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TECHNOLOGY DEVELOPMENT OF
PROCESSING PLANT RAW MATERIAL
USING CAVITATION

O Prof. B.P. Shipunov and Dr. A.V.Ishkov, 2005

A new technology of processing plant raw materials by cavitator is presented. The
report contains the research results for basic chemical and technological processes in
laboratory conditions.

The products obtained by this technology provide for production of board materials,
basic ingredients for construction mixtures and premixes or fodders for livestock.



Potential raw material
for the technology

raw material processing wastes (sawdust, chip
wood, middlings, etc.)

coniferous and deciduous wood




- _al technologies of plant raw materials processing

are based on destruction of a plant complex (which is energy consuming), and use chemical
resistance of cellulose to some reagents which dissolve other ingredients of plant materials

acid sulfite methods,
e.g. melting cellulose with a mixed reagent
Ca(HSO,), + SO,

>

alkaline methods,
e.g. sulfite method
reagent NaOH + Na,S

>

and combined methods,
e.g. sulfite method with preliminary hydrolysis, nitrogen-alcaline method etc.

>



] _ Critical directions for creating a new technology

use chemical processing of plant raw materials instead of their

combustion
(average combustion energy leveli 18 000 kJ/kg wood )

A simplification of processes, decrease in duration and power consumption

A modernization of chemical-engineering systems (CES), application of new
principles, devices and their unification with the available equipment

A avoiding toxic reagents

A ecological compatibility and high hygienic quality of the final product



uennwonoza

40-60 % a-cellulose (Cel)

17-30 % lignin (Lig)

Chemical content of raw materials
for air-dry wood

PRV
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17-20 % coniferous
30-35 % deciduous

of hemicellulose (Hem)
in wood



] _ Theoretical bases of the new

>

>

>

>

>

>

technology

Priority of chemical processes

use of chemical activity of lignin and hemicellulose (Hem) as well as minimal
destruction and maximum activation of lignin (Lig) which speeds up the process,
saves power and defines potential hardness of the final product;

applying cavitators in CES 1T combining mechanical, thermal, electromagnetic and
other types of impact on the material;

applying non-toxic available reagents combining several useful qualities;

using a principle of generation and «death» of chemical reagents at different
stages of technological circuit;

neutralization and deactivation of reagents at when getting final products.



> >

>

solvent:

Basic raw chemical:

bonding

organic substances:

additives:

-H,0

- alkaline NaOH and Ca(OH),

- acids H,SO, , H;BO, or borax
in sulfuric acid solution

- (H,N),i C=0 and (CH,)N,

- citric acid, stearic acid, paraffin
and hydrophobic elements

Chemical reagents for the new

technology




0000 Chemical reactions and physical processes

a)

b)

f)

the new technology is based on

Lig-Cel-Hem + cavitation- Lig-Cel-Hem?*,
Lig-Cel-Hem + H,O %(H*or OH' hydrolysis)- Lig-Cel + polyozes,
Lig-Cel + cavitation- Lig-Cel *;

bl Lig-Cel-Hem + cavitation- Lig;-Cel,-Hem, + preliminary hydrolysis - Lig,-Cel,-Hem, *,
Lig-Cel + NaOH - Lig,-Cel,,
Lig,-Cel, + cavitation - Lig,-Cel}*;

b2 HOT (CO)i Lig,-Cel* + (H,N),i C=0 - O=Ci R(NH,)i N=HCi Lig,-Cel, + H,0,
2 HO(CO)i Lig,-Cel;- Lig,* + (H,N),i C=0 - Cel,-Lig,-HC=Ni R(CO)i N=Ci Lig,-Cel, + 2H,0,
Cel,-Lig,-HC=Ni R(CO)i N=Ci Lig,-Cel, + HOi (CO)i Lig,-Cel,* + (H,N),I C=0 - three-dimensional
polymer A, (ref. by Bjorkman, 1957; I. Marton 1961 and Shamaev V.A. 1985);

Phi Lig,-Cel,* + (H,N),i C=0 %5(OH")- Cel,-Lig,i Phi COi NH, + NH;~,
2 Phi Lig,-Cel,* + (H,N),i C=0 %4(OH")- Cel,-Lig,i Phi COI Phi Lig,-Cel, + 2 NH;~,
Cel,-Lig,i Phi COi Phi Lig,-Cel,+ Phi Lig,-Cel,* + (H,N),i C=0 - three-dimensional polymer B;

(CH2)6N4 + HZO %(H+)' 6 HZC:O" + 4 NH3—1,
n (H,N),i C=0 + m H,C=0 - i [i N(CO)NH,i CH,i Jn+mi %(t °C)- three-dimensional polymer C:

Lig,-Cel;i (CO)i OH* + H,BO, - Cel,-Lig,i (CO)i Oi B(OH), + H,0 %(t °C)- three-dimensional polymer D;
neutralization and deactivation of reagents:
2 (H,N),i C=0 + H,0 %(OH")- 2 NH;=+ CO,~, CO, + Ca(OH), - CaCO,,

2 NH, + H,SO, - (NH,),SO,, NaOH + H,BO, - borax,
H*+ OH' - H,0,

remarks: *- activation product



» B Experimental research (Phase A)
studying transformations plarg{?}m t igls in cavitator
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Fig. A1. Conversion of basic ingredients coniferous wood boiling in sulfite (a)

and being processed in Cavitator 65 (b)

(date of first process - the boiler ¢ s 1 &#320» - manufactured by Ltd. «Petrozavodskbummash», 0,8-1
MPa, 140 °C)



" =B Temperature dynamics in Cavitator 65

Cavitator 65
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notes: A - optimal temperature zone for cavitation

Fig. A2. Temperature curves for tap water V = 10 liters under various technology
parameters: 1 - T, =25 %; 271 T =5 ®; 3 - Ty = 25 M,
a cooler, t; = 10 &% and v = 10 I/min (permanent process)



= The technology factors impact

on cavitation intensity
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Fig. A3. Investigated factors: 1-3 - liquid ratio (0,1; 0,2; 0,3); 4 - raw

material type (7 - coniferous wood sawdust, Y - deciduous wood sawdust, T -
plant wastes); the size of the raw material (dispersiveness): (a) - A 5-7 mm
fraction, (b) - A <5 mm fraction;

5 -5 % NaOH additive; 6 - 10 % carbamide additive.



viecrianiCal destrucCtuor Or materials

In cavitator
destruction coefficient k = 1/10 (by microscopical

analysis)
Table Al
Plant cavitation loss of unground
Raw materials time, min weight, % | fibers, %
| 30 5 15
60 7 12
90 9 8
[l 30 2 9
60 8 7
90 9 3
1 10 12 10
30 18 15
IV 10 7 2
20 12 4
V 10 5 10
20 8 15
notes: | - a mixture of sawdust and chip of coniferous wood, Il - sawdust of

coniferous wood,

[II'T plant wastes (hay, straw, etc.), IV 1 middling of cereals,
Vi sunflower and buckwheat husk;




- _ Intensity of mechanical destruction

in disintegrator and cavitator
destruction coefficient k = 1/10 (by microscopical analysis)

Fig. A4. Device:

1
gpema oopadomiku, Jac

1 - disintegrator (byRUPat. -~ 20094000
1 - Cavitator 65



- _ Chemical analysis of products

Table A1
Plant raw cavitation polysacharid ligninZ2, % water
material time, min esl % content, %
I 30 22 19 2,5
60 28 22 3,5
90 52 25 4,6
1 30 45 21 1,8
60 54 29 2,6
90 58 35 5,2
"l 10 38 32 2,4
30 48 38 3,0
\V/ 10 49 26 2,5
20 57 35 3,0
V 10 60 29 1,6
20 65 41 2,5
notes: | - a mixture of sawdust and chip of coniferous wood, Il - sawdust of coniferous

wood,

[II'T plant wastes (hay, straw, etc.), IV T middling of cereals,

V1 sunflower and buckwheat husk;
1 - a mixture of Celand Hem, 27 by Komar ovos met hod
Polysacharides include easy- and hard-hydrolyzed polysacharides in the product



Nutritive value of premixes

Table A3
Parameters plant raw materials
I [l 11
proteins *, % 4,50 3,77 4,38
fat *, % 1,4 1,2 1,2
cellulose *, % 44,7 36,4 38,6
starch, g 16,2 0,0 14,4
sugar, g 9,0 0,0 6,0
notes: * 1 parameter for air-dried material,
|7 plant wastes,
II'T cereal middlings, Il T buckwheat

husk



.._ Commercial use of intermediate products
a phase A

intermediate products left after cavitation can be used in construction
and farming, as they possess glueing ability, large specific surface,
adsorb water and contain a lot of nutrients.

using them one can produce:

A facing and heat-insulating plate materials (photo 1)
A premixes and a fodder for livestock (sample 2 and 3)
A Liquid construction mixtures, decorating plasters
(sample 4), also basis and fillers for dry construction mixtures
A collectors for pharmaceutical prolonged activity preparations

and fertilizers (sample 5).

At a water stage there are surfactants from lignin derivates and hemicelluloses group
- these solutions can be used as modifying additives to concretes.



0 _ Optimal technological parameters levels for A-
phase

>

production of intermediate products

binding-free press-masses:

fraction of sawdust A 2-5 mm; M = 0,1-0,2; activation 10 min;
cavitation 1-1,5 hours; t = 75- 85 °C,; free cooling and swelling - 24
hours; stages separation

press-masses with subsequent binding additives:

fraction of sawdust A 2-5 mm; M = 0,08-0,1; activation 10 min;
addition of hydrolyzing reagent cavitation O 2. O0,5hoursatt= 65-75
°C; free cooling; stages separation

premixes and fodders:

cutting the plant wastes for ¢ 15 mm; M = 0,06 - 0,08; cavitation 0,5
hours (and less) at temperature interval 60- 70 °C with /without
reagents additives; stages separation or mixing the liquid with dry
fodder.



chip wood

stages of the process:

a)
b)
c)

e)

f)

9)
h)

i)

- riddling for the needed fraction
- measuring reagents

- filling the tank, activation and
cavitation

- free cooling and swelling

- separation

- mixing the intermediate product
with others ingredients

- produce fluid mixture

- hot-air drying process

- dry mixture

total time i 1,8 = 2,2 hour

(or at d-stage 25,8 +27,2 hour)

Flow diagram of A-phase process
implemented in laboratory conditions
produced - 1 kg construction mixture, intensive parameter - time




