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THE INFLUENCE OF THE PHYSICAL PROPERTIES OF BUTADIENE 
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Abstract:The influence of the physical properties of butadiene (manufacturer: HIP "Petrohemija", Pancevo) on 

the prescription of transport conditions according to the Agreement Concerning the International Carriageof 

Dangerous Goods by Road - ADR was examined.It was assumed that the physical properties of dangerous 

substances specify the class of dangerous goods, based on which the ADR transport conditions are further 

prescribed.It is also assumed that the safety data sheet contains the basic physical properties of butadiene, while 

the class of dangerous goods and transport conditions can be read from Table A - Dangerous Goods List (which 
is an integral part of ADR).According to its physical properties, butadiene is a very volatile and highly 

flammable gas. The stated physical properties require butadiene to be classified in ADR Class 2 - Gases, in the 

corresponding division 2.1 - Flammable gases. Transport conditions are specified by the dangerous properties of 

butadiene, primarily physical properties. The conditions of transport are classified in the 20 columns of Table A 

and are elaborated in great detail from the point of view of binding practical application. The practical 

application of the specified ADR transport conditions significantly contributes to the safety of vehicles and 

vehicle crews and reduces the risk of transport and chemical accidents. 
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1. INTRODUCTION 

Butadiene is a primary petrochemical product, an important raw material, and an intermediate for 
the chemical and secondary petrochemical industry [1,2]. It is widely used in the secondary 

petrochemical industry, as a raw material for obtaining a large number of different products, such as 

adiponitrile and isoprene [1]. An extremely important application of butadiene is as a monomer and/or 
comonomer for the polymerization product of a series of synthetic rubbers, such as e.g. polybutadiene 

rubber-PBR, polychloroprene rubber-CR, styrene-butadiene rubber-SBR, acrylonitrile-butadiene-

styrene rubber-ABS, acrylonitrile-butadiene rubber-NBR, but also the production of latex-SBL for the 

carpet industry, etc. [3,4]. The largest amounts of butadiene are used in the production of SBR, 
followed by SBL and ABS [3,4]. Butadiene is produced and applied in the Republic of Serbia within 

the “HIP Petrohemija" complex, Pančevo. In the synthetic rubber factory –“FSK” from Elemir, which 

operates within the aforementioned petrochemical complex, butadiene is produced by separating it 
from the C4-fraction and within the process units of the same, it is polymerized with styrene in SBR 

[5]. 

Taking into account the very great importance of butadiene and its products for modern industrial 
development, the topic of road transport safety, from the place of production to the place of 

consumption;is dealt with in this paper. 

In this paper, the influence of the physical properties of butadiene (manufacturer "HIP 

Petrohemija", Pancevo) on the prescription of transport conditions according to the Agreement 
Concerning the International Carriageof Dangerous Goods by Road - ADR [6] was analyzed. It was 

assumed that the physical (but also chemical and physicochemical) properties of butadiene specify its 

class and category of danger in transport, based on which, according to the criteria of ADR, the 
conditions of safe transport are further prescribed. It is also assumed that the safety data sheet [7] 

shows the basic physical andchemical properties of butadiene while the transport conditions can be 

read from Table A - Dangerous Goods List (Volume 1, Part 3) [6]. 
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2. FLAMMABLE GASES ACCORDING TO THE ADR 

The heading of Class 2 covers pure gases, mixtures of gases,mixtures of one or more gases with 

one or more other substances, and articles containing such substances. Gas is a substance that [6]: at 

50°C has a vapor pressure greater than 300 kPa or is completely gaseous at 20°C at the standard 

pressure of 101,325 kPa. 

Substances and articles of Class 2, are assigned to one of the following groups according to their 

hazardous properties, as follows [6]: 

 А - asphyxiant; 

 О - oxidizing; 

 F -  flammable; 

 Т - toxic; 

 ТF toxic, flammable; 

 ТC - toxic, corrosive; 

 ТО - toxic, oxidizing; 

 ТFC - toxic, flammable, corrosive; 

 ТОC  - toxic, oxidizing, corrosive. 

In the UN Model Regulations gases are assigned to one of the following three divisions, based on 

the primary hazard [6]:  

 Division 2.1: flammable gases (corresponding to the groups designated by the capital letter F); 

 Division 2.2: non-flammable non-toxic gases (corresponding to the groups designated by the 

capital letters A or O); 

 Division 2.3: toxic gases (corresponding to the groups designated by the capital letter T i.e. T, 

TF, TC, TO, TFCa and TOC). 

Flammable gases are gases which at 20° and a standard pressure of 101,325 kPa: 

 are  ignitable when in a mixture of 13 % or less by volume with air; or  

 have a flammable range with the air of at least 12 percentage points regardless of the lower 

flammable limit. 

The ADR defines the criteria and examination procedures during the classification of matter and 

articles.Flammability must be determined by tests or calculations according to articles adopted by ISO 

(standard ISO 10156:2010).The classification of substances and articles into appropriate classes and 

groups within the class of dangerous goods is done based on their physical, chemical, and Physico-

chemical properties, i.e.dangerous properties that can manifest during transport [6].  

The above has the consequence that, primarily, physical properties determine the classification 

into classes and subclasses (so-called divisions) of physical hazards of gases. 

3. PHYSICAL PROPERTIES OF BUTADIENE 

For the analysis of the influence of physical properties on ADR transport conditions, butadiene 

produced by “HIP Petrohemija", Pancevo, was selected.The Butadiene Safety Data Sheet [7] was used 

as the basic source of data necessary for this work.The basic physical properties of butadiene are 

shown in Table 1 [7]. 

It must be emphasized that the data refer to stabilized butadiene, i.e. to a chemical whose 

properties are stabilized so that they do not change in case of prescribed transport conditions. 
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Table1 Basic physical, chemical, and physicochemical properties of butadiene 

Property Values and unit of measurement 

Physical state Gas at 20°C and 1 bar 

Color Colorless 

Smell Weak, on hydrocarbons 

Initial boiling point -4,4°C at 1 bar 

Flash point -76°C  

Evaporation rate Immediately, at 20°C 

Flammability Very flammable 

Lower flammability (explosive) limit 2% 

Upper flammability (explosive) limit 12% 

Vapor pressure 2.110 mm Hg at 25°C 

Explosive properties The mixture of butadiene vapor and the air is explosive within explosive limits 

 

According to the data shown in Table 1, the considered butadiene is a highly flammable and 

easily volatile gas at room temperature and atmospheric pressure, and, accordingly, it is classified in 

the ADR division: 2.1 - Flammable gases [6]. 

The safe conditions of ADR transport of butadiene, as dangerous goods, can be read from Table A 

- Dangerous Goods List [6] according to the predetermined UN number 1010 and the transport name: 

BUTADIENES, STABILIZED or BUTADIENES AND HYDROCARBON MIXTURE, 

STABILIZED, containing more than 40 % butadienes (so-called STABILIZED BUTADIENE).  

4. TRANSPORT CONDITIONS OF BUTADIENE AS FLAMMABLE DANGEROUS GOODS 

In this chapter of the work, the ADR transport conditions of butadiene will be presented, which 

are read from the individual columns of Table A - Dangerous Goods List [6]. 

Column 1  - UN No. : 1010. 

Column 2 - Name and description (Table A [6]): BUTADIENES, STABILIZED or 

BUTADIENES AND HYDROCARBON MIXTURE, STABILIZED, containing more than 40 % 

butadienes (so-called STABILIZED BUTADIENE).  

Column3a - Class (Tabele А [6]). It belongs to Class 2 of dangerous goods and corresponding 

division: 2.1 - Flammable gases. 

Column 3b - Classification code (Table А [6]). The classification code is 2F.The classification 
code derives from Class 2 - Gases and Group F - Flammable gases. Stabilized butadiene can be 

transported in a mixture with stabilized hydrocarbons if the vapor pressure at 70°C does not exceed 11 

bar, and the density at 50°C is not less than 0.525 kg/dm3.In the conditions of transport of the mixture, 

the common classification code 2F applies. 

Column 4 - Packing group (Table А [6]). No special provisions are prescribed for the butadiene 

packing group.Gases belonging to Class 2 dangerous goods are not classified into packing groups but 

have the same generic properties [6]. 

Column 5 - Labels. A sample and description of the label for ADR transport of stabilized 

butadiene are given in Table 2 [6]. 
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Тable 2A sample and description of the label for ADR transport of stabilized butadiene  

Sample number of 

the label 

Class and category Symbol and symbol 

color 

The basis Bottom corner color 

(and number color) 

Sample of the 

label 

2.1 Flammable gases Flame: black or white Red 
2 

(black or white) 

 

 

Column 6 -Special provisions(Table А [6]). The following special provisions apply to the 

transport of butadiene: 386 (refers to substances stabilized by temperature control);618 (in vessels 

containing butadiene, the concentration of oxygen in the gaseous phase must not exceed 50 ml/m3). 

Columns 7а and 7b -Limited and excepted quantities (Table А [6]). No special provisions are 
prescribed for the transport of limited quantities of STABILIZED BUTADIENE.Transport of 

STABILIZED BUTADIENE in exempted quantities is not allowed according to the prescribed code 

E0. 

Column 8 -Packing instructions (Таble А [6]). Packaging instruction P200 applies to 

STABILIZED BUTADIENE, which refers to the type of permitted packaging, packaging material, 

permitted degree of filling and test pressure of the packaging, etc. 

Column 9а -Special packing provisions(Таble А [6]). No special provisions are prescribed for the 

packaging of STABILIZED BUTADIENE.The general provisions (section 4.1.4 [6]) must be applied. 

Column 9b-Mixed packingprovisions (Таble А [6]). For STABILIZED BUTADIENE, MP9 

applies. STABILIZED BUTADIENE may be packed together in outer packaging, which is intended 

for combined packaging, namely: 

 with other Class 2 goods;  

 with goods of other classes, if common packaging is allowed for those goods as well;  

 with goods, which do not fall under the requirements of ADR, provided that they do not react 

dangerously with each other. 

Column 10 -Portable tanks and bulk containers: Instructions (ТаbleА [6]). For STABILIZED 
BUTADIENE, the T50 instruction applies, which defines the maximum permissible working pressure 

in a portable tank, the maximum degree of filling, etc.Therefore, the provision refers to the 

construction characteristics of the vehicle. 

Column 11 - Portable tanks and bulk containers: Special provisions (Табle А [6]). It is not 

prescribed. 

Column 12  - ADR tank code (Табle А [6]). The butadiene tank code is PxBN(M).The description 

of the specified code is presented in detail in chapter 4.3. of ADR [6]. 

Column 13 -ADR tank: Special provisions (Табle А [6]). The following codes apply to tankers 

transporting STABILIZED BUTADIENE [6]:  

 

 TA4 - defines that the tank compliance procedure must be carried out by the competent 
authority; and 

 TT9 - defines examination and control procedures as well as competent authorities. 

Column 14 -Vehicle for tank carriage (Табle А [6]). The STABILIZED BUTADIENE can be 

transported in a vehicle, which has an alphanumeric code FL (defines the type and requirements for 

the vehicle).A detailed description is given in section 9.1.1.2.of ADR [6]. 
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Column 15 - Transport category: Tunnelrestriction code (Таble А [6]). Tunnel code 2 (B/D) 
applies to STABILIZED BUTADIENE.Transport in tanks: Prohibited passage through tunnels 

category B, C, D, E. For more detailed information, see sections 1.1.3.6. and 8.6. of ADR. 

Column 16 -Special provisions for carriage: Packages (Табle А [6]). A special provision applies 

to V8 which means reserved. 

Column 17 - Special provisions for carriage: Bulk (Табle А [6]). No special provisions are 

prescribed. 

Column 18 - Special provisions for carriage: Loading, unloading, and handling (Табle А [6]). 

Special provisions for carriage [6]:  

 CV9 - Transport containers must be placed in the vehicle in such a way that they cannot tip 

over or fall;and 

 CV10- Bottles, by the definition of the term from section 1.2.1.of ADR, must be laid parallel or 

transverse to the longitudinal axis of the vehicle or container.In the vicinity of the front sides, 
however, they must be loaded transversely to the longitudinal axis.Sufficiently stable bottles 

that are transported in suitable devices that protect them from tipping over can be loaded 

upright. 

Column 19 -Special provisions for carriage: Operation (ТабleА [6]). Transport actions are defined 
by provisions: S2 and S4.provision S2 refers to additional requirements for the transport of flammable 

gases and outlines the following: portable lighting devices, operation of heaters during 

loading/unloading, and precautions against the generation of electrostatic charges.Provision S4 refers 

to additional requirements for transport under controlled temperature conditions. 

Column 20 -Hazard identification number  (Табle А [6]). The hazard code number for 

STABILIZED BUTADIENEis 239 - Flammable gas that can spontaneously cause a violent 

reaction.Butadiene is a flammable gas that is ignited by an ignition source and burns violently and can 

cause a fire.  

Based on the presented ADR transport conditions for STABILIZED BUTADIENE, it can be 

considered that the prescribed transport conditions derive to a significant extent from the 

predetermined physical and chemical properties of the observed dangerous substance. 

The transport conditions prescribed by the columns of Table A [6] derive from each other and are 

mutually consistent.f no individual/special conditions are prescribed, the general conditions for the 
transport of dangerous goods for Class 2 and the associated division 2.1.- Flammable gases shall 

apply. 

Based on the presented data, it can be considered that the general and special conditions of 

STABILIZED BUTADIENE carriage, given in Table A [6], do not conflict with each other and that 

they are explained and specified in detail to facilitate practical application in road traffic.   

5. CONCLUSION 

Based on the results of the analysis performed in this paper, it can be concluded that ADR 
transport conditions significantly depend on the physical and chemical properties of butadiene, as well 

as on the class of physical danger it represents during road carriage. The basic physical properties, 

which define the physical danger of butadiene, significantly predetermine the properties of dangerous 
goods and the conditions for their safe transport in road traffic. To minimize the physical dangers that 

can occur during the road transport of STABILIZED BUTADIENE, safe conditions of ADR transport 

are prescribed, which are mandatory for practical application.  

It is prohibited to transport STABILIZED BUTADIENE if the conditions of ADR transport 
prescribed in Table 3 are not met, because the risk of accidental situations during all transport 

operations would significantly increase.Determining and practical, consistent application of specified 

ADR transport conditions for STABILIZED BUTADIENE significantly contributes to vehicle and 

vehicle crew safety and reduces the risk of transport and chemical accidents.  
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The further course of work could include the study of the transport conditions of the mixture of 
butadiene with other hydrocarbons and the influence of the physical properties of the mixture on 

determining the conditions of ADR transport. 
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