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Continuous synthesis process for ethylene glycol phenyl ether acrylate
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Abstract ; Traditional industrial synthesis process for ethylene glycol phenyl ether acrylate ( PHEA) has the
problems such as low efficiency, high energy consumption and many wastes. Therefore ,a continuous synthesis process is
developed. With acrylic acid and phenoxyethanol as raw materials, the target product PHEA is obtained through
continuous esterification by using reactive distillation technology under the catalysis of solid acid.As catalyst dosage is
fixed at 34 g,the effects of synthesis process parameters,such as reaction temperature , molar ratio of raw alcohol to acid,
feed rate and air flow rate,on the yield of PHEA are investigated.The better synthesis process conditions are obtained as
follows : reaction temperature is 110°C , the molar ratio of raw alcohol to acid is 1. 0:3. 0, the feed rate is 120 g-h™" and
the air flow rate is 500 mL + min~". Under these conditions, the yield of PHEA reaches 87.55%.It is found from
investigation that the solid acid catalyst shows good stability.

Key words: ethylene glycol phenyl ether acrylate; acrylic acid; phenoxyethanol; reactive distillation; stability

O BER LR PN 75 R TS ( ethylene glycol phenyl
ether acrylate, PHEA ) |7y i FH T8 e i A1l |
YRR A R BT AT HAT, PHEA
Tolk b & 77 & DL % £ B ( phenoxyethanol ,
PHE) 5TAMTR (acrylic acid, AA) SN JEURE, 76 X6} FH R
BATR WA IR AL AR T T R i 48 v R AR R AL
N7, AT E] ) PHEA, 277 12 BAT JRURHEG A 5
1o S ZR AR AN SO AR (EASRERS B A B 7K K
RS, AU PHEA WO g 1%, 38 23 386 0 Js 2253
BIRERE. MLAN, B ML 2 it TR R ek,
AR AL, = e sk i PHEA
BT AR

B SAR AR BAGE I T 2 R 2 B B BN, oK fig
BORE T Al SRS AR AN R S o
A AR AR B I TOUHE S, TR S -1, 42
e URHFE AL 98/ N R 2207 B RERE , 3 BEAA JEL I L i
()77 PR, S RS R H AR e A R v A
RO G REIR N =I5 Ye Il L,

EH X PHEA 1Y 3% 225 UHE AT 0F 5T, 4 J50R)
AA PHE FIBH 50 14 F 4 3413 (4 ~Methoxyphenoll ,
MEHQ) fUTR 5 W IO SR A OSSR B | 1 F i
VRBREALAE R BEAT R AL SO0, 7 22 RS 21 H bR
79 PHEA JF %566 T 2 S 80U N | J5U0RHE
PR JEE IR Lo | R B e s A N 3 SRk L

%5 H #5.2023-02-20; & B H#5:2023-09-11

BESTH:  AAMNERY R H (YDK - 100 - 2014; YDK - 153 -2016) ; ) RA MY I AW EHH & S LR F ik 4w A

(2021GDKLPRBI10)

TEE R K (1998-) %, Bl A BIFSET7 18 RS A0 A6 27 ) 45 B, 1392819639@ qq.com s A (1974-) 35 Tk, Rl #c8z, WF 507 161 D K 4

Ab2f ST R B AR FE , B IREE R N tanwei@ gdut.edu.cn,



2023 F 11 B

PHEA A5
1 SEIRERSH

1.1 RKFS5E

R KA L (PHE) ,99% , i1 IR B A R
WNEVEFR TN R (AA),99. 5%, MURAL T A FRA
A 5 [ R R A A 7, 95% , SE5G % B 5 B UK
3 mm 0 ¥ 316L, VLG AR AL T 3R A 7 MEHQ,
AR, 2 FipRA 7

10 SOV AF TR , RGBT,
1.2 &A%

TE B RRR MEAL/E R, AA 55 PHE &4 B %
Wis Ak S A2 i PHEA |, B 5 AR LA 1,

0
0 OK
O gy # O o
E AA

PH PHEA

1 PHEA & B K77 72 X

PHEA S T ARBEIT .

(1) FEAb T B IR e B — a2 1) B 8] TR 26 1)
I S N AB RIS N B, BB RIS BN
20 mm,ﬁ%%ﬂi] 1 500 mm, 2B 1 100 mm,

(2) IR —E R BC LLEC ] AA PHE #1 MEHQ FY
TR R AV RCE T ROV A RS IR RE T

)T RHIE, B 2 R G L AR, e B3
TR T IS I ARER RS AL A SE

(4) 24 s 7RG 1R 5 B o B iR T 3k 3 s N T R
B, i 5 S R i e TR G R G SR A
SRR v, R E S 100 ~360 g/h, J 7 i B
} 80~120°C .

(5) R IR 5 , 76 BN A 18 3 5 48 1% 245 3]
PHEA FLES , FHACH 3% X 35 28 1531 (1) PHEA HLS
AT RE T, LA PHE 3EMETTE PHEA WK,

PHEA & T2 LA 2,

1 4 6
SR %/5 .

1 —BERHHERE ; 23 ; 3— I  4— IONDRF IR 8 5
5% Bl ;67 ke 57— TR

K2 PHEA &R LE A

TEMSE . LB X EMRGRISINEREN T ZHR - 191 -

2 GRS

2.1 i PHEA AT ESH
2.1.1 R RBAEXT PHEA MK & 8%

TEJBHEE R BE /R [ 2R 1.0 :3.0 MEHQ [Tt i
JrORBE R BT Y 3%0  FERHHEE A 180 g/h A5 ikl
200 mL/min MEALF BT 34 ¢ S AR TR I
N BEAEAL T 5 R IR BRI HE R 1. 0:9. 0 (945 1F
T 3 A AR S R R Y R R A RN B IR R AT R
GISEBG | 2 52K 1R 8 R 18 A B I B RN L BE (90,
95,100,105 110 .115%C ) %f PHEA Y1540 | 4%
mE 3 fis,

80

< 70 /

% 6ol

=

5 sof /
s

&~ 40k /

30F ==
90 95 100 105 110 115
MR EE/ C

B3 R X R

M 3 AT LUE H, PHEA WO BE B2 W i 1Y
HERMIGE AR  >Y Sng Ii BEAIR T 100°C B, 52 1o i BE
XTS5 M AN BH S 5 > B 07 it 32 1 T 100°C B, 4 15
RO, PHEA ORI Tt T PR Y 55
T 100°C i, [z 7 ask A% v Az 8 18 7K RE B s DA s g A
RIS S TOUHE T B3R TR R AP, 3R T
PHEA %, (HIFORF AA JB T IS IR, 76 IR
ST 5 RA, BN i FH A i A 1 70 B oo T 3t Ry
125°C, F o ¥k €6 38 Bt i o ik B 1 v T 38 R, 255
% P8R S0k RN B E R 110°C
2.1.2 JRAHBEERE Rkt PHEA K &89 %k

FVRFE R 110°C MEHQ J5i 24 J5ok} o 5 &1
3%o RN 180 g/h 25 U 4 200 mL/min i
MR BTl 34 o S R TR B I I B A A ) 5 SR
FIPRFRASSE L R 1..0:9. 0 B, 25 5% JFURF AR B8 /K L
(1.0:2.0,1.0:2.5.1.0:3.0,1.0:3.5,1.0:4.0) %}
PHEA R BY5200 25 R ANE 4 s,

1.0:2.0 1.0:2.5 1.0:3.0 1.0:3.5 1.0:4.0
BERRBEIK LL

B4 FEORHEE B B AR H At KR B9 o



192 - A AL T

& 4 da] DUE H PHEA W3R b ROk B R 22
IR HE I BG RIMG O , HIEmR A /R HE A3 1. 0:3. 0 B,
Pt B8 O BT RN 5% Tl e T - 2%, FLISOR JEAR AR
TE63% /AT, XJEH TREREE/RIL/NT 1.0:3.0
Bf BERR RE R LU B 3G s oK T J5kE PHE 1 AA (4%
il s BEREE R FE KT 1..0:3. 0 i, 4R & J50RE PHE
TR, AP R EE JR LU S AR R B 1Y
Bl R SIE IS E AR AA B9 EaE, NG K5 22
STERERE, ZRG IR T SN ORI R R R L E R
1.0:3.0,
2.1.3 itk B2 PHEA KR8 %0

TES NS R 110°C | BB PR EE /R [ R 1.0
3.0 MEHQ Jfi 1 0 JrURHE T 5 1) 3%, 25 S E N
200 mL/min ML BTHEE N 34 g SRS TR SO
Bofi b0 5 OB AR R IH ) 1..0:9.0 BY 55 4F
T, 2% 2R R (120,180 ,240,300,360 g/h) X
PHEA WCRISEM 2558 El 5 Fis

80

PHEAWCHR /%
(=) ~
S <

W s W
S O

100 150 200 250 300 350 400
PERHEBE /(g ")

B 5 ok Bt RORL Y R

M S i Rf LA H PHEA YR BE 2R} R 1Y
Hehny ORI . YRR Ry 120 ¢/h I, PHEA
WCRLH 75% ; i BHE EE R 360 ¢/h B, PHEA 1K
FAUN 35% /A7 o 3% T b RE /N MR
TSI AE VRV V45 B I ) A TR A S 1 Fr R AR
JORMAG AL 0 5 PHEA WSORBR I, (H ) 8 5 e
K% 120 o/h IF I ELR G BYE O, 85 2244 3
REHEEE R 120 ¢/h,

2.1.4 RAFRE PHEA KR 63

Tia] S5 R (R 3 38 A 25 AN BB A R UE BH 2R 5
SR NS B BEL SR AR T, T R RBLHR 6, iR BEfE
HERZ K IHE S 5 m B AR I, 78 50 i
JER 110°C | JFURMEE R BE /R oA 1,003, 0, i} 3
180 g/h MEHQ J57 5 24 J5URH L5t 2 1Y 3%0 , i1k
RIS N 34 o Jo SRS 1R 3 RO B A Ak 7] 5 30}
FIRFREE I N 1.0:9. 0 ISR, B Sk
(100,200,300 ,400 500 .1 000 mL/min) %} PHEA I
FZN 25 R A 6 FiR

F435511 5
90f .
o 851 /
8
,59_80-
.
=
2/

65¢ o
0 200 400 600 800 1000
23S Wi /(mL - min™)

o6 =Sk KA

M 6 A LI i, PHEA W3R B 25 25 S i
PR R T G R, 2 A AU O 500 mL/min B
PHEA ISR N 87. 55% ; 4k 2L 4% K28 K i, PHEA
WeRTTHI R, BOR s SaEE i 500 mL/min,
2.2 EAFIREH

PR PR 127 A RE A SE B Tolb Ak iy FH Y
OCHHE AR AR 2 i A 00 ) e 1, 7 S vy 1
9 110°C | JoR B R EE IR L R 1.0 :3. 0 . MEHQ J5i
R DRk BB Y 3% HERNEEE N 120 ¢/h | A KU
A 500 mL/min MEALFI BTN 34 ¢ S W AG TR S
BN B AL 5 DR BRI L R 1..0:9. 0 B 4%
A T PHEA EZLE B, Z5 R E 7 Fos .,

92

PHEAWCHR /%
o0 o O
[= o0 (=]

o
S
T

o
N

0 5 10 15 20 25 30
SRR TE) /d

BT R

MIEL T FRf DI S5 ke 1 H A,
PHEA WCRBEARDRFFAE 87% 247 , AL B4 W] i
AT BIIE G , T LAZ AR X T 0 P S G 19 12
& PHEA i 7 B B E ROHEAEAE A

3 Hig

LA PHE F1AA Ry JURE 1) T B A 18 2 AR A= 7
PHEA MYHEAR L 554028 < O I B R 110°C | SRk}
BERRIEE IR LR 1.0:3. 0 H#ERMER BE R 120 ¢/h %S
W h 500 mL/min, It 45 7F T, PHEA Y % R
87.55% ., K FH I il [ 44 i A A4 Ak 500 - 1) FH B 1 kG
PR AN S T PHEA 878 225 h, M K b 42
BT AL RIFI 2 K PHEA 0%, A4 30f g T H
TR 53 B T S 1 BEFE S — IR I8, LA, izt
FEFNE FE I R A RS I, A 1A A A



2023 F 11 B

SR TCW] R TG IE R, LSS R A PHEA &
G — L ORAR BT S A, LU SE B PHEA 135
£ R S

S 3k

(1] 4-MERF m e 2R A L R TIIR TR TR R 5 ) F AR IR
TH G R A D] R IR R, 2019.

[2] Bergman M,Bergfelt A,Sun B, et al.Graft copolymer electrolytes for
high temperature Li-battery applications,using poly ( methyl meth-
acrylate) grafted poly (ethylene glycol) methyl ether methacrylate
and lithium bis ( trifluoromethanesulfonimide ) [ J . Electrochimica
Acta,2015,175.96-103.

[3] Chiappone A,Nair J] R, Gerbaldi C,et al.Cellulose/acrylate mem-
branes for flexible lithium batteries electrolytes : Balancing improved
interfacial integrity and ionic conductivity [ J ]. European Polymer
Journal ,2014,57.22-29.

[4] Amici J,Romanin S, Alidoost M, et al.UV-cured methacrylate based
polymer composite electrolyte for metallic lithium batteries [ J ].
Journal of Electroanalytical Chemistry,2019,837;103-107.

(5] BEweld, i, iz, 4. —Fh it R B 7 BUK 1 2R A g
A f AR AR [ J] A2, 2021,43(10) 1 1443-1447.

(6] BIA:Zs, Framu, B0, 45 TR I R Tk ' [ A v et g K G
JOEFEBEREL ] 288 Tk, 2022,50(11) :1-6,51.

(7] BHE, RBOT7, PG, 5507 By 5570 S ook K o 5% A i
PRI PR TR ) ) 5 P BE A [ 0] o [ JBAG 59, 2022, 31 (10)
8-16.

[8] Gavande V,Im D,Lee W K.Development of highly transparent UV-
curable nylon 6 nanofiber-reinforced polyurethane acrylate nano-
composite coatings for pre-coated metals [ J]. Journal of Applied
Polymer Science,2021,138(26) :50614.

(9] ol SR IR 1 RO K RS RG] o B HAE 63l iR Y7
FRFFE D] UM LKA, 2018.

[10] Rk, THEAE LR NIRRT ALY i G U Y
k[ 1].4¢24,2023,62(2) :89-92,96.

TEMSE . LB X EMRGRISINEREN T ZHR - 193 -

[11] Wu Y M,Zhu C C,Zheng Y C,et al. A type of silicone modified
styrene-acrylate latex for weatherable coatings with improved me-
chanical strength and anticorrosive properties [ J ]. Reactive and
Functional Polymers,2020, 148 ;104484.

[12] ARRL 220, X SEHE 45 IR [ 2- (MRt AL ) o 56 ] = Bk
- Z*EZW%W%M%¥W&UM§E¥ A AU
TN E PRI R 3 B R R[] 05 ,2019,37(12) .
1343-1348.

[13] 25, e BP0 , 458, e 1oy A R v Il 5 P ik — WY Sk
FE[T] A=A ,2012,34(8) . 761-762.

[14] sl BRIV, BB, 46 v 4 B PR e 1 o 25 ik [T ] G Al
1£T.,2012,29(2) :178-181.

[15] Kaur J, Kaur K, Toor A P. Sulfated iron oxide-catalyzed
esterification of acetic acid with n-butanol by reactive distillation
[J].Chemical Engineering & Technology,2018,41 ( 11) :2196-
2202.

[16] Wang H, Liu W, Gao L, et al. Synthesis of n-butyl acetate via
reactive distillation column using Candida Antarctica lipase as cata-
lyst[ J].Bioprocess and biosystems engineering,2020,43(4) ;593—
604.

[17] Koguchi R, Jankova K, Tanabe N, et al. Controlling the hydration
structure with a small amount of fluorine to produce blood compati-
ble fluorinated poly (2-methoxyethyl acrylate) [ J].Biomacromole-
cules,2019,20(6) ;2265-2275.

[18] &4 ¥V IVEE, 55 SN G BN 1 ik 2 IR TR
BT SRR 1] BE T, 2022,42(7) :224-227.

[19] Gao X,Lu K, Yang Y et al.A novel economical reactive distillation
with two reaction sections for separating isobutene in C, to save en-
ergy and reduce CO, emissions [ J ]. Separation and Purification
Technology,2022,306( PB) :122723.

[20] R HENKREZBRME & [D]. L. 2RI T R
2%,2014.

[21] #HCIEHREIRRHECA A, h EA I E TR A RS £ ——
HIFTERR. — Bl 2- 20 £ R NIRRT il 45 77 2% : CN202011003333.1
[P].2020-12-15.1

+
+
b T RO T S R G RIS IR A RO A R
fﬁ%“?ﬂ%a%ﬁ4%mewwﬁi R T E
{mﬁﬁm%@%%gﬂﬁau#&A@ﬁoﬁzr%mm
{51 HYPROSYN® T2, AT S 39 i 40 b S0 R 47 1 2
I ROV SRS R T T
BRI R

MBS0 . 2 A B0 SR TS — AR 45 2
} W5 Andrew Jones 375 “TEM G, Fo A1 5 % 1 KA Xtk £ %
b AR SE R PR R R, AR
D EICRERIR TBAGE T, SRRSO A LIS Al
D gt AT S M P I R IR 4 R A K R
L,

BT P S AL Wl 55 4k 11 T N Michael Trixler 7 .
PR A R RO L 55 R R OB, 3
§RUTIF % QBT H A B FL e T 20K B R A 1 B

A S S

RUEBHREREH " TEUSHE=

+
fE” (HPPG) TEiX T 23 %

J . SRR R A AR PR S R AE LR R A T
i, %%W%IFMF&IN%&MﬁﬁﬁﬂT%ﬁEI
A TSR BT ST 36115 (03RRI 4P i |
ST A R TF S TR it 7 O T B H
WIS TS T HYPROSYN® T2 ifldt, 54t +
G e e IR R TR RS B TR, % T
L PR ok A 00 JFOR G e 7 A9 £ T |
BRI T T2k IR TRATA, ST LM +
Mo % T 2R K A T 95% . JAh BT T — %iﬁ*
28 1 o P 1T R AT P +
PG R — P TRV b RS R A 7T
i B RS G | B 2 0 b i 1 A SRR PR T
. eI TLAER RO M G DK S A T
(32 BRI A= R RE H1, DL H 28 B it ok
(mEE) |

e ee e ee e —ee e ee s —her s er s —her s er s —her s —her s —her s or s or s or st sr e or ot bt —sr st ot —pmsr st st e —pere X



