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SUMMARY
THE USE OF CELLULAR PLASTICS FOR @m
OF_SOIL STRUCTUKE (PLASTOPONICS)
by

Heingz Baumann
UP Chemicals
Frankenthal, FRG.

In the light of world-wide mal-nutrition it is proposed that attention should
be paid to the possibility of decreasing the extent of arid and semi-arid regions by
the incorporation of urea-formaldehyde resin foams into their top~-soils as a means
of effecting the necessary degree »f water and air retentivity. This technique first
proposed in 1948 as a possible means for the disposal of waste foam scrap, arose as a

development of hydroponics and is referred to as "PLASTCPONICS",

The balance of the following aspecte of the physical and chemiczl properties of
urea-formaldehyde foams is considered to render apprcpriately formulated uresa-formal-

dehyde resin compositions suitable:

i. The ratio of closed to open cell - 60 - 70# coupled with a fine

capillary structure,

1/ The views and opiknons expressed in this paper are those of the author
and do not necessarily reflect the views of the secretariat of UNIDO.
This document has been reproduced without formal editing.
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tntroduction

Celluiar plastics have recentiy entered new flelds of
spplication. Thelir use Iin agricuiture Is becoming more

widospread and increasingly more signlficant.

Thelr greatest task In the near future fo act as an

upgrading additive for arid and seml-arid solls and there-

by heip to increase the world food production,

Today, two-thirds of the world Inhabltants guffer from mal-nusrition
and day by day thousands of people die form malnutrition or

the consequences thereof, The alleviation ofhuqér must become

the foremost task of our society. Dally, the world popula-
tion Increases approx 20000 peopie, whlch means that iIn
ten years from now the 4,5 Llililon mark wlllb:assed.

The problem of copling with this raplidly Increasing human
population cannut be postponed until than, It mus be dealt
with right now, z
At the eigth worid conference for famlly planning In
Santiago, Chile, in March, 1967, G. Carstairs pleaded
for birth control, stating that an uncontrollable popu-
latlon explosion will cause people to become Irrational

and aggressive. This In turn wlll cause soclal and eco-

nomic upheavals of staggering proportions,

It is obvious that this approach alone even if successful
will not soive the food shortage probiem which exists

right now, as can be seen from the tollowing figures




published by the F.A.0, In Rome. According to the food

and agricultural organlization of the Unlted Natlons,

food production In Asla dropped by 15 to 20 % (per
caplta) from 1945 to 1958, The Increases reglstered
since 1958 will have to flirst make up for this loss
before they can how an appreclable effect on the human
increment added since 1945, The world food conference
in 1966 reported that food production In Africa, the
far east, and Latin America dropped by 5 £ on a per

caplta basis.,

Iincreased food production aloneA|s1 not the whole answer
elther, since great smoun?s’ef food are destmyed by rodents
and Insects before theyrreach human consumption, It Is
estimated that rats consume 1/5th of the worlds total
vegetable production, Control of Insects and rodents

lst not only an expensive proposition (nearly 10,000
substances have to be tested over a perliod of 5 to 7

years at & cost of more than 2,5 mililon dollars) but

also a dangerous one since these polsons endanger man

as well,

Ametlioration and improvement of solis for higher crop

ylelds In semi-arid zones will present a staggering task

to the chemical industry. I1f only 1o § of the potentially arable
land were to be treated, with one kilogram of celiular
plastics per square meter’fhe resulting demand would ex-

ceed 1o billlon tons, It would take33,000 years to flll

this order at present worlid chemical capacity,



HISTNORY .

Thera hac always Leen the ..jective to j3row plarts tili-

zing hydrocultural systems,

1860 war the birthdate of soll-less plant giawth) plants
were raised for the tirst time in acquous minera! salt
solutions, In 1979, Gerricke reported on large scale experi-
ments using water culture as a method of raising fondstutte,
He firstiy used the term Hydroponics as a paraliel to Ceo-
ponics. (agriculture). While he was still experimenting,
several water cultures were already in operation In turope,
The resuits from the unit at the Plodolinstitute 'n Russiaq
were applied in practice during the Russian colar expedi-
tion In 1937, Furthermore, Polish hydroponic units ware

In operation to the South of Lwow and Hurgarian ones in the
Carpathian mountains at an altitude of approximately 6000

teet. There, although daytime temperatures during the summer
sometimes reached |oo°F, the ground was seldom free of snow
and frost. The units there produced results that were romark-
able better than those achieved In the Hungarian plalns, The
fruits were better in taste and quality than those ralsed

on land during the summe , The explanation isf to be found
in the fact that, at these elevations there Ist more sun-

shine than in the valteys and prairles which are often (o-

vered with low lying clouds and tog.
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The tirst German Hydropani  unit a8 built in 1948,
Para'le! to that the chemi- 41 industry develnpad the founda-
tion ftor @tticient tertilization which was preceded by

the achievement of amonia synthesis, by Maber and Booch,

Add tional to the sdvanced art of fertilization, the search
for soil improvement and substitutes was continued., THis
was necessitated by the neefto cultivate previousiy barren
land and transform it into pastures and plow land, In order
to retain lands, i1t was necessary to protect them against
wind and soil erosion by the use of special plants, We
cannot delve into this aspect in detail, However, we are
interested In a pre.osal for soll improvement made in the
year 1948, 1t propused the use of fomed waste materials
based on Ureas-Formaldohyde resins, which became available
during the manufacturing process of an insulation foam,
These wast~«, mixed with fertillzers and othar substances

such as manure, humus, and peat moss, coula be pluwed inte

the soil Iin tiake farm,
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t1t, FOAM PLASTICS:

Most plactic foams have cellular structure., Their cell walls
consist of more or less strong membranes, The cells can be
closed, and fllled with alr or a gas. They can also have open
Inter-communlicating celis, In which case they are permeable
to gases. We distinguish between globular, hexagonal and
polyhedral cell structures, There can be closed celled, open
ceiled, or open/closed celled foams., The volume of alr in

the foam determines |ts density. We also distingulish bet-
ween rigld and flexiblie foams, Flexible foams act as cus-
hMiong; rigld foams can have high or low compressive strengths,
Further descriptions of celluiar pfas?tcs may be looked up

in the technicat iiterature,

The growing of plants utillzing hydrophilic, physio'o-
glcally compatible, plant nutrient and trace element con-

talning or acceptang foamed plastics, we call
PLASTOPONICS

Thereunder we also understand the growing of plants in
connection with foamed plastics in general, whether In
flake or other form, as a contlinuous or dliscontinuous
laye: on or in soils in which normal plant qgrowth is

impossible or in which Improvement Is deslired,

Foamad plastics can be appliled in agricultfure, hydro-

porics,and plastoponics,
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A, Urca-formaldehyde foams (U.F, foams)
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1) Properties and Production

R

U.F. foam is a mixed cell foam, approximately 60-60 ¢

open celled and 30-40 § closed celled. IS appearance

S b e S, AR

Is cotton-like; however, at a enlargement of 1:1%0,

the cellular structure becomes clearly visible, U.F,
foam "breathes" because the open cells communicate,

The cel! structure is polyhedral, The fine cell walls

i are pipe-like In appearance and have caplilar structure
which Is partiy open and fiiled with alr ( so called

Gibbs Channels), This structure makes U,F, foam sultable

for agricuiture u#dse because It can never be compiete-

Iy soaked with water; the hairlike roots can utiilze

b

the alr in the capillars, thus preventing plant suf foca-

tion,

kil BB i bl

Despite their open cell structure, originaily U.F, foams
were hydrophobic, 1, e, repeiied water, Oniy after exten-
sive research work, however methods were introduced by
which U.F, foam became hydrophiiic respectively water-
absorbing characteristics, The 60 § (by volume) water
absorbed by U. F, Foam Is entirely availabie to the plant,
wheraas peat moss, which also Is capable of holiding up

to 60 % water by volume, binds 30 % thereof so strongly

that It cannot be utillzed by the plant,

Plant growth In U.F, foam, without water, Is impossible.
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Water is vital not only as a means of transport and as

a solvent, but also as a nutrient and serves for collol-
dal expansion, Without water, plants cannot grow - no

Ilfeis possible,

U. F. foam has a hlgh content of alr, and air in the

bl

sol|l plays a vital part In plant growth, A muddy soll
surface does not allow penetration of air into the soil.
Too higher a water content will replace the air, and
subsequently plant roots suffer from lack of oxygen.

in such cases , the |lfe supporting micre and macro
organisms compete wlth the plant for the remaining

oxygen supply.

U.F. foam can be produced in densities from 7,5 kg/m3

to 40 kg/mS. The raw materials for U, F, foam for
agricultural purposes differ from those used for insu-
fation In the building Industry, i. e., they are modi fled
for thelr particular use, Foams can be produced with
sultable apparatus at the site where they are needed.
This greatly reduces the problem of transportation. 2o
liters of liquid resin and approx. the same quantity of
foaming agent, when foamed wlth compressed alr, yleld

to approx. looco liters of foam; whereas earth, and other
substances which do not change their volume are bulky

and expensive to transport,

U.F., foam is very light, yet it does not lack a certain

stability. 1ts resistance ajainst <oil acidity, weathering,




and pressure, is sufficlent to last for many years,
When it finally decomposes, it will enrich the soil

with nitrogen,

The fine celiuiar structure of the foam acts ac thermal
insulation so that water inside and underneath cannot
evaporate. It Is compressable iike natural turf, but
without mesillience, Reslllence. would result In destruction
of the fine root by tearing them apart as the turf re-

turns to Its originai shape,

Plant nutrients should Iincorplanted and avallable for
assimilation, otherwise the piant roots will try to
utilize other nnighbouring substances which require
more energy to be assimiiated and therefore:siow down

growth and reduce yield,

U.F. foam |s acidic when first produced, but may

subsequently be adjusted to any Py value required for

the particular plants to be grown.




Table I,

Optimum PH values for plant growth

Plant

pas 2,6 - 5,7
beans 4,0 - 6,0
potatoes 5,5 - 6,3
tomatoes 5,5 - 6,4
iettuce 6,0 - 6,8
sugar beets 6,5 - 7,0
carrots 6,5 - 7,0

U, F, foam can be coiored as desired. Coior piays an
important role in plant growth, U, F. Foam isf normaliy
white and transparent to light, Therefore, oniy seeds
germinating in ilght can be grown unliess counter measures
are taken, such as adding colorants, or covering the foam
with a protective iayer |like dirt, etc. The same appiles
where roots are phototropic, i.e., light sensitive, and
where , In uncovered foam; the roots would tend to grow

down into darker substructer out of the reach radliation,

The standard U, F. foam fermulationdoes not contaln any
piant nutrlents or other additives, These can be added

to the foampremix prior to foaming process, or added |ater
by conventlonal methods. Nutrient concentration In water

by absorption is extremly low., The main storage of nutrient

and/or other additives from where they are conveyed to

the plants through branches and rootes., The nutrient sait




solution hoiding capacity of U, F, foam can be increased

considerably by the addition of the mineral Montmorillonite,
or lon exchange resins which are presentiy used for des-

alinlzation,

Iimpregnation of the foam which higher contentration of
nutrient Is impractice! since salt solution may have a

toxis and therefore destructive effect on the piants,

Based on Its properties and the resuits of the work

done to dete, It can be said that U, F, foam Is sultable
for the foilowing applications:

reciamation of land,

stopping the spreasd of deser’

prevention of soil erosion,

sfforestation in southern as well as In northern latlitudes
reinforcement of dune and flanks,

growing and cultivating of seeds,

planting of grapes,

growing of flowars,

protection of orchards and vineyards against frost,
securing highway embankments against wash-outs,
roof-gardens,

end the generai improvement of soll structure,

U.F. foam Ist produced from:

modifled U, F, resin premix and

foaming agents,
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the foam can be applled in layers or strips, Oried, |1t can
be flaked nr ground to powder, |ts various possible appli-

catlons will bLe described later,

U. F., foam is harmless to animals that llve in the soll,
it |ls also harmliess to man: from the same basic foam ma-
terial, sultably modified, we manufacture wound dressings

and cosmetic powders.
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3 Plastsecil for arid and semi-arid soils
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From old maps that show vegetation, one can see how cer-
iously soil and water conditions have deteriorated in the
past l1ooo years. A plant needs 500 to 1200 | of water in
order to produce | kilo of dry substance. All through
history, a sufficient water supply couid be said to p arallel
the cuitural development of any area. Wells constructed

in ancient times are still in use today. Water has always
ﬁeen sought, and Its acquisition aiways precedes economic
and cuitural deveiopments, Moreover, the prublem of ob-

; taining sweet water from seas water by means of sun distii-

lation, ion exchange, or other methods, Is as large in

magnitude as the probiem of soli improvement.

Eighteen miiiion square kilometers of the surface of the

earth are desert - eighteen million square kilometers of
barren, unused iand, These desert areas are outside of the
normal sphere of man's activity, aithough he is at the

brink of conquering outer space,

Aslide from a few nomadic peopie who live a iife of squaior
and poverty wandering In these areas, thu desert is
generaliy prohibitive to human ilfe, except for natural
or artificial oases, where oil,metals,and other minarals
are being extracted. Today, It is more important than ever

to open up these deserts for economic expicitation, Deserts

are vegetation-iess areas.




They may exist because of a lack of water the land has
sufficienti heat. Therefcre one has to distinguish between
"dry" and "co!d" deserts, Nelther "ccld" deserts, nor
extremely arid deseri areas were the subjects of experiments

treated here,

We are not in an age of the retreat of deserts, On the con-
trary, we know that the Sahara advances every year approxi-
mately 1.5 kilometers to the south, destrylng In Its path

the iittle vegetation that it meets,

The-fact that large parts of desert In the north of Africa
were, in anclent times, agricultural solis, and that arte-
sian wells are still functioning there, confirms the existence
of large underground water reservolirs and leads us to be-
lteve that the plastoponic method may have excellent use

potentlial in these areas.

There are at present no lack of plans to reconquer oid agri-
cultural lands, or even more than that, to turn sterils
desert Into fertlile agricultural land, However, these pro-
jects are all aimed In one dlrection, |, e. the production
or precurement of sufficient water reserves. The question
of better water handling and preservation, as well as the
problem of converting sterile, sandy soil into fertile
plow land remaine unanswered, Nevertheless, a structural
change methode adaptable to the desert soll would make
possible a implemcnt large scale program for the restora-

tion of unfertile areas,.
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The largest land reserves are located primarily in sandy

areas, In the Steppes and the Savannahs. It is worth-

while to enumerate them here, so as to obtain a pic ture

of these

Africa:

America:

Asia:

vast reserves,

The rims of.large forests in the north and

south, areas of Abyssinia, large parts of northern
Sudan, Somaliland, and of southeast and the south-
west (Kalahari ).

Sathern Brazii, northern Argentina (pampas),
southernArgentins, the plains and the pralries
from Mexico through the U.S. A. to Canada, the
northern gulf of California, and adjoining areas

in Texas, Arizona and New Mexico,

Sections of Asla-Minor, Arabia, lran, iraq, Afghanl-

stan, west of the Caspian, to the Indus, and from
the Caspian sea to China, the highiands of Tibet,
China,

Australis:The middle and southwesterly parts, eastern Austra-

Europe:

lia, all of the east.

Eastern and southern Europe

fonservative estimates show that the Sahara, aione, coulid

supply six biiilon peopie with 250 grams of bread daily,

if only 5% of its huge area were to be converted into use-

ful plough land.
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While plans are being made with regard to how agricultural
production can be introduced to semi-arid areas, man, out

of ignorance and a lack of understanding, continues to destroy
the soil that could support him, Thls damage is aoften ir-
reparable, The burning or clearing of forests for plow

iand, over-exploitation of forests by industry and the de-
struction of trees by animal!s In arld zones, to metion only
the most common errors, have, in the course of hundreds

of years, slignificantiy increased barren and desert land
areas, consequently causing considerable reductlion in the
agriculturaily usable surface of the earth, in the desert

* and semi-desert, deterloration advances steadily, The wan-
dering nomads, in tneir search for fire wood, spare neither
tree nor bush. Herds of animais that, in certain cases,

are not even economicaliy exploitabie, are often kept only
for the prestige of the owner. These herds destroy the few
green plants that are left; goats not only eat leafy plant
growth, but also devour the roots of the piants, The camel
has a special predillctlion for young trees and Qstroys them

quite efficientiy,.

In rainforests, one method often used to fertiiize the soil
is the burning of vegetation. However, after only two
years, the piant nutrient thus gained for the éotl s ex-
hausted. This necesslitates further deforestation, and the

cycle Is repeated until finally oniy depleted soll remalns,

The methods proposed and predicted in 19%9 for the rcclama-

tion of arid lands, are¢ accepted today, especlally In view
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of the fact that humue . which gtareg witer an.i ol ey

nutrients, cannot be transported to thoge ramet. degor t

o R P

areas. Flrst, the transportation coste woulg he Stangering,
and secondly, the sun would destrcy the scll by teriy and

z dehydrate the sol! too raplidiy,

Experiments with Plastsoll in Saudifﬂfat:a a

% In cooperation with the Mannesmanm-Regner Corporation

% In Dueasselidort, we performed the following experiments

during 1962, from these experiments, we hoped to obtaln
information about the performance of Plastsoi! under extreme
climatic conditions, The primary consideration was the
water-retention of Plastsoli, The toliowing plants were
planted:

8) sugar beets,

b) melons,

c) clover, of the Alexdrian variety,

The test ares for a) and c) was 9 az each and for b)

20060 az

« In addition 700 clitrue troes were planted with
Piastsoll and oo specimers under normal conventional

vonditions, The soil was of high density, clay and sand,

Applicetion technigue:

The test areas a), b) and ¢), ware foamed with plastsoll
at the Thickness of 3 to 4 cm and subsequentiy covered
with 1o to 15 cm of the clay earth,

In the holes to be planted with citrys trees, Plastsoll

was toamed directiy into the bottom ot the hoie, The plant
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holes were duqg in the conventional manner, namely 10 x 40 x 4o
at the bottoms ot these holes a 5 cm Plastsoll layer was
foamed in the form nof & dish, thus providing a better re-
ceptacle for water. The trees were planted one week after

the application of Plastsoll,

The areas treated with Plastsoli were watered every 720 days,
with 6,5 |iteérs wafer/mz. After 20 days, during which the
temperatures reached 15°C (113°F) in the shadow, the Piast-
sol! stili contained 2,6 i/mz. The Plastsoll that had been

compressed by tractor tracks contained 1,8 l/mz.

Results:

The tests on Groups a), b) and c) were done twice in an

18 mo period. fhe three groups showed a normal and healthy

growth, The cltrus were obviously Intended as a permanent

planting; so planting was not repeated. 50 ¢ of the control

cltrus died by the time the third leaf appeared. The root

development of the trees growing in Plastsoll was excellent -

they showed more root branches than the ones planted under

conventional Conditions. 95 § of the clitrus trees planted

in Plastsoi! flourished, whereas only 50 $ of the other ones

survived,

The director of the experiment reported as follows:

4 A higher rate of germination seemed to me to bg the most
Important success of the experiment, Plastsoli prevents

hardening of the earth and facilltates the germination

of seeds (piastsoii as peat moss replacement), Piastsoli,

which had absorbed 1o times Its own welight In water
»
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was covered with 15 cm of sand during the month of July,

when average temperatures durlng the day were 42°C (lo7°F)
After 1o days, Plastsolil still contained 4 times its own
welght in water, whereas the earth not treated with Plast-
soll was completely dry,

Therefore '+ to consider the use of Plastsoll for Improve-

ment of solis and especlally as a2 water reservolrs seems

3 to be fully justifled. It also seems to be certain, that

i
i

by using Piastsoil, large areas can be Irrigated and

thus provide addtional sources for agricultural explioltation?®

Plastsoil as a substitute for peat moss and compost.

in the Soviet, ammonia, alcohoi, organic acids, and

other products are derived from the gassification of

peat moss., Peat moss contalins twice as much nitrogen as
stabie manure. However, the greater part of the nltrogen
contalned in peat moss Is not available to plants; but-»
the phosphate and potassium content In stable manure Is
apbroxlma?ely ten times higher than In peat moss. There-
fore, peat moss Is not a fertlilzer, but rather a solli
structure Improvement medium, It deéomposes more siowly
than stable manure, thus loosening the soll and Improving

seration and draimage,

German Peat moss reserves are estimated to be about ten
bililon tons. Exploitation of these reserves Is difficult
because removal of the peat moss Is dependent upon good

weather conditlons, Rising labor costs also contribute

to an increase in the price.
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The properties of Plastsoil, its ease of manufacture at
any convenlent site, coupled with the lack of further
need for processing, make It an ldeal substitute for peat

moss.

Decomposed organic matter Is called compost. Composting
Is a duplication of nature's processes that take place
In forests, where layer upon layer of leaves decompose

to form humus,

In order to be able to compost successfully, the following

condltions must be met:

a) sufficient aeration

b) suffieclient molsture,

Plastsol! fulfllis these conditions by the nature of "{ts
structure, |t further enhances the |iving conditions of

seroblic bacteria and prevents the develicpment of anssrobio

ones.
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Development of Apparatus and Machincry for Pl istsoil

applications

Om 1948, H. Scheuermann developed an apparatus wlth

which U. F, foam siaps could be produced on a continuous
basis. With this device, celluiar plastics of synthetic
resins an glues, etc. are produced by mixing a watery
solution of foaming agent into a foam and thean adding

a8 synthetic resin or glue, The foam thus obtained Is
extruded in large sheets and and then hardened and dried
in sultable curing chambers. Two years later In 1950,

H. Scheuermann and J. Lenz Introduced an lmpfoved appara-
tus. This improved apparatus was based on a method in
which in a mixing chamber, air and a foaming agent are
treated until foamy, The mixture ist then fed Into another

chamder where resins are added. Under further stirring

the components are ejected and formed Into a shaped
artional. Air pressure transports the foam through the
apparaturs, This method permits the foam to be extruded
through various orifices, which form appropriate types

of continuous layers.

Various apparatuses vele deveioped during that time,

among them an apparastus for production of U.F. foam
tlakes from freshiy foamed material, and an apparatus
for the heat fusion of these flakes when powdered.
Aithough these foaming apparatuses were hoavier than

the apparatus now used, they stiil wers mobile,




in 1957, W. Bauer developed the firet lightweight foaming
apparatus, with which it was possible *to produce U,f, toam
at any desired location. This process gained a wide re-

cognltion nn the insuiation market and has been extensive-

ly used.

Compressed air Is the propellant for this portable foam-
producing apparatus, and high veloclty air acts a mixer,

A foaming agent creates foam In one chamber; it then enters
into a second chamber where the resin ls added through

a wideangle spray nozzle, thus assuring thorough mixing.
The contact between the resin and the foaming agent, which
contains a catalyst or hardening agent, causes the foam

to set and harden in less than one minute, This assures

the preservation of a fine microscopic cellular structure,

in September 1955, additlionai proposais were made for
specific mixing chamber configurations. The Bauer appara-
tus was tested for agricultural purposes at the experi-
mental station Limburgerhof, Based on the results obtained
H, Schmidt, in cooperation with the firm Agria, in Moeck-
muehl, Huilt a modified standard apparatus for agricul-
tural purposes, This was aiso tested at the Limburgerhof.
Further development of apparatus was then taken over

by Chemische Fabrik Frankentha!., Based on the proposals

of M. Roeder, the Steel engineering Co. built a catarpiliar
powered with a 12 hp diesei, ¢nto which a compiete foaming
apparatus was mounted, including two 300~ 1ter contalners.

This apparatus was field +tested extensively.




The Bauer foaming gun has a productive capacity of 1,2
liters foam per second (2,5 cfm), whereas the agricultural
foaming guns developed have capacities of up to '2 liters

per second; they can be further enlarged it so desired.
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Pheno!-formaldehyde Foams

Pheno! formaldehyde foams are made trom phenol-formaide-
hyde, which, when mixed wilth a volatile solvent anc a
hardening agent, foam up to set the foam. Two precesses
are known:

cold setting and thermosetting.

These foamed resings are hard and brittle, with a mixed
cellular structure of approximately %5 { closed and

25 § open cells. Thelr spacific gravity varles bestween
4o and 100 kilograms per cubic meter. Becauce of their

predominately closed cel! structure, they are not yet

sultable for plastoponics.

However, these foams are extremely well sulted for flower
errangement blocks, provided that they are mixed and
extruded with urea formaldehyde resins., It can then take
up to 90 § to 95 § water by volume, thus supplyling water

to the cut flowers that are stuck Into It,
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Polystyrene foams

In this chapter, only the processes of Styropor and
Styrofoam wlll be dlscussed,

In the first process, Polystyrene beads, containling

a liquid volatile propellanf are heated to approximate-

ly loooC thereby expanding into larger cellular beads,
These expanded beads are In turn fused together In a heated
mold. This produces a compact, stable fcam which conforms

to the shape of the moid.

The second process, Styrofoam, uses molten pélys#yrene
expanded wlth gaseous propellants under normal temperatures.
The extruded foam is shaped Into slaps on a continuous
bésis.

During the past few years, BASF, has brought a foémed
polystyrene to the market under the trade name of Styro-~
mull which was developed at the BASF experimental statlon
at Limburgerhof, This products consists of flakes, 4 to

12 mm in dlameter, with a closed cell structure. These
cells are capable of loosening and aserating compacted

and water-logged soils, The alr content of Styromul |
reaches nearly 98 % by volume, Indlvidual flakes can bind
water oniy on thelr surface, but are Incapable of storing
it within thelr cells, These properties have both a
draining and an serating effect on the soll, Therefore,
solls treated with Styromull warm up and thaw out quickly,

and are easy to plow and cultivate. Styromull does not
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doeg not rot, which weans that its ameliorating effect will
last for many scasons It nust be plowed under
during complete wind stillness in order to prevent drifting.
This uethod of application is well suited for heavy soils, such
ss limey or clay soil, where 2 to 4 cu & of Styromull produce
distinct soil improvements. Experience showed that Styroaull
déid not deteriorste in depths up to 4LO cm, and similarly, it
did not become water-logged, as did many soils treated with
organic substances,

This cateriesl is espocislly applicable in cultivatiag
oerchards, to looscn soils whore agricultural apparatus traffic
has csuscd compaction, Other applications are in gordoning,
end in the propagation of cuttings. For example, orchard
reising can be simplified and the use of apeéial orchard compost
can be eliminated with the introduction of mixtures of Styromull,
Sphagnun, and poat moss. Howover, dbeing mindful that Styrosmull
does not contain plont nutrionts, it 18 necessary to add ‘these
either in granular or liquid form. It is slso advantazoeous to
aix Styrocull and poat moss at & retio of 1:1; this reduces
the frequency of nccessary irrigation, The Styromull ceantent
prevents water-logzing of the substrate, It is intercsting to
note here that potted plants grown in such peet moss/ Styromull
ajxtures were not gubjected to attack by snails.,

Extruded Polystyrone foams are ucod as cut flower arrangezent
blockss It is 8ls0 possidle to make Polystyrene u.f. foem
sixtures that could cerve the dusl purpose of water retontien

and soil aeration.




Polyurethane Foams

The basic components of Polyurethane plastic foam are
polyesters or poiyethers, with free hydroxy groups, which
are mixed di~- or polylsocyanates. Water or fluorinated
hydrocarbons In additlon to catalysts and hardeners cause
the mixture to develop gasses, which are entralned In the
material, This creates a cellular foam without the help

of mechanical mixlng or the applicationr of heat. Depending
on the starting materialis and thelr ratios, one can obtaid
either hard or sofr foams, with densities ranging from
one to sixty pounds per cubic foot. The soft, fliexible
foams are partialily open celtod.'whereas the hard foams

are more or less closed celled,

Hard urethane foams are very well sulted as bases for
orchard husbandry. Flaked, sof+ and hard foam can be
used for soll tiith, Comparative tests between urethane,
Polystyrene, Plastsoil conducted over several vegetation:
periods cannot be pubflshad at the present time because

thelr evaluation If not yet compieted,
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Polyvinylchloride foams

PVC foams may be produced without pressure, with low
pressure or high pressure. Depending on the method of
production, one can obtain foams ranglng from soft to
hard, with a corresponding range of ciosed to open calis,
Their densities wiii range from 2 to 70 pounds per cubic

foot,

Open celied PVC foams can be used In thin sheets to
cover the topsoil., This Improves soil bacteria growth
and prevents water evaporation. PVC foams are very similar
to polyurethane foams; tney can be used for floating
garden arrangements and as bases for plants raised

In Plastsoli, It should be mentioned that highly flexible
synthetic foams are not suitable as a root matrix be-
cause when compressed, they spring back to their original
shape with a force strong enough to tear off and damage
root branches,

Development work Is presently being done to overcome

the hydrophobic characteristics of hard synthetic foams
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Mixed Synthetic ftoarmg

It Is possible to mix 4 number of synthetic t¢ima with
other organic and Inorganic substances to create a plant
growth medium., It is possible to mix flaked polystyrene,
polyurethane, vermiculite, and fibers for Instance, and
use them with suitable glues Into plant substrates with
resiiience and good water retention, Qerman patent

1, 221, 484)




Other foamed Plastics

Many other ptastics can be made into foam, as for example
sllicones, acetates, polyamides and polyethylene, However
plant physiological data on these foamed piastics Is non-
existent or very scarce., The development of suitabie foaming
equipment, logistics, and price plays an important roie

in the use of foamed piastics In agriculture,
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Investments and product costs:

uF FF

Minimum capaci- 1000 3000
ty (Jjato) for a

commercial produ-

cing

Investmaents for 100 175
the producing of

the row materials

per looo Jato

('ooo US Dollar)

Invesiments for 1o 75
the Equipments

1.000 jato ('ooo

Us Dollar)

price of the -,40 -,52
raw materials
(US Dollar:kg)

convertion cost
(Us Dollar/kg) -,10 - 25

UF . urea formeldehyde
PF = phenol formadehyde
PU . polyurethane foam
PS = polystyrene foam

PVC = Poliyvinyichioride

PU

15000

325

115

-, 25

foam

foam

foam

PS

12000

225

200

-, 30

PVvC

6000

2175

175




Looking at these figures it is obvious that U. F. foams

as far as the finai costing is concerned is definitively
ahead of the other materials metioned. Additlonally It

has to be noted, that the farm-out of the know how

and process technology is comparitiveiy simple since

the relative equipment has been ir operation for approximate-
ly ten years and training faciiities are available in

Europe and the United States.

Conclusions:

After taking Into careful consideration all’ the facts
and findings regarding the use of plastic foams as a
soll Improving media |t becomes obvious that the urea
formaldehyde foams technologaily and commerciaily offer
properties which could not be obtained at least for time

being from any other plastic mafor!af.









