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Abstract	

With	 the	 continuous	 development	 of	 the	 automotive	 industry,	 the	 application	 of	
polyurethane	adhesives	in	the	automotive	production	process	is	becoming	increasingly	
widespread.	 However,	 there	may	 be	 some	 harmful	 substances	 in	 the	 polyurethane	
adhesive	 used	 in	 cars,	which	may	 be	 released	 into	 the	 interior	 of	 the	 car	 and	 pose	
potential	 hazards	 to	 human	 health.	 Therefore,	 in	 order	 to	 ensure	 the	 health	 of	
consumers,	it	is	necessary	to	detect	the	release	of	harmful	substances	in	polyurethane	
adhesives	for	automobiles.	This	article	mainly	studies	the	release	patterns	of	harmful	
substances	 such	 as	 formaldehyde,	 benzene,	 halogenated	 hydrocarbons,	 etc.	 in	
polyurethane	adhesives	used	in	automobiles,	and	establishes	corresponding	detection	
methods.	 At	 present,	 China's	 restrictions	 on	 the	 harmful	 substance	 content	 of	
automotive	adhesives	are	not	yet	perfect.	This	 study	will	 fill	 this	gap	and	 is	of	great	
significance	for	the	health	risk	assessment	 inside	automobiles.	This	article	focuses	on	
the	 release	 of	 harmful	 substances	 in	 polyurethane	 adhesives	 for	 automobiles,	 and	
conducts	a	systematic	study	on	how	to	detect	these	harmful	substances.	Firstly,	the	main	
harmful	substances	in	polyurethane	adhesives	for	automobiles	were	summarized	and	
analyzed.	Then,	the	current	mainstream	technology	for	detecting	the	release	of	harmful	
substances	 in	 polyurethane	 adhesives	 for	 automobiles	 was	 introduced,	 and	
improvement	 suggestions	 were	 proposed,	 hoping	 to	 reduce	 the	 release	 of	 harmful	
substances	in	polyurethane	adhesives	for	automobiles	and	purify	the	air	environment.	
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1. INTRODUCTION	

1.1. Research	significance	

The emergence of cars has greatly satisfied our travel needs. The small world allows us to feel 
warmth in the harsh cold, and cool all over our bodies in the scorching heat. At the same time, 
the environmental safety inside the car has become a key concern for us. During the production 
process of automobiles, a large amount of adhesive and sealant are added. Polyurethane 
adhesive has become the preferred choice for most people due to its good adhesion and is 
widely used in the internal manufacturing process, becoming the most important source of air 
pollution inside automobiles. The pursuit of lightweight automotive structures has also 
increased the use of adhesives and sealants. Among polyurethane adhesives, diisocyanate 
compounds are particularly harmful to the human body, as the isocyanate group (- N=C=O) 
binds to the active hydrogen atom (- H) of human proteins, causing structural changes. Mildly, 
it can cause discomfort to the mucous membranes and respiratory system of the eyes, and in 
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severe cases, it can harm the lungs, bronchi, head, and even cause cancer. Currently, there are 
only corresponding testing and limit standards for the adhesive content in indoor decoration, 
luggage, and shoes, and there is still a lack of corresponding testing standards and content 
regulations for automotive adhesives.Especially in closed environments, the content of 
adhesives such as formaldehyde, benzene, and halogenated hydrocarbons is within the normal 
range that the human body can bear, and there is no strict evaluation standard, nor is there 
theoretical support.However, although these adhesives have low content, long-term exposure 
and continuous release of diisocyanate monomers can still pose a threat to human health. 
Therefore, a specialized analysis and detection method for harmful substances in automotive 
adhesives is particularly necessary, which will provide theoretical guidance for the internal 
environmental detection of automobiles and is of great significance.This article uses pre column 
derivatization and high-performance liquid chromatography to detect two common volatile 
organic compounds of diisocyanates in polyurethane adhesives, and simulates the release curve 
after construction using an environmental climate chamber [3].By optimizing sampling 
methods, pre-processing techniques, and chromatographic conditions, it was possible to 
simultaneously determine two types of diisocyanate compounds. This not only saves costs and 
shortens the cycle, but also has low detection limits, high sensitivity, and good stability. It can 
also be extended to the detection of other diisocyanate compounds in polyurethane adhesives, 
which is of great significance for further standardizing the application of polyurethane 
adhesives in automotive production [4].The importance of the role of automobiles is increasing 
day by day, and the release of automotive adhesives directly affects air quality. The safety of the 
automotive air environment is directly related to the physical health of the people. Therefore, 
this study has important strategic significance for improving the air quality inside automobiles, 
protecting the health of the people, and breaking through national technical barriers. 

1.2. Research	Facing	Problems	

In the research on detecting the release of harmful substances in polyurethane adhesives for 
automobiles, there are the following problems that need to be solved urgently: (1) It is difficult 
to detect semi volatile polyurethane adhesives, and the key lies in suitable derivatization 
techniques to pre enrich samples in order to achieve the goal of qualitative and quantitative 
detection; (2) A highly effective sampling method is required to collect enough compounds to 
be tested; (3) Strong technical support is needed to shape a mathematical model of the release 
process of toluene diisocyanate for automotive use, and to conduct subsequent health risk 
assessments [5]. 

1.3. Research	innovation	points	

By comparing the widely used adhesive detection methods and release patterns at home and 
abroad, this project has the following innovations: (1) By optimizing the sampling method, pre 
column derivatization pretreatment technology, and chromatographic conditions, it can 
simultaneously determine multiple diisocyanate compounds in polyurethane adhesives, with a 
lower detection limit; (2) Using an environmental testing chamber to evaluate the release of 
harmful substances such as volatile diisocyanates in polyurethane adhesives for automobiles 
also provides technical support for the formulation of subsequent national limit standards [6]. 

2. OVERVIEW	OF	2	VOLATILE	DIISOCYANATE	COMPOUNDS	(ADI)	
2.1. Volatile	diisocyanate	compounds	(ADI)	

Aliphatic and alicyclic diisocyanates (ADI) are a special class of chemicals with a - N=C=O 
functional group, and are a type of polyurethane raw material. Polyurethane materials do not 
turn yellow and have good application performance, so they are widely used in industrial and 
automotive polyurethane adhesives. However, they have a certain degree of harm to human 
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health, so strict testing is necessary.Polyurethane materials are prepared by polymerization of 
diisocyanates with polyether polyols or polyester polyols [7]. Toluene diisocyanate (TDI) and 
hexamethylene diisocyanate (HDI) are two types of volatile diisocyanate compounds (ADI). 
Toluene diisocyanate is an aromatic diisocyanate with strong volatility and high toxicity, and 
long-term exposure poses a risk of cancer. Hexamethylene diisocyanate (HDI) is an aliphatic 
diisocyanate that is volatile and highly toxic. Long term exposure may cause cancer. 

2.2. Detection	of	diisocyanate	compounds	(ADI)	

At present, there are several commonly used detection standards for indoor decoration 
materials: (1) The free TDI content in polyurethane adhesives used for indoor decoration was 
detected using gas chromatography equipped with a hydrogen flame ionization detector (FID), 
with n-tetradecane as the internal standard and a detection limit of 0.1g/kg.The solvent used 
must undergo 5A molecular sieve to remove water and prevent diisocyanate compounds from 
reacting with water. (2) The gas chromatography method of GB18583-2008 was used to detect 
the content of free diisocyanate compounds [8].(3) Detecting the release characteristics of 
harmful substances from low solvent or solvent-free adhesives after construction, suitable for 
short-term use. First, chemically adsorb volatile isocyanate compounds, immerse a filter 
containing 1- (2-methoxyphenyl) piperazine (abbreviated as 1-2MP), then desorb, and finally 
analyze using high-performance liquid chromatography. It can detect organic compounds 
containing isocyanate functional groups (NCO) on a large scale, such as isocyanate monomers, 
diphenylmethane diisocyanates (MDI), and toluene diisocyanates (TDI).Similar to ISO16702, 
the release levels of hexamethyldiisocyanate (HDI) and isophorone diisocyanate (IPDI) can be 
determined.(4) Using spectrophotometry to detect, dissolving polyurethane in acetic acid can 
produce colored compounds. At the maximum absorption wavelength (430nm), if the 
concentration of - N=C=O group is between 0-20 μ Within the range of g/10mL, it conforms to 
Lambert Beer's law.(5) The application of electrochemical analysis method for detection, TDI 
undergoes a chemical reaction with carboxylic acid to generate amide and carbon dioxide. The 
content of TDI is detected by a constant potential carbon dioxide microcurrent electrode. (6) 
Application of capillary gas chromatography for detection. The use of split injection and 
programmed heating ensures the separation effect of the components. Compared to the ASTM 
standard in the comparative experiment, the accuracy of the method has increased fourfold. (7) 
Application of high-performance liquid chromatography for detection. 10% acetic acid reacts 
with TDI to form amide to calculate the content of TDI, and its absorption value is positively 
correlated with the content. The fluidity of this method is selected to be 30% methanol+70% 
0.02mol/L acetic acid. The target substance is analyzed qualitatively and quantitatively using a 
HypersilC18 chromatographic column with a wavelength of 210nm at room temperature. The 
minimum detection limit is 0.050mg/m3. 

2.3. Research	progress	on	the	release	behavior	of	volatile	organic	compounds	in	the	air	

There are several common sampling and enrichment methods, including container sampling. 
After inerting stainless steel vessels, they are evacuated and gas is collected by reducing 
pressure or applying pressure. The collected samples are enriched with adsorbents and then 
analyzed using a chromatograph. The advantage is that a sample can be analyzed multiple times, 
while the disadvantage is that the cost of inerting treatment is too high [9].(2) Solvent elution 
activated carbon adsorption. Activated carbon has a large specific surface area and strong 
hydrophobicity, which can effectively adsorb non-polar VOCs and is widely used for enriching 
organic gases. But the temperature requirements for the experimental device during the 
analysis process are very high. (3) Thermal desorption activated carbon fiber (ACF) adsorption. 
The high microporous structure of activated carbon fiber endows it with strong gas adsorption 
ability, making it suitable for both high and low concentration VOC determination. The 
micropores are exposed on the surface of ACF, resulting in excellent adsorption and desorption 
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properties.(4) Tenax adsorption thermal desorption. The adsorbent Tenax has good thermal 
stability and is a good choice for collecting indoor trace level organic pollutants [23]. TenaxTA 
has good hydrophobicity, stable baseline after aging, and can be used at temperatures up to 350 ° 
C. It can serve as a substitute for various adsorbents.(5) Solid phase microextraction technology 
(SPME). Solid phase microextraction is an emerging technology that integrates and samples, 
greatly improving the rate of analysis and detection. And the operation is simple and easy to get 
started, with high sensitivity, which can achieve ultra trace analysis. Safety and environmental 
protection are also in line with the direction of social development. 

3. DETERMINATION	OF	DIISOCYANATE	COMPOUNDS	 IN	POLYURETHANE	
ADHESIVES	FOR	AUTOMOBILES	USING	PRE	COLUMN	DERIVATIZATION	
HPLC	METHOD	

3.1. Solution	Preparation	

The process of preparing buffer solution (0.06mol/L sodium acetate): dissolve sodium 
acetate · three water (8.3g) in secondary distilled water (1L), adjust the PH value to 6.0 (add 
glacial acetic acid) and filter for standby. The process of preparing toluene solution (1-2MP): 
Dissolve 1-2MP (0.153g, rounded to one decimal place, i.e. 0.1mg) in 1mL of toluene solution 
after 4A level molecular separation water to prepare a 0.8mol/L 1-2MP toluene solution for 
later use. Separate them in the same proportion and dilute them into toluene solutions of 
0.4mol/L and 0.2mol/L respectively, taking out 50% of each solution μ L solution yields 1-2MP 
of 40, 20, and 10 μ Mol. Mix with the standard stock solution of diisocyanate compounds 
(20.00mg/L), weigh 0.006400g TDI and 0.006572g HDI urea derivative standard in a 100mL 
volumetric flask, then dilute with acetonitrile and sonicate for later use. 

3.2. Instrument	conditions	

The conditions for single component liquid TDI or HDI chromatography are: (1) 2996 diode 
array detector (DAD) paired with 2695 high-performance liquid chromatograph (Waters, USA); 
(2) Injection volume: 10 μ L; (3) Column temperature: 25 ° C; (4) Detection wavelength: 242nm; 
(5) Mobile phase: acetonitrile: 0.06mol/L sodium acetate buffer solution=45:55 (v: v); (6) 
Chromatographic column: HypersilODS (150mm x 4.6mm x 5) μ m) ThermoFisher Scientific; 
(7) Flow rate: 1.0mL/min; (8) Equal elution. 

The conditions for mixed dual group TDI and HDI liquid chromatography are: (1) 2996 diode 
array detector (DAD) paired with 2695 high-performance liquid chromatograph (Waters, USA); 
(2) Injection volume: 10 μ L; (3) Column temperature: 25 ° C; (4) Detection wavelength: 242nm; 
(5) Mobile phase: acetonitrile: 0.06mol/L sodium acetate buffer solution=33:67 (v: v); (6) 
Chromatographic column: HypersilODS (150mm x 4.6mm x 5) μ m) ThermoFisher Scientific; 
(7) Flow rate: 1.5mL/min; (8) Equal elution. 

3.3. Drawing	of	standard	working	curves	

Dilute the standard stock solution of mixed diisocyanate compounds with concentrations of 
5.000mL, 2.500mL, 0.500mL, 0.400mL, 0.250mL, 0.125mL, 0.050mL, 0.0375mL, 0.025mL, 
0.020mL, 0.010mL, and 0.005mL respectively using acetonitrile in a 10mL volumetric flask. 
Shake thoroughly to obtain a standard working solution with concentrations ranging from 0.01 
to 10.00mg/L. Use a high-performance liquid chromatograph to determine the appropriate 
amount of filtrate. The horizontal axis represents the mass concentration of each target 
compound, and the vertical axis represents the standard working curve of the peak area of each 
target compound. 
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3.4. Sampling	method	

Do a good job of cleaning before the experiment, a gas emission test chamber with an intake 
flow rate of 20L/min, a cleaning temperature of 200 ° C, and a pressure control of 116.3Pa to 
ensure that there are no flammable or explosive materials in the chamber and no harmful 
substances will be produced under high temperature conditions before proceeding. 
Preparation work for derivatization absorber: Place a double glass filter membrane in the 
needle filter, with toluene solution (20) on the double glass filter membrane μ Mol0.4mol1-
2MP/L), according to 50 μ Calculate with L. Connect the gas sampling pump and the sampling 
port of the test chamber at both ends. The required conditions for the sampling pump and gas 
emission test chamber are: pressure is 15.0Pa, test temperature is 23 ° C, intake flow rate is 
8.3L/min, and test humidity is 50%; At a flow rate of 2L/min, the sampling pump extracted air 
for 2 hours each time, resulting in a total of 240L, to simulate the actual extraction speed of air 
inside the car. It should be noted that it is prohibited to connect test chambers with a gas supply 
flow rate of over 90% for sampling. 

3.5. Pre	processing	after	sampling	

After sampling, place the double glass filter membrane in a headspace bottle and add 300 μ 
L Dehydrated ethyl acetate and 50 μ A 0.4mol1-2MP/L toluene solution fully reacted with 
incompletely reacted 2,6-TDI and HDI. Add excess 1-2MP adsorbent and 100 μ Neutralize with 
L acetic anhydride, evaporate completely, and then add dehydrated acetonitrile (2mL) to make 
up the volume. After 7 minutes of ultrasound, wash off the 2,6-TDI and HDI urea derivatives 
adsorbed on the membrane. Wait for cooling, use 0.45 μ Filter an appropriate amount of 
solution from the headspace bottle using an organic phase needle filter and analyze it using 
high-performance liquid chromatography. The issue that needs to be noted is that in the above 
experiment, a solution of toluene and ethyl acetate was used after removing water from 4A 
molecular sieve, and anhydrous magnesium sulfate was used to remove water before using 
acetonitrile. 

4. RESULTS	AND	DISCUSSION	
The main content of this chapter is the derivation and desorption of 1- (2-methoxyphenyl) 

piperazine (1-2MP) and diisocyanate compounds in a toluene environment treated with 4A 
level molecular sieve water removal. High performance liquid chromatography is used to 
optimize the sampling and post-sampling pretreatment conditions, derivatization conditions, 
and liquid chromatography conditions. The following conclusion can be drawn: (1) The 
sampling pump is used to extract air for 2 hours each time, and a flow rate of 2L/min is used to 
collect the target compound in the air. A double glass fiber filter membrane adsorber 
(containing 20) is used μ Mol1-2MP chemically adsorbs diisocyanate compounds (which are 
volatile), and then desorbs them with anhydrous acetic anhydride. After 7 minutes of 
ultrasound, 2,6-TDI and HDI urea derivatives (previously adsorbed on the membrane) are 
eluted and analyzed by high performance liquid chromatography after reaching a constant 
volume; (2) After optimizing the experimental conditions, the correlation coefficients of 2,6-TDI 
and HDI in concentrations ranging from 0.01 to 2.00mg/L reached above 0.996. 2,6-TDI 
detection limit is 0.17 μ G/m3, the recovery rate after spiking is between 81.3% -98.7%, and the 
relative standard deviation (RSD) is between 1.95% -5.16%. The detection limit of HDI is 0.33 
μ G/m3, the recovery rate after spiking is between 80.3% -98.2%, and the relative standard 
deviation (RSD) is between 2.00% -6.10%, with outstanding reproducibility. (3) The advantage 
of this method is that it not only detects 2,6-TDI target compounds but also considers HDI target 
compounds, and both stability and sensitivity are satisfactory. The detection limit is low, and 
the operation is simple and easy to get started. Therefore, it can be applied in the detection of 
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the content of other diisocyanate compounds in polyurethane adhesives, and has extraordinary 
significance for the application and detection of polyurethane adhesives for automobiles. 

This chapter comprehensively determined two types of diisocyanate compounds in 
polyurethane adhesives for automobiles, but this method still needs to be optimized: (1) 
reducing detection time while optimizing derivative conditions to expand the linear range and 
improve detection efficiency; (2) In order to improve the derivative conversion rate and reduce 
the detection limit, other derivative reagents can be attempted. (3) We can consider whether 
the determination of diisocyanate compounds in other fields is applicable and increase their 
usage rate. 
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