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Viscosity Effects in Amine Scrubbing 
with 8 m 2-Methylpiperazine 

Motivation 

Brent Sherman, Gary T. Rochelle 

Summary 

• PZ offers double the rate of  MEA and 60% 

greater capacity 

• Due to solid solubility problems of  PZ, 2MPZ 

is proposed 

• 2MPZ is fully soluble across all loading ranges 

Property/Amine (m) 7 MEA 8 PZ 8 2MPZ 4 2MPZ/4 PZ 

ΔC 
 

𝑚𝑜𝑙 𝐶𝑂2

𝑘𝑔 𝑠𝑜𝑙𝑣𝑒𝑛𝑡
 

0.47 0.79 0.93 0.84 

ΔCµ 0.60 0.77 0.70 0.63 

µrich (cP) 3.8 11.37 31.26 30.67 

Loading range 𝑚𝑜𝑙 𝑚𝑜𝑙 𝑎𝑙𝑘   0.45‒0.55 0.31‒0.39 0.27‒0.37 0.30‒0.39 

−∆𝐻𝑎𝑏𝑠 𝑘𝐽 𝑚𝑜𝑙 † 82 70 72 70 

Tmax (°C) 122 163 151 155 

𝑘𝑔,𝑎𝑣𝑔
′ 107𝑚𝑜𝑙 𝑠 − 𝑃𝑎 −𝑚2 ‡ 4.3 8.5 5.9 7.1 

small linear bias fit by 
𝐹𝑙𝑢𝑥𝑝𝑟𝑒𝑑

𝐹𝑙𝑢𝑥𝑒𝑥𝑝
= 0.0051𝑇 + 0.69 , R2 = 0.28  

open points 5 m data; 

all others 8 m data 

33
40  points fit within 20%, which is accuracy of  WWC 

piperazine 

(PZ) 
2-methylpiperazine 

(2MPZ) 

brentjsherman@utexas.edu 

†at 𝑃𝐶𝑂2
∗ =1.5 kPa; ‡at 40°C 

∆𝐶𝜇= ∆𝐶 ×
𝜇

10 𝑐𝑃

−0.25

 

• equal heat of  absorption to MEA 

• useful capacity reduced by high 

viscosity 

• 30% slower 𝑘𝑔,𝑎𝑣𝑔′  than PZ 

• 40% greater 𝑘𝑔,𝑎𝑣𝑔′  than MEA 

• twice the capacity of  MEA 

• fully soluble at all loading ranges 

𝑃𝐶𝑂2
∗ =5 kPa     αrich;  𝑃𝐶𝑂2

∗ =0.5 kPa   αlean 

NH

NH

CH3

NHNH

Reaction ko 
( kmol/s-m3) 

EA 
(104 kJ/kmol) 

2MPZCOO + H2O + CO2  H2MPZCOO + HCO3
- 2.62x106 9.80 

2 2MPZ + CO2  2MPZH+ + 2MPZCOO- 1.45x1010 2.19 

2 2MPZCOO- + CO2  +H2MPZCOO- + 2MPZ(COO)2
2- 1.28x1010 2.19 

H2MPZCOO + HCO3
- 
 2MPZCOO + H2O + CO2 

 3.67x105 17.4 

2MPZH+ + 2MPZCOO- 
2 2MPZ + CO2 

 3.96x104 9.78 
+H2MPZCOO- + 2MPZ(COO)2

2-  2 2MPZCOO- + CO2 
 2.71x108 12.9 

Parameter Value 

Do 4.4E-11 m2/s 
α -1.5 
β -11.5 

𝜇𝑝𝑢𝑟𝑒 = 𝜇𝐻2𝑂exp
Ω 𝐴Ω + 𝐵 𝑇 + 𝐶Ω + 𝐷 𝐸Ω + 𝐹𝑇 + 𝐻 𝛼 + 1

𝑇2
 

Parameter A B C D E F H 

Value -1.52x103 2.25x103 2.05 5.37 14.0 
 

-5.81x10-3 
 

-1.52 
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best fit in the operational loading range 

2MPZ rate due to steric hindrance more than µ 

∆𝐶 =
𝛼𝑟𝑖𝑐ℎ − 𝛼𝑙𝑒𝑎𝑛 · 𝑚𝑜𝑙 𝑎𝑙𝑘

𝑘𝑔 𝑎𝑚𝑖𝑛𝑒 + 𝐻2𝑂
 

𝑘 = 𝑘0exp
−𝐸𝐴
𝑅

1

𝑇
−

1

𝑇𝑟𝑒𝑓
 

𝐷𝐴𝑚 = 𝐷0
𝑇

𝑇𝑟𝑒𝑓

𝛽
𝜇

0.0465Pa − s

𝛼

 

𝐹𝑙𝑢𝑥𝜇𝑃𝑍 − 𝐹𝑙𝑢𝑥𝜇2𝑀𝑃𝑍

𝐹𝑙𝑢𝑥𝜇2𝑀𝑃𝑍

 


