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Abstract

A Gaussian16 simulation was conducted to calculate the distribution of the electrostatic potential on
the surface of the molecules of MDEA and PZ, as well as the distribution of the molecular surface area.
This was done in order to analyze the behaviour of the molecules in different electric field environ-
ments. The results of this analysis were then combined with the experimental data from the CO:
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absorption of the MDEA-PZ binary system. The results indicated that PZ was capable of directly ab-
sorbing COz. The reaction between two-component ions is the most readily occurring, representing
the primary pathway for CO: capture. Two-component ions are capable of undergoing deprotonation
reactions with alkaline substances present in solution, with the potential energy barrier for the reac-
tion with MDEA being relatively low. The optimal ratio for the combination of MDEA and PZ is 2:1, and
the experimental results align with the calculated values. The feasibility of quantum chemical calcu-
lations applied to the study of the absorption mechanism of mixed alcohol amine absorbers was
demonstrated, which laid a foundation for subsequent work.
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Figure 1. CO2 absorption experimental setup. 1—cylinder, 2—mass flow controller, 3—liquid filling tank, 4—pressure trans-
mitter, 5—electric stirring device, 6—condenser, 7—electric heating jacket, 8—reaction tank, 9—thermocouple, 10—PID
controller, 11—proportional valves, 12—flue gas analyzer, 13—thermostatic barrel, 14—circulating pumps
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Figure 2. Reaction energy base diagram of CO2 capture
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Table 1. Absorption reaction equation and energy barrier of the compound solution
* 1 ERRERER R EL
e RN SR BE 22 (kd/mol)
R1 MDEA +CO, +H,0 = MDEAH" + HCO; 32.77
R2 PZ+CO, =PZH+COO" 351
R3 PZ+CO, +H,0 =PZH" + HCO; 31.74
R4 PZH"COO™ +PZ = PZH" + PZCOO" 5.42
R5 PZH*COO™ +H,0 = PZCOOH +H,0 153.79
R6 PZH*COO™ + MDEA = MDEAH" + PZCOO™ 3.46
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Figure 3. Reaction energy base diagram of PZH + COO-deprotonation reaction
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Figure 4. Electrostatic potential diagram of the molecular surface
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Figure 5. Effect of PZ + MDEA ratio on CO: loading and absorption rate
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