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Abstract 
Loose cohesionless bulk cargoes in its composition contain fractions of different size of particles. Some of 

them are included into the dustiness fractions. One of these solid bulk cargoes is soybean seed cake. It 

contains in its composition fractions of different sizes. Constantly increasing demand for the bulk cargoes, 

has increased the interest in the issue of maritime security. Soybean seed cake is transported by various means 

of transport, including maritime transport. As it is characterized by loose cargo tends to pour athwart on 

board, which may lead to displacement of the center of ship’s gravity and in consequences may have led to 

the capsizing of the vessel. In this article influence of small fractions of soybean seed cake one size of the 

static angle of repose, kinetic (natural) angle of repose, bulk density and porosity in terms of safety of the 

transport of soybean cake by the sea is presented. The results were shown in the graphs and were statistically 

elaborated. 

 

 

Introduction 

Soybean seed cake belongs to the specific  

cargoes. In the transport it occurs mostly as free- 

-flowing bulk cargo carried on by various special-

ized land and water means of transport. Require-

ments for the carriage of seed cake are given in: 

standards, codes, international agreements, instruc-

tions and published in 2005, the international 

standard GMP. Conditions for carriage of seed cake 

by means of different modes of land and water 

transport are set out in PN-77/R-64800 and are 

formulated in general terms. According to this 

standard freight wagons, cars, boats and ships  

designed to carry the seeds must be covered, dry, 

clean and free from foreign odors negatively affect-

ing the quality of the feed and protected from  

getting wet. Transportation of soybean meal by 

various means of transport, as cargo belonging to 

hazardous are regulated by international regulations 

in: ADR [1], RID [2], ADN [3], the IMDG Code 

[4] and the IMSBC Code [5]. Soybean meal is clas-

sified as dangerous goods and is included in Class 

4.2, as a pyrophoric (self-igniting) materials. This is 

justified by the phenomenon occurring in seed cake 

during the transport such as biochemical processes, 

which result in the evolution of heat. The high  

water content in seed cake, favoring the growth of 

mold and fermentation processes once the high 

content of fat can lead to self overheating and even 

spontaneous combustion. When shipping the soy-

bean seed cake, to the factors that contribute to self 

overheating and self ignition belong [6, 7]: high 

humidity in the hold and insufficient its control and 

adjustment, exposure to moisture and splashes, 

a small storage space in the hold of a ship, the  

limited ability to control the seed cake temperature 

and removal of accumulated heat, high seed cake 

fineness degree and relatively long journey time.  

Soybean seed cake in bulk, in addition to larger 

particles (diameter > 1 mm) also includes fine and 

dusty fractions, posing a risk of explosion. The 

presence of solvent vapors in the soybean seed cake 

as the residue after extraction, and the presence of 

large amounts of dustiness fractions can lead to an 

explosion. 
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In addition, apart of larger fractions soybean 

seed cake also include particles of fine and pow-

dery fractions which asses about 4% of the total 

cargo (Fig. 1) and pose a risk of explosion. 

Processes occurring in soybean seed cake 
during transport 

A characteristic feature of soybean seed cake is 

the instability of its physical properties and chemi-

cal composition. Regardless of the type of transport 

and handling methods the transported and handled 

soybean seed cake is exposed to atmospheric  

factors such as oxygen in the air, temperature and 

humidity. These factors influence the course of 

change that reduce the quality of seed cake. To the 

negative effects hindering transport processes in-

clude reduction of fluidity causing among the other 

agglomeration and formation of caked layers, re-

sulting in a suspension of cargo in the outlets of 

silos known as “bridging” and reduced patency of 

pipelines, resulting in difficulty handling opera-

tions. Such reactions occur with greater severity 

with high amounts of fine fractions in seed cake. 

The caking and clumping of soybean seed cargo is 

affected by the shape and size of seed particles, 

grain composition, water content, and time of 

transport and storage. These properties also affect 

the compaction. The more flat are seed particles 

and the greater amount of fine fraction with a high-

er content of water then the greater tendency of 

seed cake to a progressive over time, agglomeration 

and compaction. A measure of progress of this  

adverse processes is the increasing of bulk density 

of seed cake and the reduction of porosity of seed 

cake. A large porosity of soybean seed cake facili-

tate the maintenance, such as ventilation, drying 

and pest control [8]. Unfortunately, the presence of 

fine fractions reduce the porosity of cargo. 

Compaction and subsidence the weight of cargo 

during transport reduces its volume. For the 

transport of soybean seed cake by vessels, formed 

in this way over the cargo both free space and free 

loading surface as well, favor overflowing seed 

cake side to side, which creates a risk of lost of 

ship’s stability. Other negative effects of cargo 

compaction, it's an easier relocation and microbial 

growth leading to self-heating. The phenomena of 

self-sorting also create favorable conditions in self-

heating. Where there is a mass movement of parti-

cles of soybean seed cake, for example in gravimet-

ric filling and discharging of chambers in the eleva-

tors, during transport in large bulk cargo units and 

means of transport, larger particles of seed cake 

accumulate in the central and smaller particles in 

the outer parts of the cargo weight. In places of 

accumulation of fine particles, resulting in a de-

crease of the free space, the development of micro-

organisms is particularly facilitated. 

It was stated [9] that the explosion may occur in 

the presence of an external source of ignition, in the 

following conditions: 

• The concentration of dust in the enclosed space 

exceeds 20 g/m3 of air, and water content in 

seed cake is less than 8%; 

• Temperature of the accumulated dust layer ex-

ceeds 60°C – in case of particle deposition on 

the heating tubes. 

Explosion limits for dust are dependent on the 

humidity. The ability of explosive dust decreases 

with increasing humidity. Explosion limit for dust 

of dry soybean seed cake is 20 to 100 g/m3 and for 

seeds with a moisture content of 9% is 300 to 1000 

g/m3. Dust with a moisture content above 16% did 

not explode. 

Fineness as technology and transport 
quality factor of soybean seed cake 

The size distribution among the other things is 

the typical technology and transport quality factor 

for soybean seed cake. Often referred to in the liter-

ature as degree of grain composition which means 

fineness degree and determined the size of parti-

cles. The indication of fineness is used to determine 

what fraction is the fodder composed of and what is 

the degree of dustiness.  

According to PN-74/Z-04097.07 referring to the 

fractional composition of the grain dust, particles 

with size of from 0.001 to 1 micron are included to 

the colloidal fragmented dust, and for particles with 

size of from 1 to 1000 microns are considered as 

the microscopic fragmented dust, including dust 

particles: very fine of the size of 1 to 5 microns, 

fine from 5 to 60 microns, an average of 60 to 500 

microns and thick from 500 to 1000 microns. An-

other important feature is the porosity. The porosity 

of the bulk cargo can be inferred by comparing the 

density with bulk density. The presence of fine 

soybean seed cake favors certain negative processes 

taking place in the cargo during transport by sea. 

Research methodology 

During researches the fractions separated from 

natural seed cake were tested. It was also estab-

lished the fineness of soybean seed cake that is 

optimal for the stability of the basic quality features 

and the shape of the particles. 

Before the beginning of researches, the grain 

composition of soybean seed cake was determined 
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and then the seed cake with predetermined water 

content (0 and 10%) were prepared. 

The grain composition, which means the fine-

ness of soybean seed cake was determined in ac-

cordance to PN-89/R-64798 by mechanical sieving 

of soybean seed cake samples at water content of 

10% by a set of sieves with mesh size of 3 mm, 

1.2 mm, 0.4 mm, 0.25 mm, 0.1 mm and 0.075 mm, 

using a mechanical sieve shaker. To determine the 

kinetic (natural) angle of repose there were adopted 

the method given in IMSBC Code (International 

Maritime Solid Bulk Cargoes), defined as the “tilt-

ing box test” method, used in laboratories and the 

port of loading in the researches of non-cohesive 

fine-grained goods. When tilting the box from the 

horizontal level, the kinetic angle of repose is 

measured by means of protractor, which is an inte-

gral part of this apparatus. The kinetic angle of 

repose is the value read out at the commencing of 

the free pouring of the outer / top layer of soybean 

seed cake. 

The static angle of repose was determined by the 

laboratory method. This method consists on pour-

ing the cone from bulk cargo and determining the 

static angle of repose according to the ratio of the 

poured cone height and its radius. Porosity was 

calculated on the basis of experimentally obtained 

values of density and bulk density. 

Density – a real (invariant) mass, was deter-

mined by Erdmengera – Manna method, to set 

a sample volume of a fixed mass, by placing it in 

a flask and gradually filling with fluid of known 

volume, while removing air from the sample by 

careful shaking. 

The bulk density (loose) was determined by the 

method given in PN-EN 1236:1999, which is iden-

tical to ISO 3944:1992, consisting of pouring the 

tested sample of seed cake by a suitable funnel into 

the measuring cylinder with the specified capacity 

and determination of its mass. 

From the natural soybean seed cake, fractions 

were extracted with a particle size greater than 

3 mm (A) and the ranges of 1.2 – 3 mm (B), 0.4 – 

1.2 mm (C), 0.25 – 0.4 mm (D), 0.1 – 0.25 mm (E), 

0.075 – 0.1 mm (F), and also the fraction with the 

particle size smaller than 0.075 mm (G). The frac-

tion with particles larger than 3 mm was a part of 

26.9%, once in the range of 1.2 to 3 mm was in 

45% and in the range 0.4÷1.2 mm 24%. The frac-

tion of particles smaller than 0.075 mm was in only 

0.6% of the total. The smallest fraction of particles 

smaller than 0.4 mm in total was in 4% (Fig. 1). 

Fraction (G) of the smallest particles smaller than 

0.075 mm according to PN-74/Z-04097.07, is con-

sidered to be the average dust with microscopic 

grinding particles which dimensions are comprised 

of 60 to 500 µm. 

 

Fig. 1. Grain composition of soybean seed cake [own study] 

The researches have shown a significant correla-

tion between the real mass and particle size. The 

correlation coefficient was 0.64. Along with de-

creasing particle size of the value of the real mass 

was increasing. 

It was stated a significant correlation between 

bulk density and the size of soybean seed cake par-

ticles. At the level of α = 0.05 of bulk density of 

individual fractions were statistically different. The 

correlation coefficient was 0.83. With decreasing 

size of particles the values of bulk density were 

increasing (Fig. 2).  

 

Fig. 2. Comparison of bulk density of soybean seed cake frac-

tions at water content of 0 to 10% [own study] 

There was a significant correlation between po-

rosity and the size of soybean seed cake particles, 

too. At water content of 0%, porosity was decreas-

ing significantly with decreasing size of soybean 

seed cake particles, and the correlation coefficient 

was 0.79. Similarly, when water content was at 
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10%, porosity was decreasing, too (Fig. 3). The 

correlation coefficient was 0.82. 

 

Fig. 3. Comparison of the natural soybean seed cake porosity 

and its various fractions at water content for 0% and 10% [own 

study] 

The kinetic angle of repose took on the lower 

values in the case of the fraction of particles larger 

than 3 mm (A) and in range of both 1.2 – 3 mm (B) 

and 0.4 – 1.2 mm (C) as well, and higher in the case 

of a fraction having particle size in the range of 

0.25 – 0.4 mm (D), 0.1 – 0.25 mm (E), 0.075 – 

0.1 mm (F) and below 0.075 mm (G) (Fig. 4).  

In the area of fractions (A, B and C), the kinetic 

angle of repose was going down with decreasing 

size of particles. Starting from fraction (D) with 

decreasing size of particles, the kinetic angle of 

repose was increasing (Fig. 4). When water content 

of soybean seed cake was at 0 and 10%, fraction 

(C) had the lowest value of the kinetic angle of 

repose at respectively 26.0 and 28.4 deg, while the 

fraction (G) had the greatest value of this angle: 

38.7 and 39.6 deg. 

 

Fig. 4. Dependence of kinetic (natural) angle of repose for the 

natural soybean seed cake and its individual fractions from size 

of particles at different water content [own study] 

In both variants of water content, the static angle 

of repose had lower values for fraction having  

particle size greater than 3 mm (A) and for fraction 

of particle size in the range 1.2 – 3 mm (B) and 0.4 

– 1.2 mm (C) and higher in the case of a fraction 

having a particle size in the range 0.25 – 0.4 mm 

(D), 0.1 – 0.25 mm (E), 0.075 – 0.1 mm (F) and 

below 0.075 mm (G) (Fig. 5). 

 

Fig. 5. Static angles of repose for natural soybean seed cake 

and its particular fractions at water content 0 and 10% [own 

study] 

In the area of fractions (A, B and C) the static 

angle of repose was going down with decreasing 

size of particles. In the case of fraction (D) with 

decreasing size particles the angles of repose were 

increasing (Fig. 5). Similarly, as in the case of the 

kinetic angle of repose, the obtained results indicate 

a strong influence of particle shape on the value of 

poured static angle of repose of the loose soybean 

seed cake. 

Along with the reduction in size of particles, 

bulk density was increasing once porosity was  

decreasing. A significant influence on the angles of 

repose was found by water content and size of  

particles. At 10% of water content, the angles of 

repose of natural seed cake and its fractions were 

greater than in dry seed cake. With decreasing size 

of particles, the angles of repose were assuming 

larger values up to 37.7 deg at the finest fraction 

(G) (< 0.075 mm) containing 10% of water. 

Taking into account the established values of  

kinetic angle of repose and static angle of repose 

and also the safety of carriage seed cake in bulk by 

sea, it must be stated that the fine-grained fractions 

(D, E, F, G) present a low-risk of athwart poring on 

board vessels (angles > 35°). The natural soybean 

seed cake and fractions (A and B), having in ac-

cordance with the classification code BC the kinetic 

angle of repose, are the cargoes of medium suscep-

tibility to pour athwart onto board vessels (angles in 

the range 30–35 deg). Adversely, in this case stands 

out fraction (C) (0.4 – 1.2 mm). The marked kinetic 

angle of repose of dry and humid fractions equaled 
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to only 26 deg and 28.4 deg, which means that the 

susceptibility to pour athwart board ships is large. 

Conclusions 

Based on the results of researches and statistical 

analysis, the following conclusions have been for-

mulated: 

1. The size and shape of particles of soybean seed 

cake significantly affect the quality factors of 

technology and transportation, and the function-

al quality of systems. 

2. The largest percentage participation in the natu-

ral soybean seed cake had fraction (B) – 45%, 

and then the following fractions: (A) – 26.9%, 

(C) – 24%, once the fractions (D, E, F and G) 

having a particle size smaller than 0.4 mm – 

a total of about 4%. 

3. The presence of very fine-grained fractions gen-

erally has a negative impact on processes of 

transportation by caking, suspension of seed 

cake in silo chambers, dusting during cargo – 

handling operations, degreased porosity. 

4. The positive effect of the presence of fine-

grained fractions was indicated with respect to 

the static angle of repose and the kinetic angle of 

repose that at fractions of particles smaller than 

0.4 mm were greater than 35 deg, which protects 

the cargo against the transverse pouring to the 

ship’s side. 

5. The kinetic angle of repose and static angle of 

repose determine the size of storage area, stor-

age capacity and speed of self subsidence of 

soybean seed cake during unloading silos.  

6. The values of the kinetic angle of repose and 

static angle of repose of solid bulk cargoes are 

also the basis for the construction of transport 

equipment in warehouses. The kinetic angle of 

repose and the static angle of repose depend on 

many factors and, inter alia, on the size of parti-

cles. 
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