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Abstract: 

Based on heat and mass transfer hypothesis and existing theoretical models, a mathematical ideal for 

volatile organic compounds (VOC) emission was established to estimate the evolution of pollutant 

concentration inside wet building materials. The dynamic distribution characteristics of VOC 

concentration with multi-pollution sources in an actual building were simulated. The results show that the 

specific distribution form of indoor VOC concentration is related to its own density and the arrangement 

of obstacles. It will significantly promote/inhibit VOC emission from indoor building materials. 
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I. INTRODUCTION 

 

Indoor gaseous pollutants represented by formaldehyde emission from building materials are proven to 

have considerable affects the indoor comfort, human health and productivity [1]. In China, humans spend 

close to 90% of their occasion in these indoor environments with relatively narrow space and complex air 

components [2], and the levels of indoor pollution can be serious [3]. With the development of new 

urbanization and building materials industry, especially the upsurge of full decoration, volatile organic 

compounds (VOCs) released in the whole life cycle of building materials cannot be ignored. VOC 

emission from building materials, such as furniture, paint, wallpaper and thermal insulation material, as 

well as from the adhesives used in some wood products [4]. In addition, the emphasis on air tightness from 

the perspective of energy conservation has led to a sharp reduction in fresh air entering indoor 

environment. Among regularly monitor indoor gaseous pollutants, VOCs volatilize slowly and are not easy 

to attract human attention [5]. How to effectively reduce indoor VOC pollution emission from building 

materials is an urgent problem to be solved. 

 

In the early stage, the VOC emission from building materials was summarized through a large number 
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of experiments, from the classical first-order attenuation model or double first-order attenuation model to 

the semi empirical model represented by the surface sink model [6]. These models are simple in form and 

easy to apply, but they lack mechanism support and cannot reflect the physical mechanism of VOC 

emission. Then, the focus turned to the mass transfer model with clearer physical concept and the treatment 

method of model parameters with physical significance. The early Little model proposed that VOC 

emission is diffusion controlled process, ignoring the convective mass transfer resistance. It was assumed 

that the initial concentration and indoor concentration in building materials are single values [7]. Aiming at 

Little model problem, Yang [8], Huang and Haghighat [9] began to consider the boundary convective mass 

transfer resistance, Xu and Zhang [10] further considered the comprehensive influence of convective mass 

transfer resistance and initial concentration, making the calculation results closer to the measured data. The 

above models are mostly aimed at the single-sided emission of single-layer materials. Hu [11] proposed 

the double-sided emission model of multi-layer materials considering the internal concentration 

heterogeneity. Thereafter, the multilayer material emission model [12] and the space fraction diffusion 

model [13] considering the material chemical reaction were proposed respectively. Li [14] studied the 

influence of surface radiation on indoor gas pollutant emission and diffusion process using K- ω model. 

 

In recent years, with the in-depth insight of the VOC emissions mechanisms of porous building 

materials, some research have gradually focused on the emission model based on adsorption/desorption 

and wet building materials. Yang et al. [8] considered the VOC adsorption/desorption characteristics of 

air-building materials interface earlier. In order to simplify the model, it was assumed that the diffusion 

coefficient and distribution coefficient of building materials remained unchanged. Zhou [15] deeply 

analyzed the multi-scale mechanism of VOC desorption of porous building materials and gave the 

calculation formula of adsorption potential energy. Zhu [16] proposed an integrated model of VOC 

adsorption/desorption, and obtained a semi analytical solution through generalized integral transformation. 

At the same time, the test object is also changed to wet material under complex conditions. Li [17] 

proposed specific process for controlling VOC emission process of building materials in different stages. 

 

The research on the propagation characteristics of VOC multi-sources emission in indoor decoration 

and furniture has important theoretical and practical significance for guiding the removal of indoor VOC in 

hot and humid areas. The mathematical model that takes into account the multi-sources on VOC diffusion 

can be used to analyze the objective characteristic of VOC emissions from indoor materials [18]. In this 

work, a original VOC diffusion model in building materials is established and the distribution 

characteristics of pollutant concentration in buildings are explored.  

 

II. MATHEMATICAL MODEL OF VOC EMISSION 

 

To express VOC emission operation, some theory models have been studied to forecast VOC emission 

from indoor building materials [19]. Based on the research status of existing VOC pollutant emission 

models and mass diffusion theory [20], this paper establishes a mathematical model for the VOC emission 

process of indoor building materials. The VOC emission model considers three procedures: the diffusion 
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and mass transfer in building materials, convection diffusion and mass conservation in the indoor air, and 

convection and mass transfer on the material/air boundary [21].  

 

In order to simplify the physical model, the following assumptions have been made. (i) The amount of 

coating used per unit area is very minute, so the coating is rapidly absorbed by the carrier and a wet layer 

with uniform VOC concentration is formed on the surface of the carrier. The topmost surface of the wet 

layer is exposed to the air environment, and the under surface is the bearing surface, which is not affected 

by the wet layer at the initial stage of volatilization. (ii) The coating and the carrier are macroscopically 

homogeneous. Therefore, the effective diffusion coefficient of VOC can be defined. (iii) In the 

volatilization process, VOC volatilization is only carried out on the surface of the coating and air. (iv) The 

concentration gradient of VOC is considered to be the only mass transfer power. (v) The mass transfer rate 

among coating and air is extremely low, so the heat absorption/release related to volatilization can be 

ignored. (vi) After VOC leaves the coating and enters the air, it will be evenly mixed with the surrounding 

air in a short time. 

 

2.1 Diffusion in the Coating 

 

Depending on Fick's law and the mass transfer theory using the above assumptions, the governing 

equation of VOC diffusion in the coating can be given as follows:    

 

  ( , ) ( , )
( )m m
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Where, ),( xCm
 is the VOC concentration in the coating (mg/m

3
); 

mD  is the diffusion coefficient of 

VOC in the coating (m
2
/s); ix  is diffusion direction (m);   is the time, (s). 

 

Since the coating is assumed to be homogeneous, the VOC emission process can be simplified to a 

one-dimensional diffusion, the above formula can be simplified to 
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2.2 Carrier 

 

Using Fick's law, the diffusion process of VOC in the carrier can be expressed as 
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Where, ( )sC   is the VOC concentration in the carrier (mg/m
3
). 

 

2.3 Coating-air Surface 

  

On the surface of the coating and air, VOC changes from liquid or solid to gaseous. The main mass 

transfer mechanisms in this process are evaporation and convection. As long as the concentration gradient 

exists, surface volatilization will occur. Henry's law can be used to relate the concentration of volatile 

substances on the coating surface to the VOC emission concentration in the gas phase on the coating 

surface. Although Henry's law is only applicable to low concentration solutions, some studies have shown 

that it is also applicable to most VOC studies. Therefore, the following equation holds:  

 

( , ) ( )m ma aC x K C                                   (4) 

 

Where, ( )aC   is the VOC emission concentration in the gas phase on the coating surface, (mg/m
3
); 

Kma is the separation factor between material and air.  

 

2.4 Ambient Air 

 

The concentration equation of VOC in the air of the main flow area is as follows [22]. 
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Where, C∞ is the concentration of VOC in the air of the mainstream area (mg/m
3
); Cin is the 

concentration of outdoor air pollutants (µg/m
3
); S is the surface area of the coating (m

2
); Q is ventilation 

volume (m
3
/h); V is the effective volume of room (m

3
); Rs is the absorption rate of VOC (mg/ h); E is the 

emission rate of VOC from pollution source (mg/m
2
·h). 

 

2.5 Initial Condition 
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Where, h is mass transfer coefficient (m/s). 

 

2.6 Boundary Condition 

 

Interface between coating and air: 

 

)( 







 CCh

x

C
D am

Lx

m
m

, 0                           (10) 

  

Interface between coating and carrier:  
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The other side of the load without coating:                       

  

   00, xsC , 0                                 (12) 

 

III. DISTRIBUTION SIMULATION OF INDOOR VOC 

 

3.1 Simulation Model 

 

The simulation object is a newly decorated building in Ningbo. The room size is 10.4 m ×8 m ×3.6 m. 

The geometric model is established according to the internal layout of the building plan, as shown in Fig. 

1. 

 

 
Fig 1: geometric model 
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The governing differential equation of indoor air turbulent flow can be described in following form 

[23].  

                    
( )

( ) ( )div u div grad S
t

 


  


   


                     (13) 

Where   is a general variable; 
  is the generalized diffusion coefficient and S

 is the generalized 

source term. 

 

The standard k-  turbulence equation was used in the simulation, and the flow field in the simulated 

indoor environment was calculated by the simple algorithm.  

 

3.2 Simulation Results 

 

In order to obtain the diffusion law of pollutants when a single pollution source releases VOC, the 

release of pollutants from walls as a single source is simulated, as shown in Figure 2. It can be seen from 

Figure 2, VOC is continuously emitted, but due to the existence of pressure outlets on both sides, the 

fluctuation of air flow affects the jet movement. From 120s to 300s period, the jet movement is unstable 

and swings to the left and right sides. Until 480s, the jet movement tends to be stable and lasts until 600s. 

In fact, pollutant emission is a slow process, and its indoor pollutants will exist for a long time. The longer 

the ventilation time or the greater the ventilation speed, the faster the diffusion of pollutants. 

 

  
(a) 120s (b) 300s 

  
(c) 480s (d) 600s 

Fig 2: indoor VOC diffusion with time 

 

Indoor air quality is closely linked indoor pollution sources, as well as there are usually multiple indoor 
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VOC pollution sources. At present, a lot of studies are concentrate on the impact of a single source on the 

built environment [24], but the indoor VOC pollutant concentration distribution is closely related to the 

emission conditions of pollution sources, especially the impact on the indoor pollutant concentration 

distribution when multiple pollution sources interact, Especially when the interaction makes the indoor 

pollutant concentration change, it is particularly of utmost importance to study the indoor VOC 

concentration diffusion under the action of multiple pollution sources. 

In order to acquire the influence of multi-sources on indoor VOC diffusion, the simultaneous emission 

characteristics of four side walls + ground were analyzed, and the distribution law of indoor pollutant 

concentration at different room heights was observed. As can be seen from Figure 3, in the process of 

simultaneous emission of VOC from multiple pollution sources, the VOC concentration reduce with the 

develop of height, and the concentration distribution is different at dissimilar heights. When VOC diffusion 

plays a dominant role, the specific distribution form of indoor pollutants is related to its own density and 

the arrangement of obstacles. 

 

  
(a) single pollution source (b) multi-pollution sources 

Fig 3: effect of pollution sources on VOC distribution 

 

IV. CONCLUSION 

 

In this work, wet materials were selected as the research object, and a new VOC diffusion model in 

building materials is established by comprehensively considering the internal diffusion and surface 

emission process of flat materials. The distribution characteristics of pollutant concentration in buildings 

under the characteristics of dynamic process and multiple pollution sources are explored. In the process 

of VOC diffusion, its diffusion rate will be affected by pollution parameters. Multi pollution parameter 

diffusion will make the diffusion rate of pollutants larger than that of single pollution parameter. The 

complete diffusion of VOC in building materials takes a long time. Therefore, for the sake of personnel 

health, more environmentally friendly materials should be selected during decoration, and furniture 

should be added in batches. 

 

ACKNOWLEDGEMENTS 

 

This research was supported by the Opening Funds of State Key Laboratory of Building Safety and 

Built Environment and National Engineering Research Center of Building Technology 



Forest Chemicals Review 

www.forestchemicalsreview.com 

ISSN: 1520-0191  

Sept-Oct 2021 Page No. 1431-1439 

Article History: Received: 10 August 2021, Revised: 25 August 2021, Accepted: 05 September 2021, Publication: 31 October 

2021 

 

 

1438 

 

(No.BSBE2019-04), and funded by Zhejiang Provincial Natural Science Foundation of China under Grant 

No.LY20E080016. The project was also partly supported by Beijing Key Lab of Heating, Gas Supply, 

Ventilating and Air Conditioning Engineering (No.NR2015K07) and Jiaxing Public Welfare Research 

Program (No.2019AY11015). 

 

REFERENCES 

 

[1] Cai W, Shao JJ, Wen XD, Wu P (2021) Research progress and trend study of VOCs emission and diffusion from 

indoor building materials. Shanxi Architecture 47(23): 11-14  

[2] Li YW (2021) Suggestions and prospect on standards for VOC limits in coatings for architectural and municipal 

construction. Paint & Coatings Industry 61(7): 60-69 

[3] Yan BB, Zhi YT, Cheng ZJ, Hu Y, Chen GY (2020) Recent progress in VOC emission from dry building 

materials: testing methods and influencing factors of key parameters. Journal of Tianjin University 53(10): 

991-1000  

[4] Mhuireach GA,  Dietz L, Willem Griffiths W, Horve PF, Laguerre A, Northcutt D, Vandegrift R, Gall E, 

Wymelenberg LVD (2021) Differing effects of four building materials on viable bacterial communities and 

VOCs. Developments in the Built Environment 7: Article 100055 

[5] Yin B, Zhang ZW, Wei ZY, Guan J, Zheng YH, Gao K, Chen SQ, Jia YB, Zhang YH (2020). Investigation of 

indoor targeted VOCs in urban residences of the Yangtze River delta, China. Building Science 36(12): 96-102  

[6] Huang SD, Xiong JY, Zhang YP (2016) Pre-evaluation of indoor chemical pollutants in green building: Research 

progresses and suggestions. Scientia Sinica Technologica 46(11): 1135-1145 

[7] Liang WH, Lv MQ, Yang K, Yang XD (2017) Review of numerical simulation method and software for indoor 

volatile organic compounds(VOCs). Building Science 33(10):157-164 

[8] Yang X, Chen Q, Zhang JS, An Y, Zeng J, Shaw CY (2001) A mass transfer model for simulating VOC sorption 

on building materials. Atmospheric Environment 35(7): 1291-1299 

[9] Huang H, Haghighat F (2002) Modelling of volatile organic compounds emission from dry building materials. 

Building and Environment 37(12): 1349-1360 

[10] Xu Y, Zhang Y (2003) An improved mass transfer based model for analyzing VOC emissions from building 

materials. Atmospheric Environment 37(18): 2497-2505 

[11] Hu HP, Zhang YP, Wang XK, Little JC (2007) An analytical mass transfer model for predicting VOC emission 

from multi-layered building materials with convective surface on both sides. International Journal of Heat and 

Mass Transfer 50(11-12): 2069-2077 

[12] Zhang Y, Xiong J, Mo J, Gong M, Cao J (2016). Understanding and controlling indoor organic pollutants: 

mass-transfer analysis and applications. Indoor Air, 26: 39-60 

[13] Zhang Y, Jiang JX, Bai Y, Liu JM, Shao HQ, Wu CD, Guo ZB (2019) A fractional mass transfer model for 

simulating VOC emissions from porous, dry building material. Building and Environment 152: 182-191 

[14] Li XD, Yan YH, Tu JY (2019). Effects of surface radiation on gaseous contaminants emission and dispersion in 

indoor environment-a numerical study. International Journal of Heat and Mass Transfer 131: 854-862 

[15] Zhou XJ, Liu YF, Song C, Liu JP (2016). A study on the formaldehyde emission parameters of porous building 

materials based on adsorption potential theory. Building and Environment 106: 254-264 

[16] Zhu L, Deng BQ, Guo Y (2019) A unified model for VOCs emission/sorption from/on building materials with 

and without ventilation. International Journal of Heat and Mass Transfer 67:734-740 



Forest Chemicals Review 

www.forestchemicalsreview.com 

ISSN: 1520-0191  

Sept-Oct 2021 Page No. 1431-1439 

Article History: Received: 10 August 2021, Revised: 25 August 2021, Accepted: 05 September 2021, Publication: 31 October 

2021 

 

 

1439 

 

[17] Li M (2013) Diffusion-controlled emissions of volatile organic compounds (VOCs): Short-, mid-, and long-term 

emission profiles. International Journal of Heat and Mass Transfer 62:295-302 

[18] Le ADT, Zhang JS, Liu ZL (2020) Impact of humidity on formaldehyde and moisture buffering capacity of 

porous building material. Journal of Building Engineering 36: Article 102114 

[19] Gao MP, Wang HL, Liu WW, Nie L, Li GH, An XS (2021) VOCs Emission Characteristics of Water-based 

Architectural Coatings and the Influence on the Atmospheric Environment in China. Environmental Science 

42(12): 5698-5712 

[20] Yang X, Chen Q, Zhang JS, Shaw CY (2001) A mass transfer model for simulating volatile organic compound 

emissions from ‘wet’ coating materials applied to absorptive substrates. International Journal of Heat and Mass 

Transfer 44:1803-1815 

[21] Zhou XJ, Dong XJ, Wang XK, Wang FH (2022) A new method for determining the formaldehyde emission 

characteristic parameters of building materials: Single airtight emission method. Building and Environment 207: 

Article 108419 

[22] Fan N, Liu C, Huang Y, Li JG (2020) Research progress and consideration of VOC pollution control in healthy 

buildings in China. Chinese Science Bulletin 65(4): 263-273 

[23] Wang XL, Dai JL (2020) Numerical simulation of indoor pollutant diffusion in office buildings. Building 

Environment & Environment 39(8): 76-79 

[24] Ma TC, Jie XJ, Hang J, Chen XL, Xia XY, Xia Y (2020) Numerical Study of Inter-unit Dispersion of Pollutant in 

Single-sided Naturally Ventilated Buildings among Ideal Street Canyon. Building Science 36(10): 105-113 


