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A METHOD FOR PREPARING OPEN-CELLED CROWING MEDIA AND GROWING
MEDIA

as plugs, Ior the germination of seeds and the growing or

propagaction of plants, and & method of manuracturing such

Plant seedlings or shoots can be planted in and grown in
rocoting media comprising soil mixture and =a synthetic binder
thereicr, such as an organic resin polymer. Such rooting mediz
or grow plugs eliminztes the need to yss COoTs, wnich add

substantizazl weight and cost to cransportation cf plants. sSuch

grow plugs are known, as 1is evident from U.S. Patent No.

3,805,531, which disclcses a roocing media Zformed by mixing =

rrepclvmer with aggregate or soil mixture =znd adding water to

the mixture. Upon curing of the prepolymer, a2 cohesive mass is

using & mixXture o©i soill material com rising at lezst

'O

olyurethane by weight on a dry basis of thes soil material. A
siurry 1is prepared by intensively m1xing the vprepolymer, scil

macerial and water. The slurry is then cast into a die and

1n the plugs of the prior art, growlng cZ the seed

)
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synthetic material in such plugs, the better the seedlings grow.
Presumably the presence of the synthetic material impairs

access oi water and air to the plant roots. Ideally, therefore
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grow plugs would contain no synthetic material
synthetic material is a critical component of such plugs
order to provide a self-supporting, stable plug that does nex
cisintecrate upon handling. Indeed, U.S. Patent No. 4,175, 285
dlscussed above expressly teaches that using less than about 15%

polyurethane resin by weight on a dry basis results in the

rooting media crumbling and talling apart. Moreover, plugs

and 1insufficiently dense. As & result, the water restaining
properties 0I such plugs are poo and the penetration of air is

1< would thus be highly desirzble to oproduce = grow p»iug
that mimics, as closely as possible, growing media that is free
ci svnthetlic material.

U.S. Patent No. 5,209,014 discloses molds for growing

seediings, the molds being formed of turf, water, nutrients and
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netic molding materials such as a pclvurs=hane resin. The
014 patent states that the prepolymer is added in the amoun*: cof
apout © to 8% by weight to the turf mixture, the *“urf mixture
£irst heaving been ground in a turf grinder. It is apparent from
the disclosure that in referring to 6-8% prepclymer by welght of

the dry mass, the term "dry mass"” is being used to indicate tur=

N
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mixture to which additional water has noct vet been added. That
1s, the turf mixture inherentlv contains moisturs, and the "ary
mass'" rsierred to 1n the '014 patent includes thzif moisture, bu=
does nct. inciude the water introduced tec the tur? mixture pricr
tc the &addition of the prepolvmer. Were The amount of
prepolvmer in the '014 patent calculated on & true "bone drv”
pasls TCc be consistent with the other prior art, the percentage

Satr o

ci prepcoclymer would Dbe considerably more than the 6-8

(N

IT 1s <thereiore an object of thes presen:t invention o

crovice coheslive, stable, resilient, homogensous, integral,
seli-supporiling growlng media with minimal amocunIs of synthetic

=
(i
*q
0}
{))

turtner object of the pressnt invention to provide
growing mediz having improved water restaining properties and
s=2seC alr space.

IT i1s 2 still further cbject of the presenz invention to

crovids a process for preparing ccohesive, s=able, resilient

NOMOgEenacus, integral, self-supporting growing media with
minimal zmounts of synthetic binding matsrizl.

SUMMARY OF THE INVENTION

The problems of the prior art have been overcome bv the

cresent inventlion, which provides a ©process for produ

."‘""E'P'*f"!'
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nYCYOEnIllCc growing meacia, preferablvy pvlugs, and provides
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growing media having lmproved properties and a minimal amount of

b

binding agent. In genera- terms, a mnethod 1is provided fo
forming & resilient, 1ntegral, dimensionally stable, cohesive,
homogensous mass Dby contacTing an aggregate with a hydrophilic
urethene pvrepolvmer and water. Upon curing, the prepolymer

binds the aggregate material together. The mixing of the

aggregate, prepolymer and water 1is conducted under specific,
carezully controlled conditions, which enables the use of less
prepolymer toc obtaln a given strength and stable air space than
would oTherwlise be necessarv.

BRIEEF DESCRIPTION OF THE DRAWING
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a ront view of apparatus suitable for

manuiacTuring grow plugs in accordance with the present

DETAILED DESCRIPTION OF THE INVENTION

Sultable aggregate that can be wused in ths present

inventicn 1ncludes peat moss (Including reed-sedge pez<f,

schnagnuems eat, horticultural sphagnum peat, and wood eat),
J . | J J

sc.l, c<coir (coconut nusk), perlite, vermiculite, pumice, baked
clay, wocod pulp, pine bark, ground =tree bark, sawdust, and
mixtures thereof. Peat 1s the preferrsd aggrzgate. The tTerm

"bone c<rv aggregate” as used hereln means aggregate that has
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been oven-dried at 105°C for 24 hours in order to remove the water

therefrom.

In the case of peat moss, since the moisture content of
commercially available peat moss varies, the peat should be conditioned
prior to use. Specifically, the moisture content of the peat can be
standardized by adding water thereto until the peat is saturated. The
saturation point can be determined visually; it occurs when the peat ceases

to absorb water.

Suitable binding agents for the plugs of the present invention
include hydrophilic polyurethane prepolymers, such as those that are the
reaction product of a polyol, preferably a polyoxyethylene polyol, with a
polyisocyanate. Preferred prepolymers are those disclosed in U.S. Patent
No. 3,812,619 to Wood, and are commercially available under the name
HYPOL® from Hampshire Chemical Corp.

Preferably the ratio of prepolymer to as supplied aggregate is 0.03-
0.1:1, more preferably 0.05-0.07:1, most preferably 0.07:1. The particular
ratio will depend on the nature of the aggregate being used, and can be
readily determined by those skilled in the art without undo experimentation.
Preferably the amount of water added is about 14-16kg/5kg aggregate.

The chart below shows some suitable formulations:
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Turning now to Figure 1, there is shown suitable apparatus

for prsparing dgrow plugs in accordance wi=h the ©»Dresen-

inventlon. A plurality of trays are provided with suitable

utilized tc consolidate space, and to hold the plurality of

Crays Tc be Ifilled with the slurry preparsd zs 43
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Crays can assume anv desired configurati
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12ng & plurality of apertures c¢r molds shaped depending

upon tie desired shape c¢i the finzl plug. Typlcal Shapes

20, wnich transports the trays to a spraver 2. The spraver 2
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release agent onto each tray in order +=o facilirars
removal oI the plug from the tray, oncs Fformed. Anvy
conventicnal release agent that 1s nct phyv-otoxiz can be used,
although the preferred release agent cocmprises lsciz=hin.

s S — : . . = ~ N . -
Ine Trays coated with release agent procsed 2LONg convayer

belt 20 *o a2 mixer 3. The mlxer 3 milxes the variocus campoONen=s

-

e : v . - 5 - 1 vs y ) e = 3
CI The siurry which ultimately cure in the trzw Tz form the grow
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plug. The slurry includes the aggregate, the hydrophilic
polyurethane prepolymer binding agent, and water, which
preferably are each supplied to the mixer 3 separately. In the
embodiment illustrated in Figure 1, the binding agent is housed

in containers 11 which communicate with the mixer 3 through

communicates with the mixer 3 via a conveyors 12 and 13; anc
water is housed in container 14, whicn communicates with the

mixer 3 through suitable ducting. Once the components are

emptied into the mixing chamber of the mixer 3, the mixXing 1S
commenced. Although the order of addition o:i the ingredients is
not cri=ical, preferably the aggregate is added to the mixing

hamber Zirst, followed by the additiorn of water and finally
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preferarly less tThan 6°C. The low temperature ensures that the
reaction proceeds slowly, which the present inventors have found
results in a desirably stable product having a suitable airx
space. More specifically, by ensuring & slow prepolymer cure
rate, = homogeneous mix can be achievec even if the mixing 1s

conductzed under low shear so as not tc damage tThe aggredates

Nob =F3 o] 3 F 5 3 > o . SAioxide from
particles, sufficient alr Irom mixXing and carbcn dioxide DIl
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blowing (resulting from the reaction between the prepolymer and
water) can become entrained to provide a low density prcduct,
and the resulting homogeneous mix can be suitably emptlied intc
molds. The temperature of the slurry can be best controlied by
controlling the temperzture oI the water added to the aggregats
and binding agent. Thus, the temperature of the binding age
can be relatively high, such as 40-50°C, vet upon the additicn o=
suitably cold water to the binding agent and aggregate, the
resulting slurry will have the desired temperature as long as
the water temperature is properly regulated. Sinces tThe zamount
of water greatly exceeds the amcunt o¢I binding agent, the

initial temperature of the binding agent has wvirtualliv no eizect

I+ is also critical to the present invention that the

mixing be conducted un

nder shear low enough so as to minimize and
preferably aveid damage tc the zaggregate ZIipbers. Stated

"'..‘.:.::
il ii

(D

ntly, the length oif the aggregate IZibers pricor Lo RiXing
should be substantially the same as the length after mixing IS
completed; virtually nc grinding or decimaticn of the Iibers
should <taxke place} so that the total surface area oI th
aggregate prior to mixing 1s tne same O substantizlly Thg same
as the total surface areaza c¢f the aggregate after mmiIXIng,
regardless of the residence time of the mixture in the MIX1NG

champer. This can be measured in terms c¢I parcicle st

distribution; the particle size distribufilon o©i the aggregacte

Q0
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prior to mixing should be the same or sulstantially the same as
the particle size distribution cf the aggregate after miXing.
Those skilled in the art will apprecizte that tl
aggregate should be virgin aggregate; that 1s, commercially
available "as 1is" aggregate that has not been ground.

Preferably the particle size distribuztion of the starting
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ed bv & size mesh 8 sleve havs

beer removed, has a particle size disztribution such that at

least more than 40% of the particles are retained by a size mesh

T

35 sieve, preferably at least 45-65%, nmcre preferably at leasc

mixing, especially damage to the larger particles, the mixing

rhan 35 mesh) particles, during mixing, yet prcauces &
homogeneous mix during a mixing time zhat is long enoughr tTC

2ilow & sufficient air to become entrainsd, but is short enoudn
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to prevent filling ¢f molds, Or 1n amount suIficienc TC Causs

~he media to break into clumps, tTherebv wezkenin

recsidence time in The mixer of from about 30 secancs tTe abou:

4.5 minutes, vreferzbly from about 60 seccnds tc arout

(
N}

minutes, most preferably about 1.5 minttes, results in &

homogeneous product having 1deal, stable zi

r spacs. Whether =z

o~

particle mixer 1is capable c¢i forming & hcmogsnects mlxX Can D

Nt gl s o

determined visually; 1n non-homogensous mixes, lzrge parTicles

B
- |

oZ cured polymer are readilyv visible, and/cr fhe rssuliing med:iz

ﬂ-‘w

is relatively weaker than otherwlss l1dentlical meZla macs ZXom
nomogenseous mlXes.

Since the temperaturs ©0I Tthe mix 1s suIiiciently low TcC

RPN N R N —

-
yJ
o )
’..a
-
cr
N

;

0}
)
fu
'3
i
j—
(1)
}...4
@
-
e
-
D
(]
O
8 ¢
1
J
(D

'O
I
(D

'O
O

‘g:
O
by
('t
1
1)

'3
i~
1)

'a

O
|

]

(b

by

)

fu

N

'.J
v
F
(D
b
n
('
i Ay
()
(D
f)
2
O
Mp
(3
N
e
1
oy
(D
)
()
(2
s
D
18
()
(1
(D
h
' ¥
U
(D
I~
)
}

in an amcuntc suzIilcient
to form & homogeneous composition that upcn curing, 1s sIrong,
conesive, stable and seli-supporting. In view cI T
temperaTture of the mix, relatively long mixing times undser 1ioWw
snear that may be necessary to achleve a himocgenecus mix can pe
used without allowilng the ©prepclymer o cursz =2

deleteriously inhibit mixing or the £fili:ng o0f the mix I1IcC

-
;

suitaple molds or trayvs.
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The present invention is characterized by a batch mixing
operation coupled with a continuous fill operation. Thus, the

various components making up the growing media are metered into

a mixing chamber on & batch basis, are mixed, and then empty

intc a tray filling machine 5 (Figure 1). Wnile 1in the trav
£filling machine 5, the mix 1s slowlyv tumbled cr agitated, and 1is

continuously forced out the bottom of the tray £illing machine 5

into suitable tTrays or molds properly spaced and aligned on
convevor peltT 20. The speed of convevor belt 20 is regulated so

..aL. - .:-:-_ . a s . i ' s t.:-- ; .:...e. / it i qu
that the f1lling operation 1s continuous; : s based upo

the predetermined mixing time 1n the mixer 3, so that there 1is

alwayvs some mixed growing mecla composition in the tray filling

machine 5 during the operation. The amount of product emptving

intec each tray 1s controlled by a weighlng device 4. The
product cures 1n the trays in about 5 minutes at room
temperature. The Dbatch mixing/continuous Ii1lling operation

allows Icr different meclds or tTravs without retooling.

The trays containing cured product can tThen proceed tTo

C.

dibblzsr station 8, where a suitable cutting or nole 1s made 1in

each pliug tc accommodate a seedling or the like. Tray stackers

i

6 and 10 and tray destacker 8 can be placed zlong the path c¢Z

r

ravel Lo conserve space.

Those skilled 1in the art will recognize that other
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be included in the g¢growing media, such as

nutrients, wetting agents, Ifertilizers, fungicides, pestlcides,
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pE adjusters such as lime, etc. Preferzplyv such additives ars
added during the batch mixing stage, anc 1f water soluble, can
ne rapidlyv water soluble cr can be relzased over an extended
period oI Time.

e invention will be further illustrated bv the following

non-limiting examples.

EXAMPTE 1
£ slurry 1s prepared from the following components:
5 Kg peat soil (containing 47% by weight moisture)
200 g EYPOL® 2002
15 kg water

emperature of tThe water added was 5°C. The resulting

-3
%
(D
(1

-’

siurry was mixed 1n a mixer having four arms 25 cm long at 10
rpm for 1.5 minutes. The resulting dlspersion was casted in
packaclng travs and hardened witnin 3-4 zinutes at a temperature
cZ abcuz 10°C. The resulting plug had excellent density and did
nct crumple cr fall apart.

EXAMPTE 2
"ne procedure of Exampie 1 was repsated, except that € kg
cZ grcund coconut fiber was used insteas 0i peat soil, and ths

slurr was prepared using 210 g resin ifcrming solution anc ¢ kg

-ib
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o~

or water, The resulting plug obtained was a coherent body

having excellent density.

EXAMPTE 3

Berger blonde golden spaghnum peat moss was used. I: was

(-

ftluffed for three minutes in a Hobart mixer at 100 RPM. The

f S

peat was then sieved with standard mesh sizes 8, 20, 35, 50 and

~ 7
80 for Zive minutes. 2All material left on the mesh 8§ screen was
discarded and the other fractions were collected and placed in

separate b
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dry mixing simulating low shear (Hobart mixer for 90 seconds at

500 rpm) and high

n

hear (modified hand drill with a homogenizing
blade inside a plastic cecntziner having an inside diameter (3.5
inches; height of 7 inches) slightly larger than the blade

diameter (2.73 inches) to ensure a high degree of c¢

ontacc
between the blade and the media). The resulting particle size
Cistribuzions for esach are set forth in Table 1:
TABLE 1

CONTROL LOW SHEAR HIGH SHEAR

MESE 20 31.4~ 28.2% 14,77~

<20 >80 56.2% 54.5% 65.1%

<80 12.4~ 17.3% 20.2x

The data demonstrates that under low shear, little damage 1s
done to the particles. In contrast, under high shear,

substantial damage is done, especially to the larger fibers,

|.....J
L
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i.e., only 14.77% of the fibers were retained bv a mesn 20

sieve, compared to 31.4% in the control.

The flufrfed and screened peat of the various par:ticles
sizes wes welghed and re-combined in its exact original particle
size distribution. The peat having this recreated particle size
distripuztion was conditioned bv adding sufficient water to bring
the density from its original 100 grams/liter to 180
grams/liter. (This conditioning step prepares the media for the
additicn o a standard amount of water in order to prO‘UCQ

mixtures that are consisten: from batch to bareck i1, regardless of
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initizl (preconditioned) density/moisture content.
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The conditioned peat was sieved using standzrd mesh sizes §

-~
o

and 2. The larger meshes wers used because the condirioned

peat nac swelled as a result ci absorbing the water used in the

concliicning step. The conditioned pezt was sisved for Five

]_...i
I
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minutes, and the results of low and high shear mixing (as

carried out above) are shown in Table 2-:

IABLE 2
CONTROL LOW SHEAR HIGH SHEAR
MESH 20 4 6.0% 2.8% 0.2%
<80 >35 | 93. 2% 95. 1% 37 . 6%
<35 0.8% 2.1% j 2.2%

Agaln, the data confirms that substantial damage is done to the

Cibers ci the aggregate at high shear, especialiy the larger
fibers.
As a control, 200 grams of conditioned pezt was placed in &

mixing bowl. 500 grams of water at a temperature of 4-5°C was

acdded. © grams of HYPOL® 2002 prepolvmer was then added, and

the materlials werse mixed using a Hobart mixer at a2 rate of 500
R®M Zor 80 seconds. The resulting mix:ture was poured into twc
cylinders having inside diameters of 3 inches and a height of
3.5 inches. Any excess mixture was poured into a graduated
beaker. The wet density (and drained) and strength were
determined, and are recorded below. The wet/drazined density was
determined by allowing the cylinders to drain for between three
and four hours.at 30°C. Each cylinder with mediz was welghed.
(The media was removed rrom the cylinder for use in the strength

and dry density tests (below)). The cvlinder tzre weight was

subtreacied Irom this total weight and the resulting weighz was

f—»
{J}
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wtim

divided by the volume c¢i the cylinder (403.2% cc). The strength

cf the weT (and drained) medlia was determinecd bv sieving using
screens with mesnh 3/8 inch, 8 znd 20. The amount of media
remalning On each screen aiter sieving was recorded to measure

the reiztive strength of the samples.
A mixX1ing time experiment was carried cut comparing the

contrcl (90 seconds of mixing) with samples that were mixed for

only 30 seconds (Sample 2) and 300 seccnds (Sample 3). The
results are snown 1n Table 3 below. The resu_ts demonstrate

~

that mixing f£or too short a periocd of time (Samrle 2) results in
a more dense media (21% in this case), and thzt mixing for too

1 L

long a period ¢ time (300 seconds) results in an even denser

(54%z in this case) media. Higher density fransliates to less air

space, medlia That 1s too wet (which is deistericus to the roots

of the plants or seedlings, and can resulsT in rzot rot), and
higher medla manufacturlng costs {(i.e., lcwer vields)

(Samp iz &), smealler particle size (Sample 2, and very small

demonstrate that using large particle sizs mediz results in good
medla naving properties similar tc the ccnztrol Howev as the

I

particle size decreases, alr space begins ¢ decrease, and the

medlia becomes markedly weaker. As particls size becomes very

=2 ocecomes even

' i
O
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denser, 2.Y space 1s reduced, and the mediz remains visually
very wec.
A weter eamount experiment was conducted wherein a sample

centaining teo little water (Sample 7) and a sample containing

teco mucn weter (Sample 8) were compared to the Control.. Table 3
shows tneaz although using too little water results in a low
density, nigh alr space media, the air svace is not stable
(1.e., 1t decreases over time), and the media was ncot cohesive
but rather was very weak. Using too much water results in a
high dens-ty, low ailr space mediaz that retains too much wate> is
would be celeterious to plantings

TARLE 3
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What is claimed is:

1. Method for preparing cohesive, stable, self-supporting, homogeneous, open
celled growing media, said method comprising forming a slurry consisting essentially of
aggregate comprising particles having a particle distribution, hydrophilic polyurethane
prepolymer, and water; mixing said slurry at a temperature below about 20°C., said
mixing being conducted for a time sufficient to create a homogeneous mix; forcing said
mixture into at least one mould and allowing the mixture to ultimately cure in said mould,
wherein during mixing about 90% of the volume increase in the transition from slurry to
cured growing media is effected and wherein said mixing is conducted under low shear

so as to not damage the aggregate particles.

2. Method according to claim 1, wherein said aggregate is selected from the group
consisting of peat, soil, coir/cocospeat (coconut husk), perlite, vermiculite, pumice,

baked clay, wood pulp, ground tree bark, sawdust, and mixtures thereof.

3. Method according to claim 1, wherein said prepolymer and aggregate are
present in a ratio of 0.02-0.14:1.

4. Method according to claim 1, wherein said slurry has a temperature below about
20°C. and is mixed with a shear sufficiently low so that said particle distribution of said

aggregate I1s not materially altered.

d. Method according to claim 1, wherein an aggregate is provided having a pre-mix
particle size distribution; and said aggregate is mixed with hydrophilic polyurethane
prepolymer and water, said water having a sufficiently low temperature so that when
said water is mixed with said aggregate and prepolymer, the temperature of the mix is
adjusted to below about 20°C.

0. Method according to claim 1, comprising:

a. mixing, in a batch, aggregate, hydrophilic polyurethane prepolymer and
water,

b. transferring the resulting homogeneous mix into a vessel;

18
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C. continuously and directly filling moulds with said homogeneous mix from
said vessel; and

d. allowing the resulting mix to harden in said moulds.

7. Method according to claim 6, wherein the molds are trays containing cured
products in the form of plugs provided with a suitable cutting of hole in each plug to
accommodate a seedling.

8. Method according to claim 1, wherein mixing is effected during 30-120 sec.

9. Method according to claim 1, wherein mixing is effected during 40-70 sec.

10. Method according to claim 1, wherein after forcing the slurry is cast in trays,

remaining uncovered after filling.

11. Method according to claim 1, wherein after filling said trays are immediately

removed from the filling site.

12. Method according to claim 1, wherein said mixing is conducted longer than 30

seconds and shorter than 300 seconds.
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