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Abstract 

The static adsorption and dynamic experiments of dichloromethane on 6 kinds of 
molecular sieves ( 3A, 13X, beta, ZSM-800, REY, HY30 ) were carried out. The BET surface 
area and adsorption-desorption isotherms of the samples were measured by low 
temperature nitrogen adsorption method. The pore volume and pore size distribution 
of each sample were calculated by density function theory. The adsorption capacity of 
molecular sieve adsorbent for dichloromethane gas was preliminarily explored. 

Keywords  

Adsorption, molecular sieves. 

1. Introduction 

Dichloromethane is a colorless and transparent organic solvent at room temperature with 
boiling point of 38.9 °C. It has good solubility and is a flammable solvent. Therefore, it is widely 
used in industry to replace flammable petroleum ether and ether, and is widely used as a 
reaction medium in pharmaceutical and chemical industries . [1] 

Dichloromethane has low boiling point and is easy to volatilize. It is very easy to enter the 
atmosphere and become VOCs in the actual use. Due to its easy accumulation in organisms, it 
has certain carcinogenicity and genetic toxicity . [2] Improper treatment will affect air quality 
and residents ’ health.  The adsorption method uses adsorbents to selectively adsorb the 
components of waste gas to achieve the purpose of purification. The process is mature and the 
purification efficiency is high, which is suitable for the treatment of low-concentration vocs gas. 

Zeolite molecular sieves are natural and synthetic crystalline aluminosilicates with molecular 
sieves.  Its internal ordered pore structure and large specific surface area have strong coulomb 
field and polarity . [3]  It has strong selective adsorption and good adsorption effect on molecules 
with strong polarizability. Dichloromethane is a polar molecule, which is easy to be polarized 
adsorbed by molecular sieves. In this paper, the adsorption capacity of molecular sieve 
adsorbent for dichloromethane gas was preliminarily explored. 

2. Experiment 

2.1. Experimental reagents and instruments 

3A molecular sieve, ZSM-800 molecular sieve, Suzhou Hengda Purification Equipment Co., Ltd.  
13X molecular sieve, REY molecular sieve, Shanghai Jiuzhou Chemical Co., Ltd.  beta molecular 
sieve, HY30 molecular sieve, Qingdao Hengxin New Materials Co., Ltd. dichloromethane, Tianjin 
Hengxing Chemical Reagent Co., Ltd.  JW-ZQ200 static capacity steam adsorption instrument, 
Beijing Jingwei Gaobo Science and Technology Co., Ltd. dichloromethane standard gas cylinders, 
Nanjing Changyuan Industrial Gas Co., Ltd.  LZB-3WB ( F ) Glass Rotor Flowmeter, Changzhou 
Double Ring Thermal Instrument Co., Ltd.  HFP-1201 VOC detector, Xi ' an Huafan Technology 
Co., Ltd 
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2.2. Static adsorption method 

The six zeolites were activated in an oven at 200 °C for 4 h to remove the organic impurities 
adsorbed on the surface and inside the pore size of the adsorbent and the interference of water.  
Six clean and dry dryers were prepared. The activated six kinds of molecular sieves ( 10g each ) 
were weighed on the balance and placed on the surface dish of the same size. The surface dish 
containing molecular sieves was put into four dryers, and 150 ml dichloromethane liquid was 
put into four dry 200 ml beakers and put into four dryers.  Apply vaseline seal evenly on the 
edge of the dryer cover.  The six dryers maintained the same conditions to ensure the 
volatilization and adsorption of dichloromethane solution under the same conditions.  The 
samples were weighed every 1 h. When the weighing mass did not change ( the adsorption 
amount of molecular sieve was saturated ), the molecular sieve was taken out, sealed and stored 
in a sealed bag, and the adsorption amount was calculated. 

2.3. Dynamic  adsorption method 

In practical application, the gas adsorbed by molecular sieve has a certain flow rate, so it is not 
a simple static adsorption but a dynamic change process. In order to determine the practical 
application performance of molecular sieve, dynamic adsorption is needed to evaluate.       The 
whole adsorption system of the experiment is composed of VOC generator, gas flow control 
system, adsorption device and detection device.  The dynamic adsorption process diagram of 
molecular sieve is shown in Figure 1. 

 

 
Fig 1 Dynamic adsorption flow chart of molecular sieve  1. Cylinder ( with pressure relief 

valve ).  2. Air switch.  3. Rotor flowmeter.  4. Adsorption device 5. Molecular sieve 6. VOCS 
detector. 

3. Results and discussion 

3.1. Effect of time on adsorption capacity 

Fig. 1 shows the static adsorption curves of dichloromethane on 3A, 13X, beta, ZSM-800, REY 
and HY30 zeolite molecular sieves. It can be seen from the figure that after 20 h of adsorption, 
the saturated adsorption capacity of dichloromethane on each zeolite was HY30 ( 245.85 mg / 
g ) > beta ( 208.35 mg / g ) > REY ( 197.60 mg / g ) > 13X ( 154.5 mg / g ) > ZSM-800 ( 120.25 
mg / g ) > 3A ( 84 mg / g ). 
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                                                   Fig.1 Static adsorption curves of samples 

3.2. Comparison of Dynamic Adsorption Properties of Various Zeolites 

Figure2 is the adsorption pressure is 0.4MPa, temperature is 298K, feed flow rate 0.3L / min, 
dichloromethane gas initial concentration5000ppm, adsorption column height200mm under 
the condition of selected Z800, beta, HY30, REY, 13X, 3A six molecular sieves, determination of 
the adsorption device outlet dichloromethane gas concentration, and draw the breakthrough 
curve. 

 
Fig. 2 Penetration curves of dichloromethane on 13X, 3A, ZSM-800, Beta, HY30 and REY 

zeolites ( feed flow rate : 0.3L / min, initial gas concentration : 5000 mg / m3, adsorption 
pressure : 0.4MPa ) 

It can be seen from Fig. 2 that the penetration time of dichloromethane gas in the zeolite 
adsorbent bed was 106 min ( beta ), 98 min ( HY30 ), 70 min ( REY ), 62 min ( ZSM-800 ), 55 
min ( 13X ) and 32 min ( 3A ), respectively.  In other words, under the conditions of the same 
adsorbent loading quality, feed flow rate, adsorption pressure and initial concentration, beta 
molecular sieve has the longest export compliance time, which also means that beta molecular 
sieve can maintain the longest time in the toxic and harmful gases in the battlefield.  At the same 
time, the corresponding time when the adsorbent reaches saturation state is 225 min ( beta ), 
210 min ( HY30 ), 185 min ( REY ), 172 min ( ZSM-800 ), 146 min ( 13X ) and 123 min ( 3A ), 
respectively. By measuring the mass change of molecular sieve in the adsorption column when 
the molecular sieve is penetrated, the breakthrough adsorption amounts of each molecular 
sieve can be obtained as 36.8 mg / g ( HY30 ), 34.7 mg / g ( Beta ), 27.2 mg / g ( REY ), 19.4 mg 
/ g ( ZSM-800 ), 17.4 mg / g ( 13X ) and 15.6 mg / g ( 3A ), respectively.  Similarly, the saturated 
adsorption capacities of each zeolite were 75.82 mg / g ( HY30 ), 66.4 mg / g ( Beta ), 59.4 mg / 
g ( REY ) and 51.1 mg / g ( ZSM ), 44.3 mg / g ( 13X ), 27.7 mg / g ( 3A ).  So whether from the 
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breakthrough time, breakthrough adsorption capacity, saturated adsorption capacity, Beta 
molecular sieve adsorption effect is better than the other five molecular sieves. 

4. Conclusion 

The static adsorption experiments of six kinds of molecular sieves show that some 
dichloromethane molecules will remain in the pores of molecular sieves. The pore size 
structure and specific surface area of molecular sieves will affect the adsorption capacity and 
adsorption effect of dichloromethane on molecular sieves, which is in line with the molecular 
size selection mechanism. The static adsorption capacity of six molecular sieves for 
dichloromethane showed that beta molecular sieve had the largest static saturated adsorption 
capacity and the strongest dynamic adsorption capacity. 
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