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Abstract: The synthesis of high quality diethyl oxalate (DEO) via transesterification of dimethyl oxalate (DMO)
and ethanol (EtOH) was reported. The thermodynamic data of each substance involved in the reaction were
estimated by Benson and Joback's group contribution method and Watson formula, and the enthalpy change, entropy
change, Gibbs free energy and equilibrium constant of each step of DEO synthesis were calculated by classical
thermodynamic formula under atmospheric pressure and in the temperature range of 323—368 K. The DMO
conversion, product composition and reaction equilibrium constant at different temperatures and raw material ratios
were measured by experiments and compared with the theoretical data. It is found that the error between the
measured DMO conversion and the estimated value is less than 1%, and the measured equilibrium constant is
basically consistent with the estimated value. After strict experimental verification, it is proved that the
thermodynamic data estimated by thermodynamic analysis are reliable. The actual catalytic distillation conditions
were simulated, and the composition of the initial raw materials and the final products at 353 K was calculated with
the hypothesis of 99.9% DEO purity at the bottom. When the content of EtOH in the bottom was higher than 2.59%
and the molar ratio of initial EtOH to DMO was higher than 2.10, the purity of DEO could reach the target, and the
overall process energy consumption was significantly reduced. It would be an efficient and green route for DEO synthesis.
Key words: dimethyl oxalate; diethyl oxalate; transesterification; thermodynamics; group contribution method;
catalytic distillation
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Table 1  Group contribution value based on Benson method for
standard molar formation enthalpy

Group  n(DMO) n(MEO) n(DEO) A,HS, / (kJ-mol )

C—(O)(H); 2 1 0 —-42.19
0—(C)(CO) 2 2 2 -180.41
CO—(0)(CO) 2 2 2 ~122.65
C—(C)(H)s 0 1 2 —42.19
C—(O)C)H), 0 1 2 -33.91
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Table 2  Group contribution value of the specific heat capacity
in gas phase derived from Joback method

Group contribution value / (J -mol ' ~K_l)

Group Aa,  Abx10° Acx10°  Adx 100
—CH, 195  —0808 153  —0.0967
~CH 0909 950  —0.544  0.0119
~OH(alcohol) 257  —6.91 177 —0.0988
~Co0- 25 4.02 0402 —0.0452
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Cotomo) =50-07+0.274T —4.600x 10~°7*~
7.78x 107873 (7)

Coineo) =49:16+0.369T —0.590 x 107472~
6.59x 107877 (8)
N —472
CoEo) =48.25+0.464T — 1.134x 107"~
5.40%107373 (9)

€] 42
Coneon) =7-27+0.1337 - 0.610x 107472+
1.05x 107873 (10)

Coteton) =6-36+0.228T — 1.154x 107472+
2.24%1078713 (11)
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Table 4 Vaporization enthalpy values at different temperatures

AHy/ (KJ-mol )

K "pMO MEO DEO  MeOH  EtOH
323 4760 4989 5627 3638  40.55
338 4644 4866 5480 3526  39.26
353 4564 4781 5378 3408 3791
368 4441 4692 5221 3282 3647

1.5 AEIRE TEYRSSMRSIREERER
K FOARAE EE RS B

YT HLSL R IR T R, SRR 323, 338,
353 J2 368 K TS &Y B e, Bk
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Table 5 Calculated standard molar enthalpy of formation and
entropy for either gas or liquid phase at
different temperatures

7’K DMO MEO DEO MeOH EtOH

Ar‘H?,r/ 323 —687.19 —720.51 —753.83 —199.68 —232.99
(kJ~molfl) 338 —685.13 —718.07 —751.02 —199.00 —231.94
353 —683.02 —715.57 —748.13 —198.31 —230.86

368 —680.85 —713.00 —745.15 —197.59 —229.74

A HE/ 323 —734.79 —770.40 —810.10 —236.06 —273.54
(kJ-molfl) 338 —731.57 —766.73 —805.82 —234.26 —271.20
353 —728.66 —763.38 —801.91 —232.39 —268.77

368 —725.26 —759.92 =797.36 —230.41 —266.21

50 323 351.47 400.16 437.33 24330 286.23
) g*Tl‘ -1,338 357.70 407.53 445.83 24534 289.40

(Jrmol K )
353 363.83 414.77 45420 24736 292.54
368 369.84 421.90 462.45 249.34 295.65
50 323 204.10 245.70 263.12 130.67 160.69

LT

(J-molfl-Kfl) 338 220.30 263.57 283.70 141.02 173.25
353 234.54 279.33 301.85 150.82 185.15
368 249.16 294.40 320.58 160.16 196.54
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K® = exp(-A.G®/RT) (21)



T3 RE A FOR T O G R A B 2 23 i A S 96 E

125
#F6 BEXHREI(1)—(4) EARRLEE TH AH (kJ/mol) F A,S°J/( mol K)
Table 6 Calculated enthalpy A.H® ( kJ/mol ) and entropy A,S°)/ ( mol-K ) values of transesterifications (1) — (4)
at different temperatures
Reaction(1) Reaction(2) Reaction(3) Reaction(4)
T/K
AH® AS° AH® AS° AH® AS° AH® AS°
323 -0.35 -1.02 1.87 11.58 -2.22 -12.60 —4.09 -24.18
338 -0.37 -1.06 1.78 11.04 -2.15 -12.10 -3.93 -23.14
353 -0.49 -1.35 1.66 10.46 -2.15 -11.81 -3.81 -22.27
368 -0.50 -1.34 1.14 8.86 ~1.64 -10.20 -2.78 -19.06
*7 BEHRE(1)—(4) ERRLIEE TH A.G°(kJ/mol) #1 K°
Table 7 Calculated Gibbs free energy A,G° ( kJ/mol ) and equilibrium constant K° of reactions ( 1) — ( 4 ) at different temperatures
Reaction(1) Reaction(2) Reaction(3) Reaction(4)
T/K
4.G° K° 4G K° 4G K° 4.G° K°
-2
323 —2.054 x 10 1.007 -1.870 2.006 1.849 0.502 3.720 0.250
-2
338 —1.172 x 10 1.004 -1.952 2.003 1.939 0.502 3.891 0.250
-2
353 —1.345 x 10 1.004 -2.032 1.998 2.018 0.503 4.051 0.251
-3
368 —6.880 x 10 1.002 -2.120 2.000 2.114 0.501 4.234 0.251
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s 7 A AR AS B 38 o DA = B o b, I
o7 L B Xt SF- £ iF DMO #% 4k il DEO A 15 i) AN
K, RN AT FEAGR N AT

Fr e 7 T, SOy (1) —(2) /35 4 i F i REY
Al , BEBIAE 323-368 K, S (1)—(2) Al LA H &
#£47, DMO F1 EtOH L) K& MEO 5 EtOH % A iY i
A I AE IR 2 F R RTAT Y, T RN (3) A
(4 WE AT H B M IEAE, eI H & v 2 3E A
RAEATI o AR BCHl v A, BT A N Y T R
B IR B TR AR AR RN A AR
ZIN, T ik B XoF I g - 5 e AN R, DT A8 S A
BRI, LT PR R R BB BN, RO
(2) FN R (3) 52 BRI R, 7= 9 h 35 %5 A MeOH,
WA ZUAS W b D B2 1N 0t v % I @ 7 4 MeOH,
S 1) A B B B, FT AT AT i B
PLIE 4 = DEO MY /™= 3, ] i (4) () F- i e e
7 0.25 BT, 5 50 (3) A E, HP 5 B0 /DN, 156
Bl MEO 5 EtOH it — & & /= i 3¢ ¥ [ v 48 MEO
A LAk 5 I T 25 5 R AT

3 SLERISUE
30 ZWNBESHHE
K H AR B E A\ A2 77 59 GC-2010 pro A

AT = Wi AT i . VAR 4
BT 2% 1F: HP-FFAP 43 #, 3% A A% 2 30 m x
0.530 mm x 1.00 um, #EAE F1EFE 250 °C, 2R A FID
2%, 46 I 28 VRS 250 °C, WA HE IR 40 °C, 144
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Table 8 Measured equilibrium constant and composition
(initial ratio of nipmoy/nEom=1/4)

. Xpmo SMEO SDEO WMEO WDEO 0

UK i e e e m gm
323 120  56.79 7535 24.65 42.79 14.00
180  77.38 63.43 36.57 49.08 28.30
300 82.69 51.63 4837 42.69 40.00
360 8635 49.49 50.51 42.73 43.62

480 87.89 47.82 52.18 42.03 4586 0.96
338 30 55.03 79.93 20.07 4398 11.04
60 77.67 60.63 39.37 47.09 30.58
120 84.51 5139 48.61 4342 41.08
180 86.52 4892 50.08 4233 43.33

360 88.15 46.62 5238 41.10 46.17 1.00
353 30 60.02 77.10 2290 46.27 13.74
60  80.61 59.80 4020 48.20 32.04
120 8546 50.56 49.44 4321 4225
180 87.48 49.35 50.65 43.17 4431

360 88.16 47.65 5235 42.01 46.15 1.00

%9 ﬁ'%ﬁ"] Nmoy NEwon) = 1/4 HTT%;EETE"]@EE&.
Table 9 Calculated composition (initial ratio of npwmoy
nEony = 1/4) at different temperatures

n(DMO)/ TIK XDMO SMEO SDEO WMEO WDEO
o 1% 1% 1% 1% 1%

1/4 323 88.95 4958 5042 4410 44.84

338  88.93 4957 5043 44.08 44.85

353 88.92 4952 5048 44.03 44.89

368  88.92 49.59 5041 44.10 44.82

ﬁﬂ %‘:2 8 ﬂ%ﬂ, Tf n(DMO)/n(EtOH) =1/4 Bﬂ‘, Jiﬁj%
DMO 19 % 1k 25 i 45 B 1) T o T AS W 3 O, A
Y78 88% #- A7, 1E 353 K B IR F , DMO - £ 5%
13 55 K, DEO WUR K 50 44.31%; H 3R 9 AT,
SN 4 DMO %4k 6 (/) {E 35 7 88.90% Z= 47, il H
B 7= 9 DEO H SR A 353 K AV IR B R 15 i KMH
K 44.89%, THIEAE 5 LI IR ZETE 2% N, BT
BN, 5 A R L, 7E 323
353 K 4 1F T, 353 K B 52 o7 40 % 1k 5% B 7= ) i %
=, A RN AR, IF 5 I A R — 5

s dhil S IR B s A 353 KM TR 4514, sl
Romoy eom 73R 176, 1/12 F1 1/24 B W 240 min
Jii DMO %54k % | DEO 2k £ M AR DL KR B8 52
D20 B8 1 i L3R 100 340, R ORI
U AL RN 353 KAy 25 3B ) S A B0 B Y
DMO BSR4 Pt W3 10, #EF ) DMO i
WAL P BoE R iR (1)-(3)
Z Al ER 24 O R 3 50 IR 7 ##, I 1 Mathematic
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#10 TEYMRHELER DMO %4 DEO EF M
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Table 10 Comparison between calculated and experimental
values of DMO conversion, DEO selectivity and yield of raw
materials with different initial molar ratios of reactants

Calculation Experiment
n(DMO)/
NEow YDMO  SpEo  Wpko  Xpmo  Spro Wpeo  p®
/% /% /% /% /% /%
1/6  93.75 60.00 56.25 9350 61.75 57.74 1.00
/12 9795 75.00 73.46 9792 7581 7423 1.00
1724 9940 8571 8520 99.38 8832 87.78 1.01

i % 10 7] 1, DMO #% 1k %} DEO & % 14 F1l
PR A 6 2 2 AR & BtOH 5 T Y 14 0 11 12 i
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o P Bf DMO A 2% 5 #4022 318 115511 DMO
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BT AR HF 58 R FH B 387 25 F 58 v A0 A I 1 358 4

W2 B RO TR
34 MRESEAREBRNIENEZ~MRE
BHERIER

DEO H. 54 7= i BB R F A AL RS 18 4 R, 2
i A DMO I, 35 T 21 5% HY B, S B 4
MR R 18] 1E 7 [8) 2R AT, 1 5 283 [N 78 20 B Ak e
K185 15 3 i 4l i DEO. Hi% 53 72 3/4 LA LAY RE
FEHD I HFETE £ T I8 26 F1 DEO U8 WS 180 3t i, fn 8
il 3 22 A A0RS 18 Sy AT AR A, B AR B 4l
&% F 99.9% i) DEO Fl %X ¥] if £, B2 5 DMO 1)
JE} B 915 A K b B IS A 7 BB FE . LAJE 42 DEO
TEFEPE K 2 99.9% ([ [ A5 Ar #E th DEO 46 &
T 98% S — 45 i ) S H bR, (B3 I B 3% 48 Bl R
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7 SF- 16 % %% 1.00 F11 DEO 40 B Bk A R A 8 &
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4 45 ®
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