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Abstract: transesterification of methacrylate and diethyleneglycol proceeding by azeotropic distillation in the
presence of alkali metallic salt have been investigated. In our study, the consumption rate of reactants for base-
catalyzed transesterification process proc-eeding by azeotropic distillation was investigated in conjunction with the
volumetric decrement with time, that is, decreasing rate in volume. It should be noted that this method is likely to be
useful in studing the kinetic processes because of requiring so mild condition.The rate of transesterification process
via azeotropic distillation is mainly attributed to volumetric decreme-nt with time. Namely, the consumption rate of
reactants in transesterification process that is accompanied by change in volume is proportional to the intrinsic rate
constant characterized by volumetric revision coefficient( & ).

Annomauus. mpancomepugurayus Memakpuiama U OUIMULEHZAUKONL NPOU3B0OCMEA NYyMeM a3e0mponHoul
nepecoHKu 6 npucymcmeuu uweilo4YHoco coau memaiia uccnedosamnvl. B nawem uccredosanuu yacmoma
nompebnenus peacenmog Oisl Kamanusupyemou ocnoganusmu nepesmepugurxayuu PROC-eeding nymem
a3eomponHoll NepeconKu ObLIA UCCIe008AHA 6 COYeMAaHUu ¢ 00beMHOU OeKpeMeHmd CO 6peMeHeM, Mo eChmb
YMeHbULeHUEM CKopocmu 6 obveme. Cﬂez)yem ommemums, 4mo Omomn Memoo Mmodicem Oblmb Noie3eH 6
KUHemu4deCcKux usyuyarowux npoyeccvl u3-za moceo, umobwl mpe606amb CMmoJjlb MACKO20 COCMOAHUA. CKOpOCmb
npoyecca nepeamepu¢umuuu C nomoubio a3eomp0nH0ﬁ nepecoHKu 6 OCHOBHOM C6A34HA C obvemnou decreme-nm
co 6pemeHem. A umenHo, cKopocmb nompebieHUs pedazeHmMo8 & npoyecce nepesmepupurayuu, Komopulii
conpoeoofcdaemc;z U3MEeHeHUuem 06‘beMCl, nponopyuoHailvHa KOHCmaHme K03¢¢ML;M€HI’}’ZCZ ﬂOWlKu,

xapaxmepu3zyioweics koagguyuenmom obvemnozo Revision( & ).
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1. Mathematical modeling for kinetics based on the main principles
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Transesterification of methylmethacrylate(MMA) and diethyleneglycol(DEG) was achieved in 2 stages as
expressed below.[1,2]

For simplici-ty, it could be rewritten as

k
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a+b_yc+e

k

2
a+c—yd+e

Where a,b,c,d,e represented methylmethacrylate(MMA),diethylene glycol(DEG), diethylene gly-col
monomethacrylate(DEGMMA), diethylene glycol dimethacrylate(DEGDMA) and methanol, respect-ively.

Then the rate equation with respect to DEG could be rewritten as

—dn n,-n
a TV @

Herein, the number of moles of DEG present lies in the following defendent correlation with conversion of
DEG X, .

Ny =Ny (1= X;) @)
During reaction, lower boiling product-methanol was azeotropically removed with MMA
As the excess MMA should be withdrown in the form of azeotrope with methanol(azeotropic co-mposition:
MMA:methanol=84.5:15.5 temperature (67-68°C) In addition to stoichiometric consumption, the attendant amount

caused by azeotropic removal with methanol should be evaluated.[3,4]
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Where P represented the molar ratio of DEG and MMA at the beginning of reaction. p =

r]bO
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And is the amount of loss of MMA by azeotropic removal

Herein, M, M are molecular weight of MMA and methanol, respectively.
Thus, Eq.(1) could be rewritten in conjunction with Eq.(2),(3).

dx, — K Ny @ —%,) - (P —5.5%,)

dt Vv

In this situation, since the volume of reactor contents, V decreases with time, it can be evaluated as a function

(4)

of conversion, X, .
V=V, (l-¢-x)

Herein, & so-called volumetric revision coefficient was expressed as.
— Vo _V1
VO

&

()

For a volume V , the differential material balance is IdV = J.(\/O —Vl)dXb

Where V, represented initial volume and V; is final volume for 100% conversion.
When integrating, V = (V, —V,)x, +C (6)

Therefore, the completed differential rate equation at variable V could be written as

dx, _ K Nyo 1 —%,) - (P—5.5x,)

1
dt V,-(A—&-%,)
When Eq.(7) was integrated,

[ Vo (d=¢-%,) dx, = [k dt
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we obtain
-5, —~ k,n
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When t=0and X, =0 ,where Q as integral constant was calculated as Q = 52(‘;;55_1) -/np

Substituting Q to Eq.(8), we obtain
LS'S.[n(l_S.E)Xb/p)_|_1_—g.(n(1_xb):%.t )
5.5(5.5— p) (55— ) V,



Describing the left term of Eq.(9), we obtain

X =—PETOS  pn(1-55x I p)+—f . in(l—x,)
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Putting p=6, Eq.(9) could approximately be expressed as
VO
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It could be clearly seen that & plays main role in improving of the reaction rate and thus one possible way is for
us to lessen &

Hence we have performed another kinetic experiment in order to

Mathematical treatment was worked on the same manner as before.

As the cosolvent-benzene should be withdrown in the form of azeotrope with methanol(azeotropic composition:
benzene:methanol=60.5:39.5 temperature 58-59°C)

The number of moles of MMA referred to stoichiometry is
Ny =Nyo = 2NyeX, =Ny (P—2X,) (12)

Thus, differential rate equation obtained in terms of Eq.(12) is

pe—2 1-¢ kny,
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Defining X =

1—
-n(l-2x,/p)+ ¢ -/n(1—x,) the following linear correlation equation

2(2-p) (2
could be obtained.

From material balace, the amount of benzene to be added at the beginning of reaction is

Zlngg)(b égﬂ 5m 005
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2. Experimental proof for the kinetic model based on the main principles

Fig.1 and Fig.2 represented the correlation of conversion X, with time.

dx
As shown in both figures, it could be clearly seen that linear correlation between d_tb and t is satisfactory

within limited temperature.



From the above correlation, the following first order linearly dependent equation was obtained.

r= %% _ 00568t +0.2746 (15)

Theses correlation suggested that this reaction is apparently first order with respect to DEG.
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Fig .1. Correlation of X, ,—b with time ©

Under such a condition that the molar ratio of MMA and DEG is 6, the initial vlume of reactor contents, V, was
given to be 789.58ml and the final volume for 100% conversion, namely, X, =1 was calculated to be 312.08ml.
Vo -Vi
Thus ¢ = =0.6049

0
After calculating X from Eq.(9) in terms of experimental data, the correlation with time t was plotted ,shown in

Fig. 2.

As shown in Fig. 2, the linear correlation of X with time is explanatory for proving the accuracy our chosen

kinetic model.
From this correlation, the following first order equation was obtained as
X=0.06134t (16)

With a slobe of straight line, the apparent rate constant was evaluated as

k, =~0_.0.06134 = (4.84+0.02) x10°2, ¢/(mol - h) ar)

nbO
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Fig. 2. Correlation of X with time ¢
3. Eexperimental proof for the kinetic model in the presence of a cosolvent
On the other hand, the reaction was achieved by adding benzene as a cosolvent.
Herein, 1.5mol of MMA and 0.6mol of DEG was taken part in the reaction corresponding to the molar ratio of 2.5
and benzene was added as much as calculated from Eq.(14)

In this case, the volumetric revision coefficient & was calculated in the same manner as before.
. : dx, : _ : .
As shown in Fig. 3, the correlations of —and X with t are of satisfactory linear within nearly constant

temperature, agreed with the previous case.
Therefore, the equation obtained from above correlation is
X =0.09233t (18)

The rate constant K can be calculated by a slobe of straightline.

Vv
k=—"-tana = (4.55+0.02)x107%, ¢ /(mol - h)
nbO
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Fig. 3. Change of T, X,, X with time when adding benzol

In order to predict time necessary for reaching conversion to a maximum at constant T , Eq.(1) and Eq.(2) were
modified in the following forms and plotted, respectively.
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As shown in Fig. 4, the reaction rate tend to be linearly decreasing obeyed the law of mass action within 4h,
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Fig. 4. Simulation results between X, ~ 7 and —— ~ T according to the solvation method



regardless of which cases.

In particular,

This shows that solvent condition being such that they allow high yields in DEGDMA production. For this reason,
it is certain that the tendency of two curves of rate to be saturated never differs greatly

In a word, this is caused by the law of mass action.

That is, the results of kinetic observation for transesterification were summarized in the table.

Table 1. Kinetic experiment results of exchange reaction

Character solventless solvent

k, ¢/(mol-h) (4.84+0.2)x10°? (4.55+0.2)x107?
n

- 2.098 4.69

Ve

Relatively low value in rate constant for solventless process caused by the decrease of reaction temperature owing
to addition of benzene. Nevertheless, reaching to a maximum conversion within same time can be found to be the
result ofincrease.

This is substantially caused by \T_b?e the increase of rea-ction rate from the increase in conce-ntration of

0
participates, namely molecularity of reactants per unit volume according to the law of reaction rate.
Thus, it is clear that for the latter case, the chemical affinity become larger rather than the former.

n
Herein, —%  as molar concentration of DEG is used to be defined so long as certain process.
0

Eventually, we arrived at the conclusion that the main factor obeying the conversion of DEG is none other than

k
& and thus the instric rate constant of the transesterification via azeotropic distillation is —L . In other words, the
&

smaller & is, the larger rate becomes
Thus reaction design must to be oriented to the direction of increasing K, .
On the other hand , in virtue of solvolysis by benzene, it was probably found to the contribution to the decrease of

activation energy, namely selectivity of forward reaction.

Krel - (19)

Similarly, this model could be found to be applicable to other situation.
Thus, for general transesterification processes, equation of mathematical physics in bounded domain could be

expressed as



E—M mx 1-¢ k,n
D -y 4 n(l-x,) =20 ¢ 20

m(m—p) p’ (m-p) V,
Hence

m is theoretical number of loss moles of MMA by different reason

V, -initial volume of reactor contents,M2, N, -,initial number of moles of DEG, mol

n
p -molar ratio of ester and alcohol at the beginning of reaction(= a0 ),

My
n,, -initial number of moles of ester,mol

& -volumetric revision coefficient(for 100% conversion)

Conclusion
In the kinematic consideration process, DEGDMA synthesis reaction has a smaller and lower reactant volume in
the case of addition of benzene than in the case of no addition of benzene, and a higher production rate of the desired

product within the temperature and time limit, The method is more innovative in terms of productivity and power.
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