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Abstract — In this study, densities of water + N-Methyldiethanolamine (MDEA), Water + 2-Amino-2-Methyl-1-Propa-
nol (AMP), MDEA + AMP binary systems and Water+tMDEA+AMP ternary system were measured over the full range
of composition at temperatures from 303.15 K to 333.15 K by using an Anton Paar digital vibrating tube densimeter
(DMAA4500). The experimental excess volumes have been obtained from the experimental density results and have been
fitted using the Redlich-Kister-Muggianu expression. The parameters obtained from the binary excess volume data were
used for the correlation of ternary system with one additional ternary parameter for each isotherm. All investigated binary and
ternary systems are completely miscible, because the values of excess volume are negative under the examined conditions.
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Table 1. Molar masses of pure components

Abbreviation Structure Full name Molar mass
Water H,0 Water 18.02
CH
MDEA R, N-Methyldietanolamine  119.16
HsC - ino-2-1 -1-
AMP Cs™0H 2-Amino-2-methyl-1 89,14
HoN' CHj propanol
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Table 2. Experimental Densities and Excess volumes of the Water (1) + MDEA (2) system

Density (g/cm®)

Excess volume (cm?/mol)

X

303.15K 313.15K 323.15K 333.15K 303.15K 313.15K 323.15K 333.15K
0.0000 1.0327 1.0253 1.0176 1.0099 0.0000 0.0000 0.0000 0.0000
0.1043 1.0358 1.0282 1.0205 1.0128 -0.3784 -0.3608 -0.3575 -0.3542
0.1867 1.0376 1.0300 1.0223 1.0146 -0.5788 -0.5574 -0.5500 -0.5435
0.3197 1.0410 1.0333 1.0256 1.0178 -0.8746 -0.8475 -0.8324 -0.8179
0.4226 1.0439 1.0362 1.0284 1.0205 -1.0681 -1.0355 -1.0132 -0.9913
0.5047 1.0463 1.0386 1.0308 1.0228 -1.1829 -1.1466 -1.1200 -1.0937
0.5985 1.0488 1.0411 1.0333 1.0253 -1.2603 -1.2205 -1.1896 -1.1600
0.7071 1.0502 1.0426 1.0348 1.0268 -1.2267 -1.1859 -1.1515 -1.1184
0.8043 1.0474 1.0402 1.0327 1.0250 -1.0346 -0.9996 -0.9697 -0.9413
0.9025 1.0338 1.0278 1.0214 1.0147 -0.6137 -0.5952 -0.5803 -0.5662
0.9520 1.0187 1.0139 1.0082 1.0018 -0.3134 -0.3062 -0.2950 -0.2785
1.0000 0.9957 0.9923 0.9881 0.9832 0.0000 0.0000 0.0000 0.0000
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(e) Water (1) + (MDEA (2) + AMP (3) =5:5)

Fig. 1. Densities of binary and ternary systems.
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Table 3. Experimental Densities and Excess volumes of the Water (1) + AMP (2) system
Density (g/cm®) Excess volume (cm>/mol)

i 303.15K 313.15K 323.15K 333.15K 303.15K 313.15K 323.15K 333.15K
0.0000 0.9274 0.9188 0.9104 0.9018 0.0000 0.0000 0.0000 0.0000
0.0771 0.9316 0.9233 0.9148 0.9063 -0.3048 -0.3239 -0.3299 -0.3339
0.1462 0.9346 0.9263 0.9179 0.9094 -0.4638 -0.4817 -0.4867 -0.4877
0.2614 0.9407 0.9325 0.9241 0.9157 -0.7294 -0.7429 -0.7443 -0.7530
04319 0.9515 0.9433 0.9350 0.9265 -1.0218 -1.0246 -1.0207 -1.0155
0.5529 0.9609 0.9528 0.9445 0.9360 -1.1360 -1.1276 -1.1157 -1.1045
0.6427 0.9690 0.9609 0.9526 0.9442 -1.1529 -1.1344 -1.1157 -1.0978
0.7121 0.9761 0.9680 0.9598 0.9514 -1.1209 -1.0947 -1.0690 -1.0466
0.7674 0.9821 0.9741 0.9659 0.9576 -1.0532 -1.0199 -0.9901 -0.9644
0.8123 0.9870 0.9792 0.9712 0.9630 -0.9590 -0.9240 -0.8928 -0.8665
0.8497 0.9912 0.9837 0.9760 0.9681 -0.8611 -0.8277 -0.7989 -0.7748
0.8812 0.9935 0.9865 0.9792 0.9717 -0.7248 -0.6968 -0.6726 -0.6529
0.9083 0.9947 0.9884 0.9817 0.9746 -0.5799 -0.5609 -0.5443 -0.5305
0.9316 0.9950 0.9895 0.9834 0.9769 -0.4358 -0.4264 -0.4177 -0.4100
0.9519 0.9949 0.9901 0.9846 0.9785 -0.3003 -0.2987 -0.2946 -0.2891
1.0000 0.9957 0.9923 0.9881 0.9832 0.0000 0.0000 0.0000 0.0000

Table 4. Experimental Densities and Excess volumes of the MDEA (1) + AMP (2) system
Density (g/cm’) Excess volume (cm’/mol)

*1 303.15K 313.15K 323.15K 333.15K 303.15K 313.15K 323.15K 333.15K
0.0000 0.9274 0.9188 0.9104 0.9018 0.0000 0.0000 0.0000 0.0000
0.0507 0.9342 0.9259 0.9176 0.9091 -0.0519 -0.0736 -0.0846 -0.0862
0.1033 0.9412 0.9330 0.9246 0.9161 -0.1046 -0.1308 -0.1340 -0.1351
0.1576 0.9486 0.9404 0.9322 0.9239 -0.2006 -0.2223 -0.2374 -0.2608
0.2139 0.9556 0.9474 0.9391 0.9308 -0.2421 -0.2580 -0.2655 -0.2710
0.2723 0.9627 0.9545 0.9462 0.9379 -0.2791 -0.2909 -0.2969 -0.3030
0.3328 0.9698 0.9617 0.9537 0.9454 -0.3161 -0.3331 -0.3516 -0.3651
0.3956 0.9769 0.9689 0.9608 0.9526 -0.3396 -0.3548 -0.3701 -0.3812
0.4610 0.9837 0.9757 0.9676 0.9595 -0.3161 -0.3242 -0.3317 -0.3402
0.5288 0.9906 0.9827 0.9747 0.9666 -0.3003 -0.3086 -0.3159 -0.3275
0.5988 0.9976 0.9898 0.9819 0.9740 -0.2833 -0.2937 -0.3128 -0.3310
0.6730 1.0045 0.9968 0.9889 0.9810 -0.2375 -0.2424 -0.2581 -0.2679
0.7495 1.0115 1.0038 0.9961 0.9882 -0.1947 -0.1973 -0.2093 -0.2209
0.8296 1.0186 1.0110 1.0033 0.9955 -0.1466 -0.1497 -0.1530 -0.1647
0.9126 1.0256 1.0181 1.0104 1.0027 -0.0773 -0.0814 -0.0867 -0.0936
1.0000 1.0327 1.0253 1.0176 1.0099 0.0000 0.0000 0.0000 0.0000
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Table 5. Experimental Densities and Excess volumes of Water (1) + (MDEA (2) + AMP (3) = 2:8 weight fraction) system

Density (g/cm’) Excess volume (cm®/mol)

i 2 303.15K 313.15K 323.15K 333.15K 303.15K 313.15K 323.15K 333.15K
0.0000 0.1576 0.9486 0.9404 0.9322 0.9239 -0.2018 -0.2235 -0.2387 -0.2621
0.0812 0.1448 0.9512 0.9430 0.9348 0.9265 -0.3653 -0.3823 -0.3983 -0.4097
0.1531 0.1334 0.9547 0.9465 0.9382 0.9299 -0.5875 -0.5970 -0.6056 -0.6153
0.2710 0.1149 0.9598 0.9516 0.9433 0.9350 -0.8018 -0.8037 -0.8058 -0.8135
0.3675 0.0997 0.9653 0.9571 0.9488 0.9405 -1.0014 -0.9975 -0.9917 -0.9905
0.4448 0.0875 0.9700 0.9618 0.9536 0.9451 -1.1067 -1.1017 -1.0925 -1.0834
0.5389 0.0726 0.9763 0.9682 0.9599 0.9515 -1.1919 -1.1794 -1.1641 -1.1497
0.6350 0.0575 0.9835 0.9755 0.9672 0.9588 -1.2129 -1.1924 -1.1696 -1.1486
0.7226 0.0437 0.9908 0.9828 0.9746 0.9662 -1.1607 -1.1300 -1.1012 -1.0728
0.8100 0.0299 0.9978 0.9901 0.9821 0.9740 -0.9954 -0.9607 -0.9295 -0.9012
0.9063 0.0148 1.0012 0.9949 0.9882 0.9812 -0.5948 -0.5762 -0.5596 -0.5450
1.0000 0.0000 0.9957 0.9923 0.9881 0.9832 0.0000 0.0000 0.0000 0.0000

Table 6. Experimental Densities and Excess volumes of Water (1) + (MDEA (2) + AMP (3)= 5:S weight fraction) system
Density (g/cm’) Excess volume (cm>/mol)

i 2 303.15K 313.15K 323.15K 333.15K 303.15K 313.15K 323.15K 333.15K
0.0000 0.4279 0.9806 0.9725 0.9644 0.9562 -0.3554 -0.3650 -0.3729 -0.3821
0.0875 0.3905 0.9826 0.9746 0.9662 0.9585 -0.4964 -0.5085 -0.4840 -0.5419
0.1640 0.3578 0.9853 0.9773 0.9693 0.9611 -0.6860 -0.6930 -0.6980 -0.7020
0.2881 0.3047 0.9899 0.9819 0.9739 0.9657 -0.9228 -0.9203 -0.9202 -0.9198
0.3827 0.2642 0.9943 0.9863 0.9781 0.9699 -1.0997 -1.0863 -1.0756 -1.0701
0.4658 0.2286 0.9979 0.9899 0.9818 0.9735 -1.1746 -1.1578 -1.1442 -1.1320
0.5313 0.2006 1.0020 0.9940 0.9859 0.9776 -1.2726 -1.2513 -1.2327 -1.2174
0.6330 0.1570 1.0071 0.9991 0.9909 0.9826 -1.2641 -1.2345 -1.2077 -1.1829
0.7241 0.1181 1.0120 1.0042 0.9961 0.9878 -1.2028 -1.1683 -1.1371 -1.1079
0.8124 0.0803 1.0150 1.0075 0.9997 0.9918 -1.0096 -0.9745 -0.9437 -0.9167
0.9011 0.0423 1.0123 1.0061 0.9994 0.9924 -0.6255 -0.6063 -0.5900 -0.5752
1.0000 0.0000 0.9957 0.9923 0.9881 0.9832 0.0000 0.0000 0.0000 0.0000

Table 7. Experimental Densities and Excess volumes of Water (1) + (MDEA (2) + AMP (3)= 8:2 weight fraction) system
Density (g/cm?) Excess volume (cm>/mol)

%1 %2 303.15K 313.15K 323.15K 333.15K 303.15K 313.15K 323.15K 333.15K
0.0000 0.7495 1.0123 1.0046 0.9967 0.9888 -0.2813 -0.2785 -0.2850 -0.2933
0.0942 0.6789 1.0145 1.0067 0.9989 0.9910 -0.4990 -0.4929 -0.4951 -0.4999
0.1754 0.6181 1.0165 1.0088 1.0009 0.9930 -0.6728 -0.6652 -0.6646 -0.6663
0.3064 0.5199 1.0205 1.0127 1.0048 0.9968 -0.9423 -0.9275 -0.9179 -0.9084
0.3603 0.4794 1.0223 1.0145 1.0066 0.9986 -1.0376 -1.0189 -1.0050 -0.9926
0.4501 0.4122 1.0256 1.0178 1.0098 1.0017 -1.1736 -1.1499 -1.1298 -1.1109
0.5225 0.3579 1.0283 1.0205 1.0125 1.0043 -1.2503 -1.2215 -1.1971 -1.1737
0.6313 0.2763 1.0322 1.0244 1.0164 1.0082 -1.2915 -1.2564 -1.2260 -1.1957
0.7265 0.2050 1.0346 1.0269 1.0190 1.0108 -1.2186 -1.1807 -1.1473 -1.1159
0.8157 0.1381 1.0335 1.0266 1.0187 1.0109 -1.0091 -0.9864 -0.9457 -0.9184
0.8993 0.0755 1.0246 1.0186 1.0121 1.0053 -0.6203 -0.6035 -0.5892 -0.5759
1.0000 0.0000 0.9957 0.9923 0.9881 0.9832 0.0000 0.0000 0.0000 0.0000

OIS S} SRS AR SIS =03 £ Ao Tt g9l gk AAm 24 wal) wret &
1744 = 7+ 4819 k. Water (1) + (MDEA (2) + AMP (3)=5:5) A} el AARE Zh= 25 FelE erich A2 Aol &2
374101]*1 = SR x =06oH AAEE Muﬂ x=0%H 24 X =091 27 F9 AR 5 o] obd 49 o

027 7 K5 S Seale F7H9 X, = 027
10|41 7h43F2l T}, Water (1) + (MDEA (2) + AMP (3) = 8:2) 4
AR 5, =051 AADE 15 = 0% 0171
7} FERE SR X, = 0.1 19141 s,
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W gks Zheth o) dE A A EA Y #H-1] = Redlich-
Kister-Muggianu[15] 2] o]-&-3to] A#at3iet. o] A ollA 2|
(2)0.= 4Fe3ict.
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Fig. 2. Excess volumes of binary and ternary systems.

(f) Water (1) + (MDEA (2) + AMP (3) = 8:2)
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Table 8. Redlich-Kister-Muggianu Model Parameters for binary systems
Temp. (K) Ao A, A, As A, As *SD

303.15 -4.7102 -2.3386 -1.3407 -0.7147 0.1118 24154 0.0020
Witer 313.15 -4.5657 -2.2441 -1.2351 -0.6989 0.0867 2.1903 0.0020
MDEA 323.15 -4.4607 -2.1189 -1.1473 -0.6935 -0.0408 2.1027 0.0034
333.15 -4.3565 -2.0043 -1.1000 -0.6544 -0.1094 1.9783 0.0070
303.15 -4.4334 -1.3686 -1.1172 -3.9485 -0.6897 5.1846 0.0120
Witer 313.15 -4.4105 -1.2939 -0.9066 -3.1823 -1.1062 4.4961 0.0091
AMP 323.15 -4.3699 -1.2514 -0.7111 -2.5229 -1.3818 3.7764 0.0077
333.15 -4.3352 -1.1657 -0.6336 -2.0552 -1.4782 3.1802 0.0087
303.15 -1.2526 0.5507 -0.1463 -0.4874 0.5569 -0.2029 0.0088
MDEA 313.15 -1.2975 0.6152 -0.0561 -0.5948 0.1314 0.1778 0.0101
AMP 323.15 -1.3499 0.5923 -0.0834 -0.5444 0.1344 0.2538 0.0147
333.15 -1.3965 0.5268 -0.1436 -0.1738 0.1363 -0.1977 0.0195

Vi= XX[Ag T A (X —X)) +Ay(xy —Xz)2+A3(X1_X2)3
+ A4 (x *X2)4+A5(X1*X2)5] @)
R A 1oz sttt
VE = X%,[Ag+ A (X~ X0) + Ay(X) — X))+ Az(X; —X,)°
+ A% -0 As(x-%,) ]
+ XzX3[B()JrBl(Xz—X3)+Bz(Xz—X3)2+B3(Xz—xs)3
+ B4(X2—X3)4+BS(X2—X3)S]
+ X1 %3[Co+ Cy (% —%3) T Cy(x *X3)2+C3(X1*X3)3
+ Cy(x,—x5) + C(x, = %5) T+ X %5%5 15 3
WS A, B, Ci ol Re] wjo e AaZsheiE ol 3k
o]t Table 8ol LFERISITE. WA A= A 19 A3 2 E3E,
wi7fHSE BE AR 29F A 3 EEECA, viZHS C= AR 13}
A 3 £3E0) HYRAE Aol doi7) wolTt. 4R
oA AP A HIEIZRE F7HAR WA £,5% FASH

o] Table 991 LFERISIIL A4 2512 Fig. 2Dl HEhigiet.
o)) Axke] FFWAL S = 2 (4= Tk

E £ 212
S = Zi(vc‘alc_vexp)i (4)
¢ (N-n)
Table 9. Redlich-Kister-Muggianu Model Parameters for ternary systems
Temp (K) o3 *SD
303.15 5.1435 0.0169
Water + 313.15 5.1305 0.0177
(MDEA + AMP 323.15 4.9277 0.0168
= 2:8 wt. fraction) : : :
333.15 4.7808 0.0181
303.15 42314 0.0174
Water + 313.15 4.0768 0.0158
(MDEA + AMP 323.15 4.0152 0.0198
= 5:5 wt. fraction) : : :
333.15 3.6852 0.0138
303.15 3.2884 0.0335
Water + 313.15 3.0180 0.0311
(MDEA + AMP 323.15 2.9639 0.0284
= 8:2 wt. fraction) : : :
333.15 2.8904 0.0269

*SD = Standard Deviation
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A, B, C; : parameters of Redlich-Kister-Muggianu equation
fin3 : additional parameter of Redlich-Kister-Muggianu equation
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Water + MDEA, Water + AMP, MDEA + AMP, Water+ MDEA + AMP A2 ¢} yolyiy] =74 9 Ak 211

for ternary system
: molecular weight of components i
: numbers of parameters
: numbers of experimental data
: excess volume
: standard deviation
: mole fraction of components i
: density of mixture
: density of pure components i
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