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Abstract. A continuous and structured porous adsorbent named GO/PAM was synthesised by one-step 
copolymerization of graphene oxide (GO) and acrylamide (AM) in amorphous region initiated by redox 
agent consisting of hydrogen peroxide (H2O2) and ascorbic acid (VC) at -20℃. The dynamic adsorption 
characteristics of methylene blue (MB) in GO/PAM structured adsorption medium were investigated. With 
the introduction of GO which rich in —OH and —COOH groups, the adsorption capacities were 178.65 
mg/g~201.58 mg/g. Structured continuous adsorption medium was prepared by one-step polymerization of 
crystallization, in order to replace traditional bulk resin and ion exchange resin in the treatment of printing 
and dyeing wastewater. 

1 Introduction 

Textile printing and dyeing industrial wastewater’s large-
scale and high-efficiency treatment is an important issue 
to be solved in the field of environmental protection [1-2]. 
In many studies, adsorption method has been widely 
used because of its strong selectivity and simple post-
treatment, such as the use of adsorption resin[3], ion 
exchange resin[4-5], adsorption membrane material[6-7]to 
be adsorbents and so on. In this paper, Graphene oxide 
(GO) rich in —COOH, —OH, —O— and other groups, 
was selected as functional raw material to form aqueous 
solution polymerization system with acrylamide (AM) to 
prepare the GO/PAM structured adsorption medium. At 
the same time, the dynamic adsorption characteristics of 
methylene blue (MB) dye on GO/PAM structured 
adsorption medium were explored in order to achieve 
large-scale adsorption treatment of printing and dyeing 
wastewater containing MB. 

2 Experimental 

2.1.Materials 

Acrylamide (AM, 99.9%) , Methylene blue (MB, 99%) 
and hydrogen peroxide(H2O2,30%) were supplied by 
Sinopharm Chemical Reagent Co., Ltd (Shanghai, 
China). N, N'-methylene-bis-acrylamide (MBA, 99%) 
and ascorbic acid(VC, 99.9%) were bought from Xilong 
Chemical Co., Ltd (Shantou, China). Graphene oxide 
(GO, 1~7 layers) was purchased from Suzhou hengqiu 
technology graphene Co., Ltd (Suzhou, China). Ethanol 
(95%) and other chemicals were of analytical grade 
obtained from local sources. 

2.2.Preparation of GO/PAM structured 
adsorption medium 

GO solution and AM solution were prepared into 
monomer aqueous solution, and then crosslinker MBA 
and oxidant H2O2 were added into monomer aqueous 
solution to form polymerization system (the total mass 
fraction of GO and monomer AM 〔w(AM + GO) = 3% 
~ 7%, m (GO): m (AM): 0 ~ 0.25, w(MBA)= 0.9% ~ 
1.7%〕. After being mixed evenly, they were put into 
refrigeration equipment (SC-15, provided by Ningbo 
Tianheng instrument factory, China) to reduce 
temperature to -5 ℃ for prefreezing, then quickly add the 
reducing agent VC dissolved in deionized water 〔the 
total mass fraction of H2O2 and VC in the system were 
w(i) = 0.1%, where m(VC): m(H2O2) = 0.6〕, quickly 
pour it into a chromatographic column 〔 size: 
diameter(D)×diameter(L) = 18mm × 200mm 〕  at 
prefreezing temperature, and put it in the low-
temperature freezing equipment. Controlled the 
temperature of the refrigeration equipment to drop to - 
20 ℃ in 30min.  

2.3.Dynamic adsorption experimental 

(1) Dynamic adsorption of MB on GO/PAM 
The medium was installed in the device with 

temperature control system, and the operation flow is 
shown in Fig.1. The concentration of MB in the effluent 
was detected every 10 minutes to determine the 
breakthrough curves under different adsorption 
conditions. In this work, the time of reaching the exit 
concentration ceff = 0.1cin in all breakthrough curves was 
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defined as the time of dynamic adsorption breakthrough 
point (tB, min), the time when ceff = 0.9cin was the 
saturation point (tE, min), and the dynamic saturated 
adsorption amount (Qm, mg/g) was calculated by formula 
(1). 
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In formula (1), Qm is the static saturated adsorption 
amount (mg/g), qin is the flow rate of the raw material 
solution (mL/min), and co is the concentration of the 
collected solution (mg/L) at the dynamic adsorption 
saturation point. 

 (2) Dynamic adsorption simulation 
Thomas dynamic adsorption equation was selected to 

simulate the dynamic adsorption behavior of MB in 
GO/PAM medium. The specific mathematical expression 
of Thomas dynamic adsorption equation is shown in 
equation (2) [8]. 
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In formula (2), cin is the initial concentration of MB 
(mg/L), ceff is the outflow concentration of MA (mg/mL), 
Kth is the rate constant of Thomas equation
〔 mL/(mgꞏmin) 〕 , Q is the calculated adsorption 
amount (mg/g), qin is the feed flow rate (mL/min), m is 
the mass of adsorption medium (g), and t is the outflow 
concentration of ceff time (min). 

Equation (2) is changed into: 
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In equation (3), Y* is the real measured value 
(dimension is 1). 

Thomas equation is equivalent to: 

 t BAY exp                                            （4） 

In equation (4), Y  is the calculated value of the 
model. 

Taking the dynamic adsorption data under different 
operating conditions as the parameter estimation actual 
data, the parameter estimation of equation (4) was 
carried out to obtain the exponential equation fitting 
relationship between Y and dynamic adsorption time 
t(min) under different operating conditions. 

3 Results and discussion 

3.1.Dynamic adsorption behavior 

(1) Initial concentration of feed liquid 
Under the same adsorption operation conditions, 

change the initial concentrations of MB dynamic 
adsorption feed liquid, and detect the dynamic adsorption 
breakthrough curves under different MB initial 

concentrations as shown in Fig.2. The breakthrough 
curves shift to the left with the increased of the initial 
concentration of MB. When the initial concentration of 
MB increased from 20mg/L to 100mg/L, the 
breakthrough time was shortened from 220min to 
125min. It can be seen from table1 that when the initial 
concentration of MB increased, the dynamic adsorption 
capacity of the medium for MB also increased. 

(2) Different feed fluid flow 
The breakthrough curves obtained by changing the 

feed flow rate at the same MB initial concentration were 
shown in Fig. 3. When the flow rate of MB increased 
from 2mL/min to 10mL/min, the breakthrough curves 
shift to the left, and the breakthrough time is shortened 
from 217min to 115min. From the data in Table 1, it can 
be seen that with the increase of feed liquid flow, the 
saturated adsorption capacity of GO/PAM medium on 
MB did not always increase. When the initial flow of 
feed liquid was more than 8 mL/min, the saturated 
adsorption capacity of medium decreased, mainly 
because the flow rate was too high, MB has not yet 
interacted with the adsorption sites in the medium, and 
the adsorption efficiency decreased. 

(3) Adsorption temperature 
Under the conditions of the same feed flow rate and 

initial MB concentration, change the ambient 
temperatures of medium adsorption to investigate the 
influence of adsorption temperatures on dynamic 
adsorption, as shown in Fig. 4. When the adsorption 
temperature raised from 278.15K to 318.15K, the 
dynamic adsorption breakthrough time decreased from 
197min to 144min. From table 1, it can be seen that the 
adsorption capacity of the medium decreased with the 
increased of the adsorption temperature. 

3.2.Simulation results of dynamic adsorption 

Thomas equation was selected to simulate the dynamic 
adsorption processes of MB on GO/PAM medium. 
Formula (3) was used to compare the exponential fitting 
of dynamic adsorption processes under different 
operating conditions with the actual experimental 
measurement values as shown in Fig. 5, Fig. 6 and Fig. 7. 
The simulation calculation results of Thomas equation 
are shown in Table 1. From the results in Table 1, it can 
be seen that R2=(0.9522~0.9866) of the fitting equations 
corresponding to different initial concentrations of MB, 
R2=(0.9608-0.9686) of the fitting equations 
corresponding to different feed flow rates, and R2= 
(0.9632-0.9794) of the fitting equations under different 
adsorption temperatures. The maximum relative 
deviation percentage of the adsorption capacity 
calculated by Thomas equation and the actual measured 
value was < 6%. By comparing the calculated value with 
the measured values, Thomas equation can well simulate 
the dynamic adsorption behavior of MB in GO/PAM 
structured medium, which could prove that Thomas 
equation could play a guiding role in the calculation of 
the adsorption capacity of MB in GO/PAM structured 
medium. 
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Table. 1 The Thomas simulation results of MB dynamic adsorption in GO/PAM structured adsorption medium under different 
conditions. 

operation conditions A(1) B(min-1) KTh﹝mL/(mgꞏmin)﹞ 
calculated 
Q (mg/g) 

measured 
Qm (mg/g) 

st% R2 value 

cin(mg/L) 

20 3.22E+05 0.0473 2.364 64.38 64.64 5.81 0.9866 
40 4.35E+05 0.0544 1.361 114.49 112.74 1.53 0.9854 
60 3.15E+06 0.0715 1.192 150.64 151.45 0.54 0.9522 
80 8.29E+06 0.0876 1.095 174.54 178.65 2.35 0.9632 
100 2.00E+06 0.0975 0.975 178.62 181.27 1.48 0.9673 

qin(mL/min) 

2 1.20E+09 0.0881 1.101 75.93 71.47 5.87 0.9608 
4 5.03E+08 0.1002 1.253 127.97 126.38 1.24 0.9663 
6 8.29E+06 0.0876 1.095 174.54 178.65 2.35 0.9632 
8 4.00E+06 0.0952 1.189 204.50 201.58 1.43 0.9621 
10 2.36E+06 0.1160 1.451 202.40 196.87 2.73 0.9686 

T(K) 

278.15 8.44E+08 0.0969 1.211 203.72 202.78 0.46 0.9664 
288.15 1.06E+07 0.0839 1.048 185.17 187.73 1.38 0.9659 
298.15 8.29E+06 0.0876 1.095 174.54 178.65 2.35 0.9632 
308.15 5.98E+05 0.0763 0.954 167.39 162.73 2.78 0.9726 
318.15 2.05E+05 0.0735 0.919 159.67 151.83 4.91 0.9794 

 

 
Fig. 1 Dynamic adsorption diagram of GO/PAM continuous adsorption medium. 
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Fig. 2 Breakthrough curves of different initial MB 
concentrations. 
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Fig. 3 Breakthrough curves under different feed flow rates. 
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Fig. 4 Breakthrough curves corresponding to different 
adsorption temperatures. 
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Fig. 5 The Thomas simulated and measured values of dynamic 

adsorption at different initial MB concentrations. 
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Fig. 6 The Thomas simulated and measured values of dynamic 

adsorption under different MB feed liquid flow rates. 
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Fig. 7  The Thomas simulated and measured values of dynamic 

adsorption at different adsorption temperatures. 

4 Conclusion 

In this  work, GO/PAM macroporous structured 
separation medium was successfully prepared, which 
realized the dynamic adsorption of MB at a high flow 
rate. The suitable flow rates of the adsorption solution 
were 6mL/min ~ 8mL/min, the adsorption temperatures 
were 288.15K ~ 298.15K, and the dynamic adsorption 
capacities were 178.65mg/g ~ 201.58mg/g. With the 
increased of the initial concentration of MB, the dynamic 
adsorption capacity increased. Thomas equation could 
well simulate the dynamic adsorption behavior of MB on 
GO/PAM structured adsorption medium, and the 
maximum relative deviation percentage between the 
calculated adsorption capacity and the actual adsorption 
capacity was less than 6%, which played a guiding role 
in the study of dynamic adsorption characteristics of MB 
on the medium. 
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