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ABSTRACT
THE AIM OF THIS PROJECT WAS TO ELUCIDATE AND FIND PRACTICAL
APPLICATIONS OF THODSE PROPERTIES IMPARTED TO SOILS BY DIFFERENT

SPECIES OF THAT GRDUP OF "POLYMERS®™ DESCRIBED AS POLYMER DISPER=-
SI0NS.

Prelirinary lsboratory tests were conducted to investigate the
spgrecating end water repellency effects on sand of a number
of varistions of different polymer dispersions, namely, poly-
vinyl scetate (PVAc) homopolymers, vinyl acetate - ecrylic co-
polymers, vinyl acetate - vinylester of versatic acid (VeoVa)
copolymers, styrene - Bcrylic copolymers end styrene - buta-

diene copolymer dispersions.

These tests indicated that the type end level of stebilizer
used during the polymerisation reaction controlled the ablllty
af the dispereion to form etrong send sggregetes. Saend bri-
guettes sooregeted with PVAc homopolymer dispersions had
excellent cohesive strengths, but poor sbilitlies to hold out
water. In contrast, all the copolymers produced wesk sggre-
gates but had exceptlonal ahilities to prevent water penetra-
tion. The ability to repel water wass concluded to be &
function of the high degree of water insolubility of some

polymers snd thelr abllity to cost the sand grains.

Applications considered for those polymer dispersions capable
of strongly bonding sand were, Firastly, the prevention of wind
- and weter erpsion, end secondly, =82 losd bearing beses. Pro-
mising long term control of wind ernsion was obssrved at
severgl sites when the leyer of sand previously consolidated by
a8 polymer dlsperslon was mechenically ruptured to form in situ
clods. On the steep slopes of gold mine dumps the normelly

highly erodable materisl was stabilized agalnst water eroslaon
|

by a gurface spray and this permitted the esteblishment of
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Initielly, losd beering spplicatione could not be coneldered se
sand consolideted Dy commercielly eveileble dispersions lost Bll
its etrength after submersion in weter. However, = different
combination of stebilizer and monomers produced s dispersion
which gave send cores having unconfined compressive strengths
of 0,2 megapascals, at 0,5. polymer on marine send after four
gaye submersion. The isproved performence justifier conaidere-
tion for road building spplicetions sand the techniques used
subseguently to construct s sub-bese layer on marine sand snd
an all-westher romd on m sandy - loam are described in the

theais.

Propoeed applications for the water repellency effect were,
firstly, to increese efficiency of applied water by deflecting

it into the root zone; secondly, to reduce eveporetion of soil
water end, thirdly, to conserve fertilizers, herbicldes, insecti-
cides end other water sensitive soll additives by reducing
leaghing losses. Leboretory tests showed that sand trested

with certeln dispersions et 0,019 dry polymer, slthough re-
mainirg free-flowing, not only prevented weter percoleting into
it but elso reduced the movement of water vapour by some S50k.

As s consequence of this reduced eveporation, surface temperas-
tures of wet solls were shown to be some 3,5 C higher than
control solls, The reduced eveporstion encoursged the growth

of larger plants. In B pot experiment with maize,palymer trested
solls ylelded 32% more dry metter than did the controle. Field
triels showed earlier tillering in suger cene (39% more &t 3
monthe) over m wide range of soll end climetic conditions,ss B
result of trestment. An incresse in cene yield of 13 and a
higher extractable suger content of ¥ geve 16% (or 2,3 tons)
more sugar/ha over controls when s surfece spray of 33 kg/he of
polymer wes applied over the row. Linesr reletionships between

level of copolymer epplied and moisture conserved recorded
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in the lsborstory were confirmed, in that a lower polymer
treatment produced &% (or 0,% tons/ha) more sugsr. On
solls with higher moisture holding capecities, 10kg/ha of
copolymer incressed cane yields by spproximately 15% or 13
tons/ha. Skg/ha of copolymer gave earlier tillering (29% at
3 months) but no incresse in yield. When 10kg/ha of copolymer
mulch were applied onto a heavy alluvium snil at planting,
the concentrations of sugar in the canes at hervest were 0K
higter where a chemical ripener had bean uppliaﬂ,r.nnpnﬁd to
where the ripener alone wes used. In a replicated malze trial
with 150 kg N/ha, plots receiving a 2 000L/ha spray of 0,5%
solids copolymer dispersion over the row at planting ylelded
51 kg/ha (or 6,7¢) more grain than did the eguivalent control
plots., The total production of plant matter, slthough not

statistically significant, was 11,3 greater than control.

Laboratory tests showed that msaterisls such as fertillzers
and herbiclides were released at a more controlled rate when
added to the dilute copolymer dispersion before spplicetion
to the soil. At high N applications leaf samples from a field
experiment with malze showed 3,98 % N whare (NH,),50, was
dissolved in the copolymer dispersion and 2,97 where con-
ventional (NHg )950, was applied. The indiceated total ssount
af N recovered by the crop wea significantly higher than
control (28%). Herbicides, when preblended with dilute co-

- polymar dispersion, wers seen to control weeda for as long
88 5 months, whereas the herbicides slone were only effective

for some 6 uenks.

Similer significant reductiona of lesching losses were
observed when a dry blend of fertilizer and copolymer treated

sand or organic material, such es wood flour, was wsed.
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109 kg/ha of urea blended with 120 kg of pretrested wood
flour and drilled alongside the planting line yielded 413

kg/ha (or 5,9%:) more graln, and the crop recovered 23% more

N, than did the control treatments.



INTRODUCTION

The ide= of using synthetlc or natural polymers es soll conditioners
is not new. The possibility of spreying polymers on land to stebili:
it egeinst various forms of erosion fired the imegination of the
Chemical Industry during the late 1940s end eerly 1950s when
structure stebilisation of sgricultural end horticulturel soils
received much sttention. At one time more then 100 different
materiale were sveilable on the market es "soll conditioners®. Typir
examples were polymers comprising, or based on, vinyl scetate malelc
ecid ("Krilium™), hydrolized polyacrylonitrile ("Bondite"), iso-
butylene meleic acid, methyl methecrylete, polyvinyl elcohol, poly-
vinyl acetmte, asphalt emulslons, natural snd synthetlc rubber latex

polysaccharides and dimethyl pcte decyl ammonium chloride ("Argueds"

By the eerly 1960s most of these products hed fellen into disuse

snd to indicate the decline in interest in synthetic soil conditione:
published research papers dropped off from 32 in 1954 to one in 1962
khile sertain successes were achieved - for exemple, small smounts of
polyvinyl acetate ere used for hydroseeding embankments and "Krilium'
for soil conditioning - it can be sald thet no products emerged with
worthwhile on-going epplicetions. The mein resson for their demise

wes that the magnltude of their benefit feiled to justify thelr cost

Despite the previous leck of susteined interest in polymers es soil
conditioners, the specific group often referred to as “polymer
emulslons", but more correctly "polymer dispersions", were considerer
worthy of further study. This was becsuse @ ten-year sssocistion
with 8 chemicsl company producing polymer dispersions sroused an
awareness in the author of the extreme diversity of types, but

surprisingly it wes found thet recorded compasrative studies of the
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specific effects imparted to soils by the different members of this
group mre scarce. As = result of their imsense value in industry,
polymer dispersions have resched sn mdvenced stage of technology.
The range of their properties is very wide; for exsmple, their dried
films can be either so hard or so soft that they cen be used in
glosey paints or sticky tspes respectively, snd it seemed likely
thet some of these characteristice could be spplied profitably to

eolle.

In 1972 at = "Symposium on the Fundementals of Soll Condltioners"
at Ghent, international interest in research into the use of
polywers in sgriculture wes resurrected and some 23 papers were
presented. Two of theas pepers tried to enalyse the ressons for
the previous fellure of polymers to find commercislly useful
spplicetiona. Gardiner (1972) concluded: *It may be well to con-
centrate major research snd development efforts in areas where the
beet chance for economic spplicetion may be enticipsted and to
avold the over extension snd over enthusissm which helped to speed

the cecline in interest in soll conditioners in the late 1950e".

The objectives of this thesis are in keeping with the sbove senti-
ments of Gerdiner. The first eim is to meke sn intensive study to
elucidate what effecte could be imparted to soils by that specific
group of polymers which are polymerised in sn agueous environment.
The second objective is to teke those dispersions imparting

specific effects and to try to determine which of their components

were responaible so that the effect could be maximized.

Finelly, it was intended to wse these optimised dispersions on
soile to creste beneficlal effecte of such a magnitude that it
would satiefy the very demanding performance / cost reguirements
of the extenalve Agriculturs snd Civil Englneering Industries.



CHARPFTER 1

POLYMERS IN LIQUIDS

A. INTRODUCT 10N

Poglymers in ligquid form fall intc three cetepories: those dissolved
in solvents, those dissplved in water, end those insoluble in water
but existing as minute perticles dispersed throughout an agueous
phase. Examples of the soluble types include polyvinyl elcohol (FUA)
salts of polyecrylic scid, polyecrylemide (PAM), hydrolyzed poly-
scrylonitrile end others,while polyvinyl ecetate (FURc) homopolymers,
vinyl scetete-scrylate copolymers, styrene-butadiene copolymers,
emulsified bitumen, netural rubber letex, etc exist ae stable sus-

pensions.

Although some members of the group mentioned lest heve been extensive
used in soil conditioning, the influence of their besic compositions
gn the properties they impert to soils has been neglected. In & rare
pubilication where the Soll Scientists were actuslly involved in the

polymerlsation of the meterlsls they subsequently used, Goor, et sl

(1976) ettributed this poor identificetion to the essy sccess to

commercisl products.

To understand how different polymer dispersions may effect the seme
soil* in very different waye, it is necessary to heve knowledge of
their basic compositions. A brief summary follows, therefore, to
femiliarise the reader with the ingredients and mechanlsms involved

in dispersion polymerisation.



& lya

B. CEFINITION OF POLYMERISED DISPERSIONS

The term "poplymer emulsion® has been considersbly ebused in
technicel litersture. HNot only has the word “"emulsion® devisted
from its true meaning of mixtures of liguid in liguid to include
solide suspended in liguids, but it elso makes no distinction
between the methods of manufecture. For example, preformed
materiale such as bitumens or waxes, which are melted and emul-
gified by high speed dispersion, es well ss products such as
polystyrene, where the ectusl polymerisstion tekes plece in B
domingntly egueous system, are 2ll referred to as "polymer

emul sione",

The group in which polymerisation ie actuslly induced in an

agueoue phase is the subject of the present dissertation.

The term "pmulsion polymerisastion®™ which is genermlly used to
describe the manufacturing technigue is also misleading es
there are many extremely importent commerciel grades which con-
tain no true emulsifiers. To add to the confusion the term
"latex" loosely refers to, not only natural or synthetic

rubber latex, but elso ell other monomer containing types.

“Folymerised dispersions® or "polymer dispersions", ss used in
West Germany, are perhsps technicelly the most correct terms
ond will be used from here on to describe thome suspensions
of synthetic polymers in which the monomers were actually

polymerised in B dominantly sgueous medium,



C. MANUFACTURING TECHNIQUE

A polymerisec dispersion ie Tormed by reaction in sn sgitated,
Jecketed veseel in which a water soluble initistor - for example,

an oxidieing sgent such es hydrogen peroxide - is edded to weter
containing e soluble stabiliser (which may be sn emulsifier,
colloid, etc.) end stirred repidly while & polymerissble monomer
(conteining one or more multiple carbon to carbon bonde) ie added.
The initimtor is decomposed either by heating the mixture or by
gdding & reducing sgent to fore & redox system. The free redicles
produced then open up the multiple bonds end bring sbout essentially
linegar re-arrsngements. The polymerisation of the monomer is

highly exothermic, but is easy to restrain tempersture beceuse of
the efficient hest transfer through the esgueous phese. The stabilise
in some cases offers sites for polymerisation end aleo prevents
sggregetion or sedimentation of the particles during snd after

manu fecture.

D. INGREDIENTS

As indicated, the polymer dispersion system conteins st least four
beaic ingredients:

1. Monomers

2. Dispersion medium

3. Stebiliser

&. Initistor

Several other types of subetences may be included such ss pH buffers,

antifpems, bactericides, etc.



e Manomers

The monomeric phase may be corstituted FProm s very wide range of
polymerisshle compounda. The present dissertation will, howsver,

be limited to the following:

(a) A mono-ethylenically unsatursted hydrocarbon s.g. styrene

CH. = CH

2

{o) An sliphatic diene e.g. butadiens

EHE-EH = I:-H-I:H3

{c) Acrylic and methecrylic scid esters of en alcghol having 1 - 18
carbons B.g. butyl Bcrylate,

EHE = [CH

C =0

- I:i{'.i-l,__:J

2-ethyl hexyl acrylste,

CH, = CH

2
0 = lu - CH,'= CH ~ CH, - CH, - CH, - CH

2 2 2 3
JEHE

2

or methyl methacrylate

&
EHE = T

0= 00 EH3

{d} Vinyl estars of an.aliphatic acid having 1 - 98 caerbon atoms

E.0. vinyl scetate

PE -0-0 = l:H_jr
i
“HE a

gnd vinyl versatate which 13 8 vinyl ester of versatic seld (Ueol=



Tha following combinations of these-monomers were polymerised snd
used in this study:
(1) styrene-butadiens cerboxylated copolymers (5BR garh.)

{2) s&tyrene-butszdiene uncarboxylated copolymers (5BR unecerb.}

B.0. n=CH = CHy=d=———t=CH, - CH = CH - CH,)_

O

{3) styrene-butyl acrylaie copolymers (styrens-BA)

(4) styrene-2 ethyl hexylacrylate copolymers {atyrane - ZEHA)

0=C = 0OR
(5) methylmethecrylate - 2EHA copolymer (MMA - 2EHA)

B.0. H3

-{—EHE - Ii;ém—-{-l::HE - _JF :

[
L= - 0CH, 0=C - 0OR

3

(6) winylacetate - 2EFA copolymers {(UAc - ZEHA)

(7) Vheg - BA copolymzrs

O0=L~0R

[ et P |



(8) Polyvinylacetate homopolymers (PVAc)
~~CH, - Tllln
]

U-!-EHJ

To schieve verious degreee of film hardness in the copolymers,the
relative ratios of monomers were veried, while in the cease of the
homopolymers sn external plesticiser, usuelly dibutyl glycolphthalste
(DBGT ), wes sdded.

2. Dispersion medium

This is sometimegs referred to es the eguepus phesse snd is the water
mgcdium in which the monomer phese will be dispersed. The stebilizers

are predispersed in this phase before the monomers are added.
3. GStebilizers

The types of stabilizers that were selected for initisl study are tho:
normally used in commercial dispersions and they can be divided into
two main groups: emulsifiers and colloids. Varistions within each of
these groups on dispersion performance are compered. In laster

chapters less orthodox types are also investigeted.
3a. Emulsifiers

An enormous number of naturally occurring and artificially synthesise
emulsifiers are aveilable which characteristically produce micelles

gt a certaln concentration when edded to water. They are known

collectively by varlpus names such ss "emulsifiers", "surfactants”,



they cerry in water which is anipnie, cetionic or non-lonic
{(Blackley 1975). It is thesz surfece charges which ettract water,
thus forming shells around the polymer partlcles and preventling

them from coming together.

Unlike emulaified bitumen, the caetionic types find limited applice-
tion in dispersion polymerisstion end receive little attentlon in
this study. The enionic types are subdivided into cerboxylates,
sulphonates end sulphetes while the carboxylate types ere further
subdivided linto fatty scids, rosin scids and others. The non-
ionic types commonly used ere generally polyoxyethylene

glycol ethers or esters.

The minimum concentration Bt which micelles ere formed is little
affected by the length of the hydrophiliec (polyethylene oxide) part
of the molecule, but it incremses as the number of ethylene oxide

units per molecule lncreases.

3b. Colloids

Although some deflnitlione of colloide imply that they do not go into
true solution, the types used for dispersion polymerisation do. These
colloidel steblllizers differ from emulsifiers in that they hold and
arientate weter by stesric, rather than electroststic, forces. This
ig possible because of their physical nature having & very high

eurface area per unit volume.

Such stebilizers used in the present study ranged from complex
natural products, for example, gums, to synthetics such ss chemicaelly
modified hydroxy ethyl celluloses (HEC), polyscrylics, polyvinygl

elcoholas and thelir derivatives.
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The type end concentretion of stabilizer, surfectent or colloid is
importent not only beceuse it often determines whether or not poly-
merisation can occur, but slso beceuse it controls the particle eize

of the dispersed polymer.

4. Initiators

Mormal conventional redox systems were used, for exemple, 8 per-

sulphate ion with & reducing ion such as thiosulphete or bisulphite.

The various other minor ingredients used were the commercially
availeble forms and will not be mentioned unless in some specific

circumstance.

E. MECHANISMS OF POLYMERISATION

Although a comprehensive review of the chemistry of dispersion poly-
merisation will not be presented here, important differences do
exlst between different systems which control the sbilities of the

polymers to locate themselves differentislly in soils.

Although all the monomers selected for this study are generslly
considered insoluble in water, some differences do exist. For
example, monomers such @s styrene and 2-ethyl hexyl acrylate are
indeed almost insoluble in water and vinyl scetate, although
showing limited miecibility with water, 1ls sufficiently soluble
to have B profound effect upon the polymerisation reasction. The
solubilitlies of the monomers in weter (as given by the respective

suppliers litersture) are presented in Teble 1.
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Teble 1

Splubilities of varlous momomere at 20C in water

te bilit

Monomer - m"‘; Y |

Vinylecetate 1,90 [
| Methylmethacrylate 1,60 ‘
| Butyl acrylete 0,20

Versatate o, |
| Butadiens 0,06 |
| Styrene 0,03 I
| 2-ethyl hexyl scrylste 0,04 |

The differences in solubility dictete in which component of

the system the polymerisation reaction occurs.

1. hReletively insoluble monomers

Because of the insolubility of monomers such ms styrens and
2EHA, polymerisation can only teke place at s practical rate
if soep micelles sre present, Mlcelles are sggregates of 50 -
100 scap molecules which form st & "criticel concentrstion”
when surfece-ective substences are dissolved in water. The
individual molecules of these surfece-sctive substances

have two distinct reactive reglons: one & poler reglon which
hes an effinity for weler snd the other a non-polar reglon.

At the criticel migelle concentration the individus! molecules
orient themselves witnh the hydrophoblie ends clustered within
the micelles, snd the polar ends in water. The micelles
imbibe end solubillize extremely emall emountes of monomer
which ie generslly sccepted as the principal locus for the
initietion of polymer particle nuclei. Another coneeguence
of this dusl character within s single molecule results in

these molecules being ebearbed st interfeces between water

Sl ek Beonis gl e Bl e s vaa e e e e M W o e
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the micelles in which polymeriestion has started. As polymer

iz fersed, the micelles swell by the addition of monomer from
the aguepus phese and ultimately from the monomer droplets.

The driving force into the hydrophoble interior is due to the
gein of entropy which sccompenies the mixing of two mon-poler

ligulids (Harkins 1950).

Generslly by the end of the polymerisation no free micelles
exist, as they have been sbsorbed onto the polymer particles
giving them 2 negetive cherge. It is these nepative shells
that pttrect weter to form the electrostatic double layer

which prevents the polymer particles cosgulating.

2s Elightly snluble monomers

Cershberg ( 1965) found that the order of reection with respect
to the concentration of micelle generstor falls significantly
sa the solubility of the monomer in water increases. As 8
result, the soep-like generators cen be replaced by a protec-
tive colloid in the cese of the more soluble monomers. The
commonly used colloids include neturel gums, polyvinyl elecohol

and pelymethacrylic ecid.

With FVAe, for exsmple, the crucial initietion of polymeriss-
tion in providing the resction loci for the remalnder of the
reaction is sccepted as occurring in solution in the egqueous
phase. (Priest 1952). The remainder of the resction takes
plece in the swollen polymer droplets which are erveloped in
the weter soluble colleoid, thus discoureging contect with the
interiors of the droplets when they collide. Unlike micelles,
these stabilisers mre not electrolytic, but hold their water

by the physicel nature of their structure.
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3. HMonomers of intermediste solubllity

The esters of scrylic ecid and methecrylic scid tend to be inter-
mediate between the more soluble PUAc end the less soluble styrene.
For exsmple, studies by Baxendsle et sl (19546) confirmed that
polymer satlon of MAA could occur in agueous soclutlion but the
addition of & surfece ective mgent is eccompenied by & conaiderable
incresse in both rate end extent of polymerisation. The theory is
that as the polymer molecules grow, they tend to become inanluble
and the functlion of the surfece sctive substence 1= seen essentlially
as that of a protective colloid. However, when compared to diene
disperslon polymerisetlion, the systems for acryletes are more
selective, requiring the use of synthetic micelle generators rather

then sosps from neturel sources, snd higher temperatures of reaction.

The influence of monomer eolubility on the properties which their
respective dispersions cen impart to marine sand are discussed in

the following two chapters.
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CHAPTER 11

EXISTING COMMERCIAL APPLICATIONS OF POLYMERS TD SDILS

Soil type controls rate of eroslon, epecles and smount of wvegeta-
tion, end load bearing properties. These few examples indicate the
benefits that could result if in situ soiles which have undesirsble
properties could be sultebly modified by artificiel means. Because
of the high bonding efficiencies of polymeric waterisls e.g. epoxy
adhesives, PVAc wood glues, foundry resins and others, it i not
surprising that they heve been coneidered in many different aspects
for improving solls. Existing epplicetions cen be divided into
those erployed by Civil Engineers eancd those by Agriculturalists.

A. CIVIL ENGINLERING APPLICATIONS

Because of the high total expenditure on projects being constructec
by this sector, the cost limitetione on using polymer are not ms
severe as they are with sgriculture. Even so, the beneficiel effects
induced by polymers must be very obvious snd their cost competitive

with slternsate products.

1. Wind eroslon control

The repld encroachment of the world's deserte on useful lend snd
stretegic installetlions by the process of wind erosion has been
much publicised. For permsnent soll stabilisstion the estsblishment
of vegetation is invariebly necessary. However, to ensure survival
in the criticel early steges of seedling development, wome form of
temporary stebilisstion is essentiel. This may involve the erection
of perpendiculsr ferces (Cooke 1972, the covering of the soll surface
with imported, bulky materiels e®.g. reeds, brushwood, topsoll, town
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refuse (Mnottnerus 1976) end other meteriels,or the epplicetion of
consolideting chemicals. Armbrust and Dickerson (1971) compered

34 commercielly mvelleble products es consolideting eide. These
included three ssphalt emulsions, B cerboxyleted end uncerboxyleted
styrene butadiene copolymer snd polybutediene disperslons, five
plant or snimsl bi-products, five polymer solutions, three FUAC
homopolymer dispersions, five powders, three selkyd resins and two
others. The following desireble charscteristics were used by these

researchers to determline which materisls were satlefactory:

(1) stability of snil sporegates;
(141) gese of seedling penetration;
(111) esse of spplicetion; and

(iv) e cost of less than £123 per hectare. (USRA currency)

The products considered suiteble were smmonium lignosulphonate, an
emulsified msphalt / rubber blend, sn ssphalt emulsion, = cerboxy-
methyl cellulose powder, e water-soluble alkyd, = polybutadiens

dispersion, a polyvinyl alcohol solution and a cerboxylated styrene

butediene dispersion.

Chepil et al. (1960, 1963} amlso compared the suitebility of s number
of products in combating wind erosion. These included cellulose
fibre at 1,71 metric tons per hectere, various gradings of gravel st
45 to 224 tons, emulsified mephelt, styrene butediens snd PUAc dis-
persions et 11,2 tons per hectere as well as smmonium lignin
sulphonate, gelatinized starch and various inorgenic agents. They
concluded thet a number of these materisls were sstiefectory when
esssessed by criteris similar to those used by Armbrust and Dickerson

BOOVE.
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Haas end Steer (196L4), Simmons and Armstrong (1965) and others
have investigsted the use of blends of uncarboxylated siyrene
butediene dispersione in minersl oil as aids in wind erocsion
control. Success was claimed at spplication retes as low as

172 kg/ha.

There sre very many more such studies indicsting that numerTous
products can be used to prevent wind erosion. Cost seems to

remain the biggest single factor preventing large scale commar-
cial spplications. Armbrust and Lyles (1976) recommended that

future wotk should be concentration on developing

£1) methods for applying large volumea rapidly;

Cii) Filme strong enough to withstand ralndrue impact and
still sllow water and plents to penetrate; and

(111} Ffilma thet have no adveree effects on the soil -

water = alr enviranment.

Chapter V of this thesis reflects an attempt to meet these

objectives.
2. kater erosion control on embankments

Perheps the widest use of polymers as soll condltioners is in &he
stabilisation of embankments using the technigue of hydroseeding
(Moldenhsuer and Gabriels 1972). This involves the spraying of
seed end fertllizer, sometimes together with a stabilising sgent,
From & mobile mixing tank. The function of the stabilising

sgent is, flrstly, to control erosion while the plants are be-
coming establlshed and, secondly, to prevent the seeds being
washed to the bottom of the slope. Consolidating agents com-

pared by Moldenhsuer and Gabriels (1972) were polyvinyl sleshol,

potaseium silicete, dimethyloctadecyl ammonium chloride, sisrch,
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cationic bitumen emulsions, styrene butediene dispersions and
polyvinyl mlcohol. Except for dimethyloctedecyl emmonium
chloride, stearch end sodium carboxymethyl cellulose, Bll Te-
maining chemicals reduced totel erosion. PVOH is perheps the
most effective but it suffers from the precticel defect in

that it tekes e long time to dissolve in cold water. De la
Pena and Babriels (1976) elso found PVOH, PAM, esphalt emulsion

snd etyrene butediene diepersion reduced erosion.

Modenheuer et al. (1962, 196L) and Schmidt (1961) compared
asphelt suspended in either water or kerosene, strew and pply-
ethylene film. Strew proved to be the most effective but was
troublesome to aspply. The beneficiel effects of etrew or e
gimilar fibre mulch cover is undisputed, but if used together
with 8 eoil stebiliser and & seperate tecking materimsl, the
cost is prohibitive. Moldenhsuer end Gebriels (1972) concluded
that esch of the three items would cost from one to several
hundred dollars per hectere. Such expense negetes the ad-
vanteges of the technigue end in the present recessive economic
climete only seed, fertillizer and some sewdust (to sesist in
gven distribution of seed in the tenk) 1= uvsed by most of the
South Africen hydroseeders (Personal communicetion). Moldenhsuer
and Gebriels (1972) suggest an idesl materiel would be one that

made the fibre and teckling meterisl unnecessary.

In Chepter VI Sectlion C, attempte are made to meet this idesl

with the development of & ateble elr drying polymer foem.

3. Loed beering slsbs

Romd builldere end construction contrectors would welcome &

product which at ressonasble coet could be incorporated with any
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building thls is referred to as the sub-bese and is the lowest
treated layer of the roed. ODevidson et al, (1960) used lignins,
bituminous products, calclum chloride, lime, flyash, Portland
cement, molasses, dimethyloctadecylemmonium chloride and
sgverel chemicals made from tallow as potential road base con-
solideting meterials. Although tﬁe dimethyloctadecylammonium
chloride gave good results,it does not seem to have been
sccepted by the' roed building industry and it ie not used at all
in Southern Africa. Lime remsins by far the most popular pro-
duct used throughout the world for road uuh~éaae stabilization.
However, beceuse 1t reacts with the elumino egilicates present,
it cennot be used in sendy solls (cley less than about 5%)
{Maude 1977). Cement and bitumen base stabilization is some-
times used in such soils but the former is susceptible to

cracking while the latter is difficult to handle.

An investigation into the poselblility of using polymer disper-
Blons a8 the consolldating agents for sub-bases in sands or

sandy soils 1s discussed in Chapter VII.
B. AGRICULTURAL APPLICATIONS
1= Improving soil agoregation

Agogregation of individuml soil pnrtiéles into clods is often
desireble to increase aeration and weter infiltration. This is
particularly important in sodic soils, soils prone to compaction
end those of high cley content. The list of products tested in
this espplication is formidable and according to Schamp (4975}
hundreds have been patented. Excellent reviews of the literature

have been written by De Boodt (1972), Gardiner (1972) and Schamp
{1975).
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Chemicels tested can be divided into natural or modifled

naturally-occusring polymers, and those produced syntheticelly.

Examples of the wodified natural products are polyssccharldes
(English Patent No. 9033186 - 1966; Jepasnese Patent No. 10965 -
1972; German Patent No. 963690 - 1957 and Sulss Patent No.
335895 - 1959) snd lignina (Grebennikov et sl.1975; Vasyliev
1975, Flalig et al,.1975).

The synthetic types cen be divided into water soluble polymers,
emuleified polymers end polymerised dispersions. By far the
largest group tested are the solution types and typicel examples
are polyscrylemide (PAM) (Bchemp and Huylebroeck 1972; El-Gsla
et sl 1975), polyvinyl alcohol (PVOH) (Williams st al. 1966;
Greenlend 1972), vinyl scetaste melelc ecid (VAMA) (ARllison 1956;
Strickling 1957; Doyl and Hamlyn 1960), hydrolysed polyacrylo-
nitrile (HPAN) (Duley 1956; Jones and Martin 1957; Mortensen 19571},
polyacrylic ecid (Homrighsusen 1958; Werketin and Miller 1958;
Kita end Mewaguchl 1961), isobutylene maleic scid (IBMA) (Janes
et al. 1957) end others.

Bitumen emulsions are typlcal examples of emulsified polymers

that have been used For soil consolidation (Plea 1972; Gabriels
snd De Boodt 1976).

Polymerised dispersions used in this spplication include poly-
vinyl acetate tumpult,f;ler: (Mausbach and Schrader 1976), vinyl-
ecetate - maleic acid copolymers (Martin and Jones 1954) and
styrene butadiene copolymers (Gabriels 1975).

‘Several workers (Schamp and Huylebroeck - 1972; lWebber = 1972;
Pugh et el 1960} tried to rank the bonding efficiencies of some
of these products. Schamp snd Huylebroeck (1972) for example
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found thet solution polymers such as PUOH, PRM, sodium poly-
acrylete and others imparted no aggregation below a certszin
molecular weight (10 DOD - 40 000) end that bonding strengths
increesed with molecular weight (even up to 1 DOO DOO).

Chemical structure of tha polymer wes shown to be impartant,
with PVOH being better than PAM - confirming the positive in-
fluence of higher moleculer weight. Polymer dispersions,

mainly homopolymers and copolymers of wvinyl scetate and buta-
diene, gave much poorer results than the better solutions of
PUOH. However, no detalls of the mnniti:;n nor of the attempt
to optimiee the performance of these dispersions was mentloned.
Such considerations for a number of pnlmr‘dlupnminnn are des-
cribed in the next chapter. Polymer dispersions have sn advan-
tage over solutlions in that they resist resolublllzing In wster.
To overcome this deficlency the solutlons should be insolubllizéd
in the soll by mechanisms such a8 complexing, cross linking or
sbsorption on to clay particles. Examples of such are the
blending of lignosulphonate with chromium ions (Masakkl Akahane
et _al, 1964), adding glyoxal to PAM (Labofina 1973, and Hartmsn
and U:mlmnﬂ_‘lﬂﬁ.], end using sodium polyecrylate which is
rendered insoluble when absarbed on to clay (Schamp and Hﬁyln-
broeck 1972). Emulsified bltumen st 1,5% on soll mass I
(De Boodt 1972), sulphate lignin ot 0,2% (Grebennikowv et 8l,
1975) snd VAMA, HPAN pnd IBMA @s low es 0,01 (Gardener 1972)
also effectively pchleved sggregation.

No one product seems to have emerged technically superlior mes a
conditioner of soils to depth. In fact, despite there being ro
lack of sultable materiasls, Schemp (1975) gquestions the pesuclty
of commercial epplication. Gardiner (1972) points out that high
cost mekes the best soll conditloners completely impractical and
guotes that in the late 1950s VAMA was sbout #&, 40/kg end et
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surface Zcm would be in excess of #500/ha. 1t would seem,

therefore, that the trestment of agricultural soils to any
depth is unfeasible, and it was decided that only the bene-
Ficisl effects offered to crops by light surface spplications
of polymer dispersions would be investigated furthgr in this

thesis.
2 Moilsture conservation

Attempts at conserving soll moleture using polymers include
the use of surfsce barriers such as polyethylene sheet
(Millard 1974 and Rau and Millard 1975) end additlens of
emulsified bitumen (Lenvain and De Boodt, 19TﬁL dimethyl octe
decyl ammonium chloride (DDAC) (Bowers and Hanks, 1961),
polyacrylamide (Gabriels et al. 1976), petroleum (Kowsar gt =l.
1969), faetty slcohols and nonlonic surfesctants (Law, 19684},
hexedecanol (Olsen et al 1964) and others. There can be no
doubt that in areas of erratic or limited rainfall the effec-
tive conservation of so0il molsture through reduced evaporation
can have dramatic effects on crop yields. For example, Rau and
Millard (1975) recorded 25 + 3,9 tons more sugar cane/he where
g 30cm wide strip of clear polyethylene sheet was EE:urEd_nuer

the planted materisl. Lenvaln and De Boodt {(1975) recorded a

significent incresse in yield (30k) of Vetiveris zizanoides (L)

Stepf where E.Etfmz of 8 Hydrophobic bitumenous emuleion con-
talnling some 150g of bitumen, was worked into the top 3cm of
soil, HKenghev gt sl, (1976) obtained a 42% incresse in dfy
weight of maize plents (7 - Bth lesf) in pot experiments where
alkylammonium chloride was spplied at a rate of 0,025 on soil
mess besls.. Sub-surface barriers to conserve water has received
less ettention than surface treatmente, largely becsuse of the
difficulty and cost of applicetion. However, substantisl pere-

fites can be obteined. Sumner asnd ELlFlll;n (1971} reported s
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cotton as lint and 24% more lucerne when & 604 asghalt esulsion
was slted at a depth of Glcm. The cost of treatment ot thet
time was estimated at RLOD - 450/ha end the expected life of
the berriers 15 - 20 years. Other workers report similar
beneficial resultm with similar technigues (Erickean gt al. 1968

and Hansen and Erickson 1969).

Applications such mas the above are of interest in that tha
beneflts of treatment are assessed quantitaﬁiuely and not
merely visually. The subject of moisture conservation there-
fore recelves much sttention in this dissertation and the
mbility of different polymer dispersions to induce greater

sugar cane and malzre graln yields is reported on in Chapter VIII.
3. Increaslng soll temperature

Like insdequete rolsture, low temperstures seriously limit crop
growth in many aress throughout the world. Even in the sub-
tropical climate of the cosstel belt in South Africa, sugar cane
growth was recorded at 9,7cm per week in summer air temperatures
af 23 C, uvhere 1n winter et 14 C it was 0,7cm per week I:Elll.shnp
196L), 1t 1is sccepted that soll temperstures caen be raised by
the use of bleck or dark coloured surfeace spreys such as bitumen
or peiroleum bl-products. The securing of a strip of clear poly-
ethylene Film over germinating shoots significently incressed
soil tempersture and yleld (Reu snd Millard, 1975; Herchev Bt al,
1976). Incressing rew materisl costs made the profitability of
this technigue dublous for extensive sgriculture snd 1%t has now
been largely discontinued. Reu end Millard (1975) concluded:
"For esse of epplicetion end cost economy, & liguid mulch spplisd
85 8.spray would be idesl. To date, no test producta have shoun

promise. "
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The results presented in Chapter VIII of this dissertation inoi-

cate that perheps a polymerised dispersion could fill this need.

L. Preventing soll crusting

Mgny solls have & tendency to crust on the surfece after rain,
thus impeding the emergence of seedlings. Allison and Moore
(1956) Ffound winyl pcetete meleic acid (VAMA), hydrolysed poly-
acrylonitrile (HPAN) and other chemicals, when worked inta the
surfece soil, reduced crusting. Ti:n.m et als (1971) used gypoum
in plece of polymers to minimise the development of soil crusts
over potatoes., ODe Vleeschsuwer and Gabriels (1976) found that
m surfece spray of 20g F'H.Hfmz on the sowing lines of suger beet

gave 23% greater seedling emergence than control.

This specific appllcation is not considered Furthar in the present
project but it is likely that & light surface spray of polymer
disperalon will have & similar effect to the PRM.

L kind and water eroslon

Moldenhauer end Gebriels (1972) concluded that the control of
water erosion on agricultural soil must coat less than ¥10 per
hectare, must have a low stabilizer-to-solvent ratio to reduce
materlal handling costs,and must be effective for at leest two
months. MNone of the consolldating agents mentioned previously
under Civil Engineering spplications would satlisfy thls cost
requirement. Change in field management is the more usuel
remedy of combating erosion. For example, a grass mulch com-
pletely eliminated water erosion in benana plantstions on the
Ivory Coast (Roose 1976), Hnottnerus (1976) reports that
inter-row planting of winter wheet some two months before

sowing suger beets, potatoes and malze effectively reducecd
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agriculture can afford.

The applicaticn of polymer disperslons speclifically to reduce
grosion in agricultural soils is not considerad feasibla.
However, in Chapter VIII,where surfece sprays were spplied to
achieve moisture, fertilizer un& herblcide conservation, bonp=-

Ficial effects which would Teduce soil eroslon were noted.
B. Controlled releasse of fertilizer

A large smount of work has been done with polymars to attempt
to control the relesse of nutrients from fertilizers. Martekls
(1977) nas comprehensively reviewed polymers In slow relesse
nitrogen applications and it would seem thpt the polymers fall

into three categories:

(i) those where the N form is polymerised into s linear
molecule e.g. urea formaldehyde (UF) (Einhorn and Hem-
burger 1908), nnnnuuthyllnéhria (MMA) mnd dimethyloluros
(DMUY (Clark gt sl. 1948 snd 1951) end others;

{11} those where the inert polymer coats the fertilizer
material e.g. vinylidene chloride, & uresfors redin, o
polymeryl ester, @ vinyl chloride (Jung - 1960),
polyethylene (Dehnke et asl. 1963) end others; and

(iii) Thoee where the fertilizer is mixed with soll end than
en aggragating polymer edded so that the fertlllizer is
capetured between the soil perticles e.g. bitumen
emulsion (De Boodt 41976).

It would seem none of the above controlled relesse products have
had a serlous impect on the lnternational fertilizer sarket.

This egain sesms to be & cosl problem. Only category (111) above,

where the oolvmer lnteracts with the soll. is ressparched in this
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fertilizers, which are both effective snd economlecal, using

palymer dispersions.
C. CONCLUSIONWNS AND SUMMARY

While seversl different polymer dispersions e.g. polyvingl-
scetate homopolymers, vinyl scetete - maleale and atlyrens Duta-
diene copolymers, have been considered, slong with numerous
other chemicela in the sbove spplications, Tn project seems to
have compered their reletlve efflcignclies ss & specific group.
Furthermore, no sttempts were recorded to improve their
efficlencies by formulstlion modifications. This will be
attempted in the next Chapter.

Agssumlng even more efficient polymer dispersions are developed,
it doea not follow that they will find commerclasl eppllication.
The impression galned after surveying the literature is one of
frustration regarding commercial recognition. Although the re-
searchers have tirelessly pursued thelr subject, encouraged un-
doubtedly by the polymer industry, no epplicaetlon seems to have
emerged 85 universally ecceptable. Seversl papers give rﬁaunnn'
for failure in the past and encouragement for the futuru;
HowevaT, in a number of applicatlons which sppeerad interesting,
naturally pccurring products are still preferred e.g. hydro-
seeding, using straw oulch; wind eroslon control, using brush-
wood; and road construction, importing topsoll. For acceptence
af any new product in @ sceptlcal world it must be elthar tech-
nically far superior to existing ﬂya;nmu snd/or far chesper.
For this reason,this thesis considers, Tlrstly, varlatlons in
techniques as well es products and, secondly, systems impariing
severgl obvious benefits,so that the magnitude of tho gombined

galn mey be undisputed.



CHAPTER 11!
ABILITIEE DF POLYMER DISPERSIONS TO BONG SAND

A, INTRODUCTION

k number of commercially avallable polymer dispersions from
Revertex (5.A.)(Pty.) Limited and The Synthetic Latex Company
(Pty.) Limited were selected in order to sssese their sbility
to egcregete sand. These companies were singled out for
severe]l remssons. First, together they produce the widest range
of polymer dispersion types in South Africa, including sll
those listed in Chapter I, section D.1. Second, the suthor
whns enployec in & technicel capscity by both companies and
therefore had an insight into the manufacture snd composlition
of thelr products. Third, the facilities of the Research and
Developmert laboretories of Revertex (5.A.){(Pty.) Limited were

made evailable to the suthor for the present project.

As an initial investigation the sbilitles of low concentrations
of different polymer dispersion types to impert specific proper-

ties to merine send was investigeted.
8. EONDING AHILITIES OF DIFFERENT TYPES OF COMMERCIAL DISPERSION:

As Inciceted in Chapter 1I,the bonding together of single

particles of socll or sand into egglomerates is often desirable.
1. FEsterisls

The dispersions chosen included four different homopolymers,

plasticlsed with 6. dibutylphthelete on totel solids bamsis, and
copol ymers with the following monomers: VAc-2EHA, VAc-BA,
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VAc-UpoVa, MMA-2CHA, MMA-GA, Styrene-PEHA, 587 (Carb.) snd SER

(uncerd.). The physicel properties sre given in Agpendix 1.

The send uoed in this experiment wes meteriel dredged (rom
Durban Bpy st the site of the new pier, The physiczl proper-

tigs end enalyels of this meterial ere given in Table 2.

Table 2

Physicel properties aof sand From Ourban Bay

Property Value and units
pH (in water) ' 7,60
Maolsture cantent, volume basis® 38,6%
Bulk density* 1,529,;'"\:!3
Porosity® | 38,9%
Clay content 0%
511t content O
Sand content (% retelned on sleve)
2mm o
tmm e
710 pym %
Eﬂﬂj.n -
250 pym 285
222 2 8%
<212 ym s % .

* Datg from B.E. Martekis (1977)

In an effort to reduce any effects due to perticle aize distri-
bution,only those particles smaller than ':-'"H'.'lj.un but lerger then

250 pm were used for leboratory teste. It is slso noted that

no clay is preesnt, :



. Experimentesl Procedure

Tengile,rather then compression, measurements were used to
mepsute the efficliency of different polymers to bond sand. In
addition to being conaidered s more relevent messure of cohesion,
the results cen slsp be cbtesined sooner becsuse of the faster
drying of the smaller test semples. Unconfined compressive
strenpth (UCS) messurements are wore pertinent in load bearing
spplicetions, e.g. bullding end roso construction. This para-
meter is therefore used in Chapter VI] where such mpplicetions

gre coneldered.

To have sny chance of belng economicelly feesible, especlally
in egricultural type spplicetions, the disperslons would have
to be effective st very low concentretions. Therefore efter
accuretely detersining the polymer contents of each dispersion
they were diluted down on e mass baesis to Te of their original
contert of sbout 505. (In polymer dispersion technology the
polymer level is teken as the totasl snlids content - see
Appencix 3). PFolymer - sand briguettes were formed by mixing
the graded send (180g) with the dilute dispersions (34g), then
pouring this into steinless seteel moulds (S5cm x 3,5cm x 0,95

cm), smoothing off, end drying for 17 hours at 55 C.

The modulus of rupture wes mssessed me e tensile measurement
ueing the Richerds Rupture Tester (Rlichards 19531), This in-
astrument messures the force necessery to bresk the prepered
palymer - sond briguette when it is balenced on two knife
edges and s force is brought to beer by 8 perellel third
knife edge on the top surfece snd midway between the two

bottor knife edges. Thls Fforce is increased by pouring water

into e contedner on the beleance until the briguette bresks.
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The mess of water la then determined. Plate 1 shows a8 ori-
guette under test, The modulus of rupture is calculated from
the following equetion (Richards 9553):

§ = 3FL o2
_W GYynNescm 4

where 8§ = modulus of rupturae
f = bresking force in dynes
L = distance between ftwo lowerT supporis
b = breadih of send briguetie
d = *fthickness of sand briquettel

1 millibar (mb = 10° dynelcm“)

Flate 1: The Richerds Rupture Tester used for
megsuring the-tensile strengths aof
sand-polymer asggregetes. Note briquette
mould In the foreground.
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. hesults and discussion

The modulue af rupture velues for graded sand cesented with

the different dispersions sre presented in Table J.

The

briguettes have & O, 19 polymer content on e dry sanc besis.

Table 3

The sbilities of various polymer dispersions to bond sand

[Meane of 5 determinationa)

Brigquette
Folymer type Stabilizer type “'“;’:;::r:'
{millibars)
PVAc Netural gum A 3236
PYAC Natural gum B LO70
PVAC PUDH 1496
PVAC PUOH « HEC 1365
PVA: - ZEHA HEC + non-ionic surfactent LG9
PUR: - VeaVa HEC + mon-ionic surfactant 526
Styrene-ZEHA Anionic surfectent o
MMEL - Z2EHA Polyecrylic ecid + enionic
surfectent i]
SER (cerb.) snionic surfactant (1]
S8R (uncerb. ) anionic surfectent o
Ty
| Lesst Significant
Difference - 8 206
% 77

First, there is wide varietion in the bonding powers of the

different dispersions (Teble 3); second, both monomers end

stabilizers eeem importent; end third, surfactents in copoly-

mers Ilnhibit the bonding effect.

From these results it cannot

be concluded which varisble has the dominent influence since

no surfacteant stebllized PVAc homopolymers, or gum or PUOH



stebilized copolymers were included. No such commerciel dis-
persiens were svaelleble end a lgboretory programme using one-

litre remctore to produce them was drewn up.

C. THE INFLUENCE OF INGREDIENTS IN DIFFERENT
TYPES OF DISPERSIDNS DN BOND STRENGTHS

All attempts to produce & copolymer stabilized dispereion solely
with returel gum were futile. However, sn MMA-2EHR copolymer
stebilized with netursl gum plus minerel oll, and two PUAc homo-
polymers stabllized - in one cese with e surfactant and in the
other with e hydroxyethyleellulose, were successfully produced.
The physical properties of these dispersions mre given in Appendix
2. After plesticising the homopolymers with 6% dibutylphthelete,

the sgme tensile test procedure ss before wes used.

The strengths imperted to sand by these dispersions were 1860, O
and 1060 millibare respectively. Theee poor results indicate thaet
the mechanism of bonding is not S0 eimple se to be controlled by
the presence of one ingredient only. Rather, it seems that the
bonding sbility is the result ef en interaction betueen severasl
ingredients combining to produce e desirable characteristic. By
measuring various physlcal properties of polymer dispersions and
relating these to the bond strengths they could induce, it wes

hoped thet the deslrable charscteristics would be recognised.

k. THE INFLUENCE OF PHYSICAL PROPERTIES OF DIFFERENT

DISPERSION TYPES DN BOND STREKGTHS

The sbility of some and not other polymer diepersions to give good
bonding indicates that 8 steric mechenism may be responsible. Micr

scoplc examinations at 100 times magnificetion of bonded soils con-

firmed the presence of polymer bonds st the points of contect of th
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sanc perticles. Plete 2 illustretes this effect. The influence
of surface tension and sizes of polymer perticles in the
different dispersions on the strengths of send bonded by them

was investiosted.
1. Eurfece tensian

Rigole snd De Bisschop (1972) working with emulsified bitumen
lunulitan that the surfece tension of the emulsion dictetes
the ebility to form wedges between soil perticles and that
the geometrical characterlstice of such wedges betwueen the
1igui¢ end surrounding vepour (eir plus vapour) stmosphere
obey the lsu of Laplece.

H P = Yiv (1

1 )
A1 = Rz

where L Fm

cepillary pressure gredient
¥lv = surface tension of the liguid
relative to vepour

R1

greatest length ecross air space
RZ = radius of curvature of spherical

particles

Using an electron microscope they reported the Tormatlon af
polymer wedges at the pointes of sand particle contect end
postuleted that "stable emulsions® form such wedges, wherees
dissolved snd "unstable esulsions" tend to cover the sand
perticles entirely. This stetement tends to be in confllct
with the results shown in Teble 3 where surfactants, which

ere often edded to incresse the stsbility of dispersions,
seemed to reduce the bonding mbility. To try end confirm this
detrimental effect the PUAc - Neturel gum B dispersion giving

good bonding in Table 3 was selected.



ETall i —— T 1 ——
L LlMES MaEndf LAGES
from 8 PVAc homopoly

dry polymer




B Fatariale and procedute

93g end 95g samples of the concentrated cispersion were taken

snd ¢ snd 5g aliguots of wolter respectively stirred into then.
Another tuo somples wers preparad in tho soma way Except tl'liu't. -
concentrated nonionic aurf‘antnni. replaced 'lthr. weter additions.

The surfece tenalon of these four digpersions wes measured wlth
28 du Nouy tensiometer. Thes method of surfesce tenslon measure-
ment oa well =3 othar subsequently mentioned physicel snalyses’

af the dispervsions ere presented In Appendix 3.

All four samples were then diluted dowun to % solide snd sand

briquetties prepared ss befaore.

B. Rzsults and discuaslon

The modulus of rupture snd surfece tenslon results ars
presanted in Tshle &4,

Table &
The effect of reducing surface tension on the bonding ability
at 0O, 19% dry FUAc polymer on a dry sand basie (Mezang of 5
determinations)

Briguettia | Polymer erglion

% Adoition to 568 solids - s

homopolymer before Modulus of

dilutian ko 1% salids rupture Surface tension
(millibars) dynssan

T Unter 2 615 48

T Nonionle surfactant 1913 L0

% liater . 2 245 Lg

St Monionic surfactant 590 . 37

| c.v. (%) 8,0
LSD 5% 13
'JE:I - ¥




- 35 =

Tha sddition of surfectant dramstlically reduced both surfece
tenalon snd the sbility to bond send. In polymer dispersion
technology the surfesctant additlon mekes the syastem “mora
gtable" and the poorer bonding it induces is in direct con-
flict with the conglusions of Aigole snd De Bissshap (1972),

whan working with ssulsified bituden.

This example indicates the nead to be spacific In tersinology
Bs the word "emulsion® is often used indlscriminately to des-
gribe emulsifisd bitumens or polywmerised uiapnrsiunﬁ. In ract,
nelther of thess products ere erulslons and only under gues-
tioning did Rigele snd De Bilpaschop (1972) stete that their work

wis limited to emulsified bitumen.

It is noted from Tobles 4 end 5 that desplie the redugtion In
modulus of ruptura, the PUAc homopolymer st m surface tension
value of 37 dyne/cm gives @ stranger bond that some dispersions
with considerably higher surfate tensions. For exsgmple, in.
Teble 5,uhare the surface tenslons, sverage particle sizes and
pH values of the dispersion are presented, the MMA-2EHA surfac-
tent stebllized copalymer has a surface tension of S0 dyne/cm
but produced a briguette with no strength. Uhile,generzlly,
eggregeting ebility is positively corraleted with both surfece

tenelon end particle slze, exceptions for bath properties are

no ted.

Uhile it would be desirable to investigate the bonding abilities
of disperslons with varisble surfece tensions end particle sizes,
ell commerclally svallsble dispersions studied showed a strong
positive correlation between particle size snd surface tengion.
However, a dispersion which had a very high surface tension

(62 dyne/cwm) and ssall ovarage particle size (0,23 Hm)  pro-

duced on 2 leboratory Teantor. did rot ceume sibatacrtial  beandd e
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{modulue of rupture = 532 mb). It does not seem, therefore,

thet the bonding sbility of polymer dispersions is controlled

by their surfece tensions.

2. Farticle Size

In .he only reference found where researchers polymerized their
own dispersions,Goor et el. (1975) concluded thet the paerticle
size was very importent in determining the abllity of the PUAc
homopolymers to bond send. However, exceptlons occurred where
emell particle size dispersions (0,5 end 0,06 pm) geve good
bonds and these were sttributed to the "chemical nature of the
polymer". These conclusions seem to be supported by the results
in Teble 5 where diepersions having en everage particle size in
excese of 1 pm produce considerably stronger send briguettes
than do those mede up of smaller perticles. However, the re-
lationshlp is not linesr as the emulslon with the largest sized
particles doee not produce the strongest briguettes. ARll efforts
to produce dispersions on monomers other than PUAc with average
particle sizes over 1 pm failed. This is considered to be due
to the effect of the higher splubility of the VAc monomer dis-
cussed in Chepter 1 and confirms 8 dependance of the final
properties of the system on its components., The only way com-
parleons cen be made is to conelder the effects of verigtions

within dispersions of the same,rather than different.types.

E. THE EFFECT OF MINDOR VARIATIONS IN A GUM STABILIZED

FVAc HOMOPOLYMER DISPERSION DN SAND BONDING

Materigls and procedure

A number of different production batches from two fectories of

the seme PUVAc - Naturel gum A homopolymer grade previously used



Teble 5
The physicel properties of varlous polymer dispersions and the bond strengths imparted to sand at a level of
0,19% dry polymer on e dry send basis (Means of 5 determinations)

Briguette | Polymer Dispersion |
Polymer type Stobiliser Moidiilus ‘af " ‘Sartaca Average i
' rupture | tension particle pH
(millibars) dynes/cm size (um) |
PFulc Gum A 3 23 . 52 1,24 L.8 |
PUAC . Gum B & 070 52 1,22 4,9 |
PUAc PVOH ' 1 496 50 1,80 5,1
PUAG PUOH + HEC 1 365 LG 1,80 . 5,0
VAc-2EHA | HEC + surfectant LG9 . L 0,80 5,1
VAc-VeoVs HEC + surfectent 526 ol 0, 6k | 5,1
Styrene-2EHA (+ starch) Surfactent 0 35 0,57 i 9,0
MMA-ZEHA {+ starch) Polyecrylic ecid '
+ surfactant o 50 0,53 . a,8
SBR (carbox) (+ starch) Surfactant 0 4 | 0,27 8,9 |
C.V. €%) 11,9 5,k
LSD 5% 20 L
. 4 27 5

HLEF



- -
were snalysed for surface tension, sverage particle size, pH,

grit (¥), viascosity and ex resctor sollds. These betches were
used to form send briguettes as before. The correlations
between the modulus of rupture resulte of these briguettes and
the individual physlcel properties of the dlspersions ex

reactor wers calculated. These are presented in Teble 6.
Z. Fesults and discussion

While there is a positive correlation between sand bonding
ability end surface tenslon, 1t fails to be statisticelly
significant. The relationship with particle size is even
weaker and is in fact,sllghtly negstive. Rather surprisingly,
the festure of these results 1s the highly significent negative
correlation between ex reactor viscosity and strength of sand
bond. Beceuse of the excesslve dilutlon before mixing with
sand,it 1s unlikely that low viscosity es such is importent
for good bondlng, but rather that a coverient fector is.
F. RELATIONSHIP BETWEEN LOW VISCOSITY BATCHES AND HIGH
BONDING ABILITY OF THE PUAc HOMOPDLYMER DISPERSION

It 1s well known in polymer dispersion technology that ﬂ;r -]
given formulation the smaller the polymer particles, the higher
the viscosity of the dispersion. This is due to the larger
surface area consuming more of the sgueous phase stabilizer.
However, from the correlation co-efficlents presented in Table
6,1t does not seem that these lower viscosities are the result
of larger particles. El:;-e other factor is r:np-unlihil for the
lower viscosity and,because this also seems to induce stronger

bonds it is importent that it be isolated.

Apart from the effect of larger particle slzes, snother way in

- ' -— a i - -



Table &

Correlations between the individuel properties of different batches of

the PUAcg

(Mgana of 5 determinations)

homopolymer dispersions and their sbilities to bond send

Briguettes Polymer dispersion propartles before dilutl
g;g::“;éf" Modulus of :::E:E;- Grit :::“E:;tz Surface | .,
rupture size of |pH % at 20°C tension | "sol
(millibare) | polymer cpa dyne/em | %
(pam) ?
Factory 1 :
1 2 442 1,39 | 4,4 (0,031 148 W | 56
a8 3 002 1,26 L,6 |0,02& 208 Le a7
32 L 1, 4 L,0 |07 216 49 56
(A 2 991 1,42 4,2 |0,102 216 LB 57
B2 2 920 1,54 L,L |0,055 189 7 56
11 2 BBB 1,80 L,& |0,062 202 LS 56
162 2 523 0,90 L,3 |0,962 LL5 20 56
702 . 2 5L 1,18 L,5 0,004 162 L7 53
798 3 655 1,20 4,3 |0,063 135 50 55
711 3 16k 1,48 L,3 |D0,017 138 52 55
Factory 2 ‘
L9 3 27 1,38 L,9 (0,006 162 L5 55
53 2 656 1,68 5,8 |0,019 229 LG 55
106 2 707 1,65 2,9 |0,012 256 Gl -1
334 2 259 1,42 L,7 |0,0u3 297 LG 55
347 2 523 1,48 L,B8 |0,008 216 L3 23
357 2 951 1,54 4,7 |0,034 243 L2 5b
Correlation .
Coefficients -0,13 -0, 18| -0,04 -0,49%" 0,25 =0
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viscosity could have come sbout was the aggregation afl groups
of polymer particles. It 1s postulated therefore,that a mild !
or partial aggregation of particles occurred to produce the
results shown in Teble 6. In contrest to the commonly
occurring complete sggregation and destebllization of disper-
sions, this form would be resdily reversible. This could
explain why no eggregates were detected in the partlicle slize
determinations where dilution end ultrasonic vibration preceed

the test.

The resson for normal destabilizetlon is that the emounts of
stabillizers or emulsifiers are insufficlent to keep the lndi-
vidual particles apart. Lower gum or PVOH levels would also
tend to induce this partial aggregation. The falrly strong
positive correlation between surface tenslon and bond strengtha
in Teble 6 tends to confirm that there wase less Free stebillzer
in the agueous phase of the lower viscosity, stronger bonding
batches than in the higher viscoslty, weaker bonding ones.
Variations in the level of stabilizer in the batches of PUAc
dispersion that were tested could have been due to welghing

errors, differences in batches of gum or different ulgrlil of

stabllizer breakdouwn during the polymerlzation. -
1. Materisls and procedure

In order to messure the effect of different levels of stabilizer
in forming bonds in sand, & series of polymerizastions was
carried gut inm which the proportions of gum to polymer were
systematically varied. The same effect was achieved Lln

another test by taking sasples at different times from the
reactor. In this latter technique polymer content was con-

tinuously increasing so that viscosity measurerents are no
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longer comparable. As before, these dispersions were diluted

down to % solids end used to make and test send briquetten.
Z. FResults end dlscusaion

The relstionehips between bond strengths, gum level and

particle size are presented in Teble 7.

Table 7
Briquette Polymer dispersion l
Natural gum Rverzge
:niv:'r level per nr"g::t::‘ Burfece tension | particle
iI'lI; - 100 polymer (millibars) {dyne/cm) size
3 (parts by mess) (pm)
1 ' 4,8 2 869 ¢ | 52 et 55% solids | 1,34 |
| 2 L,2 2 584 53 at 54% solids | 0,98
3 3,5 L 558 50 st 55% solids 1,80
& 3,3 L 86L * 41 st 45% solids | 0,71 |
2,9 k 976 41 ot 51% solids | 1,08 '
2,6 5 250 43 at 56% solids | 1,38
2,5 5 678 LB st 60% solids | 1,80
5 2,2 Dispersion
destabilized
completely |

The results show a dramptic linear incresse in the sand hﬁndlnq
uhility of the dispersions as the level of stebilizer is ;idu:nd
from 4,2 to 2,4 parts.” Furthermore, from 3,3 down to 2,4 parts
of gum,the surfece tenslons snd particle sizes of the dispersions
slso lncresse linllrl? with bond atrengtha. However, as was ob-
served with the different commercial batches of the PVUAc disper-
sion in Teble &, the bonding abllity 1s not related to theae
variables at the high levels of gum (k8 and 4,2 parts). It is
suggested, therefore, that stabilizer must be slightly deficlent
before the linear reletionship between bonding ablllity, surfece

tension and particle size 1s definite.
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Becsuse unsteble dispersion systems couse the greatest probless
in commerciel operatlons, sll commercial products and recommendod
recipes tend to overstabllize. Tﬁtu would explaln why, althaugh
previously reported results have indiceted relestlonships between
bond etrengths, surfece tensions and slzes of polymer particles,
exceptionas pravented definite conclusions being drewn (Teble 5;
Rigole and De Bimschop (1972) end Goor et sl. 1975). However,
From the results presented in Table 7 it cen be fairly definitely
steted that in certaln polymer dispersion systems those Gatches
having the lowest posalble levels of ﬂﬂil:lnr will produce
dispersions with the higheat surface tension, particle size and
abllity to bond sand. The specific nature of jnot only the
stobilizer but I.l‘lﬂ the cosplete system,must be emphasized, as
numerous attempts to produce the partial instability effect in
the surfactant stabillized copolymer dispersions falled. Either

a stsble or completely cosgulated product resulted.

G. SUGGESTED MECHANISME OF SAND BONDING WITH
DIFFERENT POLYMER DISPERSION TYPES

From results presented in this Chepter the particle slze re-
lationships l;etuun the dispersion snd ssnd appeoer to cortrol
the bond strengths. It 1s not only the size of the individual
polywer particles, but their tendency to form mssocismtions while
still in suspension, that is importent. Schamp gt gl. (1976)
tried to bring the rélstive particle slzes into perspective and
warned sbout confusing moleculer dimensions with microscopic
dimensions. They guote ‘typicel perticle size dimensions as
[I.'I.Jn for polymer molecules, 1 to 1I.'i}m for elay particles snd
1 to 1000 um for silice particles. They estimate therefore
that only the smallest clay particles (order of magnituds 0,1

x0,1x I:I.I:I‘._}un:] sre bound by one polymer chain and that in g
~ meniscus between particles thoussnds *o mll1lisns af cntises
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molecules will contribute to meske an adheslve bond, However,
it is obvious From Teble 5 that in this study the polymer
perticles may be as large as 1,80 jm, or 980 times larger than
their “typical” qunth fFlgure. Thiﬁ,tuggther uith the suggested
pertisl association of numerous particles while still in sus-
penaion,means that tha relatiue.siae of polymer egglomarates to
sand gralne is considersbly greater than that suggestied by
Schamp et _al.

Figure 1 iz an attempt to illustrate gtﬂphgclll? the following
theory to explain the differences in hn#ding abilities of the

varioua dispersion types.

Those dispersions which made weak sand briguettes are charsc-
terised ao having relatively small, well stabilized polymer
particles, e.g. surfactant stabllized styrene-2EHA copolymer.

It is suggested that in the lliguid-filled pore spaces very few
polymer particles will come togather becesuse of the strong
repellency in the well stebilized system. Some will h; absarbed
on to the send particle surfeces to form & coating. (Evidence
of this comting is given in Chapter VII). The majority af
particles, however, will move with the receding water up 'to

the sand surface. Evidence aof this migratlon is given in the
next Chepter where,at lower concentratlons,these dispersions fail
to form briguettes and result in loose,single grained sand

particles overlaid by & thin polymer rich sheet (Teble 11 page 58).

In contrast to the copolymers, the perticles of & gum stebilized
PUVAc dispersion are initlislly some five times larger and,
instead of strongly repelling eech other, they tend to aggre-
gate. The extent of this eggregetion probebly incresses with

polymer concentration. In sand it 1s poaesible thet palymer
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Surfectont Stabilised Gum Stabilised PUAc
Polymer Disperalon Homppolymer Dl:aerainn
Y/
L
STAGE 1 el
Applicetion of dilute / :\
polymer dispersiona. .'.-x
sﬂm:l 70N
av 8y a

downwards

. T
STAGE 11 :\T
Evaporation of ]
water starts.

ETAGE II1

Drying and -
coalescence ul

complete. A

Figure 1
Disgramatic representstion of suggested mechanisms to explein bonding
sbilitien of differently stebillized polymer disperalons in send



particle aggregetion starts os soon as the water begins to be
laont into Fine cracks in the send grains, into mbsorbont
materials 1n the send snd by evoporation. Eecouse of the
affinity of the polymer particles for esch pther only a small
proportion are probsbly laft on the surfaces of the sand greine.
As the polymer rich sssocletlons are drewn bock with the re-
ceding water they would progressively get bigger until, =t &
conslderably enlarged volume compared to thet of the individual
particlea, they would lodge at the points of send contact.

Here they will coalesce snd dry to form bonds. With reduced
levala of stabilizer the assoclation will be more efficlent
end,since even less polymer will coat the overall sand grains
or escepe through to the surface, the bonds st the points of
sznd grain contact will be even larger. It Is this selective
plocement mechanism that is considered the key for good
bonding of some polymer dispersions at such low Concentrstions.
This theory suggeats that any charge on the send plays = minocr
role pnd that it is the interecting forces between polymer dis-
perasicn particles which ia pll impartant. This is in cappletes
contrest with bitumen, whers the mechanism of banding is an

intersction h;tuzen sand groina and the emulsified materizl.

H. CONCLUSION

It would seem that in previously recorded assessments of polymer
dispernions as soil bonding materisls, inefficient products

werg uveed. For example, in Teble 7 the best commercially

avalleble product gave bond strengths of only 50% of those
obteined from the seme dispersion when half the stebilizer wes
used. This improved bonding efficiency will significantly
reduce coste and might now meke certain previously unscceptable

spplicetione sccepteble. The economic fessibilities of such
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systems 1ln varlous sand stabllization appllcatlons sre dle-

cussed in Chepters V, VI and VII.

The reduced stability of the new dispersions results in sepera-
tioh of the phases on standing. However, lghoratory tests
showed that mild aglitetion readily redisperses the polymer

particles and this does not seem to be a practical problem.

Future research will undoubtedly produce d{spersiun systems
with even more effective polymer locating mechanisms. Perhaps
indications of potentiaslly good systems are those which, uith
minimum stabilizer present produce particles of large size,

and dispersions with high surface tension values.
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CHAPTER 1V
WATER HOLDDUT ETUDIES ON POLYMER DISPEREION TREARTED SANDS
A. INTRODUCTION

In most potential spplications dry strength of bonded send or
soil must be sccompanied by @ reassonpble resistancae to solublli-
zing or softening in water, ®.9. ercsion centrol snd road con-
struction. The implications of water sensitivity in these
applications are reported on in Chopters V, VI and VII,but &
uater repellency effect observed during preliminary studies

is worthy of ﬁntl hare. In g serles of modulus of rupture
tests in which the briguettes had sosked in water for four
hours, water penetrated some but not others. It was decided

to investigate which dispersions imparted the weter repellency
effect.

B. WETTING PROPERTIES IMPARTED TD BONDED
EAND BY DIFFERENT POLYMER DISPERSIONS

1. FEateripls

The seme nine commerclelly esveilsble polymer dispersions des-

cribed in Chapter 1II end the seme gredings of sand were agsin
used.

2. Experimentsl Procedure

As before, the dispersions were diluted down to exactly %
solids and 34g of these mixed with 180g of greded send. This

mixture wos used to f1lll steinless steel moulds (50 x 35 x 10=),
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17 hours. For those dispersions incapable of forming briquettes,
low pdditions of soluble dextrine or starch into the wuet mix
overceme the problem. Uhen dry, the send brigusttes wers re-
moved from thelr moulds end ellowed to cool. They were then
weighed end submerged under g 25=m head of water for 17 hours.
After draelning of I the superficlel water the briguettes were
rewglighed. The water uptoke was determined by the differences
in maes and expressed as 8 percentape of the dry briguetta masa.

L

3. Results and discussion

The mean water upteke results over Iﬂu replications are pro-
sgnted in Teble B.

Table 8
Water upteke of sand-polymer brigueties after being submerged
in water for 17 hours. The briguettes heve e 0, 19% dry polymer

content on a dry send basis (Means of 5 determingtlons)

| Briquette
Polymer type . Stabllizer system ' ot er
uptake
b
| PVAg Natursl gum A | 28,0
FUAg Notural gum B 28,4
Puigc PUDH 30,1
PVAC PUVOH + HEC 25,5
PVAG-ZEHA | HEC + Nonionic surfectent | 13,1
FUAC-VeaVa HEC + Nonlonic surfesctent 11,4
Styrene-2EHA + Dextrine | Anlonic surfactant | 7,8
MMA-ZEHA + Dextrine Polyscrylic acid + |

.| Anionic surfactant | 10,8

! SOR cerbox. + Dextrine | Anionic surfactant 16,8
. 50 uncarbox. + Dextrine “ 16,2
Coefficient of varlation % ' 7.1
| LED 5% : 1,5
g | 2,0
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The considersble differences in the water holdout properties of
send bonded by different dispersions is noted. The PVAc homo-
polymer bound briguettes were wet through wherees with the
other dispersions,the briguettes were dry inside. The inverse
reletionships between bonding sbilities end water holdout of
verious dispersions is recognised end is discussed more fully

in Section D.

C. CHANGES IN WATER UPTAKE WITH TIME OF SAND
BOUND WITH DIFFERENT POLYMER DISPERSIONS

To investigste the permanence of the observed water holdout
effect in larger semples the followlng experiment was carried

out.

1. Eaterials

The seme graded send (< 710 pm but> 250 pm) es before was used.
Four representative dispersions were selected; gums A stablilized
PUVAc homopolymer, the PUOH steblilized PUAc homopolymer and

the PVAc-VeoVe end Etyrene-2EHA copolywers. 0,2% dry soluble
starch on dry send besis wes incorporeted with the Styrene-

ZEHA dimperslon to schieve aggregetion.

- Experimental procedure

The different dispersione were diluted to 7% polymer solids snd
190g of these mixed in with 1 kg of dry send. The mixtures were
poured into plestic conteinere 75mm x G0mm in diameter snd then
lightly compected. The semples were dried st 55 C for seven
deyes. 5Swmall perforstions were made with = pin at reguler in-

tervale in the plestic moulds to permit the entry of water. The



dry send cores were weighed and then placed in 5 contelners.
Water was sdded until a head of 30cm was obtained. As & control,
a plastic cup filled with loose sand uaa.uued. Every 24 hours
the plastic conteiners wers carefully removed from the water,
drained to remove surface water and rewelghed. Four replica-
tions of esch treatment were included snd the water uptake over
a period of 30 days is presented in Table 9 and, dlagramatically,
in Figure 2. |

3. Fesults and discussion

The essertatlon from the results in Teble 8 that the different
amounts of water sbsorbed by sand cores depends on the polymer
dispersion type bonding them is confirmed here. The PVAC
homopolymers tend to teke up water felrly gqulickly whlle the
VA-VeolVs and Styrene-Z2cHA copolymers, even after 30 days, have
only 57% and 3% water content respectively, compared to that
of the control. 'The sand cylinder contalning the Styrene-ZEHA
copolymer dispersion is particularly eignificant as water up-
teke levels off st 7,3% from day 16 onwards. When broken open
on the 30th dey this core wes dry ineide. The fgll off fn
welghta of the control sample was due to loose sand being

lost with the repeated immersion and removal from the water.
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Tmble 9

Water uptekes with time of various send-polywer mixtures, with

0, 1% dry polymer on & dry sand basis (Means of &4 determinstions)

Polymer dispersion

I8

1
U i | B | T | T | e | rnny
% Water % Water | % Wster | % Wster % Water
upteke upteke upteke upteke upteke
1 21,2 19,2 10,1 2,2 1,54
2 20,8 19,3 1,0 3,0 2,6
3 20,9 19,7 %,9 3.7 2,b
4 20,7 15,9 15,3 by 1 3,3
2 20,5 20,1 %,5 | 5,6 4,5
8 20,2 20,2 16,7 6,1 4,9
9 9.9 20,2 %,9 6,5 53
10 9,7 20,3 17,0 6,8 5,5
18 H,3 20, & 7,7 8,5 7,0
16 4,9 20,5 17,7 9,6 7.3
7 8,5 20,5 17,6 9,7 7,3
18 8,3 20,6 14,5 9,8 7,4
21 18, 1 20,5 17,8 10, 1 7,5
22 1.7 20,5 17.7 10,2 7.k
23 17,6 20,5 17,8 10,3 7,4
2 17,5 20,6 18,9 11,0 7,1
25 1,2 20,4 8,6 11,2 7.1
28 7.1 20,4 18,7 11,8 7,4
29 6,8 20,6 8, 1 11,7 7,3
30 %.8 20,5 17.8 I' 12,0 7.3
C.V. (%) 5,0 2,8 11,1 9,k 7,9
LSD 5% 0,9 1,0 1,5 0,6 o,
% 1,0 1,6 20 | 0,8 0.5
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D. FOLYMER DISPERSION PROPERTIES WHICH

INDUCE WATER REPELLENCY IN SAND

Spils with hydrophobic properties have been noted paFan. Savana
(1976), Hartmann and Verplencke (1975), Verplancke, et al. (1575),
Lenvain and De Boodt (1975), Ildefonsopla (1976) and Fink and
Frasier (1976) refer to solls exhibiting wster repellent pro-
perties. These suthors show that such solls may occur

naturelly, the phenomenon being induced by.lignins, heat, soll
feuna etc,or they can be artificlally created by tresting with
gmulsified bitumens, paraffin waxes or insoluble sosps, heavy
fuel oils, or solutions of sodium methyl siliconate, polyvinyl
alcohol or pni$anru1amidn. However, 1t would appear that polymer
dispersions have not been previously reported as being capable
of imparting this effect. An investigation to explore this
water repellency effect and why it is induced only by some

dispersions, was therefore instigated.

It was at first thought that the polymer bonds of the more
goluble monomers, e.g. VAc contalning types, may let water
permeste through them while those of the more water Insoluble
types, e.g. the acrylics, could effectively resist it. However,
pddition of a surfactant to the water in which non-wetting sand
briguettes were submerged, permitted repid water entry with the
release of & etreem of elr bubbles. This observation, together
with the fact that above a certaln head of water, penetration
also occurred in surfnc?unt free systeme, indlcated that the

holdout is due to surface tension.

The indicated inverse relationship between the bonding and
water repelling abllities in send (see Figure 3) of any

perticular polymer dispersion suggests that two opposing
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Figure 3: Helatiunqhipa between modulus of rupture strengths an
the water uptakes after 17 hours submersion of sand

briguettes bonded with different polymer dispersions
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To elucidete whether the hydrophablic effect is induced by the
monomers or stabilizers, naturel gue-oil stabllized copolymer die-
persions were mede snd thelr abilitles to impart water repellency
to send tested. In ell cases they showed good weter repellency
end very low tensile strengths. In contrest, surfsctant
stablilized PVAc homopolymers isparted poor waeter repellency end
poor tensile strengths. To ensure that the PUAc - Gum R homo-
polyser was costing the sand grains completely, the dispersion
wee mixed with methsnol so that a proportion of the polymer

went into true solution. This was removed by phese separation,
mixed with sand, dried snd tested for water reoellency. HNo

hydrophoblc effect wes evident.

These results, coupled with the conclusions of the previous
Chapter, indicate strongly that while the stabilirer system
controls the plscement of the polymer in the send, it is the

monomer type that induces the hydrophoblc effect.

E. EUGGESTED MECHANIGEM RESFONSIBLE FOR
CREATING THE HYDROPHOBIC EFFECT

Becaune only the copalymers induced the hydrophobic effect, it
was considered possible that their dusl composlition might csuse
thes to orlentete and glve e hydrophilic end which sttesches to

the send grain snd a hydrophobic end which is exposed outwards.

R polystyrene homopolymer in xylene was Lherefore prepared end

used to saturste send. Thie sytem induced m strong hydrophable
gffect which tenda to eliminete e polarising msechanism. In con-
trest, e dried film of PVAc homopolymer diesclved in xylene did
not show spprecisble weter repellency. These results sgain tend

to confirm that the type of monomer ie sll important in im-
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The most obvious difference between styrene and vinyl acetete
monomers 1= thelir reletive solublility (Teble 1 pege 10). In
order to test the reletive resistances of the polymerized films

to hydrolysis the following sccelersted test was conducted.

1. HKmterlals and procedure

ket Films of the various polymer dispersione were drewn down
on gless end drled et S0 C for & hours. They were then sosked

in water snd flosted off the glass end redried.

Hydrolysie s described as the chemical resction in which water
ects upon snother substance to form one or more entirely new
substences. GSince it is the elements of weter, H- end -OH,
which teke plece in the resctlon, the rete of decomposition

cen be sccelerated by uslng ecld® or agueous alkells. Pleces,
kem x GEcm, of the different polymer fllme were therefore
accuretely weighed and immersed in s 2% csustlc solution st 25 C.
After LB hours the filme were removed, weshed with distilled

water, dried st 50 C for 2 hours end,sfter cooling, reweighed.

2a Fesults end discussion

The percentage loss in weights of the polymer films were as

follows.
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Table 0

Percentage loss in weight of polymer fllms after being submerged

in 2% NeOH solution for 48 hours (Mesns of duplicete determina-

* tione)
% Loss in weight
PVAc - Gum A Complete film disintegration
PuyAc - Gum B Complete film disintegration
PuAg - PVOH I Complete film disintegratlion
PVAC = PUOH + HEC Complete film disintegretion
VAe - ZEHA 11,88
VAc - VeoVae 2,52
. Etyrene - ZEHA 0,13
MMA - 2EHA 0,45
S8R (Carbox.) ‘ 0,28

As is noted From Table 10 the PUAc homopolymers have wvery
poor film reslstence in conditlons strongly favouring hydroly-
sis, but when incorporated in e copolymer with a less soluble
monomer the performance is dramaticelly improved. These
results, coupled with the observed best resistence of the co-
polymer comprised of the two least soluble monomers, that is
the styrere and 2-EHA (Table 8 pege 4B8), seem strong evidence
thet the sbility of polymer disperslons to impart weter
repellency to sand is m function of the ability of their

films to reslist sttack by water.

F. LDOGLEST EFFECTIVE POLYMER LEVELS IMPARTING
WATER REPELLENCY TO SAND

If a wicroscopic coeting of water insoluble polymer sround the
sand grains imperts water repellency, then 1t wes considered
possible that much lower levels than the O, 1% dry polymer on
dry send besls usec to date may schleve the same effect. An

investigation was therefore undertsken to sssess the sppeerence



1. Materlials end procedure

The preperations of samples wers s before,in that the polyner
dispersions were diluted douwn to the desired sollds content
and then 190g of these intimately mixed with 1 kg of graded
sand. The send wes dried at 55 C overnight. When the co-
hesive strength waes inadeguete to form briguettes, the hydro-
phobic effect wes assessed by creating a depression in the
trested sand and then pipetting in 100g of water to give a
head of spproximately 2,5 em. The hydrophoble effect waes
taken as positlive if the water remelned for longer than 24
hours in the depression (see Plete 3). The results of the
verious concentratlions of three selected dispersiona are

given in Table 11.

2. Resulte pnd discussion

Table 11
Effects of decressing concentrations of certain polymer dis-

persions on the appearance and water repelling sbilities of

treated mand

Polymer|Solids

-

on dr of
P:l-,r-er flbeurt Y P A5 Send appearsnce nﬁf;:
yoe basls |disper after dryling ' qualit

&% slon |
VAc-VeoUs | 0O, 190 1,0 Brittle skin over hard send Poaitl
0,095 | 0,5 - |Thinner skin easily eroded below @ Positl
0,009 | 0,1 Mo skin - loose send | Posity
Et]l'l":.;l 0,490 | 1,0 Tough skin over iooss send Pogiti
ac c-

dextrire | 0095 | 0,5 |Tough skin aver loose send Positi
(LD:60) 0,09 | 0,1 Thin skin over loose send Positi
&tﬁimu- 0,10 | 1,0 Tough skin esslly proded below Positi
0,095 | 0,5 Thinner skin easily eroded | Poeiti
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Plate 3: The water holdout achieved in free-flowing

marine sand by 0,079% dry polymer treatment
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From Teoble :11 it is clear that even gt concentrations ss low
gs 0,019% dry polymer on dry sand baesls, the hydrophoble effect
is still pronounced. An extended series of different disper-
sions wers then tested et even lower concentratlons to deter-
mine, firstly, the most pfficient product snd, sscondly, the

lowest level of its effectivenoas.

Teble 12
The sbility of different polymer dispersions to iepert water
repellency when sdded st 0,019% end 0,009% dry polymer on dry

sand besis
-
Duration of water holdout |
Polymer
Dry polymer on sand (%)
Average
Type particle size 0,019 o, 09%
pm

SBR (uncerbox.) 0,2 30 seconds ni1 ,
PVAe homopolymer 1,1 70 seconds Nil
VAc-2EHA 0,7 L 11 minutes Nil |
SER carboxylated 0,2 5 hours Nil |
VAc-VeaVa 0,8 2k hours nil
MMA-2EHA 0,3 | 24 hours 30 minutes
BA-ZEHA 0,5 24 houra N1
Styreng-2EHA 0,2 24 hours 24 hours '

Of all the dispersions tested at 0,00%% dry polymer on dry sand,
only twun imparted water repellency for more then 30 minutes

and only one exceeded 24 hours. In Fect, weter was still in

the depression efter 7 days and wge mpparently only lost through
evaporation. However, at a 0,0060% dry addition level to sand
this dispersion also lost its effectiveness. This dispersion
and the MMA-Z2CHA copolymer giving a 30 minute water holdout at

0,009 polymer, are characterised by having less than 0,5% film

. - i - a - [rennp L R - - s wm " Jg—
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smell particle elzes (less then O,4 pm). From straight-
forwerd surfece area considerastions it seems that,if &
polymer dispersion exhiblite the ability to impart weter
repellency then the smaller its particle size, the more

efficient will the costing of the sand gralns be.

Tests showed that the effect cen be echieved by drying out
the wet polymer trested soil st embient temperstures. Com-

plete drying, however, ls essentlel.

G. CONCLUSIONS

The most significent espect of the observed very strong hydro-
phobic effect imparted to sand is the very low level of polymer
disperslon neceesary to induce it. Thls high degree of
efficiency plus the fect that the only other elements necessary
to echieve the effect are the dilution water, in situ sand and
conditions Favouring drylng, means the whole operetlion 1s very
economicel. For example, B metric ton of send cen be made

water repellent for spproximately 15 (5.A.) cents.

Since extremely low cost is an essentiml reguirement in any
extenslve snil conditioning progremme, it was worth investi-
gating to what beneficial uses thie water repellency effect
could be put. Potentisl epplicetions considered included
moisture, fertllizer end herbicide conservetion and these

are dlscussed later ln Chapterse VIII end 1X, where polymer
dispersions which induce week bonding but ® strong hydrophobic
effect, were used. It wes found that, slthough the tensile
strengths were down some 10% when B0 parts of s marginelly
stebllized PVAc homopolymer were blended with 20 parts of &

surfectent etabilized copolymer, the consolidated send had
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excellent non-wetting properties. Since logd-bearing slghs
must not lose strength when submerged in water, the suitability

of polymer dispersion blends in road bullding was investigated.

Thie is reported on in Chapter VII.

Finglly, those dispersions imparting no hydrophobic effect but
with maximum sand bonding properties were used in spplicetions
considered to be pertinent. Those coneidered in this disserta-

tion ere wind and water ernsion pontrol, end theo technigues used

and results obtained are described in Chapters V and VI respec-

tively.



CHAPTER V

WIKD EROSION CONTROL

From 1372 to ebout 1976 e number of large scele Civil Englneering
projects were under construction in South Africa where the
movement of sand by wind wes severely hampering progress.

Theee included the new herbour et Richarde Bay, the new No. 2
Pier et Durben herbour, the development of the Marine De Gema
gt Mulzenberg snd the Sishen to Saldenha rellusy line. These
cepitel intensive projects involved severel local snd inter-
nagtionel construction compenies with experience in the problems
of moving eend. The sites therefore afforded en excellent
opportunity to study not only the methods fevoured for sand
consolidetion but aleo to test out the effectiveness and like-

lihood of commercisl ecceptabllity of using polymer dispersions.

B. EXISTING CONTROL MEASURES

At eech of the sbove sites tests using different materiasls
were orgsnised by the contractors to sssess thelr effectiveness

in preventing the movement of send by wind. These included the

ume nof:

1. Fences

The erection of upright fences made of boards, plestic nets
(see Flate L) reeds (see Plete 5) (Cooke, 1972) end stecked

brushwood (eee Plste 6).
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WUhile reasonsbly effective in the short term, these becsme com-
pletely covered by ssnd efter m few months,as is indiceted in
Plete 5. Such systems do not seem to lend themselves te lerge
flet exposed arees, but seem more successful on slopes such es

with dune reclemation and mine dumps (see Plete 5),

2. Chemicsle

Chemicals sprayed to form thin films on the send included
bitumen products, PVAc dispersions, petroleum olls (eee Plate 7)

and cold styrene-butadiene copolymer snd oll blends.

These products suffered from the disadventage thet the thin films
are eeslly ruptured. Once this occurred the wind removed the

exposed loose sand end undermined the surrounding film,

3. Bulky surface spreads

The following producta were imported snd spread out on the

sand: ssh, topsoil, reeds (see Flste 8), brushwood (see Plate 9)
snd even town refuse. The meterials in this group were un-
doubtedly the most succesaful snd one or other of them was
eventunally used to solve the send movement problems st asll

five eltes mentloned.

In sttempting to enalyse why these lest mentloned products
were technicelly successful, it wes concluded thet their
bulk snd dursbility ensured that they remsined in eitu for
many yeesrs thus permitting natursl vegetation to become
established, 1t wes felt thet if & chemical stebilizer was
to be truly succeseful it should be used in such a wey that

it would simulate these effects. The object of the following

e mra il ey B iamE N s e e e el e il s e - e
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g bulky, durpble surface layer which sould permit notural

sending of the srea.

B. EELECTING TYPE AND LEVEL DF DISPERSION TO FORM
THICK SAND LAVERS USING SURFACE APPLICATIONS

For in sltu sand consolliggting processes § surfoce trestment

is preferable to the mechenlcel incorporation of the bonding
medium into the sand. The nom-migrating charsoterissics of
certain polymar d!.n-pn;nhml whan mixed into l.'lﬂ.l (Chapter III),
suggesta that they may consclidate sand to depth efter having
been poured on to tha surfece. This possibility wes investl-

gated.

1a faterials

The PVAc = Gum A homopolymer dispersion and. the carboxyleted
BER were selected ss representing non-migrating snd migrating
types. The ssma gradsd (> 250 pm but < 710 ym) send as hefore
was used.

2. Esperimental procedurs

Four x 100ml gless.messuring cylinders wers Tilled up to the
100m1 gredustion with loocse sand. Esch dispersion wss diluted
with water to txactly % solids contents and then 25ml sliguats
of each were drippad on te the send surfece of the two cylin-
ders. It ues noted that tha send wes molstensd down to the
S8ml gradustion. The cylinders were left in a constent tempers-
ture - humidity room at 25 C and SOE R.H. for 24 hours. The
surface crusts which formed in this time were remcvad by

cerafully tiliing the cylindors to the norizontal end prizing



noted anc the cylinders repleced in the constant temperature -
humidity room. AFter two further 24 hour intervals the volumes

of the newly dried bonded sand were removed and recorded.

. Fesulte and discussion

The bonded send leyers of the two different types of dispersion
were very different in appearance. The FUAc homopolymer pro-
duced 8 thick hard eggregete of sand wherese the carboxylated
GBR formed @ thin, flexible, "rubbery® layer. The volumes of
sand bonded on the three consecutive deys mre presented in

Teble 13.

Teble 13
Volumse of send sggregeted when 25ml] of different dispersions
st % concentretion were dripped on to 5,3 sq ca of sand
(Meane of duplicete determinations)

Folymer dispersion type
;I PuAc EBR (carbox.)
homopol yme r copolymer
Initiel volume of mand
moletened 5B ml 5B ml
Crust volumes after
2L hours 17 ml b ml
| Crust volumea after
LB houre 14 ml k ml
Crust volumes after .
72 hours nil nil
Volume of bonded sand tn| |
volume of liguld pene- |
tration 5L% , Wi




The above results confirm thet the diluted PVAc homopolymers

are cepable of forming thick consolideted surfece leyers when
watered on to the send surfece,whereas the surfectent stabilized
copolymers cannot. An actuel field test epplying the two dis-
persions at T eolids from ® watering cen on to the eand sur-
fece confirmed these different effects. At 90 litres per

sguare metre the cerboxylated styrene-butadiene copolymer
treeted sand dried to & thin (+ &mm) rubbery sleb (see Plate 1EJ,
wherees the PUAc homopolymer gave e herd, thick (+ 75mm) crust

of sand (see Plate 19).

It ie also noted from Teble 13 thet consolidation did not occur
to the full depth of liguid penetretion. This may be due,
firstly, to some of the PVAc homopolymer particles wmigrating
back to the surface on drylng or, secondly, to the polymer
being filtered out by the sand as the liquid moves down. An
experiment descrlbed in Appendix & to assess the distribution
of polymer efter drying indiceted that no filtering out of
polymer was occurring,but there is evidence of polymer migra-
tion back to the surfece. While indiceting that ceution is
necessary when predicting dry crust thickness from wet pene-

tration,this does not seem to be m precticael problem.

- DETERMINING MINIMUM POLYMER CONCENTRATION NECESSARY

TO FORM RAINDROP RESISTANT SAND AGGREGATES
1. Using the commerclel PVUAc homopolymer
It is obviously necessary to ensure that the synthetic sand

aggregetes are resistant to relndrop impect. To essess the

minimum required polymer level the following experiment was
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Plate 40: The thin rubbery send layer formed afier spplying
10 litres/m2 of a surfectent stsbilized styrene-
butadiene copolymer dispersion at 7% solids
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‘8. Materlels ond procedurs

The PVAc - Gum A dispersion wes diluted to verlious concen=-
trations H'-I‘ﬂ these blended with greded send to foro briguettsa
in the Richards Rupture test muidu. Five brigusttes were
propared st sech concentrotion, dried for 77 hours at 55 E,
and,after removal from thelr moulds,wers welghed snd placed
on a wire mesh frame. The frose was pleced outsides snd &
thunderstorm in which 25 mm of raln fell m'tnm hours pro-
vided @ severe test of the stahility of ths bonded ssnd. The
remains of the brigueties were redried and welghed asgain in
order to measure the loss of send incurred. The results ere
presented in Table 15.

1. Results and discussion

Table 15
Effect of a rainstorm on the stabllity of sand brigusttes
bonded with reducing levels of tha PVAc homopolymer (Maena
of Tive determinations) '

| Solids content Polymar % of briguette
af the PUAg content in left pfter
dispersion sand (% dry sovere
_J (%) ueight) ralnetorm
! 1,50 0,28 96,7
n 1,35 0,26 91,6
| 1,20 0,23 94,8
t 1,05 B,20 91,3
t 0,90 0,17 : 88,0
r 0,75 0, 44 96, 4
r 6,50 0,11 o
' 0,45 g,0s ; o
E.V. (%) 5,7
LED 5% &, 1 :
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Although the briquettes bonded with a O,44% dry polymser on dry
sand baois survived the reinstorm, at the O, 1% level they dis-
inte-groted completely. Becouse it is edvissble, in prectice,
to introduce come margin of sefety, & level of [l,Eliﬁ‘- is
suggested aa the winimum requlirod to pnours stebllity sgainst

rolndrop ilmpact.

2. Comparison between the PUAc - Cum A

dispersion and new dovelopment gredes

From the results presgnted in Chepters 1II snd IV, surface

application of the newly developed digperaions should produce

stronger, more water resistsnt ssnd sggregates then the

commerclelly sveilable ones. It wes decided therefore to

compare the reindrop resistance of sand briguettes bonded

with

(1)  the stenderd PUAc homopolymer dispersign;

(41) modified versions of the sbove using lower levels of
stobllizer, snd

(ii1) blends of dispersions imparting strong bonds and |
hydrophobic properties.

Z2a. Materials

The FUAc homopolymer disperalon was selectad togethar with
dispersiond polymerized with 50% wnd 35% of the stendard gum
stebllizer level. In eddition,blands of the PUAc dispersion
and the surfectent stabllized styrene-2EHA copolymer were
included In the ratlos 66:33 snd 75:25 on m dry polymer basis,
These flve dispersiona were dlluted to exectly 7% sollds
content. The graded send (> 250 uw < 750 pm) wes sgein used,



2b. Experimental procedure

Plastic cups 8,0 cm x 7,6 cm in dismeter (surface mres 45,4
sg cm) were Filled with 200g of send. They were divided into
five groups with four cups in esch. To esch of the four cups
GE6ml of the particular dispersion at % solides content was
dripped on to the surface. This was repested for the five
different dispersions. The cups were then dried st 55 C.

The spgregated meterlal wee removed, superficiel loose sand
brushed off, and the sogrepsted sand welghed. These sggre-
gates were then pleced on wire mesh trays and exposed to the
environment for 6 week8, during which time several perlods

of hesvy rein were experienced. The briguettes weze then
dried off st 55 C and reweighed. The percentage losses in

welght due to water erosion sre given in Table 16.
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Fesulte snd od!scussion

Table 16

Loss in weight of sand briguettes bonded with different polymer

dispersions sfter exterior exposure for 6 weeks (Means of &

getersinations)

=

Polymer dispersion type

Original weight of
sand aggregete (g)

% loss in sand
eggregete weigh
after exposure

1. PVRc homopolymer _
{100% gum stebllizer) |273,7 = 0,2k 19,7
polymer on sand basls
2. PUAc homopolymer _
(50% gum stabilizer) 260,7** = D,25% 17,3
polymer on sand basls
3. P/Ac homopolymer
(35% gum stebilizer) 254k, 4" = D,26% 16,7+
polymer on sand hasle
k. 75 parts of PVAc with |
25 parts of surfectant |
stabllized styrene-2EHA
copolymer 269,6°* = 0,2% e, 2%
polymer on sand basis
5. A in &, but ratio ’
BE:33 1272,3 = 0,24k 15,6
' polymer on sand basis |
C.V. (¥ 3,2 8,0
LSD 5% 8,9 ! 1,4
T | 12,3 2,0

Etetisticelly significant at the T level

It is interesting to note that the wodificetions to the PVAC

dispersion hesve significantly improved its sbility to produce

better rein resistant sand mggregstes, mlthough the lowsr

levele of gum stabilizer also reduce the thickness of the

consolidated layer.

However, the 25% sdditlion of styrene-2EHA

copolymer dispersion to the PVAc homopolymer not only signi-

ficantly increanes the weight of sand eggregated, but also gives

sggregetes with the highest resistence te srosion by rain. The



blend with 1% styrene-2EHR copolymer esppears extreme and

results indicete thet perhaps levels below 25k sre optimum.

In B separete exercise.blends of the polymer dispersions with
various hot water soluble melze etarches and dextrines were
esseseed. Although under dry conditlions higher bond strengths
were obteined, there was no improvement in reindrop resistance.
The incressec cost of its inclusion therefore does not seem
justified. This, coupled with its vulnerability to microbial
attack, its tendency to gel in the drum under cold conditions
and problems with it penetrating fine sand, precluded ite in-

clusion in later precticael spplicetion studles.

D. GQUALITY OF DILUTIDN WATER

Rlthough the PVAc - Gum A homopolymer produces the desired
bulky surface it will require large mmounts of carrier water
to do so. Becsuse the four construction sites mentioned earlier
were pll adjecent to the sea or lagoons, the use of this water
would grestly fecilitate the operation. Initial teets showed
thet while the PUAc homopolymers were steble in sea water, moast
of the surfectent stabilized types comgulated. However, by
edding extra nonlonic surfactent to the carboxylated SBR it
could be made stsble. The bonding ebility of the PVAC homo-
polymer was unaffected by cheanges in pH above about &,0.
Appendix 5 detealls these test results together with the effects
of sodlum chloride, celcium chloride and ferric chloride con-
centretions on the tenslle strengthe imparted by the PVAc
homopolymer disperslon. Perhaps, as expected, the trivalent
followed by the divalent lons have the grestest detrimentel

effect on the bonding ebility of the polymer. However, the

wmrnrriliim Al wsimbiins iiwmliim e sEd 11 &CFE0 i T ik os & 9 =&
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chloride concentration of 2,87 and it cen be considered feesible

to useE BER weter.

The only problem observed subseguently when using sea water
for dilution in fileld triels was that it spperently took longer
to dry out then If fresh water wes used. The rete of drying
out of send briguettes bound with the PVAc homopolymer diluted

with fresh gnd Indien Ocesn water are compared in Tsble 17.

Teble 17
Dryinp retes of PVAc sand briguettes prepeared with fresh end

sea weter (Means of duplicate determinations)

Deaye of drying out under embient conditions

1 l £ 3 [ ' -1

% loss of sdded water
(corrected for salt content)

Fresh water kL,9 @,z | 9.5 9L.5 96,6
Sea water 3.9 | 82,3 95,1 86,1 94, 2

As cen be seen, the use of ses weter does heve m Elight re-
tarding effect on the rate of drying in the eerly stages but,
perhaps more importent, is the sctuel upteke of water on day
& when humidity wes high. If m choice is ovellable, the use

of freah weter would be preferable.

E. METHODS OF APPLICATION IN THE FIELD

In any sand consolidetion process it is desirsble that the
whole sres be trested es fest ss possible es wind blown sand
from the untreeted ares not only hes a severe sbrasive action

on the aress mlresady consolideted,but elsoc many tons of aand

can be dumoerd on to the Ereated aresas Im mae Bel sl sl s
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Armbrust mnd Lyles (1976) recognised the importence of
developing methods of epplying large volumes of stebilizing

pgent replidly.

4. Batch systems

Although this mode of spplicetion is the moet relieble, it is
also the slowest and most laborlous. Typlcelly, & measured
emount of the polymer dispersion is added to & moblle tenk

of known volume, The dilution weter is then poured in end the
tank transported to the test slte where the contents are dis-
tributed evenly over & demarcated area. Distribution cen be
gither from @ long hose connected to the tenker which is parked
on en access road (see Plate 11), or directly on to the send if
vehicles cen move over 1t. In the letter method of epplication
it was found that & bar distributor (see Plate 12) geve & far
more reliable result than did the use of = dish spray

(see Plate 13). When the tenker is empty 1t must be returned
to the water source. More time cean be teken up by travelling

end refilling than actuelly tresting the =end.

2. Continuous systems

By eiting & pump at the water source end ueing very long pipes
to reach the treatment mreas, trevelling end refilling times
could be eliminated. Some means of blending the dispersion into
the carrier water is obvlously necessary.

a. Metering polymer in at the pump

If the polymer dispersion cen be included st the water source,

then only one access roed end off-loading point for the poly-









more eccurate control over the metering operation then st the
end of the pipe,where the terrein could be very inhospiteble.
A pilot system was therefore developed and the pump modified
for metering in polymer dispersion. The unit is illustreted
in Plete 14 and conelste of:

a 6,5 h.p. petrol-driven engine, m centrifugel

pump delivering up to 150 litres/minute, B 25

litre gredusted polymer dispersion holding tenk,

and 41 000 metres of 3,7 cm diemeter flexible

hose (see Plete 15).

Once the water delivery of the pump is calibrated, the rate

et which the concentrated dispersion should be dresun into it
to give the correct solids is celculeted. This is then
memsured by heaving pegs et levels eguivelent to one litre
volumes down the inside of the 251 polymer dispersion con-
tainer. The rete of fall in level of the dispersion can then
be releted to the volume entering the pump. This is con-
trolled by & valve to give the desired sollds concentration.
The ection of the centrifugel pump ensures mixing of the two

ingredients,

To eliminate fluctustions in the concentretion of the polymer,
the ideal is to heve e mixing tenk feeding into 8 larger
holding tenk from which the pump is supplied. The sbove
pllot plant is theoreticelly cepeble of tresting ten hectares
per dey,but obviously s larger pump snd several distribution
points would incresse the rete spprecisbly. The use of nm
moblile overhesd epray irrigestion system in plece of several

hend operated hoses would elso Tecllitete the operstion.
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One dizedventege Tound 1n prectice wes that when the BER
copolymer went througn the centrifugal pump 1t wes coagulated
by the mechenicel shesr. This resulted In the pump selzing
gnd the hose being rendered useless. The following ayatem
con be used ta intraduce tha polymer into the water after

the pump, thus nUE}Bnming the problem with shear.

b. Metering polymer in at exit of hosa

If & pressurised Hﬂtﬂ; supply is slreedy avelleble 1t 1s more
:nn;gniant to introduce the polymer into the dilution water
via 8 venturi &t the end of the hose. A number of commercial
venturl systems which deliver s constent retio of concentrate
into the dilution water are svaileble and renge in size FProm
small to large (==e Plate 16). lhile th% larger types
generglly have & Teed rate control, the smaller nnéa do not.
In the latter case 1f is ususlly necessary io predilute the
polymer dispersion to give the correct solids content reaching

the saznd.

F. .AN OBSERVATIONAL FIELD TRIAL TO ASSESS THE
RESISTANCE OF AGGREGATES TO WIND BLOWN SAND

Probebly the most necessary reguirement of a send stebilizing
material 18 its ability to render the consolidated =urfece
reslstent to ebraslion by windborne sand. It is remsrkable
thaet this ls so often neglected by lsboratory resesrchera
when essessing binders (sez Pege 16). Although g simple
laboratory test was devised to simulate the sand blesting
effect {sem Appendix 6),1t wss felt thet & emsll scele ob-

norvotionol Fi.r.'l:l. tast wao =asential.






1. Meterimle

The test site chosen was on, end just over, the brow of 8 north
facing slope et the No. 2 Pler eite, Durben herbour. The site
end surrounding 150 hecteres consisted of loose dredged marine
send. The test ran from May to September 1973 when conditions
were dry with strong winds from elther the south or north end

the treated plots were subjected to severe send blesting.

Unfortunaetely.none of the more efficient development grades
were included as the leboratory end fleld tests were running
concurrently. However, the concentratione of the PUAc - Gum A
homopolymer plasticised with &% dibutylglycolphthalate and the
carboxylmted 58R used in this trlal were kept well asbove the

considered criticel lewvel.

2. Experimentel procedure

Six plots, esch 15 x 15 metres, were pegged out on the send.
The relevant polymer dispersions were memsured into the tenk
of 8 hydroseeder and then water sdded to give the desired
polymer concentratlons. The concentretions used and the rates
per hectare of the diluted materisl epplied under pressure
from the hose on to the sand, are given below:
Plot 1: The plasticlieed PVAc homopolymer st 3%
solide at 150 000%/ha.
Flot 2: The same polymer ae in Plot 1 et ¥ solids
but reduced to 75 0002/ha.
Plot 3: The seme polymer es in Plot 1 et 1,5%
solids et 150 DOOZ/ha.
Plot &: The carboxyleted SBR st ¥: solids end

150 DDOL/ha.



Plot 5: The samg polymer as in Plot L at 3%
solids but reduced to 75 000L/ha.

Plot &: The seme polymer ss in Plot & but at
1,5 solids and 150 0004/he.

The plots were sllowed to dry for 14 deye and then half of each
was broken up with 8 hoe to present a roughened surfece. The
nature of the sand cruste formed with each trestment st this
stage snd the general sppesrance of the plots after the 5 month

exposure period were recorded.

3, FResults and discuselon

Plot 41: The unplesticised PVAc dispersion imperted e ripgld
coneolidated layer of sand some 10cm thick (see Plate
20). The continuous crust was bedly eroded in a Tew
weeks by wind blown sand (see Plate 17), whereas the
clods were still in ressonsble condition at the end
of the trisl. It was noted that loose send fllled
in around the clods. The clods presumsbly protect
the sand from being blown sway end it.in turn,protects
the clods from sbrasion (see Plates 21 mnd 22).

Plot 2: Resulte were very similar to those in Plot 1 except
theat the crust wes sbout Sce thick.

Plot 3: This plot wes indistinguishable from Plot 1 end indl-
cates that e solids content of 1,5 is setisfactory,
provided the crust is broken up into clods.

Plot 4: The carboxylated SBR formed @ thin sleb (epproximately
2em) which was depressed with pressure. The continuous
and ruptured aress showed good resistence to sbresion

(see Plate 10 on pege 72).



Plate 17: The unclodded polymer sgoregated
gegnd is gulckly eroded if susjected
to ssvere apnd bhlaating
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Flot 5: The lower rate per equare metre of 5BR et 3 solids
gave g similar result to that in Plot 4. In contrast
to the result in Plot 4, however, the continuous

leyer here wes severely eroded by wind.

As & continuous film,only the carboxylated 5BR st ¥ eolide
content offered soms resistence to erosion by wind blown sand.
For the other treatments, the broken surfece resieted ercelon
end conseguently held levels more effectively. The PUAc

dispersion st 1,5% solids end 1513-2 gave the bulkiest crust.

In the following large scele fleld observations the clodded
effect using the plesticised PVAc forms the mein trestment, but
other dispersions are sometimes included for comparison. The

method of spplicetion used depended on conditions at the site.
G. FRACTICAL FIELD APPLICATIONS

The locetion of the four construction sites st which fleld
triels were 1nid down are given in the map in Appendix 7. At
all these sites the finel objective wes to obtain permanent
stebilizetion of loose, clay-free sand through the establimh-
ment of vegetestion. Beceuse only complete success would be
acceptable 1n prectice, degrees of difference in results were
considered irrelevant. Results of the effects of initiasl
trestments and the stete of the plots several months later
are therefore presented in photographic rether then gquentita-

tive mepsurement form.



1. &ite No. 1 - Richerds Bay

a. Vegetation by seeding

Rpproximetely 2 0DD hectares of dredged end levelled marine
gpnd had to be permanently stebilized. The eres has sn annual
rainfell of over 1 0OD0em, hot summers with sporadic high winds

from the north or sputh and a typicel four-month winter drought.

In December 1972, en aree of mpproximately 1 OO0 sguare metres
which wes bordered on the north side by mengrove trees and an
the south by & wide expense of loose send, was sprayed with
7 500f of the plesticlsed PVAc - Gum A howmopolymer contalning
1,2 solids. The dilution wes carried out in a hydroseeder
tenk snd then spreyed on to the sand so that ponding occurred

(see Plate 1B8).

Within ten days the expected hard, load-beering, coheasive layer
some Scm thick had formed. This wes physicelly broken up into
clods (mee Flate 19), fertilized with an N-P-K mixture end
seeded with a veriety of gresses (see Plate 20). Plete 20

slso shows how the clods prevented the seeds belng blown swaey

gnd afforded shade to them.

The stend of grass, mainly Ersgrostis curvuls after some 12
weeke is shown in Flate 21, It elec illustrates how loose
sgnd filled in around end burled the clode. The state of the
triml in August 1974, et the end of the dry winter, is shouwn
in Plate 22. While the gress waes suffering from drought, the
gurability of the synthetic sggrepgates end thelr sbility to

hold sand levels is very cleer.
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Plate 22: The relative iIevels of sBnd Some O
months sfter consollidstion and clodding
showing how the surrounding loose aand
has bDeen Glown ous



b. Vegetstion by plenting ssplings

R larger ares (1 hectere) bounded by loose sand on three

sides end a lagoon to the east, was treated in December 1974 in
a co-operstive trisl with the Depertment of Perks snd Gardens,
Richards Bay Town Board. The metering pump wes used (see

Plste 23) and 7,5 litres per sguare metre of liguid conteining
the PVAc homopolymer et 1,2% sclids, 7. Uree snd % KCl were
applied. It mhould be recorded that the epplicetion took

place on wet sand and was followed irmedistely by hesvy raln.

The excellent crust wes broken up into clods two weeks later
(eee Flate 24) and @ selection of indigenous shrubs e.g.

Brachyleene discolour, Carissa grendifolis snd others, dune

creepers e.g. Sceevols thunbergii and trees e.g. Eguiseti folis
were plented in the rockery-like envirorment (see Plete 25).

The condition of the plot in December 1975 is shoun in Plate
26. Once sgain the abllity of the eynthetic clods to hold
sand wat illustrated, ’s was the need for melection of sdapted
plante. Most saplings had been stripped of thelr lesves and
haed little chance of survival,but the superlior condition of
the legume creeper, Sceevols thunbergil, when compered to the
other plents, would seem to indicate the need for a regular
supply of nitrogen. Attempts to develop s system which

controls Tertilizer release are discussed in Chepter IX.

2 £ite No. 2 = Durban Bay

The situstion et the new No. 2 Pler mite et Durben Bay wes

sisiler to that of Richards Bay end the site where the pre-

B _ L. - - - - - - - - - - -









sgain for further investigation. £ very exposed mres of some
150 hectares of reclalmed marine sand required stebllization
egainst strong winds. Here winter drought conditions with an
ennuel reinfall of some 900sm snd frequent strong winds,

especially from the north end south, prevall.

Applicetion was by hydroseeder during May and June 1973 snd, in
totel, sbout 10 hectares were stablilized. Once sgain excellent
consolidation to depth was obtained (see Plate 27) but the
establishment of vegetetlion falled, largely becsuse the
surrounding loose sand (note background of Plate 27) engulfed
the developing seedlings. Only on some of the high spots did
stende of Ersgrostis curvula and Colombus sorgue survive (see

Flste 28). This tris! illustrated the need for rapid and com-

plete stebllizatlon of entire problem mress,

3. Site No. 3 - Mylzenberg marine development

Mulzenberg, which is adjacent ta Cepe Town, differs Trom the
former two sites in thet a Mediterranesn climste prevalls,
with 8 winter rainfall of sbout 500mm per snnum and an ¢ ght-
month summer drought. It is subjected to exceptionally high
winds - in excess of 11 knots for LB% of the yesr snd in
excess of 7 knots for 265% of the year. The Marine wes com-
prised of fingers of loose sand surrounded by water. Thias
send was continually being blown intp the weterways,which

sllted up.

A co-pperstive trial was put down with the resident horticul-
turelists. A site bounded by water on three sldes was selected
snd mlong the fourth side, where o rondway troversed the wite,

® 1,5 metre high PUC mesh netting fence wes erected to nrevent
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the entry of sand from without (see Plete 29). In October
1974 the plesticised PVAc homopolymer snd the cerboxyleted
S5BR copolymer dispersions were applied st T,EIIHE end 1,2%
genlids contents. The concentrated SBR required 0,35k
sdditional nonionic surfactent to prevent it destablilizing
in the seline lagoon weter. Each plot was spproximately

1 000 squere metres and the following trestmente were

applied. (Layout deteils sre given in Appendix 8.)

Windwerd slde:

Plot R: The PVAc consolidated crust (3cm thick) formed after
two deys drying end was brokem up into rows some
25cm wide and 2 metres spart across the slight
slope. A mixture of gress seeds was soun into
these rows.

Flot B: The SBR wes sprayed over the srea. The resulting
crust wes left intact and wes not plented.

Flot C: Prior to plenting, furrows some 50cm deep by S0cm
wide were ploughed at 3 metre centres scross the
slight slope. A variety of plants e.g. Gazania

uniflora, Mesembrysnthemum edule and others, end

saplings e.g. Eguisetl folla, were planted along
and in the ridges of the furrows and then over-
sprayed with the PUAc homopolymer st ?,Elfmz {see
Plate 30).

Plot G: As in Plot A, but the crust wes left intect and

not planted.



Plate 29: A general vieuw of the Muizenberg test site
o showing the protect!. e moat and the PUC fence

Plate 30: Overspraying planted vegetstion with the
PVAc homopolymer st 1,2% solids
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Lepward side:
Plot E: A varlety of seedlings was plented and over-
sprayed with the SBR st 7,5!3-2.

Inapection of the site in May 1975 showed:

(1) All polymer treatments had held sand levels
well. The contimuous crusts showed signs of
wear despite the protection of the 30 metre
wide woat.

(11) The furrows in Plot C were completely filled with
loose sand, which had ssothered the plante. In

contrast, the Mesembrysnthemum edule, = succulent

creeper, planted on the ridges was thriving,
despite having recelved virtuslly no raln during
the eight hot summer months (see Plate 31).

(111) The fect that plants in Plate E, including Gazmnias
uniflore, elso hed not only survived the severe
summe drought, but were actually flowering, indi-
cated that the SER consolidsted layer was con-
serving moisture. This aspect is studled in
detail later in Chapter VIII,

(iv) Nong of the plents grown Trom seed survived,
indiceting that cuttings or tranaplants have a

greater chance of becoming estsblished.

L, Eite No. & = Elsndshani

At Elpndsbael (annual rainfall approximately 250mm), on the Cape
best Cosst, the Sishen to Saldenha railuay line pessee through
a "desert" wmome 20 000 hectares in extent. The problem aof

lgose sand Filling the stone bmllest on which the railuay tracks



Plate 31:

A sucoulent creeper growing well in the

grtificielly consolideted marine sand.
llote the depth of consolidation indiested
by the removed clod



were lmpid and the general build wp of sand on the line was the
cause of much concern. A slte on thie coest was chosen for en
observational trial. A water hole wes dug just sbove the high
tide wark and the metering pump previously described, used
again. The PVAc homopolymer at 1,2% solids wes spreyed on to
an area of steep unduleting dunes. Excellent consolidetion to
depths of up to 200mm was obtalned (see Plete 32), where mpplica-
tion was excesslve. Conditlons were extremely marid, thus per-
mitting drying out to this depth. The aree wes broken up into
clods using picks snd no vegetetion was introduced. It wms
hoped that the indigenous vegetstion would reseed iteelf in
the stablli ed area. However, efter 24 months no vegetation
was present despite the outcrops of synthetic bonded sand (see
Plate 33) still being very obvious. Again, this is probably
due to the sbrasive and smothering asctione of the surrounding

lonse sand.

5. Eummary and dlscussion

Although st all four sites the PVAc homopolymer successfully

creeted & bulky, durable surfece leyer of clods, the vegetstion

established was sperse. Only Sceevola thunberaii at Richards

Bay and Mesembryanthemum edule st Mulzenberg successfully

established themselves. Resident engineers at all L sites
considered the results inferior to those which cen be echieved
by more conventional technigues. For instance, good stands of
gress were established at some of the mitee where soil was
applied a8 a topdressing (100mm layer). These observations
indicete that it is not sufficient for the polymer-bound sand
clode to merely hold levels, but they must alsa improve the

moisture and fertilizing properties. Such conservation of



Plste 32: Excellent aggrecation to saoma 00w depth
was schieved in the arid conditions

Flate 33: The "rocky® outcrops of artificially clodded
marineg aand are obvious,even after being
subjected to severe sand blesting
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moleture and fertilizer in sand was echieved by the applicetlion
of copolymer dispersions cepable of Imparting the water
repellency effect, and this 1s discussed in Chepters VI1 and
VIIl, Future sand stabilizetion studies should, therefore,
consider blends of the PVUAc homopolymer, ® copolymer dispersion
enc & soluble Fertilizer. Appendix 26 (page 325) shows that
the rates of water infiltratlon inta, and its loss from, sends
can be sccurstely controlled by varylng the ratios of these 3
components. Agglomerates formed in this way will limit the
penetration of water through them, thus reducing the leaching
losees of Fertilizers contelned therein (see peage 199). Also,
by drying out quickly, the spglomerstes will form s mulch
which will reduce evaporation losses (see page 15L). Al-
ternatively, this blend of 3 components can be spplled at »
greetly reduced concentration so that, slthough no con-
solidetion occurs, the water repellent effect is still generated.
Removal of this loose leyer by wind cen be prevented by eny one
of the technigues described in Sectlons A4 and A2 of this
Chagpter. The cost of this complete trestment should be well

below that of imported soil.

In its present form the PVAc slaone may Tind spplicetion in:
(1) leas extensive sress,where the whole site cen be

quickly trested in order to prevent sand abrasion,
(11) srees where subseguent vegetation is not reguired,
(111) remote aress where no topsoil, brushwood or

gimilar materiels sre svellshle.

The reletive merits of using polymer dispersions to combat
wind erosion compared with other potentisl applicetions are

diescussed in Chapter X.



CHAPTER V1

WATER ERDSION CONTROL ON STEEP SLOPES - OBSERVATIODNAL TRIALS

Moldenhsuer and Gabriels (1972) outlined some methods used for
the permasnent stsbilizetion of steep benks. In almost gll
cases the stabilizing materiml is spreyed on to the slope
together with seed end fertilizer in en sbundance of carrier
water. The object of the stablilizer is to bind the seed to
the scil and to hold molsture untlil the seedling becomes

rooted.

Despite the formidable list of chemical binding agents that
have been used in this spplicetion (see page 17), none of the
commerclal hydroseeders in South Africe use any of these by
cholece (personal communicetion). They genermlly spray only
seed end Fertilizer or, st best, some wood pulp is included
to help distribute the seed in the mixing tank. Obviously

it is more economicel to re-trest problem sress than to aluays
include binder. Specificetions very occeeslonally cell for the
use of a PVAc dispersion but here, too, the suthorities are
questioning the benefits snd, although some LDO tone were
specified In 1974, this hed dropped to less then 100 tons in
1977. Beceuse the benefits of s binder are often not very
obvious, the use of stebllizers is likely to decrease. 1t is
the object of this Chepter to investigate, with visumlly
essessed fleld triels, some obvious benefits by changes in
applicetion technigue rather than type of binder. As with the

last Chapter, the only criteries for ongoing commercial



epplicetions is thet the new system be completely successful
st coste less then those of existing procedures. Effects
created and finel results obtained are, therefore, illustreted

af photographe end not es guentitetive messurements.

1t is unlikely that one embankment stebilizing system will
work effectively for sll conditions end soil type is con-

sidered an importent varisble.

A. EANDY, PERVIDUS SUBSTRATES

The steep-sided dumps of the Witwatersrend gold mines presented
test eites for observetional experiments. Twuo types of dumps
exist - the older sand dumps end & far grester proportion of
very fine particle size elime dumpe. The esteblished method
to prevent send movement by wind is to erect reed peddocks.
This is ® leborious process end some 3,75 kilometres of fences
ere ueed to protect one hectare of send (Cooke, 1972). Mist
spray irrigetion is set up, firstly to gently leech out
detrimentel ecic end secondly to establish vegetstion during
the cold, dry winter sonths when there 18 1ittle rein to ceuse
erosion. This is obviously e very expensive practice. It wes
felt that en effective surfece binder might eliminate the need
for reed fences and reduce the need for ertificisl lemsching,
85 use could be made of the netural summer reinfall. Beceuse
the FVAc homopolymer imparts good eggregetion without pre-
venting infiltration of weter, it wes considered to be ideal

for this spplicetion.



In February 1974, mress of s very steep (gredient 27°) send
dump on Norse mine were spreayed with the plesticlised PVAc
disperseion. However, insteed of using the more conventional
hydroseeding rete of EUnE of & W solids materisl, ‘I.EH-E
of 8 9,4 solids concentration wes sprayed, to give & thick
loed=-beering sleb. A lerge commerciael venturi (rete adjust-
able) at the exit end of the hose (see Plete J4) was used to
apply the meteriel. As the arees were to be subseguently
seeded, 5« limestone smmonium nitrete end 5 potessium

chloride were dissolved in the concentreted FVAc dispersion.

As expected, = strong, thick crust (see Plete 35) resulted on
drying. To estsblish vegeteilion, half of the trested mreas
were physically broken up into clods end seeded with B variety

of grasses.

Inspection of the plots in February 1975, after exceptionally
heavy October reins, showed no signs of erosion of either the
clods or the continuous crusts. There hed been some slippage
of the clods (Plete 36) snd it is suggested thet rether then
completely bresking the surfece on steep clopes, contour cuts
or rendom holes in the solld sleb would be more suitable.
This epproech would elsoc incresse effective rainfell and
ensure more efficient leaching in the growth mress se a grester
volume of water would be channelled into them. To dete (mid
1978) there hes been no marked deterioration in either the
consclideted slabs or clods end in the seeded mres vegetstion

hes eeteblished,

The thick cureble crust is undenisbly the result of the sppli-

cation of e polymer dispersion end the system lends itself to

the ouick stebhllizetion of Fewly Rharsd s lnnes  wklok oo dkes
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be left intect for eeveral yeers without fear of erosipn. As

gnd when condltions ere favoursble. plenting in contours elong

the elope cen be caerrled out.

- SLOPES WITH SOME PERMEABILITY

Thie materisl of the slimee dumps has particles ranging in size
from 1 um to 250 um with 50% by mass between Z0 um and 50 wm,
restricted permesbillity end is highly susceptible tc erosion
by weter. Newly shaped slopes are very hard snd strewn with
egually herd clods (see Plate 37). It was decided to attempt
to stebilize the clods end slopes by impregnating them with
relatively high volumes of low polymer content sprays. The
ungvennegst of the surfece, if stable, would ensure that eny
distributed sSeeds would lodge on the steep gradients and not
be washed down to the bottom. In August 197L & newly sheped
slimes dump st Bleukrans with en easterly espect, was divided
into 3 x 200 square metre strips. The Management of the
Vegetation Unit of the Chasber of Mines was reluctent to
leave B control strip es the erosion would be excessive end
only necessitate reshaping et o leter stage. A1l three areas
were therefore sprayed (using the commerciel venturl) with
approximately 7,58/m of the PVAc homopolymer st 4,4% end
0,765 solids end the styrene-2EHA copolymer at 0,225 polymer
content (see Plate 37). On drylng, ell three treatments
resulted in surfaces which were visuslly indistinguisheble
from untreated surfaces and the thick crusts obtained on the
absorbant sand dumps were sbsent. Despite this, one half of
esch plot was then mulched with dry grass, fertillzed snd
seeded in customary menner. The other helf of esch plot

was left bare. The polymer treeted sress did not receive

the normal mist epray irrigetion but hed to rely on the natural






reins, which stertec in September. All three surfeces survived
the torrential rains which fell in that October end elght months
leter showed very little erosion (see Plate 38). The seeded
aress were now well grassed and mlso showed little sign of
erosion (see Flate 38). A year after spraying the remaining
bere helves of these plots were seeded, anc they are now in-
distinguishable from the surrounding irrigetec sreas which

were treated in the normal way by the Vegetetion Unit (see

Plate 39).

The mein features of these mpperently successful results are,
firstly, the very low polymer concentrations st which they
were echieved and, secondly, that the type of dispersion seems
irrelevant. It may be that success was due to using reletively
high volumes of low binder content dispersion snd,becsuse the
substrate wee simller to meny highly ercdaeble agricultursl
solle,the technigue may be usefully spplled in lend reclemation

woTk .

C. IMPERVIOUS BUBSTRATES

Many high cley solle present B smopth impervipus surface when
aloped. The trestments described previously in sections A end
8, using high volumes of liquid, ere considered unsuiteble

ps Tun=-off will be excessive.

For slopes of this type & fixed mulch seems to give the most
successful results. Moldenhauer end Gabriels (41972) describe
hydroseeding in the U.S.A.,where straw or other fibre ie first
mgchenicelly blown on to embankments end then over-sprayed with

@ "tecking materiel®, seed mnd fertilizer. These researchers






fibre end tecking mpteriel unneceasary®.

1t wat considered thet sn eir-drying polymer foam created in
situ might be such & "materiel®. Adventeges over the conven-
tional mulching systeme would include reduced trensport costs
of the bulky mulch, s grester bond between mulch end soil, »
reduction of fire hazerde, the need for & single rather than
f double operation end, by the inclusion of & green plgment,

a more sestheticelly scceptable eppearance in the short term.

Although a mechenically foemed material containing seed,
fertilizer encd polymer wes successfully spplied on to en
embankment (see Plete LO), it feiled to hold its structure
on drying out. While this coulo be achieved falrly easily
with the use of a high solids content meterisl (epproximately
706:) et the commercielly accepteble level of shout &% polymer,
thies proved to be very difficult to obtain in prectice. The
best compound formuleted end the types of mechanicesl foemers
testec to enpure the speds were not demeged ere presented in
Appencix 9. Buch foem would prefersbly be sppllied from the
top of the embenkment, as tests showed that it flowed down
leaving behind an inte-greted layer.sbout 5Smm thick.of foam,

sepd and fTertilizer.

b SUMMARY AND DISCUSSION

Rlthough thin layers of different chemicaels used to temporarily
stabllize steep slopes have recelved much attention, nong seem
to be used generelly. A mejor reason for this is that the

benefits are not sufficlently obvious end newly treated slopes

which cannot be distinguished will continue to be regarded






with contempt. In embenkment stebilizaticn, the rapidc
creation of a thick losd-bearing slab might Find wider
scceptance. Treatment in the early steges of the project
could prevent wind and water borne soil being dumped on

to the construction eite wuntil Finel stebllizetion through
vegetetion cen be schieved. Another edventesge of such thick
slebs is that they cen support ressonable loed without beling
ruptured. This will permit eccess scross the slopee without
creeting arees which ere vulnerable to erosion. Continuous
slabs may slso find spplication in industry. Exemples would
include the reduction of mir polution and reduced losses of
powders from storage dumps. By including e proportion of =
copolymer,such dumps would shed weter end remein relatively

ory irside.

In other specific problem arese polymer binders may be useful.
For example, on a highly erodible substrete the sppllcetion

of relatively large volumes of dilute polymer disperaion

were obviously beneficial. Beceuse success was achieved

with both the PYAc homopolymer end styrene-acrylic disper-
sions, it would seem most binders will be effective. However,
the sdditlionel benefite of moisture end fertilizer conservetion
{ reported on in Chapters VI1 and V1I1I) obtained with the co-
polymer dispereions indlcete that future research should con-
centrete on these types. ©GSimilarly the implicetions of these
benefits on the results obtained wlth conventlonal hydroseeding

should be investigated.

The vee of a Foemed eir-steble mulch offers obvious advantages
over conventlional hydroseeding in that it will give the seed

some protection against dehydration, UV light and birds.
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However, 8 stable eir-drying foam could not be succesafully
epplied in thie programme of work. The polentlisl advantages
offered by such & system suggests that research should be
continued on it. The need for grester visco=ity and solids
Bt low cost may be met by the introduction of products such
a8 eswdust or wood pulp. Beceuse the molsture and fertilizer
coneerving effects cen also be imparted to such organic

materiale, (see Chapter IX, Section 2) = copolymer dispersion

ghould be used as binder.
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CHRFTER V11

LOAD BEARING SLABS DN SARD

Throughout the field trisls described in the previous chapters
the mbility of the thick crusts imparted by the FUAc homo-
polymer dispersions to support load without rupturing was alweys
impressive., The fessibility of polymer dispersions being used
in applications requiring this property was therefore

investigsted.

A. EXISTING PRODUCTS USED

The modern road is made up of three principasl components: (1)
the subgrade or rosd foundation, (2) the base or mein structural
element of the rosd end (3) the wearing surface (Glanville,
1954), The subgrade layers utilize the in situ =0il and,
relgtive to the layera nearer the surface, have lower load
bearing and resistence-to-sbrasion properties. Houwever, 1f the
composition of the soll is inedeguate as & foundation,specisl
tregtments must be followed. These may be either physical or

chemical.

The physicel treatment Involves the incorporation of the

correct size and percentage of orains which sre lacking In the
wesk soll. The chemlcal trestment involves the use of cementing
materisls, such Bs lime, Fortlend cement, bituslnoua materials
#nd,to a lesser extent products such as ealcium and sodium
chloride, celcium ecrylate, sulphite lignin and mixtures of

gniline, furfural snd bltumen (Lambe, 1951).



=190
man. In the road bullding industry "1ime® refers specificelly
ta ealecium hydroxide, Praportlons runglng-frnll ¥. to B ooy

mass are Intimately mixed into the so0il before it 1= compacted.

In 1971 some 100 million square yards of bese per annum were
cansolidated in this way. This data is guoted by Krebs and
dalker (9971) who also stete that beceuse lime depends Tor
its sotion on pozzolanle mgterlals in the soil, it glves poor

renulte where the clay content is less than shout 125,

Portland cement can be used to stabilize sandy soils. Here 8% :
ta My cemgnt on dry sand mass is intimately mixed in and
compacted to glve 2 base which hardens progressively es the
cemgnt hydrates. However, crecks freguently develop in the
hardened saterisl end Clare (195&) staotes that opinions differ
a3 to the seriousness of these on the Fingl performance of the
road. RAnother potential defect cf cement stabilized subgrade
i2 thst it is very brittle =nd Sargicus (1975) stptes that such

hases perform well only es long ms they are not overstreseed.

In recent years bitumens, consisting of cut haeck asphalts,
emulsified asphalte or tars, heve often been used to produce
=uhgrades. Acrording to Oglesby (1975) the percentsge of
binder, by mass, renges from 4 to 0L for ssphelt cements, cut-
backs gnd tars, and From 5, ta 100 Tor emulsifled ssphelte. To
Form suftable bases with bitumen, the sand must be Teletively
clean and stable; that is, the surfece properties and graln shape
must be such that they will resist displecement under loed.

Hrebs and Walker (1975) stste thet for successful bitumen sta-
bilization, the soll should not rcontain more than 12% *fines®,

the organic matter content and level of =oluble sslts should be
- -
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low and the pH should not he high.

In South Africa very little use is mede of maiteriels other

than the above to steblllze road subgrade (Msude, personal
communigque). The most common mEEnﬁ of obtelning a lesting sub-
bose is to import sulteble soil and then use llme to consolidate
it. A peed therafore exists In the road building industry faor
g product which can be sdded to any eands or sandy snils to

give sultghle load bearing slghs. The poseibility of e

polymer dispersion satisfying this need was investigated.

B. PERFORMANCE COMPARIEONS BETUWEEN THE PVAc

HOMOPOLYMER AND CEMENT

To assess whether polymer dispersions could even remotely be
considered in road base applications, some of the more im-
portent properties required of them are comeldered below.

With polymer dispersions some 35 times wore expensive than
cement on 8 dry weight basis, the dispersions would heve to

be considerably more efficient to be competitive. The ability
af the bonded =0il to support heavy loads without rupturing is

the most important requirement of a road foundetion.

1. Soil strength

Methods of measuring soil strenoth have been divided by

Maclean (19LB) into tuo brosd clasaes:

(1) Shear strength tests:

(a) Unconfined compression strength (UCS) test,

(b) Shear hox test.

(e) Trlexial compression test,
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{(2) Bearing atrenpth tests:
(2) Flate - bearing tost.

(o) Cslifornie bearing retio (CHR) test.

af the above, the unconfined compressive strength and the
Californie beering retic tests mre most generally used in the
ropd congtruction industry. The unconfined compression test,
developed by Coaling and Gplder (9940) was preferred in the
present project,ec it is the more convenient end raplid method

of measuring the strength of polymer bound send cores.

1m, Materimle

In this initlal test the unplesticised PUAc homopolymer was
compared with Portlend Cement. Graded (-~ 250 pm « 750 um)
marine sand, devold of clay, was used. Rluminium tubing of
Limm internel dismeter wss accurstely cut into BBmm lengths,
Thete sections were then cut through lengthulse to function ec
split moulds. Tuo metal hose clamps were used to hold the

halves together.

. Experimental procedure

MFfferent welghts of the 56 eolids PUfic dispersion were made
up to 70g with water and mixed by hand with 1 0D0g of sand te
give 0,5, 1,0O., 2,00, 4,00 wnd 5,0 dry polymer on dry sand
beais. These mixtures were used to fill the hollow moulds, with
canstant manual compection, The Filled moulds were then left
stending upright under infra red heater bars with the
temperature on the send surface being ES5C. After 17 hours the

moulde were eplit open and the unconfined sand cores dried for

24 houre in an cven at SSC,
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The cement bonded cores were made by dry blending the cement
with 1 000g of send before mixing in 190g of water. The mix-
tures were compacted in the moulde in the same way B8 the
geamples containing the PVAc had been, and then left in e
conetant tempersture/humidity room at 25C end 50% R.H. After
2L hours the moulds were removed end the unrestricted cores

left in the room for g further 7 days before testing.

The sand cores were then subjected to tests on & Houndsflield
Model W tensiometer. This instrument consists of e metal
frameunrk in which the sand snecimen i compressed by a
helicel spring. The lnad is applied at 15mm per minute hy an
electrically driven screw. The cores were placed lengthwlise
in the relevent clamp end presented an area of 15,2cm to

the spplied lomd. The point of shear was cleerly indiceted on
the visual resdout. The shear strength is equel to half the
unconfined compresslon strength of the sand core (Maclean,

19LB}. Thie force was converted to kilopasscels {(kPe) using

the fpllowlng equation:

kFa = kilograms x 98,07
15,21

1c. Results and discusslon

The UCE results for the sand cores bound with different amounts

of the PVAc hnmopolymer end cement are presented in Table 48.
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Teble 18

Unconfined compressive strengths in kilopascals of marine sand

honded with incressing levals of cement and PUAc homapolyfer

dispersion (Means of &4 replicates)

Level of bonding material on’ dry sand basis
0, 5% 1, 0% 2, 0% b, 0% 5,0%

PuAz| “®= Ipupe

Ce- Ce- Ce~ | Ce-
PURc PUle PURe e -4

ment ment ment ment

ucs (kPa) | nil [ 980 | nil |1630] 70 ’E?TD 780 'EEEE 880 l:mu

C.V. (5) = 11,8  LSD 5% = 659; £ = BAD

Bt the concentrations used in Teble 8 the PVAc dispersion is
definitely more effective st sggregating sand than iIs cement.
This, presumably, is due to the locating mechanlsm of the PVAc
disperslon described in Chepter 111. The wminlmum regulrement

for soll strength of subi-base 23 ststed in the Natsl Ropds
Department Epecificationa (1570) is 1 OLO kPa. The FUAc dis-
perslon exceeds this level at 1,08 polymer on dry sand bosls,

but for cement the UCS is inadequate even at 5,00, Only ot B
cement content (& concentration at which severe shrinkasge cracks
result) were strengths of this order mchieved. Thase results in-
dicate that slthough the FVAg homopolymer may still he leas
economical than cement, polymer disperslons are worthy of further
study s2, Tirstly, 1t should be posalble to formilete systema
that are more efficient than the PUVAc homopolymer, and secondly,

polymers may heve certaln technicel sdvanteges.
2. Ehrinkage

The "sgme ralerinls snd concentrations as used in sub-section 1

wETE used to FL1l shrinksne moialdas (750Tmm v PBewn w P} A
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all the concentration levels of the FUAc dispersion listed in
Tahle 78 the shrinkage on drying out was nil. In fact, the
mggregeted sand ndhnridttn the sidea of the steel moulds gnd

at the higher polymer lavels the briguettes could not be re-
moved. In contrast, the smsnd mggregated with cement fell out of
the mpulds when inverted and shrinkages of up to T were

recorded.
3. Flexibility

Thae idesl romd bmae should be shle to support load snd yet
heve soma fFlexibility. The method guoted in the Kstal Ro=ds
Department Specifications (1970) to assess Flexlbility of sub-
grade is the Marshall flow test. This is 8 measure of the
amount of distortion under pressure that unconfined soil cores
(100 x S50mm diameter) can undergo before they rupture. The
force is exerted perpendicularly to the length of the core.
Good guallity bitumen is considered to have ideal Flexibility,
with Marshall flow values of 2 - 6mm (van Darlen, 1975). In
contrast, cement treated bese has a velue of zero. The
flexibility of a polymer film laid down from a dispersion 1s
usually expressed es the minimum film forming temperature (mft)
needed for the particles to comlesce. Details of the test
procedure for such messuremants are glven in Appendix 10. Thae
uft values of the PUAc homopolymer dispersion with ingressing
Ievels of plasticlser, and the Marshall flow values on soil
cores made From them, (van Darlen, 1975), ara presented in

Table 19.
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Table 19
Minimum Film forming temperatures of plasticised FYAc

homopolymer disperalons and the Marahall flow results of
sand cores formed from them (2% dry polymer on dry sand)

Level of dibutylglycolphthslste OF @ 5K | 1B 156 | 20
on total solida of dispersion | |

| haais |
| mft values (C) 18 i11 : B B i 3
|

Marshall flow (mm) 2,7 32| 56| 7,5 1,0

Even without external plasticisers the PVAc homopolymer is
spparently sufficiently flexible for use in roed base but ebove

1 DSGP it would seem to be too flexible,

L. Drying rate

Beceuse the mechanism of aggregstion of the polymer dispersions
is physical and is dependent on the drylng out of the system,
the rate of bond development i3 much slower than iz the case
with tha hydration of cement or the destablliszation of cetlionic
emilsified bitumens when thay contact the soll, This is @
disadvantzge thet will have to be accommodated as no practical
solution is obvious. Uays of minimising the problem would
include the limitstion of application to sreas where rapid
drying is posaible, the usez aof the minilmum ssount af 1iguid and

the use af stronger, thinner slabs,

L Resistance Lo water

Load bearing bmaes are reguired to resist loss of atrength after
b |

prolonged =osking in wuater. The performance of cement bonded
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aggregates generplly incresses slightly after sceking. In
contrast, the unconfined cospressive strengths of sand bonded
with the PVAc dispersion fall to only sbout 53 of the originel
level after 17 hours moeklng in water, e.g. from 1 2617 to &0

kilopascals.

Briguettes alloued to dry out after sosking had strengths
comparable to unsosked sswnles (see Table 20). This indicetes
that the polymer does not dissolve but rather softens in wet
conditiona, If this defect could be overcome the polymer dis-
persion might be s useful product for rosd base, =nd perhaps
other losd bearing epplicetions. R prograrme was therefore
undertgken to improve the water sensitlvity of sand bonded

with polymers pdced ms dispersions.

C. IMPROVING THE WATER RESISTANCE OF

SEND BOMNDED WITH POLYMER

Three different epproaches were cormsidered in en effort to
reduce the sensitivity of polymer-bound sand to water. Thess
were, Tirstly, to prevent water penetration by blending in &
dispersion which imparts a hydrophobic effect; secondly, to
bBlend into the disporsion some other materisl that would cost
or Interact with the polymer; and thirdly, to Find a locating

type dispersion comprised of water resistant monomers.

1.  Freventing water peretration by

blending polymer disperslons

It was felt that sand bonded with an 80:20 blend of the PUfic
homopolymer and s hydrophobie inducing MMA-ZEHA copnlymer would

have better strengthas after scoking, becsuse water would be pre-
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vented from percolsting into it. (See page 61). Cores were
mode os bafore using the graded marine sand with the FVAe
dispersion slone,snd with an B0:20 blend of the FVAc homo-
polymer snd the copolymer scrylic dispersion respectlvely. The
levels of polymer used were 0,5k dry polymer on a dry sand

baais,

Teble 20

Unconfined compreseive strengths of marine sand bonded with
the PUAc homopolymer and sn 50:20 blend of the FUAc with an
MMA-ZEHA copolymer before and after subsmerging in water for

17 hours (Mezane of 2 replicates)

1 Unconfined compressive
! Condition utrengthntnf gnnd cCores
of _ kFPa
| Polymer DOTS _
centre Before | After After
soak | sosk redrying
|
| PVAg homopolymer wet 1281 | 60 1 243
through I
| B0:20 PVAz: MMA-2EHR dry 1086 | 0O | 1128
|
L CLVL (%) = 17,1 LSD Sk = 297;
' T = L15

Although the sand corea made with the polymer blends remalined
comparatively dry lnside, their strengths still fell off
dramsticelly after soaking in water. It would seem therefore
that the FURg Milm is so sensitive to molsture thui EVEN A
humid atmoaphere seriously saftens it, The regeining aof
strength on redrylng Indlicates that a softening rather than &

breasking of the polyser bonds occurs.
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2e Blending water resistent materials into

the PVAc homopolymer

Various chemlcals were added to the PYAc homopolymer disperslaon
in the hope that they might interact wlth or coet the bonds
formgd. Chemicsls knowun to incresse the water resistance of
polymers and those used in general water proofing applications
weTe considered. These included coslescing agents, emulsified
wax, Silicones, sodium silicate, stearates and emulsified and
soluble bitumen. The results obtalned by these additivea are
presented in Appendix 11. 0Only bitumen in splvent applied to

a8 preformed ssnd-FYAC core made practical improvements to the
performance under wet conditlons. Thie was investigated

Further.

Za. Materiglm

The greded marine sand and FVAe homapolymer as previously de-
scribed, were used agein. Commercially aveilable solid bitumen
uae selected for use with Industrial petroleum ether and "paint
thinners" (white spirits). These two solvents were cho=en
because, being largely aliphatic, they dissolve bitumen but do

not materielly soften the PURs film,

2bh. Experimental procedure

Sand cores were prepared as before, using the PUAc homapolymer
at 0,5% dry polymer on @ dry sand basis. G0g of solid bitumen
shavings were added to 200g of petroleum ether. The mixturs was
stirred viporously for 2 hours until a noticesble proportion af
the bitumen had dissolved. Four sand cores were individually

welghed and then the dlssolved nitumeéidrlppnd on to them,
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Penetration into the cores was immediate and when they were
gbviously saturated they were set aslde to ﬂru for 2 days st 25C
and 50 R.H. They were rewsighed and the increase between this
and the oripinel measurement was teken aa the amount of bitumen
present, The same procedure was repeated for the bitumen in
white spirits. As controls, & cores were not impregnated
with bitumen while snother & were made up using no PYAC
dispersions but only the solutlon of bitumen in white spirits.
When all cores were dry, 2 from each series were immersed in
water for 17 hours. Immediately after removel From the waster
these gnd the unsosked cores were subiected to unconfined

compressive strength megsurements.
?c. Results gnd discussion

It war noted on inspection of the ruptured cores that while
the bitumen in the white spirits tregtment was evenly dis-
tributed throughout the sand, the central core of the

petroleum gther trestmants contained none. The unconfined

compressive strength results are presented in Tghle 21.

Blthough treatment 3 offers a reel improvement in wet
performgnce, the cost of solvent in prectical spplicstions
would be excessive. Attempts to get dilute sgueous bltumen
emulsion to penetrete the cores were only successful after
extra surfactants were added. This trestment, however, made
the bonds even more sensltive to water and the sand cores

disintegrated when submerged.

Agueous bitumen smulsions blended with the PURe homopolymer
before mixing with sand also hed @ detrimental effect, pre-

A
sumably due to the surfectgnts present (see Rppendix 12).



=114
Table 24
The effect of impregnating PVAc homopolymer-bound sand cores

with bitumen in solvent on unconfined compresaive strengths
(Mesns of duplicate replicates)

Unconfined compreassive
strengths of sand cores
(kPa)
. After 17 hours
| Y | submersion
1. PAc dispersion et 0,5 dry
polymer on sand 1 %80 -1
i!. As mbove, but cores post
gaturated with bltumen in
1 petroleum ether. 3,6%
| bitumen gn sand 1 k32 LS8
| i
3. As in 2 above but using white
| spirits in plece af petroleum
| ether 1 3%t | 883
| &, Bltumsn in white spirits. 3,6% |
bitumen on sand i D o

3., lUater resistant monomers in locating

type dispersions

The results reported sa far are disappolnting. Although there
are some marginal improvements in the atrengths of sand cores
after submersion, thems are of no real importance. From the
previnus conclusions reached it would seem that, IF & polymer
disperalon is to succeed in imparting weter resistence to sand

aggregetes, then:

fa) 1t must locate polymer at the points of

grain pontact, =snd
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(b} it must be comprised of monomers which are

much less water sensitive than vinyl ecetate.

kttemots to get the surfectant type copolymer disparslon
cosgrised of two weter resistant mgnomers e.g. styrene and
ZEHF, to locete in sand by using very dry mixtures proved
fruitless. These results sre presented in Appendix 13 and in-
diceted that while good bonding is obteined by the PVAc homo-
polymer over & wide range of water addlitlons, the surfactant

statilized copolymers mluays produce wesk send briguettes.

After monitoring the polymerisation performance of seversl
stabllizers in copolymer dispersions, one system was even-
tually found which gave strong sand cores. This system was
unigue in that it lmperted both good bonding and a strong hy-
drophobic effect Tram one polymerisation., The stebilizer
used was & lower mlkyl napthalene sylphonic acid salt

("Dexad® 15) manufactured by W.R. Grace & Company, Cembridge,
Massachusetts, USA, 02140, who descrlbg 1ts mechaniem of dis-
persion stabilizetion ms being partielly stearic end partislly
electrostetic. This description tends toa support the ob-
servation in Chapter 1I1 that the stearic stabilizers, e.g.
natural gum and PUVOH, produce systems cepshle of loceting
polymer at the points of sand contect, while the electroststic
types, e.g. lonic surfectants, with the right monomers, coat
the whole send grain to produce the hydrophobic effect. The
phyeical properties of a dispersion using this stabilizer with
styrene and BA as monomers et a retioc of 55:45 are given in
Appendix 1. The reletive dry snd post submersion unconfined
compression strengths of this dispersion snd of the PVAc homo-
polymer are presented in Teble 22, The same sand, level of

polymer ot 0,5k on & dry weight basis snd test procedure as
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Tahlme 22

Unconfined compressive strangths of sand cares bound with

differsnt polymers before snd after submersioh in water
L

(Mpans of 2 replicates) I

Unconfined compressive
strangths (kPa)
br Parind of submersion
v L hours | & days
PUic homopolymer 1393 7h 40
| Piig: MMA-2EHA blend (80:20) | 1 106 62 o
, Styrene-BA copolymer

(Daxad stabilized) 1 LAk L51 226

Although the sand cores bound with the Daxad stabllized co-
polymer aleg fall off drematically gfter soaking, the 1lm-
provement over the PURc sezemed sufficient Justificaetion to

pursug this svenue.

0., OFTIMISINE THE PERFORMANCE OF A

LOCATING COPOLYMER EYSTEM

In Chapter IV it wes seen that the bond strengths imparted by
the natural gum stabilized FVAc homopolymar were increassed
substantielly by reducing tha level of stabilizer present
during polymerication. It wes poasible that the seme im-

provement could be obtalined in the Daxad =tghilized copolymer.
1. AReducing the level of stabilizer

ta. Materiels

a

B amanntlumer nF csturons sosd TFTHID & & wabls af BE: LE iiws
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nolymerised with B,2g of Daxed 15 (ac recelved) per 100g of
total monomer. The polymerication was then‘repuﬂted bt
with only B3X, 7%, 67, 50%, 255 and 1. of the stabilizer
i

k '
present., The seme graded marine send as before was

veed.
ib. Experimentel procedute

The minor varistions in salids contents of these disperslons
vere determined (120C for 3 hours). UWater was then sdded to
each dispersion in sufficient qguantities to pive & finel
ueight of 700, containing a constant 5g of polymer. This
70g of liguid was then mixed by hand into 1 0009 of sand

and compressed into the unconfined compressive strength
maulde s before, It was noted that the system contsining
10x of stebilizer coagulated on mixing with the sand.

Th

moulds were dried under the IR lamps overnight and then
the unsupported cores dried in gn oven &t 55C for LB hours.
Two cores from each seriee were eogked in water for 4 hours
and then all cores were subjected ta the unconfined
compreselve strength test.

-

. Aesultz and discussion

The uncanfined compressive strengths of dry cores and cores

gfter submersions for 4 hours were es Tollows:
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Toble £3

The effect of different levels of a lowver alkyl napthelene
eulphanic scid =alt stebilizer on the shility of a styrene-

PTHA copolymer dispersion to bond sand (Means of 2

determingtions)
Ur-gnfined compreasive strengths (kPa}
i Level of stebilizer present during
i polymarsiation
| 005 BY: |73 |67% SO0% | 2%% | O
| |
Tested dry 13L6| 12D6 | 138 31 .151E| 1097 | 258
Tested after b
hours submersion | 42| 497 | 554 | E84 | SLS | 516 | 65
|

There ig no eignificant increase In the banding etrenmgth im-
parted by the dispersion es the level of stabillzer decresses.
This result guestions the theory put forward in Chapter IV

that the sbility of low levels of e polymer dispersion to bond
eznd im due to pertisl, controlled agglomeration of the
partieles, Howsver, thae high surface tension (56 dynes/cm) of
the copolymer dispersion conteining the highest level of Dexad
compared to a value of 52 dynefocm for the PVAc homopolymer, ine
dicates thet it may be a lens pffective stabilizer than the
rastural gum. Perheops even at thias highest Daxed level = propor-
tion of the palymer particles are eggregating dum te the stearic
forces, but further epglomerstion is prevented by the electro-
etatlc influences present. Another significant espect is that,
glthough the Daxad stabilized dispersion hes & low everege
particle size of 0,3 pm, the test results indicate that there

is @ very wlide distribution of sizes. The presence of a feuw
large particles would slso easist in blocking the exits from

pore spaces, thersby csusing a build-up of polymer st these
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roint=. Inspection of the particles with an electran
wticroscope should confirm the presence and size of any very

large particles. .
. Varying the hardness of the film

By increesing the level of styrene relative to 2EHA in & co-
polymer, the resulting files will become mare brittle. Beceusa
the flexibility of the polymer bonds betueen sand grains is
likely to affect thelr load bearing properties, = number of
dispersions vsing B,2g of Daxnd per 100 dry polymer were pre-
pared in which the ratios of etyrene to 2EMR were verled.

These dispersiong were weed in the normal wey to form sand
cores and uncanfined compressive strength measuremgnte wers

conducted on them,
Teble 24

The effect of hardness of polymers in Daxad stsbilired dis-
perslons on the unconfined compressive strengths of sand cores
bound by them. Folywer levels at 0,5 dry polymer on a dry

sand basia (Mzans of 2 cdetermingtions)

-

ManomeT TRtios mft Unconfined compressive |
Styrene:2EHA c atrengthe (kPa) 5
Dry L hours submerged |
L7 : 53 7 387 : 251 ‘
49 T 59 17 581 290 '
| 55 : 45 23 1355 451
o5 : 35 3l 1572 506 ;
75 : 25 L0 1274 L3q ‘
ARz homopolymer 18 I 1128 3 g7
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It 1e interesting tc note that gz the styrene content ig
reduces Fror 55 pertes to 49 parts there 12 » dromatic de-
crea-® in the sbility cf the treated sand coree o suppoTt
lcad. A styrene level of €5 perte agpesrs optimu= end,
presumably, et 75 parts the flle is too hard end conngt De
srozerly integreted.even in the oven &t 550,  Thus, although

in practics & hard file is desirable (notwithstanding the
Mershall fiow reguirements) beceuse of the better load

tezring properties it imperts to sand, it cenot be so hard
thet it fells to form & Film st esblent temperstures. @A
cormpromise whereby the particles are temporerily softened
during the drying period is poasible by the eddition of e co-
alescing solvent. The eveporstion rete of such e solvent
should be slightly elouwer thas that of water, sc that it ie
not leoet before the Film dries out; but mgually it should

rat remain too long, thus giving weak mend mpgregetes, An
investigation into the properties of several coalescing

mgents in the styrene-2EHE copplymer mre described in
RBppendix 15. Oxitol scetate soems g suiteble solvent s It
evaporates 10, more slowly then water and et B parts by
weight (as received) with 100 parts dry polymer it reduces the
nft of the 55 parte styrene copolymer From 23C to BAC. The un-
confined compressive strengtha ef send poree trepted with this
materiel ot 0,5. polymer on dry send beals were 1237 kPp pfter
21 daye= gt ewhlent tempersturs, wheress cores contgining some

other slpwer eveparating solvents only resched 735 kPa.

Because the laborgtory results were sufficiently encouraging

g triel section of road wues laid doun,
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E. PRACTICAL OBSERVATIOWNAL TRIALS

e £ complete road on B sandy soil

In July 1977 e test roed was put down in conjunction with the
Aoeds RAesesrch Division of the South African Council for
Ecientific and Industriasl Research (C.5.I.R.) at their test
gite in Pretoria. The requirements for this trisl were slight-
1y different to the sppllcation flrst enviseged es it wes for s
complete road and not just the bese. Houwever, snother triel
specifically for & base leyer on marine sand is referred to in

subsection 2.

18. Materisls

A Ll x 10 x 0,5 metre trench wes rotovated in red "Kalahari
gand", The clay content of this so0il wes 1% The styrene-2EHA
copolymer at monomer ratioe of 55:45 and & Dexed level of B,2.
on dry polymer besis wes the dispersion selected. WNo coslescing

solvent was edded ss the high wmft (23C) of this polymer dispersion

haed not yet been sppreciated.

b Experimental procedure

The optimum moisture content for compection of the soil wes
determined by the C.5.1.R. lsboretories and the required emount
of weter was spplied to the soil from & tanker borne spray bar.
Three pesses with & rotovetor were made to thoroughly mix in the

water. The whole ares was then compacted with & heavy roller.

The following day the length of the test strip wae divided into
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4 x = sectians, The whale area was rotovated to s depth of
2,5cm to reduce run off of the subsequently epplied polymer.
770 kg of the SO). solids content polymer dispersion were
poured into the tanker and @ further 720 kg of uater was
added. The tanker wes then driven backuards end foruards Tor
a short time with the recirculation pump opersting to ensure
good mixing, Half the materiel was evenly applied over the
LOOmn test area From the spray bar of the tanker (zee Plate
41}, This was then rotovated inta the soil sccurately to
deptha of 2,5cm, 5,0cm, 7,5cwm and 10cm respectively for the

L x 10Om lengths demarkated (see Plate 42). The secaond half
of the diluted polymer was next sppllied snd rotovated in a3
before. A third rotovation was cerried out to the same

differentie]l depths es the previous tuwo,

Thus 3,6 ko/m? of the diluted dispersion containing 1,8 kg

dry polymer were applied over the whole 4OD m2 area.

Azguming 9 cubic metre of soil welghs 1 BOD kg, then the 2,5cm
deep mixture contains 2% of dry polymer on dry s=and basis, the
5,0cm depth 1,0., the 7,5cw depth D,67% end 10ce depth D,5%
dry pelymer. The sgll in the 2,5ce end 5,0ca treatments uas
ghviously wet but in the 10ce trestsent it was only slightly

dg=p,

Tt was posslble to compact tha entire mrea with & rubber
wheeled roller {see Plate &3) ismedistely, but the 2,5cm asres
was congidered too wet to permit the use of @ heavy stesl-
wvheeled version (see Flate LL). The test areg was therefore
left overnight snd the next day compacted succeasfully with
the heavy roller. Finally, s grader was used to smocth the

whole sres.



Plete L1: The diluted copolymer disperslon belng
applied an to the soil

Plate 42: R machine rotovating the copolymer
dispersion into the soil sccurately
to the predetermined depths



Plete L3: Initinl light compaction immedistely
.l'l_.I- __:1 ".l.l-l-ln nf 1_!,_1 i.':!:ﬁ:'.':
disgereion inte the soll

Flate GL: The heavy roller us
compaction when the
wgs sufficiently dry
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Resulte and dil=cucssion

Tuo meéka after treatment the surfaces had dried to hard
aggregated solls indicating that coslescence of the polymer
had been achipved (see Plate L5). The 2,5cwm deep treatment
showed a shrinkage creck in one areaz due, presumably, to too
much liquid being epplied per unit mass of soil. The other

3 treatments showed no such cracks. Light trafficking of the
whnle srea at this stage had no detrimental effects. The
surface sbresion resistance of the 2,5cm and 5,0cm deep treat-
ments was obviously better in a subjective test than the tuwo
deeper treptments. In later heasvy trafficking tests all
trested aress performed well, with the Secm treatment showing
up the best.

It is obviously premsture to conclude whether the shove type
of trestmente will perform satlisfactorily in practice.
However, the results are sufficiently encoureging te congider

sections heing leld down =& actusl all weather parth Toeds.
2. A sub-base on marine sand

The opportunity of puttlng down & precticel road base trisl
with the Cape Townm Municlpality srose at Mitchells Plein in
the Western Cape. The in situ material wes a white sand
devoid of clay. The importation snd laying down of a 0cm
thick layer of crushed stone was the technigue currently being

used to form a stable basse.

In March 1978 the patch of an intended road was excesvated snd
levelled., The zame polymer dispersion s2 described in sub-

section 9 above way used., It was dildted te 48% solids and
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Plate LS: The completed road presenting =
- herd loed bearing surfece soma
tuo weeks sfter trestment

Plate LG: Folymer dispersion being applied
to form a sub-basa on marine sand.

Mote the depih of excevatlon below
gurface level
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AR I/ wae rotovated into the cend %o & deptn of 40ze. The
arre ws? compected and graded se described in the previour

tripl, FPlate 46 shows the popolymer being applied.

Three ~skz gTter treetment the base had still not dried out
sufficiently to give the desired load bearing properties.
Because the canstructiom progremss could not De delayed, the
area hat to be ploughed sut end repleced by crushed stone,
Ir retroepect & very dry mixture should have been used, &8s
unever polymer distribution cen be overcome mare easily than

slow drying of the mand.

SENCRAL CORCLUSIONS

The elow drying retes of soile bound with polymer dispersion
apeme to bhe the maln factor thet will prevent ther From
fingding oereral losad bearing epplicationa. The more arid med
rercte the ereas of construction, the more likely 1s the

syzter to Find epoesnl.

In areas of normal evaporation rates it would seer that on
anil=s containing some clopy there 1= = oreater chance of
sucpeseful applicetions than on sands. Thie ie brcause the
coheelve nature of such soils, wher comparted, can temporerily
suppart losd until the dispersion dries ouwt. Perhaps the
polymer dispersions will Fill the need in the road building
industry for e satisfectory bonding materisl tc operste in
soils of betueen 5, ond 12X clwy. On true aend 4t moerms
besic changez in the systems wueed to build ropds will have
to be mede 1f polymer dlespersions ere to Find sppllcetign,
For exemple, lnstesd of the roed being sunk Into the send

(mee Plate LE), & built up system such es im wsed on rellway
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linps wnuld Tacilitate dryino. In most sreas the incentive

to meke such changes does not seem to exlst =2t this stege.

The other defect of the system is that of the bound sand
softening in water, but it sppears to be possible to over-
comg this within the scope of technology. This may reqguire
8 two part operation such &8 post impregnetion of sand
aggregetes with bitumen. Apert Ffrom rosd bese spplicetiens,
it seems feasible that spll bound with polymer dispersion
could also be used for building purposes in brick or slab
form. Providing the materiel is able to maintain high load
bearing properties under ell conditions, it could be of
cansiderghle interest Tor use in low :n.st houslng projects.
Again, the mare remote the building site 1s from the
factories mapufacturing conventional building umlits, the more

appeeling the polymer bound soil bricks will become.



- L&
CHAPTER WITT

HMOISTURE CONSERVATICN .

The extremely low cost of lﬂﬂﬂ?tlnh the water regellency
phengmengn to send as described in Chapter IV, warranted an
investigation te find possible spplications in sgriculture,
Aecogniaing that the mechenism of repellency is one of

surface tension, the possible henefits to be galned by cresting
barriers to deflect water, rether than gbeolutely contain it,

were considered.
A. DEFLECTING WATER INTO THE ROQT ZICNE

Correct siting of water repellent borriers would ensure that
water falllng outslde the reech of creda snd plant roots could
he daflected towards them, thereby increasing effectiva rein-
fall. For exgmple,seeds could be planted In the louwent

points of furrows or flat dish shaped depressiona lined with
pre-treated s=nd. The desired effect 48 clearly demonstratad
2=, 1f a drop of water 1 placed on the rim of the lined
depregsion, 1t guickly trevels to the bottos of the depreasion,
Without a 1ining, the drop is immedistely sbsorbed into the
surrounding =o0il snd is lost to the seed. As the polymer

gt these concentrations has no aggregsting effect, the lined

deprezsions would need ta be Filled with erdinary sand.

Instead of importing trested send, 1%t would be easier to
trest the soil in sltu, Therefore the posaibility of

meking aoils, ms distinct frae sand, water repellent was

inmvestigeted.
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1. Influence of =ail type on water repellency

If water repellency is to be & useful characteristie, 1t
must be possible to generate it in soll as well es in
sand.

8. Materials

A surfactent stabillized styrene-2EHA copolymer was used
with 8 maring send, a Clansthel series sand and & heavy
bisck glluvium soll conteining O, 17. end 4. clay,

resoectively,

b. Experimental procedure

The polymer dispersion was diluted with water to D,2% solids
gnd sufficlient of this used to slurry each soll. These were
then dried st 55C and gently crushed to remove eggregetion.

Depressions were made in the solls and Sml eliguots of water

were added.

. Aesults snd discuasion

hile the marine send showed the expected resistance to
peretretion by water, the Clansthal sand showed excellent
initiel water reprllency but this was only effective for
gproximately 15 minutes. The heavy black =0l showsd no
=ign of water repellency. Houwever, after incressing the
concentration of the slurry medium to 4,08 =olids followed

by drying and crushlng, the black soil then showed water
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ropellency tendencies, but slea for only sparoximotely 15
minutes. Concentrations of palymer ot 2,00 ond 5,0,
were then trisd with na improvesent over the 1,00 level, It
was concluded that while the water repellency effect can be
imnartesd to mll solls, the ability 'tu give ahsolute water
holdout is 1imited to mands devold of clay. One possibility
of thls obaservation iz that the clay frections absorb water
end swell, thus disturbing the packing snd allowing the
water to greduglly channel through. Angther possibility is
that because of the relatively higher surfece eres exposed
in the clay conteining soils (due to smaller snd less reguler
shaped particlea) it 1s more difficult for the palymer to
coat all greins completely.

2. Fleld trisl with sugar cane

To sscess vhether water deflected into the planting rows of
sugar cane setts would hagve any beneficial effects on
germingtion, an experiment was conducted on m Clansthal

series sand gt Mount Edgecombe in July 1975.
?a. FMeterials

The Clagnsthal sand had the following composition; clay
content 8%, pM in water B,8, exchangeable K LSapm,
Ca L150ppm, Mg LSppm, Na 9ppm and an ecid (D,02N Ho504,)

soluble P content aff 95 ppm,

The surfactant stahilized styrene-2EHA copalymer dispersion

was used. To obtaln water repellant marine sand this

W
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polvmer dispereic= wer gilutec 7 000 times uith wunter
before mixing with sand 1n the retio of 100 perte sane to
19 perts diluted dispereion gn & mpar besis. This uge
then spread inm ¢ loeyver spproxisstely See thick and a2llowed
to glr gry. F£fter 3 days,when the sand exhibited the wuater
repellency effect, It wps transported to the Field test

slte,

?b. Procedure

Four replicetions of four trestments, each comprising 18m of
cane rod, were lgid down. One treatment (m) uew 2 control

a2 the others were:

(b} Furrows sprayed with 5§ 0O0 litres per hectare of the
styrens=_HR prulsion conteining O, 4. sclide, tud
weeks prigr to planting;

(c) furrows spreyed with S 000 litres per hectare Of the
styrene-ICHA emuilsion conteining O, 4] e=olids,
Immrdiately before plenting;

(d) Furrows lined with o tom laver of pre-trested mgrine

gend.

Treatment (d) ie illustrated in Plate 47.. Stelk counte,
height megaurementz and yieldrs were carried out baoth In the

plent and the firet ratoon crops.

Pc. FResultz pnd discussion

The results of this trisl are shown in Teble 25. The date

from = single line trial con only be interpreted tentetively,






shopt counts, helght messuremerte and Final cene yleld ¢f supar cone in 85 gxperiment geeigned to Lncremae plent suvalleble

moleture (Planted on 17.7.75).

4 Replicetiona of single line,

Plant crop

Mean shoot counts x 102 per hectare . Cane yir d Mean stelk heighte ln mm
In furrow treetments
HBTVESL Sticks st
11/8/75 19/ 11775 112775 eRS25T7E 19/% 776 L 115 11/75 17/12/75 | 28/2/76 | Harvest 19/9/76
ton=/ha mim
| A, Noprmal planting 22 LE 153 137 60,2 140 189 586 1 450
% pf Control 100 100 I s 1008 100X 1005 100 100 0O
B. . L% spolids dispersion
gul alr dried for
2 weeks S0 Lg- 194 202 7,2 %G1 bl T o 1 T35
% af Control 137% 122X 127k 16T 12 5 115% 12 % 11EL 120
C. oO,U% snlids disperslon
and planted immedistely | 26 Bp*" | 204 174 715 47 216" 703 1 602
, % of Control 1185 158 13450 12 55 11 055 11L% 1200 1%
0. Pretirested marire sang 3. SS9 | 192 172 £9,7 159+ gy by EGL= 1 BB1
% of Control | AL 12 % | 426% T2 6% 1165 1145 1175 113, 145,
| .V, (% | 25,4 1.5 30, 1 3L, 2 17 b 8,3 7,9 ok P 18,0
| LGD & |7 7 59 &2 1,8 13 1B 75 5
| e 10 10 B as 70,2 4B 22 103 545
First Retoon
Harvested 8/12/77 .
/10776 | /12476 | W2l Mean of t W/ 12076 | 12477 HerveBt 115*'" 376
| duplicate results |
| | : e
A. 82 258 182 56,7 249 BLS 1 650
% af Control 00 1D D0 | 100, 1008, 400 0D
|
| B. 3 b = inat- 20 g IR 217 200 1 651
% of Control WOE 119 112% 12 Lk 174 107 : 100,
Es 104 300* | 216 61,k 269 gLz 1 788
% of Control 12 1165 Iy 1085 1085 142% 1085
D, 103 300" 20k &0, 3 277 923w 1 Az
| & of Control 1255 1965 1925 , 106" 111, 0% 2%
B0, (%) 17,4 M6 22,3 13,9 0.5 5, & 10, 1
LSD 5% 19 3z LB 28,1 29 b 334
T 25 L BE LpD,s LD 73 -

* Gtptisticelly signifiecant at the 5% level
** GStetistically eignificent at the 1% level
t To eliminate edge effecte only the 2 innermost repllcations of

eech trestment werg hervested
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hut the ro=lv shont et helnht mpgcuremente pre conelidered
to e meaninofu) beceune ot thet stapes the sder effects
mizt hgve beer minimpl. From the timc of the earliest
ehaot counts the polyrer dispersion trested plots showed
mzrked incresaes In numbers over the control plots. Not
a=ly were therr more mhoots, but they were mlso consistently
taller and, elthough only cne trestment gave e statisticczlly
eipnificegnt hipher yleld »t the £, level, the results In-
dicete that gll trests=ent gouvle be commercisily remunerative,
For exarmzle, the 15 tons/he extre cene achieved 18 worth
aoproximetely 190 ragnd for e polymer dispersion cest of shout
0 rand. Furthermore, the improvement in plent crop
performance marde by the polymer dispersion seems to cerry

throuph t~ the firet retoon.

g. REDUCING EVAPORATION B8Y SURFACE TREATMENTS

The magnitude of the shoot count differerces in the shove
=unar cane experiment seemed more dramatic then could be
gttributed to the water deflecting effect of the trested
enil barriera. The shoot count curves with time ere very
similegr ¢n thooe reparted by Millard (9974) and Rau gnd
“illerd (1973) when usinp clear polyethylene sheet mulch
over the suger cane rows. They ples repeorted early tillering
and eignificent yield increases - se high a2 25 + 3,9 tons
cane per hectore. Their conclusione were thet the poly-
ethylene sheet mulch prevented moleture lose and incressed
enll temperature. Tt was e distinct possibility thet the
shellow trested berriers mey be giving Ancreased shoot

counts due ta the same effects.
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1« Influence of soll type

It was of interest to determine whether or not a layer of waeter
repellent soil had any effect on the movement of weter vapour

in a soil profile.
1a. Mgterials

The surfactant stebilized styrene-2EHA copolymer dispersion uas
apain used. An alluvium (4% cley), a Clevelend soil (15 clayl,
a Clansthal sand (7 clay) and 8 merine sand (0 cley) were used

in this experiment.
‘b, Experimental procedure

Six 200g samples of each soll were placed in 280ml plestic con-
tairers with surfece arems of 42 cwe. On the surface of the

s0il in three out of each set of six pots 10 ml of % solids
surfactant stabilized styrene-2EHA dispersion wes poured, and

0 ml of weter wse sdded to the remsinlng three pots in each set.
All cups were then weighed before placing them in a8 room where
the temperpture wes controlled st 25C and the relestive bumidity
at 5. The pots were weighed At reoular intervals to determine
evaporation losses. UWhen constant welght wes sttsined, 30ml of
weter was sdded to esch pot and the drying procedure was

repeeteds

ic. Results and discussion

The rates of evaporation of water from the four different soil

types are presented in Tahle 26.
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Tehle 26

The effects of a surfece treatsent of 2,38 Ian of a 1,06

aplids styrene-?LHA copolymer disparsion gn the evaporation

rate of soil weter (Mesns of 3 determinations)

|
Soil type o
Alluvium Cleveland r Clansthal [- Marine i
Period 8 T | -
23C and Con- | Treat- |Con- |T:nnt- Con- Trest- | Con- ' Trest-
5[F: RH trol | ed trol |ed | trol | ed 1tru1 ed '
Initial drying out (% retention of
10ml of 0% solids dispersion edded)
¥ . |
2L hours 51.9! 59.6 (53,4 51,3 |63,b | 64,8 |63,2 | 62,8 |
48 hours | 33,7 33,4 16,8 W,3 [35,3 | 32,2 |31,5| 352
After drying at 55C (% retention of
furthar 30ml of water added)
s ; | | | .
24 nours | 53,8| 76,8 57,8 | 88,0 |5+,0 | 78,3 |52,0 66,7
| 1 |
48 hours | 30,9 73,0 21,0/ BL,D |22,8 | 72,5 |28,B| 57,3 |
! |
72 hours | 22,8| 67,7 |16 79,3 | 13,0 i 66,1 l 8,6 | LB,6
I |
| I -
-ﬂmnl 1,5 52,3 | 4,2 81,7 | 2,6 | 49,7 | 1,0 | 23,8
192 tours | 8,7| 48,4 | 2,k | 58,0 | 4,7 | b1,0 L 0,4 | 19,1
| i i
796 hours | 6,4| 42,8 | 2,0 52,0 | %4 i 4,3 | 0 13,2
I I ' ' i
| 240 huurui 5.3 38 1,9 L6, 3 1,6 i 28,8 o 8,9
T (%) | 7.4 11,8 12,6 9,3

~ The sbove resulis show that there were no differsnces in the

rates of evaporation of the original 10g of liguid sddad to the

four soll

types. However, even 2t the first readings, teken 2G4

hours after the first 3g of uster werg sdded, marked reductions

in evaporation losses were noted in those soils having received

polymer,

At 36 hours the percentages of this water remaining in

“ the trested and untrested soils wEre respectively: the
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Alluvium, 63, snd 1BL: the Clevelsnd series, 74, and 9.5
the Clsnsthel sand, G605 and B and the marine eand, &0
ond S . .
Tt was considered very likely that the ahove rmeassured
reduced eveporstion rates induced the beneflclael effects
ghserved in the sugsr cane experiment. However, since
the pimilar tillering and grester yleld effect induced
by cleer polyethylene sheet wes attributed largely to
incremsws in soil temperature this ==pect wa=2 mlaoo

investigeted.

?. The effect of reduced evaporation on soil

temoeratures

7. Materimls

The atyrene-?LHR copolymar dispersion was diluted with
waler to a solids content of 0,50, Clensthal sgnd from

the slte of the earlier reported field experiment was used.

Zh. Experimental procedure

Four 5-11tre contelners were Filled with Clansthal sand and &
thermometer was placed in esch gonteiner =0 thet 1ta bull uge
70=m below the surfece of the soil. Surfactant stabilized
styreng-2EH8 copolymer containing 0,5 solida was dripped
on ta the surface of the =21l in two contelners until the
soil was Just sosked. Equivelent amounts of water were edded
to the other two contelners, and all four were left to dry in
the sun. After s week one litre of weter wes goured on to the

sail surface in gach conteiner, snd temperatures were recorded

¥ - - a . R
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?e. RAesults ond discussion

The soil temperstures recorded in the two tresteents are pre-

sented in Teble 27.

Table 27

Effect of m surface trestment with a styrene-ZCHA copolymer

dispersion on wet soil temperstures (Mesns of 2 determinations)

; Surface
Date Time Controls polymer

1 treatment
26.10.76 | 9 m.m. (uster addes) | 23,0C 23,0C
26.10.76 | 3 o, 28, 0C 31,50
27.10.76 9 a.m. 21,00 21,5C
£7.10.76 3 p.m. 28,0C | 20,0C*
28, 10.76 l 9 a.m. 22,50 23,0C
?8.10.76 3 p.m. 32,0C 36,00
16.11.76 9 a.m, 30,5C 30,0C
15,1176 | 3 p.m. 34,0C 34,0C
C.V. (%) = 3,6; LED: 5¢ = 2,0C T = 2,70
. Gtetisticaelly significant at the 5k level
= EBtatisticelly significent at tha 1% level

ilthough no significent tempersture differsnces werg noted at
S p.m. gech day, at 3 p.m. on 26.10.76 the temperature in the
control pots was 280 and in the pots with polymer modified soil
on the surface it was 31,5C. Uhen the pots had dried out
completely no differences were recorded at either time. The
temperature differances arlse because the treated soils, uhileh

losg lese water, are cooled less than the controls, and rot becouse

. oy ST S i L = s,



&L
-

The esgnitude of the tespsrzture difference is much less than
the SC sdvantage reported hy Millard (1974) at bLem depth
beneath & clear polyethylene sheet. However,.the sbility of
the polymer dispersion modified soil to "eliminate® the higher
temperature effect when surface soil molsture becomes limiting

could be an sdvantage over polyethylene sheeting.

Because water follows the line of least resistence the treated
surface layer will remaln relatively dry cosparsd to the bulk
af ordinary soil beneath it. This is readily illustrated if
water is applied to a Zce leyer of trested sand overlying
ordinary sand in a gless besker. Only =t the sand - glass
interface doeg water percolate through while the treated layer
af sand remalns dry. Thin layers of hydrophobic soil, as in the
shove experimant, will lilkewlse be dryer than the surrounding
soil sno will form & mulch. This muleh is remarkshly effec-
tive in reducing the eveporation of spil wster. Because of
this reduced evaporstion the plsnt avallsble moisture contents
and surface soil temperatures will be higher relative to
control soils. Such conditlons are beneficisl to seed
germination snd plant growth. Because theory implies that only
those dispersions imparting the water repellency effect teo

so01ls will reduce evaporatlon, a laboratory test wes con-

ducted to chegk this supposition.

3. The effect of polymer dispersion

type on eveporstion rate

3. Haterials

The same group of polymer dispersions used in Chepter I1I and

x
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described in Rppendix 1 were chosen for study. The ablility
of these dispersions to impaert the weter repellency effect
to gand is shown in Table B on pege 48. Thie table reveale
that only the PUAc homopolymers showed very little water
repellency compared to the other grades. The Clansthal

sand was sgein used.
3b. Experimental procedure

Twenty-four 200g samples of Clansthal sand were pleced 1n
?80m1 plestic -ontaipers. 6ml of the different polymer dis-
persions at T solids concentrations were poured onto the
surface of the soil in 3 sete of pots (Teble 28). The pots
were dried overnight st 55C and weighed before pourlng

30g of weter into them. The pote were kept et 25C and 505
RH gnd weighed daily to determine eveaporetion losses. The

results of these welghings are presented in Teble 2B.

3c. HResults end discusalon

All those dispersions which were previously shown to impart
the water repellent effect to sand have B retarding effect
on the eveporstion of water from tremted soll. In contrast,
the PUAc homopolymer actuslly incresses the rete of water
lose. An experiment to sssess the weter uptskes of mand
briguettes bound with increasing quantities of the PUAc homo-
polymer is reported on in Appendix 25. The results of this
experiment show that thoee briguettes which received the
polymer dispersion st 8 concentration of %% solids held
considerably more waeter (29%) then did the control sand.
This is in complete contrast to the water holdout effect

imperted to send by the copolymer dispersion (Table 8 page



Teble 28

The effect of surface trestments wiih different dispersions st 10 soclids on the evaporation

rates of water From & Clansthel sand (means of 3 determinations)

| Perion B Polymer type

RN | ome | PSR- | s | o | e I [ | G | T

% retention of 30ml of weter added (after drying
initisl polymer containing liguid) !

24 hours | 53,7 37,4 | 73,6 57,3 70,1 71,5 | 70,1 | 6A,9 7.7 l 8,3 | 11,4

L8 hours | 35,8 28,5  &6,4 | L7.,B 61,9 EL,1 | 61,1 | 58,6 B,6 | 7,8 11.?:
1 72 hours | 22,0 20,9 | 59,0 37,3 52,7 54,7 | 52,3 48,3 9,9 | 7,5 | 40,2

96 hours | 15,2 %,2 | 51,9 | 28,5 | 45,2 47,0 | 46,6 @ 38,5 13,7 | B,6 | *:1.1'5
| 120 hours 1ﬁ.= 11,8 | 45,6 | 22,8 | 37,7 35,3 | 35,9 28,4 15,7 | 8,0 | 10,9 |
| 482 hours | 4,7 57 (27,5 | 9,9 | 17,7 24,1 | 15,1 | 0,5 22,9 | 6.0 8,1
i 2% hours 3,7 | Lt | 2L,1 | T:1 12,9 15,8 f M 7,8 23,6 i b7 6,3
240 hours | 4,4 | 3,3| 7,0 | 64 | 10,5 13,1 9.4 | %4 21,6 | 3,7 | 8,1

-
|
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collotd stobilizer (Eee page 9).

This egain. emphesises the differsnces in properties imsparted
to soils by the twuo broad groups of polymer dispersions. For
example, in Experimant 3 above, the dry surface lsyer of co-
polymer tresgted =pfl present after vater spplicetion reduced
evaporation gs it terminzated the capillary channels before
they reached the atmasphere. In contrast, the homopolymer
trested surface aoil probsbly prolonged eveparztion as it
remaingd d=mp longer then the control scil because of the
hydrophilic sttraction and the uninterrupted supply of
czpillary water From the underlying snil, functioning like =&
wick, If this is occurring im practice it is no wonder that
the hydroseeders In South Africa have become disillusioned
with this type of dispersion. Appendix "6 1l1lustrates how
the rates of infiltration into, and evaporation from,

sgnds can be sccurstely controlled by pre-treating the sand

uith blenda of the twua different dispersion types.

It is nthk known why the PVEc-Veol's copolymer was less
efficlent than the other copolymers in reducing svaparstion

{gz shown in Tahle 28).

The styrene-2EHA copolymer is ane of the most effective
dispersiars In reducing eveporation from solls, Tt was
therefore selected for wse in & number of pot and fleld ex-

periments to test plant responses.
k. FPot experiments to test plant responses

To Investipate the effect of the obaerved reduction in

evapcratian on plant ylslde g pot experiment with’malze was
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Le. Materisls

Marine sand and the sane surfactent stebilized styrene-

PEHA copolymer gs before were used.

th. Experisental procedure

Eight x 5 litre plestic buckets were wach filled with Bkg
of marine sand. A glass tube wes ploced in the centre of
the lonse oend, Four maize seeds were planted intc eaech
bucket pnd m fertilizer mixture containing D,5%5g N, 0,37g P

gnd D, 19g K was worked Into the sand,

Just ensuegh of e 0,20 solids etyrene-ZEHA copolymer ves
added to uet the sgnd on the surface of Four of the

buckets,

The remalning Four buckets were used pa controls,

The buckets were put in the sun snd when the polymer treated
sand was dry exactly two litree of wcater were sdfded to each
bucket vies the glass tube., The buckets were =gt =aide snd

recgived no Further treatment.

kc. Results and discussion

The plants in the cantrol pote wilted four days befors the
plante in the polymer treated ones. This was some four
weeks after the start of the experiment. UWhen all the
plants were obviously dead they were harvested, dried and
weighed. The dry matter ylelds sre presanted in Teble 29.

L
-
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Takle 29

The effect of & surfece treatment of 0,2, sclids styrene-
PEHA dispersion on the dry matter yield of malze produced

from 22 of water.

Dry weights (gram)
Treatments | Means
Replications

| 4. Cantral 5, %50 7,4 5,6| 6,9

2. 0,2C solids styrenz- |
2EHA dispersian I| 7,3 8,9 B,7 | 6,9]| 7,8

Percent incresse of treat- ! : . !
| ment 2 over treatment 1 | 35 | ez | W | 2M

§

| C.V. () = B,9; LSD S = 2,0 ¥ 2,9

* Etetisticelly sionificant at the S5 level

The polywmer treatment lncreesed dry matter yield by 32.
Tha effects of reduced eveporetlion therefore seem capable
Tf incregsing avalleble water and thus plant yielde.
Repliceted field triels were laid down to lnvestigate this

phenarenan Further.
C. FIELD TRTALS W1TH SUGAR CANE

From the results pressnied olove, it would seem Lhat surfece
trestoents sight be jJust 2= effective In Ilnducing earlisr
tillering and Increesed ylelds in sugar cene =a the in-
furrow treatments wers, £ Fleld trisl cosparing on in-

Furrow spplication with a completle surfece cover treatment

and an over Tow only tregtment wos conducted.
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1. The positioning of hydrophobic berriers

The major time of plenting in the South Africen Sugar
Industry is in the wet summer monthe between October end
March. Freguently thise period has to be extended but, ms
rainfell in the ensuing months is erretic, germinetion is
often poor due to dehydration of the plant materiml. The
effects of different placements of the copolymer dispersion
on moisture conservetion were compared with the more
conventional practice of spplying heavy dressinge of
filter press ceke to prevent dehydration. Filter ceke 1=
8 by-product of the sugar mills and consists lergely of
water, organic metter, mud end low levels of plant

nutrients, especimelly F.

in. Materisls

The fleld eite was on B Clensthal sand adjscent to the
previously reported eingle line trisl at the Central Field
Statlon of the South African Suger Assocletion. The
analysis of the soll 18 on page 148. The surfectent
stabilized styrene-2EHA copolymer dispersion was sgein used
and the fllter ceke employed was the normal product from the

Natel Estates Mill.

1b. Experimental procedure

Flve replications of s rendomised block design experiment
were lald down in conjunction with the South Africen Sugar
Associatlon in May 1976 following good rains & few days
previously. The layout of the plots, fertilizer and soil

fumigent (Temik) treatments and the stetistical anslysis
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of the results sre given in Appendix 16. The soil fumrigant
was included to ensure thaet nematodes did not reterd the

development of the crop.

The six treatments epplied were gs Follows:

A. Control + Temlk.

B. 4O tons/ha of filter ceke in the planting furrow + Temik.

C. &0 tons/ha af filter cske in the plenting furrow without
Temlk.

D. 4,4 tons/ha of styrene-2EHA, containing 0,75% solids,
sprayed in a8 band 30cm wide over the cene row end lightly
compacted by trampling. Eguivalent to 1,9 t/m2 gver row
(mee Flate LE).

E. 3,5 tons/ha of styrene-2EHA, containing 0,75 solids,
sprayed over the complete plot without eny compaction.

Equivalent to 0,35 £/n° (sse Plate 49),

)
i

L,4 tons/ha of styrene-2EHR, containing 0,75% solids,
sprayed in the furrow before plenting, compected and

planted while wet.

The climatic conditions prevelling for the period of the

experiment ere given in Appendlx 17.

All trestments were shallow planted with a view to obtaining
increpsed soil tempergture. It wes hoped that the moisture
conserving treetments would prevent dehydration. No raln
fell until mid 5Eptembﬁrﬁuhi:h sub jected the planting

material and young shoots to extreme dehydratliaon.



Plepte 49:

T = —_ T A = '3 M OUVET=T0L JI I Lo
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iEE ALy S = B8 & LILJE g =
of &L LOD £ of 0,75, so0lids copolymar
disperaion

Tha applicetlon aof & complete surface
treatment of 3 500 1 of 0,75: wollds
copolyser disgoersion
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ic. Results end discussion

The shoot counts, height messurements and finel yields et

16 months sre recorded in Teble 30. Teble 31 summarises

the suger concentratlons in the stalks and totel suger
ylelds per hectere per annum reletive to 100mm of rein-
fall. The resulte in Teble 30 confirm the eerlier tillering
end incressed yields of the previously reported single line
experiment. In fect, Tebles 30 end 31 Indicete four
different beneficlel effects with the surface polymer
treatments. These snd their megnitude relstive fto the
control trestment for the row only and for the oversll

polymer trestments respectively, were es follows:

(1) earlier tillering; 22% end 1%. more shoots et
three months;

(i1} more eticke st harvest; 5,%c or 6 000/he end 3,5%
or & 000/he;

(1i1) grester cene yields; 12,6% or 12 tons/ha end L,2%
or b tons/ha;

{iv) more estimeted recoversble suger (ERS) % cene;

E.ﬁu end T-Jﬂi

Although the last three listed sdventeges felled individually
to be statisticelly significent, their cumuletive effect on
additional sugar production (46,2 or 2,3 tons/ha) Talled only
by 0,1 tons/ha to schieve the 5k level, where spplied only
over the row. In the oversll trestment the extra yleld of
sugar was less (6,% or 0,9 tone/he). The larger responses

to the over-row only treatment relative to the overall spray,
while not stetisticelly significent, sre remarkably con-

sistent. These better responses are due to ® greater volume
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Table 31
Estimated recovereble sugar % ceane (ERS %), tons ERS per hectare end tons ERS per 100mm of rainfaell

in m sugar cene experiment designed to conserve soil moisture (Means of 5 replicates)

[ I
tera/
' | ERSH ters tc/he ters/he | tc/700mm A0D
| Treatments tohe | Cone /ha | fernum | fennum rainfell |
| . rainfall
A, Control « Temik g5 14,5 W,z | 70 10,4 B, 7 1,31
% of Contrpl 1005 1005, 100 200y 400, 100 D0
[
8. Filter ceke gt LO tons/he !
+ Temik 97 14,9 w5 | 74 10,7 8,53 1,33
t of Control W2 100, 10E. 10 % 103, 102% 1025
| C. Filter cake et LD tons/hs
- Temik 91 W, 6 13,3 | &7 9,8 B, 37 1,22
~ of Control 06 98, b L S5 Sl 965 9%
D. Surfece row only polymer
+ Temik 107 15,3 16,5 79 12,1 9,84 1,52
% of Control 1% 103 1166 113% 1165 113%) 1965,
E. Surfece complete cover
polymer + Temik = 1= - 15, 73 11, 1 2.1 1,39
% of Control 0L, 101 10645 1045, 107 1045 V065
F. Polymer in row gt plenting
+ Temik 95 1, 5 w,2 | 70 10, & 8,7k 1,31
o of Control 100, 1 100 00 | 1005 100 100 oo |
] = :
C.v. (%) | 11,2 | 2,9 12,5
LSP Sk Ik, D, %8 2,k | ]
% 19,7 0,79 | 3, 30| . 1




the destruction of the treeted barrier in the interows by

mechanical weeding.

The 1linear correlations between amounts of copolymer applied
egnd, Firstly, moisture conserved (Appendix 20) and, secondly,
tons of cane produced (Table 33), ere effirmed later. Further
evidence of higher sugar concentrations (10,2% more ERS %

cane) where a copolymer mulch is spplied is given in Appendix 28.

It is difficult to explalin why the in furrow treatment, unlike
the previous trial at the same site, did not show earlier
tillering. The maln difference between the treatments here and
the wet treatments used in the single line trisl was that,
firastly, the wet treasted soil wes compacted and, secondly, the
getts were shallow planted. These two operstions would have
reaulted in a hard, impervious layer forming under the setts in
the prolonged dry spell which must have restricted the

penetration of roots down to moister areas.

The dramatic detrimental effect of the filter cake on tillering
ia noted. Perhape this was due to its provision of a localised
grea of high molsture content early in the experiment. The roots
of plants in this treatment therefore may have been restricted
end, when the filter cake dried out, they would not have found

edequate water to sustain top growth.

Compering the shoot populstions with the age of the crop, this
experiment differa from the previous field experiment

(page 151) in that it showed 1ittle increase in tillering

rate In the first three months., However, in the fourth

ronth, September, soon after the first spring rains had
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fallen, & significant increzze in the number of shoots 1n

the row-only treatment occurred. At 2 later stsge this alsc
happened in the complete-cover polymer treetment. In
addition to the first light rein falling in September, it is
alsn noted From Appendix 17 thet the sverspe soil temperatures
increased from 17,6C in August to 20,6C in Esptember. These
resulte are in keeping with the work on sugar cene ef Ruker
and Edgerton (1931) who showed that below 21C minimum growth
occurs. The slight soil temperature enhzneing effect of the
copolymer dispersion mey well hgue enabled this eritical
temperature to be exceeded, thereby initiatinp earlier active
growth., In summer the soil temperstures could fall below Z1C
in wet, sunless conditions. This would explein why the
earlier tillering effect is even observed in =pring planted

cane (Table 33).

The effects of the eparlier tillering on shoot populstions far

th

-]

duration of the experiment in Tahle 30 are presented
grephlicslly in Figure 4, 1t is seen that the increased
numbers Telztive to corntrol resched & maximum of 395 in
October. However, @s with the polyethylene sheet mulch work
af Millard (1974) (on nther than sandy epile) the difference
had virtuslly dissppesred by January. The sxtra stalks in
the surface polymer treatments et harvest were therefore sur-
nrising. This re-sppearance of extra stalke may he the
rezult af an inaccurate January count, but it ls ponsidered
morTe likely to be an Indlcetion that the plantz in these
plots were enjoying s better molsture steptus. Such extra
malsture may continue to be coming from the hydrophoblic layer
ar from a better ront system of the earlier developed plants,

ar both., Rau and Millsrd {1975) showed in root excavation

'l



280 |
I
260 it
zL0 L
200 L
Z L5D -5,
12E - level
A
10 =
Shapt
et e
-Ei;"
heztare LD _
|
1;__'- I_
| ! I
|l
1080 L ! - Polymer
[ treatment
_______ Control

i " i i i i i L] i i
6 7T B8 4D AT 2y S
rug Egp Oct Nov Dec Jan Feh Har Apr Fay Jun Jul BAug
fge of Crop in. months
Figure L: Stalk populatigrs with time of sugar cane groun with and w
put Bm guer Tow orly earay gf 0795 eplids stvrene-?THY co




k]
e 111 P

work that the earlier tillering effect with polyethylene
sheet was indeed aceompanied by a much better developed

root system. Pecsuse Rau and Millard (1975) got responses
an hesvy soils but not on sende, it was declded to see 1f
the polymer dispersion surface spray was also more effective

an other solls,

2. The reproducibility of the earlier tillering

gffect st different gltes

The spraying of polymer bands over the rows of cane was COR-
sidered to be the egsiest and most economicel method of

troatment.
2a. Materizls

Kine sites were selected throughout the Netel super industry.
They differed in soll type,; cane verlety, sltltude, climatic
conditions pnd time of planting. Descriptlons of these sitea
are pregented in Table 32. The styrene-2EHR copolymer dis-

pereion wae s0ain used.
?b. Experimental procedure

The peneral procedure Followed wae to merk out sioht plots
esch consisting of B metres x 6 Tows of newly pleanted
commercial cane. Four rvandomly selected plote received

2 000 2/ha of polymer emulsion at 0,5k =olids { 10kg dry
polymer per ha) spraved in & band 30cm wide over the row.
The other four plote were left m= controls and shoot counts
were taken repgulerly. It wse only possible to nbtaln yield

data at I gf the 9 sites (See T;ble 32).
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Z?¢, Results and discuselion

The shaot counts =t different times st the verious sites
‘gnd the final cane yields gt 3 of them, are presented 1n
Tahle 2.

(1) Eerlier tillering

flthough & meaningful statistical poeessment is limited by
the high veriability and low number of plots, it is noted
that at only one of the ning sites dig the polymer trest-
mentes fall ta induce earlier tillering. This vez et Site

Na. 9, and the renson For this is unknoun,

Time of mpplication spems to influence the rete of new shoot
development., For example, wheress newly planted flelds
treated in March (Site No's 1 and 2) showed the earlier
tillering effect 9 ueeks afier tregtment, the repliceted ex-
periment (Table 30) treated in May, only showed the effect
after 1B weeks, These resulte indicste that the Fflush of
extra ghoots can only ocour iF environmentel conditions are
suitahle gnd the crop has reached a certain stsoe of develop-
ment, To achieve maximum yleld henafit, therefore, time of
treatment im importsnt in order for the crop to ceke meximum
us2 of the moisture conserving effect. Inm the South African
Suger Industry this optimum time of applicetion would be in
spring or sumrer, This would ensure that the Flush of new
shoote, and roots (as §llustrated by Millard (1974) in root
excevation work), has occurred before the erratic ralnfalls

of sutuvsn and the winter droughts. commence.
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Table 3

ahaot counle of control e of siyrene-TfEME copolyter trested
cena yleld da'n 2z Included

—— —

(FHeans of & seplir . les)

ploia with tiee at nine diffsrent mites.

[ETE S

Incresse byaf

Lhere puvszilable fFinzl

*

M:Co 3B South Steep

Fielgd harvesied

ithout notiflention

Mo of shogta/ha | LED
Site fo. Location - Pascription Dpte x 03 Control :
Contral | Spreyed = hofha x 03 % cv. ) L 0% |
|1 Seven Ceks Spreyed 24/3,77 ' !
W1lis=san ==1iss - Counted 2/R571 a0 LZ 13- LG 5,7 L E
Flat area Counted 20/ 127717 £39 273 L gL 2.8 59 BO
At herwest 30710778 105 16 ™ [ 3,0 [+ g
tons cans/ha |
Yield results 9,8 40% 6 43,8* 15 6.8 1 15
2 Sevan ODaks Sprayed 2L/3ST7 o
Shartlendes s=erles - Counted 2/6/77 | (=1 79 13 20 AT, b 22 29
North Slaope Counted 20/12/77 169 218 L9 29 28,1 77 10%
: At harvest |05 106 1 I 23,6 s | 59
| ! tona cena/ha |
Yielo resultis 08,6 05,0 I =1,6 -3 27,3 L8 70
3 Mapumilo Sprayec WL/T77 |
Inence series - Counted 2/6/ 77 iz L5 13 LO 17,6 Th 19
N:Ce 376 Counted 2197577 62 B3 i T L2 1.3 £1 38 |
At harvest B8 a7 -4 1 15,5 20 78 i
| tong oongsng '
¥Yield resulte 66,7 £9,.2 2,5 [ e, b 28 | 28
| & Brasmar Sprayed N/ TT DO | '
! Cartref serles - Counted 2VSITT 17 2k 7 L 21,3 3 I =
Cartref form Counted 6/7/77 35 51 13 - 1% 17,2 18 24,
fi:Co 3% Emat 3lope Site ploughed put |
| 5 Glendale Sprayed /5477 \
Glendale series - Counted 2/8/77 3z LS 13 L1 13,2 i 1%
Shortlends Carm Counted 25/9/77 74 03 23 ag 26,6 35 €2
K:Co 310 North Slope Vandale remaved pegs
& Eezels (Equalfa) Sorayend 2278177 T
Milkuood verieg - Counted o i e 155 o i Rl 1) 20,0 27 36
Consland form Counted  20/12/77 235 258 . 8 o2,z l* 75 | 12 |
N:Co 376 South Vandals removed pegs . | |
7 Cezela (Beneve) Sprayed 22/8/77 1 '
Milkwnod peries - Counted 15/ 11/ 77 174 154 s0* LL 8,k hé 22
Darslang Torm Crunted 20/ 12/77 175 23 g 31 10, 45 a0
K S2/219 Flut Field harvested ' I
without motiflication | .
i Serela (1Tefa) Sprayed  22/6/77 |
Dundee series - Counted 1571177 (512] 05 21 Zh 20,2 | 30 L2
A b dum Counted 20/42/77 220 245 2gn- A3 b3 18 25
K:fo 376 Flat Vendels removed pegs |
9 Sezela (Equeffa) Sprayed  25/8/77 |
Milkwopd serles - Eaunted 157177 033 104 1 1 Ty 16 22 |
Danslerd form Counted 222777 208 203 =5 -3 743 73 98

* Statistically significent at the S l=vel
** Btatistically sighlificent st the % level
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Cii) Cane yields and finel stelk populsetions

Earlier tillering is not eynonymous with increassed final
stalk populatione or grester cene ylelds st hervest. Al-
though at sll three sitee harvested, esrller tillering was
induced by treatment, only st Site No. 1 did stetisticelly
gignificent incresses in stelk populations (17 000/ha or 7%}
end cene yields (13,8 tons or 15,0%) result. Lack of yield
response st the other two sites is attributed primerily to
the low concentretion (0,5 solids) of copolymer espplied and
the high verisbility of the yleld date. The low concentration
and low totel amount of copolymer spplied per hectere was
uwsed beceuse of the good responses obteined from trestment on
Clensthel sends end beceuse Reu and Millerd (1975) obtained
best responsee on high cley content epolle (through easrlier
tillering with polyethylene sheet). However, the detrimental
effect of incressing clay content on the ebility of low
concentrations of copolymer to impart the hydrophoblic effect
to soile (peage 14B), wes overlooked. The need for the co-
polymer concentration to exceed ¥ snlida Af both earlier
tillering end incressed yield mre desired, is 1llustreted in

the next sub-sectlon (Table 33).

Secondary fectors which may have contributed to the poor
yield responses to trestment at Gite No's 3 and 2 were the
presence of some unidentified growth retarding fector et the
former (yields only 67 tons/ha), end severe lodging of the
cane at the latter. (Lodging is the falling over of cene
due to ite inability to support ite own welght end ie in-
dicetive of an over mature crop). GSince the initimsl

numerical sdventage of copolymer dispersion treastment



-
declines with time, the phyrinlagicel enge of the crop st

hervest must influsnce the degree of yleld respanse,
3. Redueing the volume of cerrier weter

Tha mpplication of dispersions tp soils would be much more
acoeptable in practise if the volume of carrier water could
be substantlislly reduced. LaYcratory tests shoued (Appendix
20) that the magnitude of reduction In evaporation was
directly relsted to the smount of polymer dispersion spplied,
These results showed that slthough 2 high volume of low corm-
centration polymer gives a mare consistent congservation, the
came effect can be schieved by uvsing lower volumes st higher
concentrations. Yith the low volumes of lTiguid It 18 irm-
partent to have efficlent sprey rozzles. A Tisld experiment
to azsoges the effectz of wsing lower wolumee of carrier

water wes therefore lald doun.
33. Materilgls

The surfactent stabilized styrene-2EHA copolymer dispersion
=8 sgaln used. The soil was of the Datsdele series (353

clayl.

J5. Experimentel procedure

F randomised block fisld experiment was markes aut on g

field of commercial cene at Eston. Detells or plot laysuts,
slzes and statistical snalysss of resulitis are piuen in Aphendix
21. Four replicationz of each of the following trestments

were applied on the W/90/77. £11 polymer trestoents were

soray epplied Ln u band 30 o uiﬂe owet the row,
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B, Contrgl - no treatment

B, 1 800 £/he af the styrenc-IEHA dtn;arf:n at 0,5
salics (7,5 kg/ha doy or 2,5 g/m over rou)

c. 1 NOD !fﬂu of dispersion st 0,5 salids (5 kg/ha dry
ar 1,7 o/r2 over rou)

p. 4 000 t/he of dispersion at 0,75 solids (7,5 kg/ha
dry or 2,5 of= gver row)

Es 4 000 1/he of dispersion at 1: solios (10 kg/he dry
ar 1,3 g/=Z over Tow)

F. =03 E/he of diepersion st T eolids (S kg/he dry or
1,7 o/n2 over row)

B. 500 t/h= o' dimperslion at 7, ealids (10 kg/he dry or

1.7 gf=2 aver row)

Chopt counts were token segularly end finel cane ylelds on

the BS12/78 were recorded.
s, PBeeults gnd disgussion

The shoot counts taken ? and I manths after trestment, stick
counts at harvest and final cane yields are precented in

Table

e 32,

Earlier tillering can be achieved with very low concentrations,
and very low total weights (5 kg/ha dry) of the copolymar
disperrion. Theae resulte 1llustrste the reomarkable sfflicisncy
of the corolymer dispersion and, while other chemicals such on
herbicides, nematicides and Tipeners, for example, may slso
produze drazstic effects at such 1ow rates, thelr mechanioms
are chemiczl. In contrest, the increesed productivity of

the scil by wmodiflcation with capolymer ie considered to be

purely physicel.



Table 33

Tha effects of varioun rates snd corcentrations of over row polymer dispereion sprays on

shaot populatiens and final cene yields (Meprs of & replicetionsa)

. & . | Yield '
| Shont cmunts = T-.SJ'H. ttana cane/ha) |
Treatmenta . -
' | W/2/TT | 2T TR | BS2ST8 B/ 12/78
{ A. Cortrol | 104 Tk 115 o, 6
; % of Control | 400 400 | <00 130 i
B. 1500 £/ha nt 0,5 solide (7,5 xg/he ary) | 107 e | 16 27,3
w of Contral | 99 w2 | o2 [t
B. 4000 &/ha ot 0,% solida €5,0 kg/he dey) | 408 178" 110 94,1
, % nF Contrnl Nk eh 97 o6 ;
| | L=
| D= 1000 t/ha of 0,75 anlide (7,5 kg/hm dry) 103 | 455* 19 04,k ;
' *% af Control a9 “na 206 107
I |
E. 1000 &/ha ot 1,00 solide (10 kg/he dry) 21" 75" 27 107,5
% of Caontrel 116 | 22 111 194
F. 800 2/hm ot 4,M aolidae (5 kg/ho dry) | 492 | qTRe. =3 | 103,%
% of Control | 108 119 1CA 109
| i
G. 500 £/ha ot 2,0; solids (10 kg/ba dry) [ a9 i 116 | 9L,
' % of Contrel | 10 29 | 402 ' an
& - ‘
| BV, () | 5,8 68 | 9,3 2,8
| 50 -7 12 | 48 11,2
T | 24 “ | 22 | 15,2

. Etatistically slonificant ot the 55 lEvel
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For the beneficiel effects of the modified soil barrier to
perelst through to harvest, the level of copolymer sust be
higher (10 kg/ha dry) and the barrier es continuous es
poseible. For example, only Trestment E in Teble 33 re-
sulted in & stetisticel increese in cene yleld over control.
Although 10 kg/ha of dry copolymer were mlso sppllied in
Trestment G, it is believed that the LBD 2/ha of carrier
water spplied with it wes inadequate to completely wet the
soil surfece. At the 7,5 kg/ha copolyser levels the better
response of Treatment D over Treatment B, slthough not ststis-
ticelly eignificent, is indicative of a more effective costing
of eoll greins by the higher polymer concentration. The
linesr correlstions between ssount of copolymer appllied end,
firstly, stelk population at harvest snd, secondly, cane
yield, are illustrated by comparing the results of Treatments
C, 0 end E, where & constent 1 000 £/ha of product wes spplied.
These results are illustreted in Figures 5 and 6. Although the
12,9 ton/hs cene yleld incresse (worth epproximately 160 rand)
from the 10 kg/ha copolymer mpplied (costing epproximately 20
rend) is economically very setisfactory, much greater profit-
sbility cen be expected with higher levels of copolymer.
Further fleld experiments using higher smounts of copolymer
with & minimum of 1 000 £/he of water, spplied over the row,

will indicete the optimum level.

k.  Scmling up to prectical epplications

The main disedventage of polymer dispersion applicetion arises
from the necessity to handle large volumes of liguid in the
field. To investigete the fesnibility of full scele applice-
tions, s section of fleld on e Clansthel send st Umdlot! waes

treeted on 30/8/77, using conventionsl farm implements.
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ba, Materiels

The surfsctant etzbilized styrene-2EHA copolymer dispersion
was sgein vsed. A LO0 £ herbicide unit wes mounted on the
hack of = tractar end two outlets fitted with 45° sngle spray
nozzles. A S5 003 £ mabile tenk cantaining water wes brought

to the field to refill the herblcide tank,
Ly, Experimental procedure

The ppead of the troctor (approwimetely 6 km/hr) snd the
pressure applied to the spray pump were callbrated to epray

2 500 £/he in a 30 gm wide band aver the row, Four litres

of the concentrated polymer dispersion (50 solids) uere
added and the herbicide tenk made up to 4LOO L uwith water. A
semale drawn from the tank showed that the turbuvlence during
the water odditlon and movemeant af the tracter ensured good
wixing, Using & driver wlth one essistent, one hectere could
be coversd in 90 minutes, (The accepteble results with higher
concentrationa of copolymer at 4 000 L/ha were not avellable
et the time this experiment was 1gid down.) Four plote of

34 petre » B rous were marked put 4in =2 neauly plented fileld.

2 502 £/ha of 100 x diluted copolymer was azplled to tuo
alternete plotes, with the rereining two plots receiving

2 500 £ha of weter only, Shoot counts were recorded st
intervals and etick populstions end ylelds wveore noted st

harvest,
ke, Results

Tha shoot counts and stick populmtions sn? weights of cane

gt harvest (9/11/78) from this experiment are presented in



L

Toble 36

Sugar cane shant =punts, final stalk counts and yields from

cane treated at planting with 2 500 litres gf water spplied
from a tractor, with and without a styrene-2CHA copolymer

added (Means of 16 lines)

L

' Bhoot counts x 10-/ha E:::f
p
| rraetaiita (planted IVA/TT) e

1/ B/ 2o/ 273/ Eb’nf|sf11f
. 77 77 78 78 78 | 78

? 5008 water/ | |
ha OveTr TOW 33 7 119 120 108 .0

2 SO0k of 0,5
polymer disper- _ '
asion pver ™ 39 | 1gq=" | 52 3" | 1N 78,k

> advantmge ‘ f
| aver cantrs) 2 I B W3 3 Bl
| cov. 50 |ws | 12| 56| 65 9,1 72,2

LED = | 2 | | = 11 5 A

. e 23 | 21 17 21 | 2

| =+ Gtatistically significent st the 4 level

The row familiesr earlier tillering 22 8 result of treatwment in-
dicates that the technigue of spplicetion uees sptisfactory.

The yield increase of &L over contral from 42,5 kg/he of co-
polymar 1s In keeping with the 13 and L Increeses obtained
previgusly when 33 gnd 9 kg/ha of copolymer respectively were
oresent in hande 30 cm wide over the row (Tehle 30). The re-

Iat ionahd

Tl

hetween increesed yielde and levels of copolymer
gppllied on thie =0il eerles 1r 1llustrated in Figure 7.
Anzther interesting asspect of this experiment is that, despite
the l1ete spring planting (*4/8/77), when sversge temperstures
cerfainly were nat limiting, the beneficlal tillering effect:s

are otill very pronounced, with 34 more shants being presenst
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in mid oummer, This aleg peourred {n the Cctober planted gx-
periment (Tahle 38) aad grphnsizes the non-criticsl rature of
the seszon of spplicetion. In contrest, Millsrd (1974) con-
cluded that polysthylene sheet, which ralaealitnperuturns Bven
in dry msoils, would probably pruu; detrimentel to germinetion

iF mgpllied during the summer mantha,
€. Trestment of ratoor crogs

To date the earlier tillering effect hes been limited o plent
cane. Since sbout 900 of cane crope mre ratnons it wes im-
partent to see iFf the same beneficiel effects could be ime

parted te them by the copolymer spray.
Sz. Msteriels

Twa ratoons of different poes st Umdlot! on Clansthal sands
wvere selected. The eame Styrene-ZEHA copolymer dispersions =a

before wae used.
St. Experimental procedurs

Ore retoon wee treated in mid-winter angd the other in late
Spring. Layouts of the plots and detalls of the sites are
presented in Appendix 18,

Eite 1 On 31 June 1977, 2% matre x 1€ rous of & wix week
old third ratoon ware pegooed out. Four plots of
four 1ines uere demarkated. One peir of slternate

. Flots was rendomly eslected to recelve the trest-
rent of 3 600 £/ha of the copolymer dispersion st

0,5 solide (18 kg/ha dry or E o/me over :'nu}.
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The other two nlots, mltercating with thoee
tregted, were laft me controle, ‘Shogt counts
were tzhen $mmedistely sfter tresztment and sgain
at regular int;rualn ta manitor changes in

population,

Citp ?: On 30 August 9977, BS metre x 76 rouws of o
tuzlve ueek nld second tatogn orop were sprayed
frar g tractogr-borne herticide unit, A randomly
celected block of eight of the linee received
2 500 £z af the 0,5, solida polyser dispergion
(12,5 kg/hz or 4 g/wd over rou) while the other
eight recelved 2 SO0 L/ha of uvater. Choot
counts were taken wilthin doye of treatment end
again at regular intervels %o moritor relative
changes. Final ylelds from the tuo differently
treated blocke, m= well as those From the o-

lacent commerclel cane, were compared.
Sg. Results and discussion

The =hogt count= a2t Eite No's % and 7 at varlious intecveln
=fter epraying are pregented in Table 35 and Rprendix 18

respectively.

Tt i geer From the above Yable thst the Flush of niy

shonots took plece within four wesks of tregtment, despite
heving been sprayed in lste June when canditione were very
dry. This very repld respange indicates thet 2 developed
plant syster 13 vary seneitive to, 2nd con take lomedinte

adventage of, the incressed soil tumidity. Elthough the

i Ll



Table 35

Ehmot counts Frem ratoon cone tregted on ¥/6/777 with 3 6070 Yitven per

nf o 0,5 =olide styrene-2EY" copoly=er dispersion (Mesms nf A 1inen)

hectorm e only

. increpne

Aetunl

No. aof in mrmher o ireveare in
Nate pounted | Tregteont shogts | ehgmte feee  phoots x 103/he 0
| x 103/ha dntn of from date of g | -
treotment | trestment
5/ Contral | BR | .0
Polyrer a9
2R/ Contral nz] aire, w0l wire, | aty | dLre, e e |
| Potyrer | @8] 27°¢ | 18,6] 30,0 Loj +26 i
bl W i I Caorntrl anl AiFF, "1,tl dire. b b g T | . e
I 1 ﬂ:}.'l_.—-.:-r ! & A 5 4 & & ‘ﬂl'" i 'Iﬂ'q i 21 “IT "
|
| 1B/ 177 Control 10n] dire, 13.51’ difre. 121 aifr. o |4n | e
. Palymer | 424 a2uss | 2305) .2a, % 35f <22 “ '
/12777 Contral | q:r-] aiee, | 43,27 eirr, 3&} ALFF. o5 22 | =,
| Prlymer A3 5T NS 6| +62,0 o1, | +56 ’ Sl

“+ Biptistically aignificant ot the

iy

lewm]

T
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magnitude of the cifferences hetean trested snd entrested
1inea 35 reduced during the extreme winter drought, it
remains ststisticslly significant. Uith the apring rains
the expected flush of new shoots nccurred in both treat-
mentw, but agaln 1t was of grelt!r.magnltuﬂn in the polymer
+reated lines. The result is that in the six manths after
azplicatian the rete of new shoot development woe 2,5 times
faster in the treated lines than in the controle; olwving

S& x 12} mare shoots per hectare. Unfortunstely the
recording of yield date was thuwarted by the field belng

suddenly harvested without notification to the asuthor.

The three manth old ratoon et Site No. 2, eaprayed in apring
after the first rains had fallen, failed to give either
accelersted rate of new shoot productior or incrensed
yield over control (Appendix 48). The consldered reason
for this is that the crop had already reached an advanced
stage of tillering (B0 x 107 per hectere) when trested.
Bay snd Millard (1975) noted no earlier tillering In 2 out
af I} experiments wvith palyethylens shest on ratoons. Even
at the one positive alite the population advantage had
disapprored Tive rontha efter trostment end this wge
sscribed to the faster formation of lsef cenopy in retoon,
os compered to plant,crope. From previous results in this
chagter end the result from Site No. 7 ghove, It scerms mOBL
likely thet substantlal smounts of copolyesr sprayed over
the row immediestely after harvest will result in parlier
tillering and incregsed cone yields, Further field t