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ABSTRACT 
 

In recent years, the related researches on admixtures have progressed towards 
high performance, green and no pollution. In order to meet the requirements of high-
performance concrete, most of the concrete are primarily mixed with poly-carboxylate 
superplasticizer. With the advantages of low dosage, high water reduction and high 
security, it has high degree of freedom in molecular structure design, but it still requires 
heating during the synthesis, and the synthesis process must be strictly controlled, 
which may not only cause energy consumption, but also increase the energy 
consumption as well as equipment costs.  

After understanding the reaction mechanism between the raw materials and the 
molecular design method, the research and development of extended-release 
superplasticizer by dropping method at ordinary-temperature and slump-retaining 
superplasticizer by disposable input method at ordinary-temperature, were proposed 
and tested for their flow expansion and flow retention to find the optimum formula; 
separately tested for saturation, and tested for 0, 30, 60, 90, and 120 minutes of paste 
flow. The test results showed that the effects of the two are not significant in single use, 
so use them together, then use the experimental design to find the best mixing ratio, 
and test its effect on the cement mortar. The test results showed that the water ratio of 
the two cement control groups was 82% and the strength ratio of the control group 
meet the standard of the chemical admixture G type high-performance water-reducing 
retarder of concrete (CNS12283,2017). 
 
1. INTRODUCTION 
 

Concrete is one of the popular building materials in the world at present, and the 
application of admixtures is one of the major approaches to the progress of concrete 
technology. In recent years, the related researches on admixtures have also 
progressed towards high performance and green pollution. In order to satisfy the 
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requirements of high-performance concrete, most of the concrete is currently mixed 
with poly-carboxylate superplasticizer. Because of its low content and high water-
reducing effect, construction performance can be significantly improved, and the 
greatest advantage lies in the high freedom of molecular structure design. It can be 
prepared through different monomer species into different performance products. 
However, the disadvantages are that the traditional preparation procedure requires 
strict control of the dropping time of each raw material synthesis, and the preparation 
needs to be heated to 60°C-90°C so that the initiator undergoes thermal decomposition 
to provide the required free radical copolymerization, achieving its typical comb-type 
structure. Such traditional preparation procedures not only make the program 
complicated, but also cause energy consumption.  
     In order to meet the goal of high performance and green pollution, this study was 
based on the preparation and application of poly-carboxylate slump-retaining admixture 
(Chen Y. 2017). Followed by synthesizing the extended-release superplasticizer by the 
ordinary-temperature dropping method, the slump-retaining superplasticizer by the 
ordinary-temperature disposal input method was also synthesized to replace traditional 
synthesis methods and heating principles, and to develop high-precision, low-energy-
consumption, and high-performance water-reducing retarding admixture with good 
adaptability to cement paste. The purposes of this study are collated as follows:      
 Synthesis at ordinary-temperature (25±5°C) without heating, instead of normal 
heating synthetic method to synthesize poly-carboxylate superplasticizer. 
 Synthesis of the poly-carboxylate superplasticizer by disposal input method 
instead of dropping method. 
 The synthetized superplasticizer must meet the water ratio and meet the 
compressive strength requirement at the ages of 3-day and 7-day in accordance with 
(CNS 12283,2017). 
 
2. LITERATURE SURVEY 
 
     High-performance poly-carboxylate superplasticizer, the structure of which is a 
comb-type copolymer having carboxyl functional groups in a linear main chain and 
connecting a plurality of branches, and is generally obtained by radical polymerization 
through different monomers, with the advantage of low dosage as well as high water-
reducing effect and high design freedom of the molecular structure (Wang Z. 2011). 
     The esterified carboxylate monomer and water were stirred in the reactor and 
heated to 80°C., and the prepared liquids A and B were respectively added dropwise 
for 2 hours and 2.5 hours, and the polymerization was aging for 1 hour. Finally, 
followed by the lye added for liquid neutralization, poly-carboxylate superplasticizer 
could be prepared (Wang P. 2015). 
     The base liquid consisting of monomer, initiator and water was heated to 30°C-
35°C in water bath, stirred until the materials within base liquid were completely 
dissolved, and then the oxidant was added continuously to stir, and then the prepared 
A liquid and B liquid were respectively prepared. After 3 hours and 3.5 hours of 
dropwise addition, the addition of A and B was completed. After standing and aging for 
1.5 hours, the lye was added to neutralize for obtaining high-performance poly-
carboxylate superplasticizer (Huang Y. 2016). 



The 2018 Structures Congress (Structures18) 
Songdo Convensia, Incheon, Korea, August 27 - 31, 2018

 

     Th
and the 
After the
to 4 to 6
was put
unsatura
dissolve
after sta
neutraliz
2017) 
     As
as the 
understo
60°C-90
30°C-35
superpla
carboxy
prepare 
with goo
 
3. EXPE
 
     Wi
and env
material
to pr
superpla
cement 
The test
synthesi
the syn
profile o
dispersit
the cem
Then, th
depende
addition 
prepared
cement 
separate
water co
and the
cement 
The flow
 
     3.1

he macro-m
temperatu

e macro-m
6 using the
t into the 
ated carbo

ed in water
anding and
zing agent

s aforemen
complexit

ood. In the
0°C while s
5°C need 
asticizer ca
late superp
simple, lo

od adaptab

ERIMENTE

ith the hel
vironmenta
s, the non
repare 
asticizers 
was adopt
t program 
is of super
nthesis, t
of the re
ty of the su

ment paste
he saturatio
ent flow 

proport
d superp

paste 
ely. Sub
ontent, the

e time-dep
mortar w

w process o

1 Test mat

monomer a
ure was ra
onomer wa

e unsaturat
reactor an
oxylate m
r and adde

d aging for 
t, the slum

ntioned, th
ty of the 
e preparati
some othe
slightly w

an be cha
plasticizer 

ow-energy 
bility to cem

ENTAL PR

p of econ
ally friendl
-heating m
poly-carbo

suited 
ted in this 
started w

rplasticizer
he tempe

eaction an
uperplastic
e were che
on dosage

and the 
tions of 
plasticizers

were 
sequently,
e strength

pendent flo
were carrie
of the expe

terial 

and water 
aised to 60
as complet
ted carbox
nd stirred 
onomer, c
ed dropwis
1 to 2 hou

mp-retainin

e advanta
general p

on, for the
er process

warming. If
nged witho
can be ret
and high-

ment paste

ROGRAM

omical 
ly raw 

method 
oxylate 

for 
study. 
ith the 
r. After 
erature 
nd the 
cizer in 
ecked. 
, time-

best 
the 

s for 
tested 
 the 

h ratio, 
ow for 

ed out. 
eriment pro

3 

r were add
0ºC to com
tely dissolv

xylate mono
for 20 min
chain-trans
se to the r
urs, followe
g admixtu

ges of pol
poly-carbo
e conventio
ses referre
f the met
out heating
tained. In t
-performan
e. 

ogram is sh

Fig.1 flow

ded to the 
mpletely d
ved, pH of 
omer. Afte
nutes to fu
sfer agent
reaction w
ed by adju
re could b

y-carboxyl
oxylate su
onal metho
ed to the n
thod of sy
g, the adv
this study, 

nce water-r

hown in Fi

w diagram

reaction v
issolve the
the base l

er the adjus
ully dissolv
t and red
ithin 3 hou

ustment to 
be prepare

late superp
perplasticiz
ods, it nee
normal tem
ynthesis o
vantages o

it is hopefu
reducing re

g.1.  

of experim

vessel and
e macro-m
liquid was 
stment, the
ve. The re
ucing age
urs. In the
pH of 6 to

ed (Chen 

plasticizers
zers can 

eds to be h
mperature 
of poly-car
of the origi
fully to dev
etarding a

ment progra

d stirred, 
monomer. 

adjusted 
e oxidant 
emaining 
ent were 
e reactor, 
o 7 using 
Y. et al. 

s as well 
be well 

heated to 
between 

rboxylate 
nal poly-

velop and 
dmixture 

am 



The 2018 Structures Congress (Structures18) 
Songdo Convensia, Incheon, Korea, August 27 - 31, 2018

 

     Th
convenie
follows: 

 E

superpla
the amo
oxidation
monome
water, in
co-mono

 S

raw mat
the supe
macro-m
neutraliz
 
     3.2
 e
superpl

method

was ins
non-hea
solvent 
were pu
which w
the base
0.5 ho
dissolve
catalyst 

liquid, s
complet
mixed l
added a
release 
chain-tra
neutraliz
extende
Fig.2. 
 
 
 
 
 
 

he materia
ence, and 

Extended-r

asticizer, e
ount of m
n reaction
ers were a
nitiator, in
omer, redu

Slump-reta

terials were
erplasticize
monomer, 
zer. 

2 Synthesi
extended-
lasticizer 

d)：The re

sulated by 
ating stat

and m
t into the r

were the c
e liquid. A
our unti

ed, the 
were adde

stirred for 
ely disso
liquids A 
at the sam
monomer

ansfer age
zing agent
d-release 

ls used in
no environ

release su

extended-re
onomers 

n, initiator 
added whi
itiator sup

ucing agen

aining supe

e reduced 
er has the

monomer

is method 
-release 

(dropp

eaction ve

sleeve in
te, and 
acro-mono
reaction ve
constituent

After stirring
l comple
initiator 

ed to the b

5 minutes
lve, and 
and B w

me time w
, co-mono
ent and r
t was adde
(abbr. as 

n this stud
nmental im

uperplastic

elease mo
was reduc

supplem
le the tes

pplement, c
t, chain-tra

erplasticize

and the a
effect of s

r, chain-tr

ping 

essel 

n the 
the 

omer 
essel, 
ts of 
g for 
etely 
and 

base 

s to 
the 

were 
within 1 hr.
omer and d
reducing a
ed to adju
ER) supe

4 

y are mai
mpact. The

cizer：in o

onomer wa
ced, and 
ent and 
t materials
catalyst, m
ansfer age

er：in orde

amount of m
slump-reta
ransfer a

. The liqu
deionized 
agent. Afte
ust pH val
rplasticize

Fig.2 mixi

nly based
e raw mate

order to e

as introduc
for the pu
catalyst fo
s included
monomer, 
nt and neu

er to simpli

monomer w
aining while
gent, initi

id A cons
water whi
er standin
ue betwee
r, and the 

ing proces

 on the so
erials are b

xtend the 

ced during 
urpose of 
or the ex

macro-mo
extended-

utralizer. 

fy the disp

was increa
e the test 
iator, red

ists of mo
le liquid B

ng and ag
en 6 and 7

mixing pr

s of ER su

ources of 
briefly desc

 release 

the synth
strengthe

xtended-re
onomer, d
-release m

posal input 

ased to ens
materials 
ucing age

onomer, e
B compose
ging for 0
7. This re
rocess is s

uperplastici

stability, 
cribed as 

effect of 

esis and 
ning the 
lease of 

deionized 
monomer, 

method, 

sure that 
included 
ent and 

xtended-
ed of the 
0.5 hour, 
sulted in 
shown in 

izer 



The 2018 Structures Congress (Structures18) 
Songdo Convensia, Incheon, Korea, August 27 - 31, 2018

 

 s

(dispos

vessel w
heating 
the sol
transfer 
were th
constitue
base liq
macro-m
were s
initiator 
raw ma
stirred 
then we
after ab
followed
slump-re
is shown
 
4. RESU
 
     In 
superpla
in Fig. 
including
release 
slump-re
     Fro
tempera
tempera
complet
of the so
     Th
Fig.8 on
superpla
the right
diluted t
 
     4.1
     In 
dosage 
tested to
Table 2
 

slump-reta

able input

was insulat
state, an

vent, the 
agent, a

hrown in 
ents of th
quid was 
monomer a
olid, the 
might affe

aterials in 
until com

ere directly
bout 20 m
d by the ad
etaining (a
n in Fig.3. 

ULTS AND

this study
asticizer we
4&6. Bas

g solid co
time-depe

etaining tim
om ER and

ature of th
ature (25±5
ed before 
olution indi
he colour o
n the left w
asticizer af
t with pH =
o solid con

1 Test of c
this study
and the ti
o determin
. 

aining su

t method)

ted by slee
nd the ma

monome
and the re

once, wh
he base l

rapidly s
and the r
direct ad

ect the rea
the base

mpletely d
y put into t
inutes, an
ddition of t
abbr. as SR

D DISCUSS

, using the
ere prepar

sed on the
ontent and
endent fea
me-depend
d SR synth

he solution
5°C), and 
the additio
cated that 

of the ER s
with pH = 6
fter synthe

= 6.00 and 
ntent of 40

cement pas
, with refer
me-depen
ne the am

uperplastic

：The rea

eve in the 
acro-mono
er, the ch
educing a
hich were
iquid, and

stirred. As
reducing a
ddition of 
action, and
e liquid w
issolved, 
he base liq

nd then the
the neutral
R) superpl

SION 

e oxidation
red. The sy
e standard
 pH etc., 
tures of E

dent feature
hesis react
n from 60 
there was
on of the n
there was

superplast
6.00 and s
esis was tr
solid conte
.0% before

ste 
rence to th
dent flow o

mount of ce

5 

cizer 

action 

non-
omer, 
hain-

agent 
 the 

d the 
s the 
agent 

the 
d the 
were 
and 
quid 
e slow sti
lization ag
asticizer c

n-reduction
ynthesis re
d of CNS
were test

ER synthes
es of SR s
tion tempe

minutes t
indeed ox

neutralizing
s indeed re
ticizer afte
solid conte
ransparent
ent = 44.4
e testing.

he specific
of the sup
ement, wa

irring laste
ent to adju

could be pr

n principle,
eaction tem
S12283, th
ted, as sh
sis reactio
synthesis re
rature prof
to 90 min
xidation re
g agent. Th
eduction re
r synthesis

ent = 42.8%
t and colo
%. Both sy

cation (GB/
perplasticiz
ater and s

Fig.3 m
s

ed for 1 h
ust pH bet
repared. T

ER super
mperature c
he basic p
hown in Ta
n was sho
eaction wa
files, it cou
utes exce
action, and
he slightly 
action. 
s was yello
% while the
urless as 
ynthesis pr

/T8077, 20
er in the c
uperplastic

mixing proc
superplasti

hour. After
tween 6 an
The mixing

rplasticizer
curves wer
physical p
able 1. E
own in Fig
as shown in
uld be seen
eeded the 
d the reac
lower tem

owish as s
e colour o
shown in 
rocesses h

012), the s
cement pa
cizer, as s

cess of SR
icizer 

r 1 hour, 
nd 7, the 

process 

r and SR 
re shown 
roperties 
xtended-

g.5 while 
n Fig.5 
n that the 

ambient 
ction was 

mperature 

shown in 
of the SR 
Fig.8 on 

had to be 

aturation 
ste were 
shown in 

R 



The 2018 Structures Congress (Structures18) 
Songdo Convensia, Incheon, Korea, August 27 - 31, 2018

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4 

Fig.5 e

ER synthe

extended-r
ER

6 

esis reactio

release tim
R synthesi

on tempera

me-depend
is reaction 

ature curve

ent feature
 

e 

es of 



The 2018 Structures Congress (Structures18) 
Songdo Convensia, Incheon, Korea, August 27 - 31, 2018

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

sup
erp
last
iciz
ers 

E
R
 
s
u
p
e
r
p
l
a
s
ti
c
i
z
e
r 

b
a
s
i
c
 
p
r
o
p
e

c
o
l
o
r 

y
e
ll
o
w
i
s
h 

S
R
 
s
u
p
e
r
p
l
a
s
ti
c
i
z
e
r 
tr
a
n
s
p
a
r
e
n
t 
a

 Table 1 b

Fig.6 

Fig.5 slu

basic phys

SR synthe

ump-retaini
sy

7 

sical proper

esis reactio

ing time-de
ynthesis re

rties of sup

on tempera

ependent f
eaction  

perplasticiz

ature curve

features of 

zers 

e 

f SR 



The 2018 Structures Congress (Structures18) 
Songdo Convensia, Incheon, Korea, August 27 - 31, 2018

 

r
t
i
e
s 

p
H 

6
.
0 

s
o
l
i
d
 
c
o
n
t
e
n
t 

4
2
.
8
% 

      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

n
d 
c
o
l
o
rl
e
s
s 
6
.
0 

4
4
.
4
% 

satu
time-

Fig.8 ER

specimen
uration dos
-dependen

R superplas

Table 2 c

8 

n ce
sage 
nt flow

sticizer & S

cement pas

ement (g)
300 
300 

SR superpl

ste test rati

w/c
0.29
0.29

asticizer 

io 



The 2018 Structures Congress (Structures18) 
Songdo Convensia, Incheon, Korea, August 27 - 31, 2018

 

 

sensitive
order to 
correspo
1.2, 1.4%
minutes 
flow wou
results w
section a
of ER is
weight, s
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

specim

SR

ER

 

 

and fluid
tests, th
A&B, ac

Saturation

e to water
 investigat
onding tes
% of the ce
due to the

uld be term
were plotte
and flat se
s 0.8%; if t
solid conte

men ce

R 

R 

Time-dep

dity retentio
he time-dep
ccording to

spec

S
E

n dosage

r; that is, t
te the influ
ts of flow 
ement wei
e initial no-

minated if th
ed as Fig.9
ection in the
the amoun
ent of SR w

ment 

A 
B 
A 
B 

endent flo

on of the s
pendent flo
o the spec

cimen 

SR 
ER 

Tabl

Table 3 T

Fig.9

：because

they were
ence of th
were carri
ght. The te
-flow while
he flow no 
9. It could b
e end sect
nt is chang
was 0.24%

0min 
33 
10 
6 
6 

ow of pas

superplasti
ow of pas
ification (J

0.2%
6 
- 

le 4 Time-d

Test results

9 Saturatio

9 

e poly-carb

sensitive 
he saturatio
ed out wit
est duratio
e the meas
 longer rise
be seen th
tion, the sa
ged to the 

% while solid

Time-depe
30min 
31.5 

9 
8 

20 

ste：In ord

cizers, bas
te were te

JC/T1083,

satura
0.4% 0

26 
6 2

dependent

s of satura

on point of 

boxylate s

to change
on dosage
th the adde
on for ER s
surement o
es since, a

hat, there is
aturation do
amount of
d content o

endent flow
60min

26
11.5
13

25.5

der to und

sed on the
ests on two
2008). Th

ation dosag
.6% 0.8
34 35.
20 31.

t flow of pa

ation dosag

SR&ER 

superplastic

es in the a
e of the sup
ed amount

superplastic
of the flow 
as shown in
s a section
osage of S
f solid con
of ER were

w of paste(
 90m

21
13
12

25.

derstand th

e results of
o different 
e test resu

ge (cm) 
% 1.0%
.5 36 
.5 34 

aste 

ge  

cizers wer

addition am
perplasticiz
t 0.4, 0.6, 
cizer was 
for SR sin

n Table 3.
n of rise in 
SR is 0.6% 
ntent of the
e 0.32%. 

(cm) 
min 12

 1
3 
2 
5 2

he flow ex

f saturation
brands of

ults were s

% 1.2% 
35.5 
34.5 

re highly 

mount, in 
zers, the 
0.8, 1.0, 
set at 60 

nce initial 
The test 
the front 
and that 

e cement 

0min 
8.5 
13 
8 
22 

xpansion 

n dosage 
f cement 
shown in 



The 2018 Structures Congress (Structures18) 
Songdo Convensia, Incheon, Korea, August 27 - 31, 2018

10 

 

Table 4. It could be seen from the test results that the dispersion effect of SR on B 
cement was poor. It might be that the side chains grafted at ambient temperature were 
shorter and denser, resulting in retarding effect, but the fluidity of the paste was not 
good while, for the extended-release of monomer added to ER, due to the reduction in 
the amount of monomer, there were no flow at 0 minutes, slow-release start at 30 
minutes, the maximum flow at 60 minutes, remaining flow at 120 minutes, but its poor 
dispersion of cement A. 

 SR and ER Blending：Due to the inconsistent performance and poor fluidity 

retention of SR and ER on different cements, the use of composite superplasticizers 
(by blending SR and ER) was adopted in the following experiment. In addition, a 
retarder (sodium gluconate) was also added as well as the use of composite 
superplasticizers. In this study, an experimental design method was used to set the 
lower limit of the test according to the test results of the cement paste fluidity test, and 
the extended-release and slump-retaining superplasticizer (denoted as SEG) was 
prepared for the tests of cement mortar. 
 
     4.2 Test of cement mortar      

 Strength ratio of cement mortar：strength ratio of cement mortar was 

determined according to (CNS1010,1993). The amount of water mixed in cement 
mortar with superplasticizer was determined as the fluidity difference between the 
control group and the cement mortar without addition of superplasticizer within ±5mm, 
the amount of SEG added was 0.5% solid content of the cement weight, the test results 
were shown in Table 5, and the results of strength test of the cement mortar were 
shown in Table 6. According to the results of test water mixing, the ratio of water 
consumption of SEG group to that of control group could be roughly calculated to be 
82%; according to the test results of strength ratio, it could be found that the 
compressive strength ratio of SEG to A cement for 3 days was 166%, and 7 days was 
149%, the compressive strength ratio of B cement for 3 days was 157% and that for 7 
days was 141%. All of these were in compliance with the requirements of (CNS 12283, 
2017). 
 
 
 
 

specimen W/C flow(mm)

A 0.485 128 

B 0.485 128 

A(SEG) 0.4 124 

B(SEG) 0.4 124 
 

 Flow of the cement mortar：in order to understand the workability of cement 

mortar, the proportion of cement and standard sand ratio were determined according to 
the related standard (CNS1010, 1993) while the amount of water consumption and 

specimen 
strength ratio (%) 

3day 7day 

A(SEG) 166 149 

B(SEG) 157 141 

Table 6 strength ratio (to the compressive 
strength of the control group) 

Table 5 specimen 
mixing water 
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superplasticizer were decided according to the test results of strength ratio, which 
followed the specification (GB50119, 2013). The test results of cement mortar flow 
were shown in Table 7. It could be seen from the test results that SEG was not good 
for both cements, but both have fluidity at 120 minutes. 
 
 

cement 
Time-dependent flow of cement mortar (cm) 

0min 30min 60min 90min 120min 
A 25.5 23 20 17.5 14 
B 27.5 17.5 18 17 15.5 

 
5. CONCLUDING REMARK 
 
 From the results of synthesis and test results, it was found that the synthesized 
extended-release superplasticizer was added dropwise at ordinary-temperature 
(25±5°C) without warming, and the initial fluidity of the cement paste was 6cm, and the 
fluidity begins to have flow of 20cm in 30 minutes. The maximum fluidity was at 25.5cm 
in 60 minutes and the fluidity could be maintained at 22cm for 120 minutes. 
 In this study, based on the normal-temperature dropping method, the disposal-
input method for synthesizing slump-retaining superplasticizer at ordinary-temperature 
was proposed. The features of the reaction temperature indicated the reactions to take 
place and the test results can be found to have disperse effect on the cement paste. 
 To understand whether the superplasticizers developed in this study affect the 
workability and strength development of concrete, the test results showed that both the 
water consumption ratio and the compressive strength ratio conform to CNS12283 type 
G high-performance water-reducing retarder, and the slump of the cement mortar was 
still verified to have fluidity after 120 minutes. 
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