
sidered t o have been s a t i s f a c t o r i l y t rea ted . Although the l a t t e r two of these s o i l s 
decreased i n strength dur ing cyc l i ng , they are included i n th is group because of t h e i r 
h igh st rength a f te r 4 cycles 

The e f fec t iveness of treatment wi th s o i l H r e l a t i v e to the o t h e r s o i l s i s not 
shown by these tes ts since unconfined compressior tests do not g ive a t rue comparison 
of the r e l a t i v e s t a b i l i t y o f cohesionless and p l a s t i c s o i l s The fac t that t h i s sana 
was held together during the exposure shows that a m l i n e - f u r f u r a l r e s i n has cons ider ­
able b i rd ing power I t would seem, however, t h a t a g r e a t e r amount of treatment i s 
requi red to s a t i s f a c t o r i l y s t a b i l i z e t h i s s o i l . 

Tre data on c o i l 11 seem e r r a t i c Tv-e only obvious p e c u l i a r i t y o f t h i s s o i l 
that mignt exp la in the large increase i n s t re rg th during cyc l ing i s the a c t i v i t y of 
the c l ay f r a c t i o n Tne magnitude of t h i s a c t i v i t y i s shown by a h igh base exchange 
capaci ty 

S o i l }i w o u l d bo judged success fu l l y s t a o i l i z e d s o i l i f the S D e c i m e n s t rength 
a f t e r 4 c y c l e s were taken as the sole c r i t e r i o n o f a ccep tab i l i t y The decrease i n 
st rength c f t ^ i s s o i l during cyc l i ng i nd i ca tes , h o w e v e r , that permanent s t a b i l i t y has 
not been at ta ined An i rc rease i r ^he amount of r e s i n admixture would undoubtedly be 
advantageous 

The low strength of so i l V a f t e r 4 c y c l e s and the considerable reduct ion i n 
s t rength during the cyc le tes ts ind ica te that th is s o i l was not s a t i s f a c t o r i l y t r e a t e d 
wi th the 2 percent admixture used 

Al ternate Freezing and Thawing Figure 10 shews that tne f r eez ing and thawing 
tests were considerably m o r e s e v e r e or the specimens than the wett ing and dry ing t e s t s , 
espec ia l l y m the c a s e of the more p l a s t i c s o i l s . This i s an i n te res t i ng item since 
p l a s t i c so i l s usua l l y su f fe r l e s s from f reez ing than non-p las t ic s o i l s 

While t h e s t rength cf a l l specimens was qui te low, a comparison of the response 
of the d i f f e r e n t s o i l s to treatment i s passib le Considering both the st rengtn a f t e r 
4 cycles and the reduct ion i n st rength during cyc l i ng , i t seems that s o i l E should be 
judged the most suscept ib le to s t a b i l i z a t i o n S o i l L, which on the basis of phys ica l 
cha rac te r i s t i cs shoula perform qui te s imi la r t o s o i l E, was much more a i fec ted b y the 
weathering As i n the wett ing and dry ing t e s t , the s t rength of s o i l G was reduced 
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considerably during cyc l i ng but "was s t i l l comparatively high at the completion of the 
t e s t . Specimens of the sanay s o i l s H and P were v e r y r es i s t an t to f reez ing and thaw­
ing w e l l . The act ion of s o i l V ind icates that i t was not s u f f i c i e n t l y s t a b i l i z e d 

Plunger-Penetrat ion — 4" * 6" Specimens 

The main d i f fe rence between a p lunger-penetrat ion type of t es t and a compressive 
st rength tes t i s the tendency of the former to measure the propert ies of a surface or 
outer c rus t of the specimens, p ropor t iona l to the dimensions of the plunger, -while the 
l a t t e r method tests the ent i re specimen The r e l a t i v e merits of the two procedures are 
c o n t r o v e r s i a l , but , as far as t h i s i nves t i ga t i on i s concerned, both provided per t inent 
data, and, i n genera l , supported the same conclusions The resu l t s obtained from the 
tests on the 4" x 6" specimens are given m table 29 and i n f i gu re 11 

C a p i l l a r y Absorpt ion The o r i g i n a l d ry ing of the so i l s to a constant weight 
i n an oven at 70° C reduced t h e i r moisture content from a range of 10-30 percent to a 
range of 1-3 percent , depending upon the s o i l type 

A f te r c a p i l l a r y absorpt ion f o r 10 days the s o i l s contained the fo l low ing 
amounts of moisture, based upon the weight of the s o i l a f te r d ry ing i n an oven at 70°C 

H = 0.9% G = 2.1$ 
P = 1 6% U = 3.6£ 
B 2.7# M = 4.8^ 
E = 1. 6# N = 4 9 ^ 
L = 2.32 V =-5 4# 

These moisture contents are ve ry low; therefore the load-penetrat ion tes ts on 
these c a p i l l a r y absorpt ion specimens was a measure of the proper t ies of r e l a t i v e d ry 
specimens The low moisture contents ind ica te that the a n i l i n e - f u r f u r a l r e s i n was a 
ve ry good waterproof ing agent 

I t i s seen that the p lunger- load sustained by a l l t reated specimens a f te r sub­
j ec t i on to 10-days c a p i l l a r y absorpt ion was considerable The r e l a t i v e s t a b i l i t y of 
the sandy specimens ( s o i l H) i s probably not t r u l y r e f l e c t e d inasmuch as th i s tes t p ro ­
cedure provides no confinement f o r the specimen The s o i l s M and N were the most un­
stable 

A l ternate 7Jetting and Drying The resu l t s of the a l ternate wet t ing and dry ing 
tests are given m the bar graph of f i gu re 11. Besides showing the load sustained by 
the d i f f e r e n t s o i l s a f te r the cyc l i ng , the r a t i o of t h i s load to that sustained a f te r 
the c a p i l l a r y absorpt ion tes t i s g iven Since the specimens used i n these tests were 
exposed to the 10 days c a p i l l a r y absorpt ion p r i o r to c y c l i n g , the p l o t of th is r a t i o 
of strengths provides an index of the e f fec t o f wett ing and dry ing on the s t a b i l i t y o f 
the d i f f e r e n t s o i l s • 

I t may be seen that the st rength of s o i l s P, B, E , L, G and U was increased by 
the wett ing ana. d ry ing cyc les , whi le that of s o i l s H, M N, and V was decreased ( r a t i o 
of the former i s greater than one , - that of the l a t t e r i s less than one) While, on 
the basis of load car r ied a f te r c yc l i ng , s o i l s L, U, and G appear the most s tab le , i t 
w i l l oe noted that they were more g rea t l y a f fected by wet t ing and dry ing than were 
s o i l s P and B A s imi la r r e v e r s a l of r e la t i onsh ip i s noted f o r s o i l s M and Y The 
fac t that s o i l N had, a f te r the c y c l i n g , on ly 9 percent of the s t a b i l i t y measured a f te r 
the 10 days absorpt ion period ind icates that a t l eas t the surface of t h i s s o i l was v e r y 
de t r imenta l l y af fected by the weathering cycles 

The data obtained by the plunger and by the compressive st rength t e s t g ive the 
same general ind ica t ions The t reated specimens of s o i l s P, B, E, and L wi thstood 
wet t ing and dry ing excep t iona l l y w e l l So i l s G and U performed w e l l but were not qui te 
as w e l l as the aforementioned group So i l s N and V were most a f fected by wet t ing and 
dry ing The behavior of s o i l M i s e r r a t i c , but i t should be considered be t te r than N 
and Y though not as good as U Judging from the t e s t procedures employed, s o i l H 
requi res more binder to withstand the cyc l i ng 
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Al ternate Freez ing and Thawing. During the f reez ing and thawing cyc les the 
specimens l o s t a small amount of moisture; consequently they were r e l a t i v e l y d ry at 
the time of the load-penetrat ion tes t 

Approximate moisture contents f o r the d i f f e r e n t s o i l s a f te r the f reez ing and 
thawing cyc les are g iven below 

E = 0 A% G = 2 2% 
P = 0.5% U = 4 0% 
B = 2 8% U ~ U 1% 
E = 1.556 N = 6 7% 
L = 2 5% V = 5 0% 

The resu l t s of the plunger tes ts performed a f te r 12 cycles of f reez ing and thaw­
ing are g iven i n f i gu re 11, comparison being made between the load ca r r i ed a f t e r expo­
sure to freeze-thaw and the load a f te r 10 days of c a p i l l a r y aosorpt ion As i n the case 
of the compressive s t rength t e s t s , th is type of exposure was the most severe employed 
The general trends shown by both tes t procedures were the same The less p l a s t i c so i l s 
res i s ted the exposure w e l l whi le the heavier so i l s were considerably a f fected The 
fac t that s o i l L had, a f te r the f reeze-thaw exposures, on ly 44 percent of the load 
car ry ing capaci ty determined a f te r c a p i l l a r y absorpt ion shows that th is s o i l d i f f e r s 
g r e a t l y from s o i l E The good res is tance of s o i l H to f reez ing and thawing i s of ou t ­
standing t heo re t i ca l and p r a c t i c a l s ign i f i cance 

The load-penetrat ion values a f te r 12 cycles of f reez ing and thawing were lower 
than those a f te r 10 days " c a p i l l a r y absorpt ion on a l l s o i l s except E and M This seems 
to ind ica te that the f reez ing and thawing cyc les were des t ruc t i ve on most of the s o i l s 
tested even though, at the low moisture contents p reva i l i ng i n the specimens, there 
coula be no question of a des t ruc t i ve act ion by i ce formation 

I t appears that the e f f ec t of both the so-ca l led wet -dry and freeze-thaw 
cycles was ^ r e s u l t of the mechanical s t resses caused by the temperature changes i nvo l ved , 
and of the add i t i ona l stresses caused by the d i f ferences i n water a f f i n i t y of tbe s o i l s 
and the d i f ferences i n the phys ica l state of the absorbed water at the d i f f e r e n t temper­
atures invo lved i n the cyc le tests.10 

Summary 

The t e s t procedures employed i n t h i s study have not ye t been cor re la ted wi th 
observat ions on ac tua l f i e l d i n s t a l l a t i o n s us ing a n i l i n e - f u r f u r a l r e s i n as a s t a b i l ­
i z e r , the re fo re , no de f i n i t e design c r i t e r i a may be set a t the present tune. however, 
the tes ts do g ive a r e l a t i v e comparison of the response of the d i f f e r e n t so i l s to 
treatment w i th 2 percent of a m l i n e - f u r f u r a l On the basis of the t e s t r esu l t s p re ­
sented, the fo l low ing summarizing comments may be made 

i 
1 The fac t that untreated specimens of a l l s o i l s f a i l e d when immersed 

i n water and t reated specirrens wi thstood even the most severe of 
the weathering tes ts ind icates that a n i l i n e - f u r f u r a l r e s i n was 
b e n e f i c i a l i n a l l cases 

2 The t reated specimens of the medium p l a s t i c s o i l s B, E, L, G, and 
U were ve ry r e s i s t a n t to the a l ternate wet t ing and dry ing tes t 
Inasmuch as the des t ruc t i ve forces m these tes ts are due to the 
shrinkage and expansion of the specimens dur ing changing moisture 
and thermal cond i t ions , the successfu l treatment of these s o i l s i s 
probably due to t h e i r good gradat ion and low p l a s t i c i t y - qua l i t i es 
that have been demonstrated as advantageous fo r a l l types of 
s t a b i l i z a t i o n 

lOFor greater d e t a i l concerning these phenomena see Wlnterkorn, Hans F , "Climate 
and highways," Trans Am Geoph Union, June 1944-
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3 A comparison of the s t a b i l i t y o f s o i l N as measured by the com­
pression tes ts and by the plunger t e s t i s of i n t e res t I n the 
former, 1£iis s o i l showed a r e l a t i v e l y h igh strength whi le i n the 
l a t t e r i t made the poorest showing of a l l the s o i l s This may 
be explained by the f ac t tha t , i n the f i r s t procedure of t e s t , 
the proper t ies of the en t i re specimens are measured whi le I n the 
second, the proper t ies of the outer c rus t or surface are evaluated 
The presence of a n i l i n e - f u r f u r a l i n t h i s specimen so reduced the 
water absorpt ion that only the outer c rus t was af fected dur ing the 
per iod of exposure The waterproof ing of such a p l a s t i c s o i l 
demonstrates the e f fec t iveness of t h i s agent 

4 Tne f a c t that a l l s o i l s showed greater res is tance to the wet t ing 
and dry ing exposure than to the f reez ing and thawing i s qui te 
s i g n i f i c a n t espec ia l l y since the des t ruc t i ve act ion invo lved 
could not be a consequence of i ce formation, because of the low 
moisture content of the specimens I n genera l , s t a b i l i z i n g ad­
mixtures that owe t h e i r e f fect iveness to a binding or cementing 
proper ty are more af fected by the f reeze-thaw tes t than by the wet-
d ry t e s t , f o r waterproof ing admixtures, the reverse i s t r u e . T h i s , 
of course, i s a consequence of the use of cementing agents f o r 
noncohesive and of waterproof ing agents f o r cohesive s o i l s 

5 From the resu l t s obtained m th i s study i t may be concluded that 
the e f fec t iveness of a n i l i n e - f u r f u r a l i n the amounts employed i s 
due mainly to i t s waterproof ing proper t ies 

6 That a n i l i n e - f u r f u r a l r e s i n acts as a binding as w e l l as a water­
proof ing agent i s demonstrated i n the res is tance of the s o i l H 
specimen to f reez ing and thawing Inasmuch as the tes t procedure 
employed i s usua l l y qui te des t ruc t i ve on sardy s o i l s , the r e l a ­
t i v e l y h igh s t rength of s o i l H i s ve r y s i g n i f i c a n t 

7- The unexpected poor showing of s o i l L should serve as a warning 
of the danger invo lved i n attempting to p red ic t the resporse of 
a s o i l t o treatment on the sole basis of i t s phys ica l charac te r i s ­
t i c s 

Comparison of the S o i l S t a b i l i z i n g Ef fec t iveness 
of A n i l m e - F u r f u r a l Resin (70 30 J w i t h that of Other S t a b i l i z e r s 

I n order to compare the s t a b i l i z i n g e f fec t iveness of a n i l i n e - f u r f u r a l r e s i n 
wi th that o f other types of s t a b i l i z e r s , the resu l t s from a ser ies of tests performed 
m another study are presented i n tables 30 and 32 Because of the l im i ted scope of 
these tes ts and the f a c t that labora to ry tests do not always r e f l e c t the r e l a t i v e e f ­
fect iveness m the f i e l d of d i f f e r e n t types of admixtures, the conclusions drawn are 
necessar i l y o f a quant i ta t i ve character However, the r esu l t s do demonstrate some 
in te res t i ng proper t ies of a n i l i n e - f u r f u r a l r e s i n 

Table 32 shows the r esu l t s obtained from a ser ies of tes ts employing port land 
cement, a l i q u i d asphal t , and a n i l i n e - f u r f u r a l r e s i n wi th s i x d i f f e r e n t s o i l s H The 
charac te r i s t i cs of these s o i l s are g iven i n tab le 31 The plunger t e s t , as p rev ious ly 
descr ibed, was used i n t h i s study 

H-These tests were performed oy the J o i n t Highway Research P ro jec t , Purdue 
U n i v e r s i t y , as par t o f a p ro jec t on s o i l s t a b i l i z a t i o n sponsored by the C a v i l Aeronau­
t i c s Administ rat ion 
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Since the ef fect iveness of por t land cement "with s o i l s i s due to i t s b inding 
proper t ies and that of l i q u i d asphal t to i t s waterproof ing proper t ies (excluding gran­
u la r mixes and asphal t ic cements), the e f fec t iveness of a n i l i n e - f u r f u r a l r e s i n can 
perhaps best be seen by comparing the s t rength of the specimens containing th is agent 
w i th those made wi th por t land cement, and the moisture absorpt ion w i th those con ta in ­
ing the l i q u i d asphalt Fol lowing th i s procedure, i t may be seen that the a n i l i n e -
f u r f u r a l r e s i n compares favorab ly wi th cement i n binding proper t ies and, at the same 
time, performs as w e l l as l i q u i d asphal t i n waterproof ing the s o i l s 

Table 30 presents a comparison of the e f fec t iveness of a n i l i n e - f u r f u r a l r e s i n , 
a pu re l y waterproof ing type of agent designated as Resin S t a b i l i z e r 321, and port land 
cement I t may be seen that by the procedure of t es t employed (compressive s t rength 
of 2" x 2" specimens), a n i l i n e - f u r f u r a l r e s i n appears to be a ve ry e f f ec t i ve s t a b i l ­
i z e r Inasmuch as Resin 321 has been shown to be v e r y e f fec t i ve i n waterproof ing the 
s o i l s i n question,12 the binding proper t ies of the a n i l i n e - f u r f u r a l r e s i n probably 
account f o r the d i f ferences i n s t rength obtained. I t i s i n t e res t i ng to note that 
s o i l s t reated wi th Resin 321 showed p r a r t i c a l l y no s t a b i l i t y a f te r the f reez ing and 
thawing t e s t - an i nd i ca t i on that Resin 321 has no binding e f fec t A comparison of 
the strengths of the a n i l i n e - f u r f u r a l specimens and the cement specimens a f te r wet t ing 
ana dry ing again demonstrates the exce l len t waterproof ing proper t ies of t h i s r e s i n 

TEST RESULTS I I - OTHER ARTIFICIAL RESINS 

The Ef fec t iveness of U rea -Fur fu ra l and Phenol -Fur fura l Res ins 1 ^ 

The resu l t s of the experiments on u r e a - i u r f u r a l and pheno l - fu r fu ra l r e s i n b i n d ­
ers are g iven i n tables 34 and 36, r e s p e c t i v e l y The pheno l - fu r fu ra l res ins d id v e r y 
poo r l y even w i th a n i l i n e - f u r f u r a l admixtures The u rea - f u r f u ra l r esu l t s were more en­
couraging but s t i l l not near ly as good as those achieved wi th a n i l i n e - f u r f u r a l I n 
l a t e r experiments u rea - fu r f u ra l was used i n combination wi th natura l r e s i n s t a b i l i z e r s 
Table 35 shows the ef fec t iveness of u rea - f u r f u ra l w i th Bel ro Rosm i n the s t a b i l i z a t i o n 
of s o i l G Experiments using Belro Rosin as a s t a b i l i z i n g agent and urea (from ur ine) 
and f u r f u r a l as d ispers ing agents were performed wi th s o i l N The resu l t s o f these 
t es t s , however, were v e r y poor E v i d e n t l y , as m the case of many other r e s i n s , u rea-
f u r f u r a l res ins cannot be used e f f e c t i v e l y i n heavy c l ay s o i l s at the low dens i t ies 
employed i n t h i s t e s t ser ies 

The Ef fec t iveness of Phenol-Formaldehyde Combinations 

Combinations of phenol and formaldehyde were t r i e d on Nimitz f i ne sand ( s o i l H) 
The specimens f a i l e d upon contact w i th water , showing tha t the mater ia l d id not set at 
the low temperature employed. 

-^McAlpm, George W , Mainfor t , Robert C , and Winterkorn, Hans F , "A Laboratory 
Study of the S o i l S t a b i l i z i n g Ef fec t iveness of a Complex S a l t of Ab ie t i c Acid n CAA 
Technica l Development Note No 35 

•^The ef fect iveness of these and of other a r t i f i c i a l res ins depends, of course, to 
a great extent upon the method of preparat ion of the res ins and of the s o i l - r e s i n 
specimens I n th is s tudy, such methods of preparat ion were selected as could be e a s i l y 
aaapted to p reva i l i ng const ruc t ion methods I t fo l lows that the conclusions drawn here 
ho ld on ly f o r the stated experimental condi t ions and fo r comparable f i e l d methods and 
condi t ions 
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The Ef fec t iveness of Urea-Formaldehyde Resins 

Tables 37 to 39 show the resu l t s of experiments using urea-formaldehyde res ine 
inc lud ing a commercial brand named Teldwood glue " Though severa l s a l t ca ta lys ts 
were used, nowhere m these experiments was a d i r e c t acid-base ca ta l ys i s attempted 
I n those experiments I n which ac id forming s a l t were used the PH value of the t reated 
s o i l was not recorded I t should a lso be noted that f o r the experiments recorded i n 
tab le 3S amounts of r e s i n only s l i g h t l y greater than 1 percent were employed, even the 
v e r y e f f ec t i ve a n i l i n e - f u r f u r a l res ins showed poor s t rength at the p reva i l i ng low s o i l 
dens i t ies u n t i l quant i t ies of 2 percent or greater were used, 

Olmstead and K l i p p - ^ found greater percentages (4- percent) of d imethy lo l urea 
e f f ec t i ve i n s o i l s t a b i l i s a t i o n ; however, they used a DuPont p repara t ion , whi le our 
s t a b i l i z e r was prepared i n the laboratory from urea and formaldehyde They also maae 
use of ac id cata lys ts j u s t before the add i t ion of the r e s i n to the s o i l 

The f i e l d f o r the development of t h i s r e s i n i s s t i l l open Bet ter r esu l t s 
could, poss i b l y , be achieved by adding the ac id ca ta l ys t to the 301I j u s t previous to 
the add i t ion of the dimethylolurea Also some of the d i f f i c u l t i e s encountered by 
Olmstead and K l ipp might be overcome by keeping the r e s i n so lu t i on a lka l ine u n t i l i t 
i s added to the a c i d i f i e d s o i l 

The e f fec t iveness of Calcium Sulfamate-FormaldehydB Resins 

Table 40 gives the r esu l t s obtained by the use of calcium sulfamate-j-'ormalde-
hyde r e s i n s . These r esu l t s do not appear to be v e r y good However, v e r y l i t t l e work 
has been done on th is mater ia l and i t might w e l l bear f u r t he r i nves t i ga t i on espec ia l l y 
since the water inso lub le r e s i n i s e a s i l y formed by an exothermic reac t ion 

The Ef fec t iveness of A n i l i n e - F u r f u r a l Resins i n Conjunct ion 
w i th V m s o l . Congo Resins, and Semi-Sol id Amines 

Table 41 shows the ef fect iveness of a n i l i n e - f u r f u r a l re&m i n conjunct ion w i th 
Congo res ins and V m s o l Two percent of resinous mater ia l were used i n each batch 
one percent of V m s o l or of the p a r t i c u l a r Congo r e s i n and one percent of 70 30 a n i l i n e -
f u r f u r a l r e s i n The r e s i n l a x t u r e was prepared by d issoxv ing the Congo res in or V i n s o l 
i n the f u r f u r a l , then adding the mixing •water and an i l i ne to the f u r f u r a l so lu t ion and 
emulsi fy ing tne mixture m a m l k shaker before adding i t to the s o i l The r e s u l t s , 
g iven i n tab le 41, show that none of the r e s i n mixtures proved to g ive as gooa resu l t s 
as the 2 percent a n i l i n e - f u r f u r a l r e s i n cont ro l sample on any of the 4 &oi lc tes ted 

Specimens were made using a 2 percent of a n i l i n e - f u r f u r a l r e s i n (25 75) i n con­
junct ion w i th two semi-so l id amines Four and cne-hal f percent of amine (on the basis 
of r e s i n added) was combined wi th the a r i l i n e - f u r f u r a l s o l u t i o n , and bhe resu l t i ng 
so lu t i on mxxea wi th the s o i l The resu l t s showed no improvement over the con t ro l of 
2 percent a n i l m e - f u r f o r a l r e s i n ard are not recorded i n th ib repor t 

CONCLUSIONS 

On the basis of the experiments performed i n th is i n v e s t i g a t i o n , the fo l low ing 
conclusions may be stated 

1. Two a n i l i n e - f u r f u r a l combinations were found which gave reasonably 
good r e s i n b inders . These represented r a t i o s of 70 30 and 35*65 

, of an i l i ne and f u r f u r a l , r e s p e c t i v e l y The 70 30 r e s i n was much 
stronger and withstood weathering te&ts fa r be t te r than the 35 65 
r e s i n 

14-Olmstead, Lewis B and K l i pp , L W "Chemical S o i l S t a b i l i z a t i o n of So i l s f o r 
M i l i t a r y Uses , " Researcn Report No 22 
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2 Both res ins mentioned above were found to g ive poor r esu l t s i n 
a lka l ine mixes Maximum strengths were obtained when the mixes 
were s l igh t ly* on the ac id s ide 

3 A minimum of approximately 2 percent of the best a n i l i n e -
f u r f u r a l r e s i n (70 30) was requ i red to obtain appreciable 
res is tance to weathering f o r the low specimen dens i t ies 
employed 

4 The add i t ion of i r o n or aluminum sa l ts was found to improve 
s l i g h t l y the s t rength of the r e s i n whi le the add i t ion of 
a lka l ine react ing mater ia ls was found to be detr imental 

5 Foaming agents combined w i th gas producing mater ials were 
found unsuccessful m improving the s t rength of the specimens 

6 A n i l i n e - f u r f u r a l r e s i n (70 30) i s most e f f ec t i ve wi th medium 
p l a s t i c s o i l s Cohesionless s o i l s and heavy clays probably 
requ i re greater amounts of admixture f o r successfu l treatment, 
however, the amount requ i red a lso depends upon the compacted 
dens i t ies of the s o i l 

7 A n i l i n e - f u r f u r a l r e s i n i s both a binding and a waterproof ing 
agent — both proper t ies are of considerable s ign i f i cance wi th 
quant i t ies of admixtures as small as 2 percent 

8 U r e a - f u r f u r a l , pheno l - f u r f u ra l , and phenol-formaldehyde res ins 
were found i n e f f e c t i v e as s o i l s t a b i l i z i n g agents i n the amounts 
and form used 

9 Urea-formaldehyde and calcium sulfamate-formaldehyde specimens 
showed some promise but the experiments performea were not 
conclusive 
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APPEND!! I 

THE HISTORY AND STRUCTURE OF ANILINE-FURFURAL RESINS 

The formation of resinous masses by reac t ion of f u r f u r a l w i th var ious substan­
ces has been known fo r a long time Such mater ials were produced by Persozl5 m i860 
and Stenhousel° i n 1870 from f u r f u r a l and aromatic amines or phenols However, no con­
c ise repor t was made at that time on e i ther the reac t ion mechanism or the reac t ion 
produc bs 

S c h i f f 1 7 i n 1870 assigned the formula 

^ p C^NHa H20 
CH 

0 \ p C6H^NH2HC1 

to the product obtained by the reac t ion of 1 mole of f u r f u r a l w i th 1 mole of an i l i ne 
and 1 mole of an i l i ne hydrochlor ide He considered the compound to be a d e r i v a t i v e of 
f u r y l d iphenyl methane possessing a s t ruc tu re analogous to the dye s tu f fs of the t r i 
phenyl methane class 

Zincke and Mulhausen 1^ i n 1905 concluded that the f u r f u r a l r i ng opened up m 
the reac t ion g iv ing the open chain compound 

H H H H OF H H 

I I / \ — N -C =C -C =C - C -:<-> 
Riege l and Hathaway^ (1941) t i t r a t e d the product w i th n i t rous ac id and found 

that i t reacted quan t i t a t i ve l y From th is formation of the diazonium s a l t they con­
cluded that the s t ruc tu re must be as shown i n Formula I m order to permit the f ree NH2 
groups fo be d iazo t i zed 

However, Will iams and Wi lson*^ discovered (1942) that i n the formation of the 
diazonium sa l t of R iege l and Hathaway an i l i ne i s l i be ra ted They also found that t r e a t ­
ment w i th NaHSO-3 l i be ra ted an i l i ne from the a n i l i n e - f u r f u r a l product Though the fa te 
of the remainder of the molecule i s unknown because of the ease of s p l i t t i n g o f f an i l i ne 
from the open chain compound compared to the d i f f i c u l t y that supposedly would be en­
countered m s p l i t t i n g o f f an i l i ne from the d i a n i l m o f u r y l methane s t ruc tu re , the authors 
concluded that the co r rec t s t ruc tu re i s that proposed by Zincke and Muhlhausen, Formula 
I I . They a lso ind ica ted that the d i a n i l m o f u r y l methane s t ruc ture coula not g ive the 

^5 Persoz, Wagner's Jahres B e n c h t s , p.467, (I860) 
!6 Stenhouse, Proc Roy S o c . V o l 18, p. 537 (1870) 

Ann , pp 156, 199, (1870) 
1 7 S c h i f f , Ann , pp. 201, 355, ( l880l 

Ann , P p 239, 349, (1887) 

1 8 Zincke and Mulhausen, Bar - , V o l 38, pp 382-1, (19C5) 
L 9 R iege l and Hathaway, J Am Chem Soc , Vo l 63, p 1835 (1941) 
20 Wil l iams and Wi lson, J . Chem Soc . pp 506-7, (1942) 
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deep redd ish blue co lor found i n the a n i l i n e - f u r f u r a l product which the open chain 
s t ruc tu re ve ry e a s i l y explains 

Compounds of the Formula I I type are known to c r y s t a l l i z e e a s i l y , whi le the 
f ree bases genera l l y appear as resinous masses Since the i nves t i ga t i on described i n 
t h i s repor t was concerned wi th a r e s i n s t a b i l i z e r , the work was done using 2 moles of 
an i l i ne to combine w i th 1 mole of f u r f u r a l instead of the usual combination using 1 
mole of an i l i ne and 1 mole of an i l i ne hydrochlor ide 

For the purpose of checking the proposed s t r u c t u r a l formulas, two sets of ex­
periments were performed using p- to lu id ine and dimethyl an i l i ne r e s p e c t i v e l y , instead 
of an i l i ne I n the case of p - to lu id ine the p pos i t i on of the benzene r i ng i s f u l l and 
the reac t ion should not go i f Formula I i s the s t r u c t u r a l formula S t ruc tu ra l formula 
I I requires the amino group to be f ree and t h e o r e t i c a l l y p - to lu idme would make a r e s i n 
under t h i s proposed s t ructure The case of dimethyl an i l i ne i s j u s t the reve rse . A 
r e s i n would not be formed i f I I i s the cor rec t formula, wh i le , s ince the p pos i t i on i s 
open the r e s i n would be formed according to I 

Specimens 2 inches high and 2 inches in diameter were compacted from Nimitz 
f i ne sana (soil H) containing 2 percert aniline-furfural m the first 3 batches, 2 pe r ­
cent dirrethyl aniline furfural m t̂ e next 3 and 2 percent p-toluidme furfural in the 
last, batches These samples were then subjected to tie regular freeze-thaw and wet-dry 
tests The results are shown m table 33 

I t can e a s i l y be seen that the dimethyl an i l i ne f u r f u r a l specimens d id not 
stand up at a l l , i nd ica t ing there was no r e s i n formed On the other hand, whi le the 
p - to lu idme f u r f u r a l specimens d id not stand up as w e l l as the a n i l i n e - f u r f u r a l s p e c i ­
mens, they d id far be t ter than the dimethyl am l i ne f u r f u r a l . These resu l t s lend sup­
por t to Formula I I 

The ser ies of tests made to f i na the best proport ions of an i l i ne and f u r f u r a l 
fo r r e s i n formation brought out two maxima i n the curve ( f i gu re 2) The f i r s t and most 
pronounced coincided wi th the r a t i o of 1 mole of f u r f u r a l to 2 moles of an i l i ne The 
corresponding molecular s t ruc ture has a l ready been discussed The second maximum c o i n ­
cides w i th the r a t i o of 2 moles of f u r f u r a l t o 1 mole of an i l i ne The s t ruc tu re of 
t h i s reac t ion product i s probably 

0 

This formula i s analogous to that f o r the condensation product of phenols and 
aldehydes However, at present , the data ava i lab le are too scarce to permit a d e f i n i t e 
dec is ion whether the mater ia l obtained i s a chemical compound or a mixture of 2 1 
a n i l i n e - f u r f u r a l r e s i n w i th f u r f u r a l and spontaneously formed f u r f u r a l res ins 

The resinous mater ia l thus formed I s not as e f f ec t i ve a s t a b i l i z e r as the 2.1 
a n i l i n e - f u r f u r a l compound 
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APPENDIX II 

ANILINE-FURFURAL RESIN CATALYZATION 

Recent work w i th a n i l m e - f u r f u ra l has shown a re tardat ion of the condensation 
reac t ion which wi th the techn ica l grades of these mater ials ava i lab le 10 years ago, 
s ta r ted spontaneously and instantaneously, immediately upon combination This f ac t 
represents an advantage inso far as i t permits a bet ter con t ro l of the reac t ion How­
ever , f o r the l a t t e r purpose i t i s important to have the r i g h t ca ta l ys t ava i lab le 
The tests descr ibed i n the fo l lowing were made i n an attempt to d iscover and evaluate 
an e f fec t i ve and adjustable ca ta l ys t f o r the a n i l i n e - f u r f u r a l reac t ion These tes ts 
were concerned wi th 

1 The Ef fec t iveness of Powdered Chemicals as Cata lysts 
2 The Ca ta l y t i c Ef fec t iveness of Aqueous Sa l t Solut ions 
3 The E f fec t of Increasing Amounts of Water on Resin Formation 
4 A n i l i n e - F u r f u r a l Emulsions 

The Ca ta l y t i c Ef fec t iveness of Powdered Chemicals 

Batches containing 2 pa r t s , by weight , of an i l i ne to 1 part of f u r f u r a l , 
making a t o t a l of about 21 cc of the mixture, were prepared w i th small amounts of 
po ten t i a l ca ta lys ts A dupl icate was made fo r each t e s t w i th the add i t ion of 2 cc 
of water 

One sample containing only an i l i ne and f u r f u r a l was set aside as a con t ro l 
This sample was s t i l l so f t a f te r standing 3 days The sample containing 2 cc of water 
(no ca ta l ys t ) behaved the same way 

The add i t ion of a s l i g h t amount of f e r r i c ch lo r ide produced s o l i d i f i c a t i o n both 
w i th and wi thout water, but produced bet ter r esu l t s wi thout water. Poss ib ly a l i t t l e 
more of the f e r r i c s a l t was added to the sample without water 

F e r r i c sulphate produced a s o l i d i f i c a t i o n , but to a v e r y much lesser degree 
than the ch lo r i de , and the s o l i d i f i c a t i o n was not not iceable u n t i l severa l days a f t e r 
adding the ca ta lys t 

The addi t ion of aluminum ch lonae caused th ickening i n the sample containing 
water i n about 30 minutes I n the sample wi thout water the reac t ion was slower, but 
s t i l l d e f i n i t e 

Barium ch lo r i de , sodium ch lo r i de , lead ch lo r ide , and calcium sulphate were t r i e d 
but produced no thickening or hardening e f fec t on the mixture The add i t ion of small 
amounts of phosphoric ac id produced a p rec ip i t a te which appeared to be an an i l i ne phos­
phate instead of the r e s i n des i red 

Th is group of tes ts ( tab le 42) pointed at the i r o n and aluminum chlor ides as 
the best ca ta lys ts f o r the purpose As a check t e s t , two samples were prepared i n the 
same manner as above, one wi th water and one wi thout water, adding a v e r y small amount 
of aluminum ch lor ide to each. I n one add i t i ona l sample w i th the aluminum ch lo r i de , 1 
drop of phosphoric ac id was added causing a s l i g h t p rec ip i t a te as not iced i n the e a r l i e r 
tes ts A l l samples showed th ickening, but not v e r y good s o l i d i f i c a t i o n 

The Ca ta l y t i c Ef fec t iveness of Aqueous Sa l t Solut ions 

From these pre l iminary t e s t s , the quest ion arose as to the amount and form i n 
which the i r o n or aluminum ch lor ide would be most e f fec t i ve Therefore, tes ts were 
made using d i f f e i e n t amounts of these sa l t s i n aqueous so lu t i on The res ins were made 
as former ly Ten grams of aluminum ch lor ide (6 H2O) were d isso lved i n 25 cc of water ; 
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and 10 grams of f e r r i c ch lor ide (6 H2O) were d isso lved i n 20 cc of water. All tes ts 
•were made on the pure a n i l i n e - f u r f u r a l mixture wi thout any water except that contained 
i n the cata lyz ing s o l u t i o n . 

To i d e n t i c a l samples o i the a n i l i n e - f u r f u r a l mixture were added 1/2 cc, 1 cc, 
2 cc , 3 cc , 4 cc , and 5 drops (1/4 cc) of c a t a l y t i c so lu t ions ( tab le 43) A l l samples 
became hard a f te r a day and a h a l f . I n general i t was observed that the greater the 
amount of the ca ta l ys t added, the more rap id the reac t ion When 3 or 4 cc were added, 
the mixture hardened before the ca ta l ys t could be thoroughly s t i r r e d i n t o the batch . 
The samples containing 1 cc o f the ca ta l ys t became thick f a i r l y soon a f te r the add i ­
t i o n of the c a t a l y s t , but d id not harden f o r 4 or 5 hours The samples i n which 5 
d r o p B of ca ta lyz ing mater ia l were added took over n igh t t o harden. The aluminum ch lo ­
r i de produced a be t te r e f fec t f o r the amount adaed than the f e r r i c ch lo r i de . Much 
bet ter r esu l t s were shown when the ca ta l ys t was added i n s o l u t i o n than -when i t was 
added i n the c r y s t a l form 

The E f f ec t of Increas ing Amounts of Water on Resin Formation 

I n order to determine whether or not the ac t ion of these ca ta lys ts was appre­
c i ab l y af fected by the presence of la rger quant i t ies of water , batches o f the r e s i n 
were made i n the same manner as before , adding increasing amounts of water S i x samples 
were used wi th each c a t a l y s t , a c o n t r o l , i n which no water was added, and 5 other sam­
p les , t o which increasing amounts of water were added. To the f i r s t s i x samples 5 drops 
of f e r r i c ch lor ide so lu t ion were added to each batch, to the second s i x , 5 drops of 
aluminum ch lor ide so lu t ion ( tab le 44)* The samples were s t i r r e d w e l l i n an attempt to 
disperse the water i n to the a n i l i n e - f u r f u r a l mixture However, these attempts were 
not ve r y successfu l With one sample an attempt was made to emulsi fy the a n i l i n e - f u r ­
f u r a l so lu t ion and the water However, the emuls i f ie r became clogged, and th i s process 
had to be d iscont inued, however, such emuls i f i ca t ion was ca r r i ed out at a l a t e r date 
in other experiments I n these experiments the water remained i n a separate phase from 
the a n i l i n e - f u r f u r a l so l u t i on , and had no e f fec t on the s o l i d i f i c a t i o n of the r e s i n 

A n i l i n e - F u r f u r a l Emulsions 

Batcnes of an i l i ne and f u r f u r a l were made using 13 7 cc of an i l i ne and 6 7 cc 
of f u r f u r a l I n each batch F ive drops of f e r r i c - c h l o r i d e so lu t i on (10 grams of f e r r i c 
ch lor ide I n 20 cc of water) were added to each batch ( tab le 46) . The f i r s t batch was 
used as a cont ro l To succeeding batches, increasing amounts of water were added. A l l 
samples were emulsi f ied w i th f e r r i c ch lor ide added at the time of emu ls i f i ca t ion . 
Probably the ca ta l ys t was not w e l l d ispersed i n the con t ro l sample, a large dark red 
spot remained i n the emuls i f ie r a f te r the emuls i f i ca t ion had been completed 

A f te r 1 hour the con t ro l sample had developed i n t o a so f t r e s i n , the sample 
containing 5 cc of water had become a v iscous l i q u i d ; the sample containing 10 cc of 
water seemed to have a surface scum th icker than the mam body The other samples ap­
peared unchanged 

Af te r 2 hours apparent ly a l l the emulsions held except the sample containing 
25 cc of water The emulsion had been broken i n that case, and the a n i l i n e - f u r f u r a l 
mixture had se t t l ed to the bottom. 

The next observat ion was made a f te r 3-1/2 hours The con t ro l was s t i l l so f t 
resin The samples containing 15, 20 and 25 cc of water had broken from the emulsion, 
and, instead of forming a b r i t t l e - l i k e r e s i n , as i s u s u a l l y the case wi th a n i l i n e - f u r ­
f u r a l , they formed a more or less f l o ccu len t p rec ip i t a te This tendency to form a 
f l occu len t p rec ip i t a te appeared to be more prevalent as more water was added The sam­
ple containing 10 cc of water was gummy and showed tendencies to be f l occu len t I n 
the 5 cc sample, a f te r the so f t r e s i n formed, the water co l l ec ted i n the center and 
there was a tendency to show a fluffy nature i n this aqueous por t ion 

In a second group of experiments, batches of aniline-furfural were made In 
the same manner, except that aluminum chloride solution (10 g in 25 cc water) was 
added In place of ferric chloride. 
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The control formed quite a hard resin immediately upon enrolsification with the 
catalyst. The second sample, having 5 cc of water, formed a viscous reain from which 
water could be squeezed showing that the emulsion was not badly broken before the resin 
set. However, the resin formed was very soft The sample containing 10 cc of water 
formed a flocculent precipitate on the bottom of the cup with a gummy resin on top. 
The emulsion In all samples having more than 5 cc of water were not stable, but broke 
before or during the reaction; the aniline-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 emulslfIcation because chunks of resin would atop up the emulslfier. 
Therefore a series of experiments was made in which the aniline-furfural and water 
were emulsified and the catalyst added later It was also desired to see the effect 
of larger amounts o f water; therefore, to 4-00 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 emulsification (table 45). 

After 5 hours, In the case of those samples to which the catalyst was added 
before emulsification, the samples containing aluminum chloride seemed to remain as a 
stable emulsion with a slight coating on the bottom of the cup In 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 where 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
itate was formed Upon the addition of the ferric chloride catalyst to another sample 
of the same emulsion, the solution turned a dark brown, and a small precipitate was 
formed. A check teat turned out the same as ohe original 

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

It was found that the emulsification of the aniline-furfural and water in an 
aluminum emulslfier caused the reaction to be catalyzed sometimes to the extent that a 
flocculent precipitate was formed However, it was found that a stable emulsion could 
be obtained by adding a small amount of soap to keep the mixture on the alkaline side 
until the catalyst was added. 

Conclusions 
1. The best catalyst found for the aniline-furfural reaction was AICI3 It was most 

effective when added as a saturated, or nearly saturated, aqueous solution 
2. FeCl^ was not quite as effective aa AICI3 It was more effective when added as a 

saturated, or nearly saturated, solution than when added in powder form 
3 The greater the amount of either of these catalysts used, the greater was the ac­

celeration of the reaction (5 percent A1CL* added as a saturated aqueous solu­
tion produced solidification before the catalyst could be thoroughly mixed with 
the 21 cc of aniline-furfural used ) 

4 BaCl2> F e S 0/, NaCl, PbO, and H3PO4 were tried as catalytic agents, but did not" 
produce good results 

5 FeSO^ catalyzed the reaction, but much more slowly than either FeCl^ or AICI3 
6. H3PO4 produced an aniline phosphate precipitate. 
7 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 anillhe-furfural 
mixture However, if the water was emulsified with the aniline-furfural mixture, 
the resin formed as a flocculent precipitate 

8 In cases where the samples were emulsified, it was found to be more practical to 
add the catalyst after the material had been emulsified. 

9 The addition of a small amount of soap was effective in keeping the reaction 
from taking place in the aluminum emulslfier 
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TABLE 1 

PHYSICAL CFEMICA1 CHARACTERISTICS OF THE TEN SOILS 
El'PLOYED IN THE INVESTIGATION 

So i l 
Gradation Atterburg Limits Organic 

Hatter 
% 

Base Ex 
Capacity 

(1) 

Optimum Max 
Mois ture 

% (2) 

Dry Density 
Lbs/Cu Ft 

(3) 
So i l Col lo ia 

% " 
Clay 
% 

S i l t 
% 

Sand 
% 

L L P L P I S L 
Organic 
Hatter 

% 

Base Ex 
Capacity 

(1) 

Optimum Max 
Mois ture 

% (2) 

Dry Density 
Lbs/Cu Ft 

(3) 

H 4 5 5 90 Non Plast ic o 42 2 17 12 103 

P 9 11 12 77 19 0 17 0 2 0 1 00 5 62 14 109 

B 14 22 11 67 22 1 18 1 4 0 14 4 1 36 9 26 14 5 113 5 

E 14 ia 32 50 22 5 IS 3 4 2 15 3 2 47 8 84 14 115 

L 9 17 28 55 23 C 18 C 5 0 16 3 1 47 a 71 14 0 101 3 

G 7 17 53 30 25 0 18 6 6 4 15 6 1 38 12 36 15 110 

U (3) 12 20 41 39 31 8 20 1 11 7 14 9 1 32 10 15 16 110 

1 12 25 30 45 32 1 18 4 13 7 15 6 1 79 16 24 17 104 

N 19 40 27 33 45 0 19-0 26 0 12 6 1 95 13 5Q 22 96 

V 20 45 21 34 53 5 22 4 31 I 12 7 3 02 18 ^8 28 90 

(l) Mill-equivalents per IOC g (2) By modified procedure described in text (3) This so i l contains 
free CaCOn 

TABLE 2 

THE EFFECT OF THE ANILINE-FURFURAL RATIO ON THE QUALITY 
OF THE RESINOUS CEMENT (NO CATALYST) 

Ani l ine -- Fur fura l Compressive Strength i n Lbs/Sq I n 
Ratio 

Ani l ine Furfural Dry Wet Dry Wet Moist Wet 
% % 1 W-D 4 W-D 1 F-T 4 F-T 

10 90 64 26 85 34 25 10 
20 eo 79 33 59 29 25 27 
30 70 125 39 92 32 35 30 
40 60 167 40 121 38 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 
eo 20 221 150 106 26 50 21 
90 10 98 25 69 29 23 3 
0 100 56 6 70 6 12 

•#• Mechanical defect 
Batch Composition S o i l H, 2% An i l ine-Fur fura l 
Mixture, no catalyst 
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TABLE 3 

THE EFFECT OF THE AJJILINE—FURFURAL RATIO Of, THE QUALITY OF THE 
RESINOUS CEMENT IN THE PRESEt-.CE OF 0 08£ HC1 AS CATALYST 

Aniline - Furfural 
Ratio 

Compressive Strength an Lbs/Sq In 

Aniline Furfural Dry Wet Dry Wet Moist Wet 
% % 1 W-D 4 W-D 1 F-T 4 F-T 

10 90 40 10 •fr* 10 5 4 
20 80 46 14 ** 13 6 9 
30 70 60 16 11 12 9 8 
40 60 43 

TO
 

19 10 -S-K- 4 
50 50 58 62 29 14 3 10 
60 40 239 147 80 40 55 52 
7C 30 207 128 67 11 75 46 
60 20 225 40 41 28 11 13 
90 10 16 5 8 7 5 5 
0 100 67 8 7 2 •e-r- ** 

Failed 
Batch Compositior Soil 2 $ A n a line-Furfural 
iixture, 0 03% ( 1 1/2 cc) HC1 

TABLE 4 

THE EFFECT OF TEE UILI TIE-FURFURAL RATIO Of THE QUALITY. OF TIE 
RESDOLS CEISLT IN THE PRESENCE OF 0 \b% hCl AS CATALYST 

Aniline --Furfural Compressive Strength in Lbs/Sq In 
Ratio 

Ar.iline Furfural Dry Wet Dry Wet Moist Wet 
% % 1 W-D 4 W-D 1 F-T 4 F-T 

10 90 37 24 38 7 21 9 
20 80 78 45 88 17 33 26 
30 70 137 95 131 29 61 38 
40 60 186 109 182 41 73 37 
50 50 136 123 137 34 61 29 
60 40 116 99 110 31 58 35 
70 30 136 75 30 23 41 31 
80 20 81 26 45 16 26 12 
90 10 48 ^2 35 9 17 a 
0 100 57 11 as 8 6 

Failed 
Batch Coi-position Soil K, 2% Aniline-Furfural 
Mixture, 0 l6jC (3 cc) HCl 

TABLE 5 
THE EFFECT OF THE A1.I LIHE-FLRFURAL RATIO Of THE QUALITY OF THE 

RESINOUS CEMENT If, THE PRESEfCE OF 0 05# NaOH A3 CATALYST 

Aniline — Furfural 
Ratio 

Compressive Strength in Lbs/Sq In 

Aniline Furfural Dry Wet Dry Wet Moist Wet 
% % 

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

10 90 83 i * 
20 60 84 ** *# # * 

30 70 130 «* «* ** 
40 60 122 ** ** ** ** 
50 50 86 ** ** ft* # * 
60 40 177 9 -SBf ** 7 # # 

70 30 217 22 212 24 13 5 
80 20 201 18 154 25 10 5 
90 10 94 12 96 17 4 8 

0 100 92 # # # # •K* ** ** 
#* Failed 

Batch Composition Soil H, 2% Aniline-Furfural 
Mixture, 10* (10 cc) NaOH 

http://PRESEt-.CE
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TABLE 6 

THE EFFECT OF I^ROGEN AND 
HTDROm IONS (FROM HC1 AND NaOH) 
ON A 50 50 ANILINE-FURFIRAL RESIN 

Catalyst Compressive Strength m Lbs/Sq I n 
cc Dry Wet Dry Wet Moist Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

Cone HC1 
0 5 98 10 33 28 23 4 
1 0 81 7 40 22 21 13 
1 5 147 13 31 16 18 15 
2 0 74 14 44 18 10 12 
3.0 119 37 29 20 7 23 

None 39 29 15 *->" 2 

10% NaOH 
1 36 2 74 28 1 
2 51 •SBT- 68 19 -K-K 
4 85 45 24 •H* 
6 84 •5BS-to 106 *# * * -SB*- •JH*-

10 105 *-> •W-K X-K 

Fai led 
Batch Composition S o i l H, 2% An i l ine-Fur fura l 
Resin (50 50) Amounts of catalyst shown were 
added to 2200 g of s o i l 

TABLE 7 

THE EFFECT OF HYDROGEN AND 
HYDROXYL IONS (FROM HC1 AND NaOH) 
ON A 35 65 ANILINE-FURFURAL RESIN 

Catalyst Compressive Strength i n Lbs/Sq I n 
cc Dry Wet Dry Wet Moist Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

Gone HC1 
0 5 66 43 37 26 26 31 
1 0 67 67 47 23 51 34 
2 0 62 32 26 26 35 14 
3 0 64 20 34 26 17 13 

None 43 11 20 22 9 9 

10% NaOH 
1.0 63 13 63 36 13 10 
2 0 88 16 54 19 13 11 
4.0 89 5 71 25 c 

J 
6 

6.0 82 -w-̂  •H->-
8 0 118 -*# 

10 0 88 

* * Fai led 
Batch Composition S o i l H, 2% An i l ine-Fur fura l 
Resin (35 65). Amounts of catalyst shown were 
added to 2200 g of s o i l 
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TABLE 8 

TtE EFFECT 07 rYDROGEN AND HYDROXYL IONS (FROM HC1 AND NaCH) 
ON A 70 30 ANILINE-FURI1 URAL RESIN 

Catalyst Compressive Strength i n Lbs/Sq In 
cc Dry Wet Dry Wet Moist Wet 

1 W-D 4 W-D 1 F-T 4 F-T 
Cone HC1 

0 5 4-81 230 96 65 92 62 
1 0 317 113 62 51 51 31 
2 0 119 89 28 31 32 37 
3 0 118 78 95 20 31 19 

None 395 207 95 71 90 82 

10% NaOH 
1 0 321 86 66 29 50 40 
2 0 209 100 44 38 32 17 
4 o 286 32 62 55 15 10 
6 0 272 19 75 63 13 6 
8 0 3 a 14 49 54 11 9 

10 0 401 62 52 44 23 16 

#* Fai led 
Batch Composition S o i l H, 2% Ani l ine-Fur fura l 
Resin (70 30) Amounts of catalyst shown were 
added to 2200 g of s o i l 

TABLE Q 

TIE EFFECTIVENESS OF LOW PERCENTAGES OF 70 30 ANILINE-FURFURAL 
RESIl- IN ACID, ALKALINE, AND NEUTRAL MEDIA 

Percent Catalyst Compressive Strength i n Lbs/Sq I n 
Resin cc Dry Wet Wet Wet Wet Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

0 5 None 72 33 17 14 17 10 
1.0 None 157 96 30 26 30 23 
1 5 None 291 161 64 17 76 52 
2 0 None 420 303 76 64 121 104 

HC1 
0.5 0 75 53 22 10 14 7 6 
1 0 1 50 56 26 11 12 9 6 
1 5 2 30 54 36 11 14 15 13 
2 0 3.00 124 57 20 37 32 28 

lOSS NaOH 
0 5 2 5 149 56 19 38 19 16 
1.0 5 0 232 25 30 55 13 9 
1 5 7 5 304 22 15 60 10 6 
2 0 10 0 393 12 44 63 9 6 

Batch Composition So i l H, Ani l ine-Fur fura l Resin 
(70 30 )Amoun ts of catalyst shown were added to 
2200 g of s o i l 

TABLE 10 

THE EFFECTIVENESS 07 LOW PEPCENTAGES OF 
35 65 ANILINE-FURFURAL RESIN IN NEUTRAL MEDIA 

Percent Compressive Strength in Lbs/Sq In 
Resin Dry Wet Wet Vet Wet Vet 

1 W-D 4 W-D 1 F-T 4 F-T 
1 93 9 18 8 14 12 
2 64 10 14 5 15 7 
4 32 14 55 24 16 12 

Bfttch Composition So i l H, Ani l ine-Fur fura l 
Resin (35 65) 
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TABLE 11 

THE EFFECT OF VARIOUS IONS 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 71 34 88 57 

Cation Effect 
1 1 g NaOH 155 22 25 •JH*-

1 15 g KCH 71 9 26 22 2 5 
2 2 g BaOH 67 12 28 K 9 7 
0 7 g Ca(0H) 2 76 13 28 16 8 to 

Anion Effect 
1 3 S H2SO4 160 106 70 38 50 51 
1 7 g HAc 186 135 55 51 53 63 
2 25 g HNO3 173 104 95 36 74 66 
0 8 162 171 88 25 87 65 

Effect of Sodium Silicate 
10 cc 50$ Na2Si409 86 14 27 22 10 7 
20 cc 50£ Na 2Si^0 9 123 45 61 33 28 20 

Failed 
Batch Cqmposition Soil H, 2$ Aniline-Furfural Resin 
(35 65) Amounts of catalyst shown were added to 2200 g 
of soil 

TABLE 12 

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

Compressive Strength in Lbs/Sq In 
Catalyst Dry Wet Wet Wet Wet Wet 

1 TT-D 4 W-D 1 F-T 4 F-T 

Cation Effect 
1 1 g NaOH 117 8 32 26 
1 15 g KOH 232 19 135 53 12 6 
4 3 g Ba(0H)2 38 7 60 41 8 5 
2 2 g Ba(0H) 2 124 13 29 28 11 8 
1 4 g Ca(0H) 2 148 20 27 37 14 12 
0 7 g Ca(0H) 2 131 16 36 33 14 5 

Anion Effect 
1 1 S H2SO4 544 271 98 67 121 66 
1 7 g HAC 272 73 52 55 61 32 
2 25 g HNO3 255 139 58 43 70 7i 
0 8 g H3PO4 446 199 84 69 101 55 

Effect of Sodium Silicate 
lOcc 50% Na2Si/0g 192 21 41 51 16 6 
20cc 50% Na25i40a 108 10 -K-X- • S H I 7 -H-K 

## Failed 
Batch Composition Soil H, 2% Aniline-Furfural Ream 
(70 30) Amounts of catalyst shown were added to 2200 g 
of soil 
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TABLE 13 

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

H 2S0 4 

s 
Dry 

Compressive Strength in Lbs/Sq In 
Wet 
4 F-T 

H 2S0 4 

s 
Dry Wet Wet 

1 W-D 
Wet 
4 W-D 

Wet 
1 F-T 

Wet 
4 F-T 

1 4 127 138 77 30 57 35 
2.8 204 162 75 # # 61 43 
5 6 162 160 72 -tt-K- 46 44 
8 4 219 163 94 32 49 64 
11 2 120 78 80 27 48 30 
14 0 131 106 65 39 59 44 

#* Failed 
Batch Composition Soil H, 2% Aniline-Furfural Resin 
(35 65) Amounts of catalyst shown were added to 2200 g 
of soil 

TABLE 14 

THE EFFECT OF INCREASING AMOUNTS OF 
SULFURIC ACID ON THE QUALITY OF 
70 30 ANILINE-FURFURAL RESIN 

Compr esaive Strength in Lbs/Sq In 

e 
Dry Wet Wet Wet Wet Wet 

e 1 W-D 4 W-D 1 F-T 4 F-T 
1 4 418 168 85 44 106 85 
2.8 314 204 77 37 95 60 
5 6 402 229 96 55 116 109 
8 4 246 172 68 33 64 95 
11 2 340 145 77 40 82 73 
14 0 250 131 85 37 71 63 

Batch Composition Soil H, 2% Aniline-Furfural Resin 
(70 30)Amounts of catalyst shown were added to 2200 g 
of soil 

TABLE 15 

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

Compre ssive 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 158 131 25 21 12 7 
6 3 g Fe2(S0/)3 6 H 20 109 113 74 35 25 27 
3 2 g Fe2(S0,/.) 6 H 2 0 124 93 66 26 27 10 
2 3 g FeCl 3. 6 H 2D 143 76 57 21 34 29 
2 0 g AICI3 6 H 20 206 118 22 35 49 59 
2 0 g ZnSO/ 7 H 20 160 97 81 22 29 26 
3 0 g MgS04 H20 132 49 33 13 21 7 
5 4 g A12(S04)3 18 H 20 129 149 68 38 66 40 
5 7 g A12(S04)3(NH4)2S04 126 109 47 a 56 45 

24 H 20 
3 5 g Na2HP04 134 10 23 10 

Batch Composition Soil H, 2% Aniline-Furfural Resin 
(35 65)Approximately 1/40 mole of salt shown 
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TABLE 16 

THE EFFECT OF VARIOuS SALTS ON THE QUALITY 
OF 70 30 ANILINE-FURFURAL RESIN 

Compressive strength in Lbs/Sq In 
Sal t Dry Wet Wet Wet Wet Wet 

g 1 W-D 4 W-D 1 F-T 4 F-T 

None 221 67 58 A3 119 20 
6 3 g Fe 2 (S0 , ) 3 6 ? 2 ° 37 21 15 15 14 18 
3 2 g F e 2 ( S 0 A ) 3 6 H20 33 21 18 17 18 5 
2 3 g FeC l 3 6 H20 109 81 23 26 56 24 
2.0 g AICI3 6 H20 273 205 96 41 95 60 
2.0 g ZnSO^ 7 H20 320 198 102 4B 55 54 
3 0 g MgSO/ 7 H20 337 166 48 27 62 23 
5 4 g A1 2 (§0 4 ) 3 16 H20 106 95 16 33 118 74 
5 7 g A 1 2 ( S 0 4 ) 3 (NH 4 ) 2 S0 4 

24 H20 
138 77 60 21 60 65 

3 5 g Ha2H0P4 410 184 202 36 1]6 11 

Batch Composition So i l H, 2% Ani l ine-Fur fura l Resin 
(70 30) Approximately 1/40 mole of ss.lt as shomi. 

TABLE 17 

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

Compressive Strength i n Lbs/Sq I n 
Foaming Dry Wet Wet Wet Wet Wet 
Agent 1 W-D 4 W-D 1 F-T 4 F-T 

None 163 35 55 59 25 12 
A 43 10 38 14 10 6 
A ( l ) 55 21 24 10 16 12 
B 55 6 12 11 6 •e-K-
C 61 9 20 13 8 3 
D 89 14 17 50 11 8 
E 80 13 11 17 7 6 
F 39 7 23 13 6 3 

#* Fai led ( l ) Heat treated 16 hours at 75 C 
Batch Composition So i l F, 2% Ani l ine-Fur fura l Resin 
( 1 3 ) Foalning^agent as shown 

Composition of Foaming Agents 

A = 4g NaHC03 + 2g NH^Cl 

B — 3g CaC2 with Vmsol 

C = 2 3g NaN02 

D — 2 3g NaNC^ + 2g urea -(-18 I NH^Cl + Formalin 

E = 2 3g NaN02 + 2g urea + 1.8j I NH^Cl + Furfural 

F = 2 3g NaN02 + 2g urea + 1 8 I NH4CI 

http://ss.lt
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TABLE 18 

THE EFFECT OF FOAMING AGENTS ON THE QUALITY 
OF 70 30 AMLINE-FUTLFURAL RESIN 

COMPRESSIVE STRENGTH IN LOS/SQ IN 
FOAMING DRY WET WET WET WET WET 
AGENT 1 W-D 4 W-D 1 F-T 4 F-T 

NONE 331 201 80 119 133 63 
A 311 122 71 75 70 52 

150 230 77 82 60 45 
B 147 35 24 21 16 15 
C 510 186 139 53 53 36 
JJ 535 111 103 58 62 34 
E 581 85 88 69 33 19 

(1) HEAT TREATED 16 HOURS AT 75° C 
BATCH COMPOSITION SOIL H, 2% ANILINE-FURFURAL FESM 
(70 30) FOAMING~AGENT AS SHOWN 

COMPOSITION OF FOAMING AGENTS 

A = 4G NAHCO^ + 2G NH4 GL 

B = 3G CAC 2 WITH VMSOL 

C = 2 3G NaN02 

D = 2 3G NaN02 + 2G UREA + 1 8 NH^CL + 4G FORMALIN 

E = 2 3g NaN02 + 2G UREA + l.B G NH^CL + 3G FURFURAL 

TABLE 19 

THE EFFECTIVE! ESS OF TWO PERCENT OF ANILINE-FLRFURAL RESIN 
(70 30) IFJ TRE STABILIZATION CF SOIL B AS A FUTOTION 

OF THE ACIDITY GH. ALKALIMITY OF THE MEDIA 

CATALYST 
COMPRESSIVE STRENGTH IN LBS/SQ IN 

CATALYST URY WET WET 
1 W- D 

WET 
4 W-D 

WET 
1 F-T 

WET 
4 F-T 

NONE 556 46O 359 521 248 93 
3 CC CONE HCL 540 403 441 425 243 89 
1 5 CC CONE HCL 547 282 334 383 278 67 
2 CC 10? HAOH SOL 592 434 315 316 200 80 
6 CC 10% NAOH SOL 600 362 140 496 79 41 
10 CC 10% NAOH SOL 672 350 263 488 188 67 

BATCH COMPOSITION SOIL B, 2% ANILINE-FURFURAL RESIN 
(70 30J AMOUNTS OF CATALYST SHOWN WERE ADDED TO 
2500 g OF SOIL 
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TABLE 20 

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

OF THE ACIDITY OR ALKALINITY OF THE MEDIA 

Compressive Strength i n Lbs/Sq I n . 
Catalyst Dry Tet net Wet Vet Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

None 702 528 203 518 282 137 
3 cc Cone. HC1 ' 280 220 77 162 173 86 
1.5 cc Cone. HC1 208 313 184 328 204 146 
2 cc 10* NaOH 561 441 181 213 261 161 
6 cc 10% NaOH 803 418 172 770 133 85 
10 cc lOjt NaOH 743 406 219 626 223 77 

Batch Composition: S o i l E, 2% Ani l ine-Furfura l Resin 
(70:30). Amounts of catalyst shown were added to 2200 
g of s o i l . 

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 I n . 
Catalyst Dry Wet Wet Wet Wet Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

None 884 •681 642 477 395 132 
3 cc Cone. HC1 834 665 704 512 402 206 
1.5 cc Cone. HC1 1325 1044 1174 555 563 259 
2 cc 10% NaOH So l . 944 445 979 679 401 209 
6 cc 10% NaOH So l . 1395 657 613 1087 451 170 

Batch Composition: So i l G, 2% Ani l ine-Furfura l Resin 
(70:30). Amounts of catalyst shown were added to 2520 
g of s o i l . 

TABLE 22 

THE EFFECTIVENESS OF TWO PERCENT OF ANILINE-FURFURAL RESIN 
(70:30) IN THE STABILIZATION OF SOIL H AS A FUNCTION 

OF THE ACIDITY OR ALKALINITY OF THE MEDIA 

Compressive Strength in Lbs/Sq I n . 
Catalyst Dry Wet Wet Wet Wet Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

None 396 211 96 54 91 83 
3 cc Cone. HC1 132 79 65 20 32 19 
1.5 cc Cone. HC1 207 123 67 11 76 46 
2 cc 10% NaOH So l . 210 106 44 39 32 17 
6 cc 1056 NaOH So l . 272 20 75 63 14 6 
10 cc 10% HaOH Sol . 452 62 77 45 23 16 

Batch Composition: So i l H, 2% Ani l ine-Fur fura l Resin 
(70:30).Amounts of catalyst shown were added to 2100 
g of s o i l . 
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TABLE 23 

THE EFFECTIVENESS OF TWO PERCENT OF ANILINE-FURFURAL RESIN 
(70:30) IN THE STABILIZATION OF SOIL L AS A FUNCTION 

OF THE ACIDITY OR ALKALINITY OF THE IffiDIA 

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 478 377 172 513 162 51 
3 cc Cone. KC1 221 348 117 ?98 93 85 
1.5 cc Cone. HC1 453 372 ' 75 350 196 82 
2 cc 10$ NaOH Sol. 562 411 76 353 143 43 
6 cc 10$ NaOH Scl. 611 269 69 299 99 48 
10 cc 10$ NaOH Sol. 506 157 112 316 149 49 

Batch Composition; Soil L, 2% Aniline-Furfural Resin 
(70:30). Amounts of catalyst shown were added to 2200 
g of soil. 

TABLE 24 

THE EFFECTIVENESS CF TWO PERCENT OF ANILINE-FURFURAL RESIN 
(70:30) IN THE STABILIZATION OF SOIL M AS A FUNCTION 

OF THE ACIDITY OR ALKALINITY OF THE MEDIA 

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 1124 249 515 1196 175 35 
3 cc Cone. HC1 907 589 560 943 182 78 
1.5 cc Cone. KC1 820 139 109 499 17 5 
2 cc 10% NaOH Sol. 956 405 189 702 63 22 
6 cc 10% NaOH Sol. 827 184 75 445 82 15 
10 cc 10% NaOH Sol. 815 214 221 198 135 26 

Batch Composition: Soil M, 2% Ar.iline-Furfural Resin 
(70:30). Amounts of catalyst, shown were addea to 2200 
g of soil. 

TABLE 25 

THE EFFECTIVENESS OF TWO PERCENT OF ANILINE-FURFURAL RESIN 
(70=30) IN THE STABILIZATION OF SOIL N AS A FUNCTION 

OF THE ACIDITY OR ALKALINITY OF THE MEDIA 

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 1273 981 1263 884 99 105 
3 cc Cone. HC1 947 797 808 722 448 90 
1.5 cc Cone. HC1 1003 771 835 247 178 54 
2 cc 10% NaOH Sol. 1060 643 782 436 419 96 
6 cc 10$ NaOH Sol. 1203 638 942 713 178 22 
10 cc 10$ NaOH Sol. 1019 443 804 210 243 25 

Batch Composition: Soil N, 2% Aniline-Furfural Resin 
(70:30). Amounts of catalyst shown were added to 2200 
g of soil. 
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TABLE 26 

THE EFFECTIVENESS OF TWO PERCENT OF ANILINE-FURFURAL RESIN 
(70 30) IN THE STABILIZATION OF SOIL P AS A FUNCTION 

OF THE ACIDITY OR ALKALINITY OF THE MEDIA 

Compressive Strength i n Lbs/Sq I n 
Catalyst Dry Wet Wet Wet Wet Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

None 494 173 252 284 135 59 
3 cc Cone HC1 414 283 158 188 149 99 
1 5 cc Cone HC1 412 318 356 256 165 130 
2 cc 1056 NaOH Sol 496 298 298 198 140 78 
6 cc 10* NaOh Sol 503 31 99 198 83 17 
10 cc 10* NaOH Sol 561 181 45 167 92 45 

Batch Composition S o i l P, 2* Ani l ine-Fur fura l Resin 
(70 30) Amounts of catalyst shown were added to 2360 
g of s o i l 

TAELE 27 

THE EFFECTIVENESS OF TWO PERCENT OF ANILINE-FURFURAL RESIN 
(70 30) IN THE STABILIZATION OF SOIL U AS A FUNCTION 

OF THE ACIDITY OR ALKALINITY OF THE MEDIA 

Compressive Strength i n Lbs/Sq I n 
Catalyst Dry Wet Wet Wet Wet Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

None 622 310 536 466 185 43 
3 cc Cone, FC1 482 200 370 222 96 25 
1 5 cc Cone HC1 436 48 309 314 121 28 
2 cc 10* NaOH Sol 277 38 29 10 5 
6 cc 10* NaOH Sol 406 68 134 201 45 
10 cc 10* NaOH Sol 553 191 137 13 12 

•s*Failed 
Batch Composition S o i l U, 2% An i l ine-Fur fura l Resin 
(70 30) Amounts of catalyst shown were added to 2270 
g of s o i l 

TABLE 28 

THE EFFECTIVENESS CF TWO PERCENT OF ANILINE-FURFURAL RESIN 
(70 30) IN THE STABILIZATION OF SOIL V AS A FUNCTION 

OF THE ACIDITY OR ALKALINITY OF THE MEDIA 

Compressive Strength in Lbs/Sq I n 
Catalyst Dry Wet Wet Wet Wet Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

None 749 466 664 223 72 12 
3 cc Cone HC1 935 530 386 *# 86 19 
1 5 cc Cone PCI 1147 512 242 * * 40 13 
2 cc 10* NaOH Sol 1143 276 51 * * 18 9 
6 cc 10* NaOH Sol 915 500 222 25 24 16 
10 cc 10* NaOH Sol 1089 528 127 45 10 

**Fa i led 
Batch Composition So i l V , 2% An i l ine-Fur fura l Resin 
(70 30) Amounts of catalyst shown were added to 2310 
g of s o i l 



TABLE 29 

THE EFFECTIVENESS OF TWO PERCENT OF ANILItE-FURFURAL 
REE IN (70 30) III THE STABILIZATION OF 

10 SOILS - 4" x 6" SPECIMENS 

Soi l 
Plunder Load in Lbs 

After Different Conditions of Treatment So i l 
la 1 2 3 5 6 7 

H 360 767 35S b69 329 852 175 442 

P 2041 1327 554 1102 493 1144 941 1136 

B 2039 1538 584 I486 565 1515 987 1549 

E 2446 1339 613 1313 638 1527 991 1591 

L 2812 2442 820 1911 360 942 1376 1648 

G 2216 1991 727 2083 539 1681 1098 1987 

U 2364 1880 602 1784 429 1568 1240 1665 

M 2065 1201 367 1025 397 685 298 860 

il 1552 1286 350 1516 160 623 31 476 

V 1701 1936 6se 2346 351 2024 311 1164 

•Batch Composition 2% Anil ine-Fur i ural Resin (70 30) 

Conditions of Treatment 

A l l specimens were a i r -dr ied for three days, dried to 
constant -weight in an oven and then subjected to the 
different conditions of treatment described below 

la Untreated specimen - No further exposure - tested dry 
1 No further exposure - tested dry 
2 10 days capi l lary absorption - tested wet 
3 10 days capi l lary absorption, and re-drying m oven-

tested dry 
4 10 days capi l lary absorption and 12 cycles of freezing 

and thawing - tested wet 
5 10 days capi l lary absorption, 12 cycles of freezing 

and thawing, and re-drying i n oven-tested dry 
6 10 days capi l lary absorption, and 12 cycles of wetting 

and drying - tested wet 
7 10 days capi l lary absorption, 12 cycles of wetting and 

drying, and re-drying in oven-tested dry 

TABLE 30 

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

PORTLAND CEMENT 

Compre ssive Strength in Lbs/Sq In 
Soi l Type of Wet Wet Wet Wet 

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

H Ani l ine-Furfural 396 211 96 54 91 83 
Resin 321 17 3 
Portland Cement 106 61 59 54 47 37 

P Ani lme-Furfural 494 173 252 284 135 59 
Resin 32I 95 41 91 29 8 1 
Portland Cement 185 98 73 97 80 92 

B Ani l ine-Furfural 556 460 359 521 248 93 
Resin 321 255 157 163 156 53 7 
Portland Cement 420 269 178 397 225 198 

E Anil ine-Furfural 702 526 203 518 282 137 
Resin 321 341 187 210 141 89 34 
Portland Cement 307 171 146 141 119 83 

L Ani l ine-Furfural 473 377 172 513 162 51 
Resm 321 413 142 178(1) 258 48 7 
Portland Cement 350 227 153 185 154 148 

G * Anil ine Furfural 884 681 642 477 395 132 
Resin 321 390 57 121 195 39 2 
Portland Cement 291 131 47 75 85 75 

U Ani l ine-Furfural 622 310 536 466 185 43 
Resm 321 264 67 176 134 3 1 
Portl and Cement 317 153 102 120 115 90 

M Am line-Fur f ural 1124 249 515 1196 175 35 
Resin 321 425 234 233 30B 73 4 
Portland Cement 367 181 112 97 103 111 

N Ani l ine-Furfural 1273 98I 1263 884 99 105 
Resin 321 645 195 306 20 B6 2 
Portland Cement 470 206 95 u s 142 96 

V Ani l ine-Furfural 749 468 664 223 72 12 
Resm 321 384 110 142(1) 67 20 1 
Portland Cement 370 177 127 130 128 117 

( l ) One test only #*Failed 
Batch compositior Specimens treated with 2% Ani l ine-Furfural 
Resin (70 30), 1% Resin 321, and 6% Portland Cement respectively 
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_ mi ^ / 

s 

^ _ — 

; 
/ 

- 1 So 
L E G E N D 

N O C A T A L Y S T 

C A T A L Y S T 1 5 C C O F C O N C H C L 

( S P G R 1 1 9 ) P E R 1 2 S P E C I M E N S 

C A T A L Y S T 3 0 C C O F C O N C H C L 

" ( S P G R 1 1 9 ) P E R 1 2 S P E C I M E N S 

C A T A L Y S T 1 0 C C O F N A O H S O L U T I O N 

(1 9 W I T H W A T E R ) P E R 1 2 S P E C I M E N S 

DRY STREN GTH 
L E G E N D 

N O C A T A L Y S T 

C A T A L Y S T 1 5 C C O F C O N C H C L 

( S P G R 1 1 9 ) P E R 1 2 S P E C I M E N S 

C A T A L Y S T 3 0 C C O F C O N C H C L 

" ( S P G R 1 1 9 ) P E R 1 2 S P E C I M E N S 

C A T A L Y S T 1 0 C C O F N A O H S O L U T I O N 

(1 9 W I T H W A T E R ) P E R 1 2 S P E C I M E N S \ 
1 V 

> 

k / ' \ 

— N \ \ 
1 

i 

/ 
s 

r 
f 

\ 

1 

i 

< 

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 B O 9 0 1 0 0 

P E R C E N T A N I L I N E 

F i g u r e 2 T h e E f f e c t o f t h e A n i l i n e F u r f u r a l R i t i o o n t h e Q u a l i t y n f t h e 

R e s i n o u s C e m e n t i n A c i d , B i s i c a n d N e u t r a l M e d i a 

L E G E N D 

A N I L I N E 7 0 % 

F U R F U R A L 3 0 % 

A N I L I N E 5 0 % 

F U R F U R A L 5 0 % 

A N I L I N E 3 5 % 

F U R F U R A L 6 5 % ( 

DRY STRE * G 1 H L E G E N D 

A N I L I N E 7 0 % 

F U R F U R A L 3 0 % 

A N I L I N E 5 0 % 

F U R F U R A L 5 0 % 

A N I L I N E 3 5 % 

F U R F U R A L 6 5 % ( 

/ 
/ \ 
\ 

\ i --. 
\ 

\ i 

f 
f — i 

-~ 
— i 

7 

3 2 5 2 1 5 \ 0 5 0 2 A 6 8 1 0 1 2 

C C O F C O N C H C L ( S P G R 1 1 9 ) C C O F N A O H S O L U T I O N (1 9 ) 

P E R 1 2 S P E C I M E N S P E R 1 2 S P E C I M E N S 

F i g u r e i T h e E f f e c t o f H v d r o g e n a n d H y d r o x y l I o n s ( f r o m I I C 1 a n d 

N a O H ) o n T h r e e A n i l i n e F u r f u r a l R e s i n s 



33 

TABLE 33 

STRICTURE STUDIES OK ANILINE-FURFURAL RESINS 
THROUGH THE USE OF DIWETHYLANILINE 4ND 
P-TOLUIDINE IN REACTION WIT-f FURFURAL 

Compressive Strength in Lbs/So In 
Resin Material Catalyst Dry Wet Wet Wet Wet Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

2 1 Aniline-Furfural None 393 276 1C1 21 124 B2 
2 1 Aniline-Furfural 3 CC HC1 Cone 132 64 34 17 43 31 
2 1 An ilme-Furfural 10 CC 103 = NaOH 103 

to 19 — CO JH'-
2 1 Dimethylaniline-Furfural None 31 -- -i 
2 1 Dunethylanilme-Furfural 3 CC HC1 Cone 16 -B-* -X 
2 1 Limethylariline-Furfural 10 CC 103 » NaOH 60 J-K •4" -K-F-
70 30 p-Toluidme-Furfural None 19 5 31 16 7 4 
35 65 p-Toluidme-Furfural None 18 6 38 16 2 •IS-* 
50 50 p-Toluidine-Furfural None 94 47 37 31 33 28 
70 30 p-Toluidme-Furfural 3 CC HC1 Cone 108 74 31 29 52 40 

**Failed 
Batch Composition Soil H, 2% Resinous Metennl 
Airounts of catalyst shown were addea to 2100 g of 
so i l 

TABLE 34 

TI E EFFECTIVENESS OF 1REA-FLRFLRAL RESINS 

Resin Material Catalyst 
Compressive Strength in Lbs/Sq In 

Resin Material Catalyst Dry TAet Dry 
1 W-D 

Dry 
4 W-D 

Wet 
1 F-T 

Wet 
4 F-T 

1 1 Urea-Furfural 3 cc HC1 Cone 46 6 80 30 22 2 

1 2 Urea-Furfural ) 
1 3 Aniline-Furfural) 3 cc HC1 Cone 118 73 100 Ah 26 24 

Batch Composition Soil E, 2% Pesinous Material 
Amounts of catalyst shown were added to 2100 g of 
so i l 

TABLE 35 

THE EFFECTIVENESS OF DIFFERENT AMOUITS CF FLRFURAL 
ADDED TO URINE AND BELRO ROSIIJ IN THE STABILIZATIOI OF SOIL G 

C ompre SOIVE Strength in Lbs/Sq In 
Urine Furfural Dry Wet Wet Wet Wet Wet 

cc g 1 W-D 4 W-D 1 F-T 4 F-T 

260 12 8 878 659 599 407 154 15 
260 9 6 972 715 558 415 266 33 
260 6 4 936 389 518 305 159 17 
260 3 2 1026 615 70 189 20 
130 6 4 1028 17 7 -- 3 
130 4 3 1156 545 558 494 148 15 
130 3 2 1220 631 259 497 212 20 
130 1 6 925 175 14 118 33 

J<-rFailea 
Batch Composition 2520 g Soil G, 50 g 3elro Rosin 
Amount of urine ana furfural per batch as •ihown 
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TABLE 36 

THE EFFECTIVENESS OF PHENOL-FURFURAL RESINS 

Resin Material 
Molar Ratio 

Catalyst 
Compressive Strength in Lbs/Sq In 

Resin Material 
Molar Ratio 

Catalyst Dry Wet Wet 
1 W-D 

Wet 
4 W-D 

Wet 
1 F-T 

Wet 
4 F-T 

1 2 Phenol-Furfural 5 c c HC1 Cone 12 •if* *->(-

1 1 Phenol-Furfural 20 c c 10* NaOH 53 •8-S -x- -He ** 

1 2 An i l ine-Fur fu ra l ) 
1 2 Phenol-Furfural ) 

4 cc HC1 Cone 52 24 33 36 20 11 

1 2 An i l ine-Fur fura l ) 
1 2 Phenol-Furfural ) 

4 c c HC1 Cone 79 32 59 49 22 15 

Fai led 
Batch Composition So i l H, 2% Resinous Mater ia l . 
Amounts of catalyst shown were added to 2100 g of 
s o i l 

TABLE 37 

THE EFFECTIVENESS OF UREA-FORMALDEHYDE RESINS 

Compressive Strength i n Lbs/Sq In 
Percent Catalysts Diy Wet Wet Wet Wet Wet 
Resin Added I W-D 4 W-D 1 F-T 4 F-T 

2 0 5 g N H C I 
0 5 g NH^Cl 

239 9 90 74 56 16 
2 (1) 

0 5 g N H C I 
0 5 g NH^Cl 140 12 44 31 14 8 

2 2 0 g Resorcmol 
0 5 g NH^Cl 

255 16 127 84 15 10 

1 3 5 g Resorcmcl 
0 25 g NF CI 

199 15 93 116 14 12 

1 1 7 g Resorcmol 
0 25 g Nl-^Cl 

96 7 64 35 2 

r-t 0 25 g NH^Cl 65 •5-ir 

1 5 2 5 g Resorcmol 115 11 92 77 11 7 
0 4 g NH/C1 
0 4 g NH4CI 1 5 
0 4 g NH/C1 
0 4 g NH4CI 122 15 81 54 6 2 

2 0 5 g NH^Cl 
2% Armour Amine 
1180 B Lot 601 7 

19 10 13 9 11 10 

2 0 5 g NE4CI 
2% Armour Amine 
Coco B Lot 3Q0 1 

26 5 11 11 8 12 

2 1 0 g NH4CI 
3 5 g Resorcmol 
1 g NaHC03 

69 16 97 60 14 7 

**• Fai led 
( l ) The res in was reacted i n the usual way (1 part urea to 

2 parts formalin reacted at 50-55° C) However, the res in was 
then cr ied and added in the powdered form instead of the usual 
reaction so lut ion 

Batch Composition S o i l H, percent Resin Solut ion ( l part of urea 
to 2 parts of formalin) Amounts of cata lyst shown were added to 
2100 g of s o i l 
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TABLE 38 

THE EFFECTIVENESS OF SMALL PERCENTAGES OF UREA-FORMALDEHTTJE 
RESIN IN THE STABILIZATION OF SELECTED SOILS 

Compressive Strength i n Lbs/Sq In 

So i l Dry Wet Wet Wet Wet Wet Dry 
1 W-D 4 W-D 1 F-T A F-T 

E 474 151 66 40 28 25 
H 60 5 17 6 A 2 
N 1039 •IH1- ** -SI-*-
P 390 9 7 5 3 3 
V 735 •J HI- -K-J.*-

J-£ Fai led 
Batch composition 20g Urea + 60cc 37* Formalin (makes 
1 2 to 1 3* Dimethylolurea Resin for each batch) 
So i l as shown 

TABLE 39 

THE EFFECTIVENESS OF WELDWOOD GLUE IN THE 
STABILIZATION OF SELECTED SOILS 

Compressive Strength i n Lbs/Sq In 

So i l Dry Wet Wet Wet Wet Wet 
1 W-D A W-D 1 F-T 4 F-T 

E 169 ** •fr# -is* 
H 62 8 16 3 4 3 
N 567 -IBF •I-5 ** P 133 -JRSR ^ - •H-K-
V 659 

Fai led 
Batch composition 40g of Weldwood glue per batch 
(approximately 1 8*) So i l as shown 

TABLE 40 

T^S EFFECTIVE!"ESS OF CALCIUM SULFALATE-FCRMALDEHYDE 
RESII. (1) I I THE STABILIZATION OF SOILS M AND E 

Compressive Strength i n Lbs /Sq I n 
Resin Added to Neutralize Dry Wet Wet Wet ffet Wet 

1 W-D 4 W-D 1 F-T 4 F-T 

So i l E 
Tota l base exchange ions 215 10 

to 2 5 3 
Total Ca ions 193 8 6 1 3 3 
\ Tota l base exchange ions 264 4 3 3 
1 Ca ions 262 3 >i 1 2 

So i l M 
Tctal base excharge ions 196 38 3 1 3 2 
4- Tota l base exchange ions 310 3 •K- 2 
£- Ca ions 344 - ">WC 

( l ) Sulfamic acid and foriraldehyde were added on the basis of the base exchange ions 
wnich might be supplied to the res in 

-^Fai led 
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TABLE 41 

THE EFFECTIVENESS OF ANILINE-FURFURAL RESIN IN CONJUNCTION WITH 
VINSOL AND CONGO RESILS 

NATURAL ANILINE -FUN URAL COMPRESSIVE STRENGTH IN LBS/SQ IN 
SOIL RESIN ADDED ADDED (L) DRY WET WET WET WET WET 

% 1 W-D 4 W-B 1 F-T 4 F-T 

1% Congo TV2 1 58 10 6 0 2 4-
1% CONGO NO. 28 1 82 11 7 14 7 5 

H 1% CCNGO PCI 1 126 63 48 31 29 6 
1% VINSOL 1 77 39 12 13 6 2 
NONE 2 293 265 116 67 60 Q2 

1% CONGO TV2 1 804- 613 425 505 191 132 
1% CONGO PCI 1 741 69^ 650 691 298 136 

E 1% CONGO NO 28 1 720 536 248 510 249 59 
1% VINSOL I 320 561 380 407 231 5] 
NONE 2 970 789 702 434 413 256 

1% CONGO TV2 1 909 679 703 621 229 32 
1% CONGO NO 28 1 902 623 734 568 238 27 

IF 1% CONGO PCI 1 1095 819 GOO 785 321 10 
1% VINSOL 1 1061 833 979 796 303 62 
NONE 2 911 779 802 050 330 106 

1% CONGO TV2 1 934 660 938 288 223 57 
1% CONGO NO 28 1 766 134 52 296 16 7 

L 1% CONGO PCI ]_ 874 570 283 692 230 90 
1% VINSOL 1 783 489 31 396 165 53 
NONE 2 788 578 675 666 283 182 

•K-IRFAILED 
(1) V RATIO OF ANILINE-FURFURAL PERCENTAGE ADAED IS BASED ON THE DRY WEIGHT OF SOIL 
USED 

TABLE 42 

ANILINE-FURFURAL RESIN CATALYZATION 

RESULT 
SALT NO WATER 2 CC WATER 

NONE (CONTROL) SOFT, VISCOUS LIAUIA SOFT, VISCOUS LIQUID 
FECL^ GOOD HARDENING OVER HARDER THAN CONTROL FECL^ 

NIGHT TUT STILL SOFT 
AICI3 GOOD HARDENING OVER BECAIRE THICK AFTER 30 AICI3 

NIGHT NMUTES GOOA BRITTLE 
RESIR 

BACL2 
NO EFFECT - SAIRE AS NO EIFECT - SAME AS BACL2 

CONTROL CONTROL 
FES0 4 VERY LITTLE EFIECT AL­ VERY LITTLE EFFECT, FES0 4 

MOST FAAME AS CONTROL SAME AS CONTROL 
NACL NO EFFECT - SANE AS NO EFFECT - SAME AS 

CONTRCL CONTROL 
PBO NO EFFECT - SAME AS 

CONTROL 
H 3 P 0 4 IMMEDIATE PRECIPITATE H 3 P 0 4 OF ANILINE PHOSPHATE 
Ĥ PO + A1C1 3 

OF ANILINE PHOSPHATE 
IMMEDIATE PRECIPITATE Ĥ PO + A1C1 3 

OF ANILINE PHOSPHATE 
REST of MIXTURE RE­
PAIRED SOFT 

BATCH COMPOSITION 13 7 CC ANILINE AND 6 7 CC FURFURAL IN EACH 
SAMPLE APPROXIMATE 0 1 G OF THE CATALYST. 
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TABLE 43 

CATALYTIC 

SOLUTION-CC EFFECT 

1A 
1/2 
1 

2 

3 

4 

AICI3 

VERY SLOW HARDENING BRITTLE RESIN AFTER ONE DAY 

FDSTER HARDENING GOOA RESIN FORMED IN 18 HOURS 

GOOD RESIN FORMED EVER NIGHT 

BRITTLE SOLID M LESS THAN TWO HOURS 

RESIN FORMED IMMEDIATELY 

RESIN FORMCA IMMEDIATELY 

1/4 
1/2 
1 

2 

3 

4 

5 

1 EU^ 

SI07' HARAENRG INTO BRITTLE RESIN 

GOOD RESIR -"ORIIEC, OVER NIGHT 

GOOD RESIN FORMEA CVERNGHT 

GIVEN Aith 1/2 CC OF FECL^ 
GOOD RECIN M SEVERAL HOURS 

RA;I'ID ROSIN FORNATION 

VERJ RAC_O COLIDIFICAT_ON 

1/ER1 RAOIA SOLIDII ICAT_OR 

HARDER RESIN THAN 

CATALYTIC SOLATIONS 

LOG FECL^ 6 H 2 0 F 20 CC H 2 0 

LOG 41C13 6 H20 + 25 CC H 2 0 

BATCH COMPOSITION 

13 7 CC 

6 7 CC 

ANILINE 

FURFURAL 

NOTE ALUMINUN> SALT GENERALLY DID BETTER TH^N IRCR SALT THE MORE SALT 

M EITHER CASE, THE QUICKEI ANA MORE BRITTLE THE RESIN FONRED 

TABLE UL. 

A1ILI JE-F TRFURAL ^ESII! CATAL-ZATIOL 

WATER CC EFFECT 

NO 

ERRVLSI- ICATION 

]/4 CC FECLJ, SOLUTION 1/4 CC AICI3 SOLUTION 

^ONE (CONTROL) 

5 

1C 
15 

20 

25 

RESIN FOIMED BIT RE-

IRIO.: RED FAMILY 50FT 

-ISM FEME;! BUT 7^5 

SJIFB^IY SOFTER THAN 

CC"TL OL 

H&GI-I TCRMSI UNDER A 

LAYER OI AATER BE-

ENMNC; IRCR: A SINGLY 

SOFTER TIE TRCRE IVATER 

JSED 

BRITTLE, RESIN FORMED 

SLOVO Y ONE DAY 

^P^IN "ORMED BUT RE­

MAINED FAIRLY SOIT IN­

STEAD OF HAIDELING AS 

IN TIE CONTIOL 

RESIN FCRIRED UNCEI A 

LAYEI OF "WATER BE-

CORO 1^ INCREASINGLY 

SOFTER THE MORE WATER 

USEA 

CATALYTIC SOLUTIONS BATCH COMPOSITION 

LOG FCCI3 6 H 2C •+ 20 CC H 20 13 7 CC ANILINE 

LCG AICI3 6 F 20 + 25 CC H 20 B 7 CC FURFURAL 

ALIILINE-FURFUEAL RESIN CAT ALXZATION 
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TABLE 45 

ANILINE-FURFURAL RESIN CATALYZATION 

Catalyst H 20 Content Ef fect 

1/4 cc AlCXj Sol 
added "before emul-
s i f i ca t ion 
1/4 cc FeCl^ Sol 
added before emul-
s i f i ca t i on 

1/4 cc AICI3 Sol 
adaed to port ion of 
sample after emulsi-
f i ca t ion 

1/4 cc F e C l 3 Sol 
aaded to port ion of 
sample after emulsi-
f1cation 

400 cc 

400 cc 

400 cc 

400 cc 

Remained emulsified and form­
ed s l i gh t prec ip i ta t ion on 
bottom 
Emulsion broke ana a f l occu -
lent precipi tate was formed 
which f loated on the top of 
the aqueous solut ion 
Sample came through i n a 
white milky emulsion which11 

turned pink upon addit ion of 
AICI3 with formation of f locc­
ulent precip i tate 
Sample was milky when emulsi­
f ied (as above) but turned 
brown upon addit ion of FeCl^ 
with formation of brown 
f locculent precipi tate 

Catalyt ic Solutions 
lOg FeC l 3 6 F 20 + 20 cc H20 
lOg AICI3 6 H 20 + 25 cc h20 

Batch Composition 
13 7 cc Ani l ine 
6 7 cc Fur fura l 

Varied wat^r con­
tent (Emulsif ied) 

Note 1. The adait ion of larger amounts of cata lyst i n duplicate of 
the las t two tests yielded a faster react ion witn a br ighter color 
Note 2 I t was found that the addit ion of a sna i l amount of soap 
prevented the emulsion from reacting while in the emulsif ier 

TABLE 46 

ANILINE-FURFLRAL RESIN CATALYZATION 

Water 
Content-cc Ef fect 

Catalyst l/4 cc of FeCl^ Solut ion 
None Soft res in formed i n one hour (cata lyst may not 
(Control) have been thoroughly mixed) 

5 Viscous l i qu id , la te r developed into a soft 
resin water col lect ing at the center 

10 Liquid, thicker scum on top la te r became gummy 
with small spots of f loccules 

15 Emulsion broken after about 2 hours, f locculent 
precipi tate 

20 Emulsion broken after about 2 hours, f locculent 
precipi tate 

25 Emulsion broken af ter about 1 hour, f locculent 
precipi tate 

Catalyst 1/4 cc of A1C1-, Solut ion 
None Immediate formation of a f a i r l y hard b r i t t l e 
(Control) res in 

5 Very viscous res in from which water could be 
squeezed, showing emulsion had not been broken 

10 A l l had broken from emulsion i n 2 hours These 
samples showed much less tendency to be f loccu­
lated than those treated with FeCl^ A res in of 
somewhat gummy texture was formed at the bottom 
of the cup becoming increasingly softer and 
l igh te r i n color with samples having increasing 
water contents. 

Cata ly t ic Solut ion 
lOg FeClo 6 H20 + 20 cc H20 
lOg AICI3 6 EjO + 25 cc H20 

Batch Composition 
13 7 cc Ani l ine + 6,7 cc Fur fura l 
Varied water content (emulsif ied) 
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Figure 1 Gi am Size Distribution of the Different soils 



WET STREfv GTH 

_ mi " " " ^ i 

^ _ — 

; 
/ 

r/ So 
1 . _ I 

LEGEND 
NO CATALYST 
CATALYST 15 CC OF CONC HCL (SP GR 1 19) PER 12 SPECIMENS 
CATALYST 3 0 CC OF CONC HCL " (SP GR 1 19) PER 12 SPECIMENS 
CATALYST 10 CC OF NAOH SOLUTION 
(1 9 WITH WATER) PER 12 SPECIMENS 

DRY STREN GTH LEGEND 
NO CATALYST 
CATALYST 15 CC OF CONC HCL (SP GR 1 19) PER 12 SPECIMENS 
CATALYST 3 0 CC OF CONC HCL " (SP GR 1 19) PER 12 SPECIMENS 
CATALYST 10 CC OF NAOH SOLUTION 
(1 9 WITH WATER) PER 12 SPECIMENS \ 

1 V 
> 

k / ' \ 

— N \ \ 
1 

i 

/ 

s 
r 

f 
\ 

1 
i 
< 

0 10 20 30 40 50 60 70 BO 90 100 
PERCENT ANILINE 
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H P B E L G U M N V H P B E L G U M N V 
2-HOUR IMMERSION WETTING AND DRYING FREEZING AND THAWING 
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S t a b i l i z a t i o n o f T e n S o i l s ( N o C a t a l y s t ) 2 " x 2 " S p e c i m e n s 
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