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Experimental Study of Freezing Characteristics and Antifreezing Method
of Liquid Additive for Early Strength
Mun-Hwan Lee"* and Deug-Hyun Ryuz)

"Building & Urban Research Division, KICT, Goyang 411-712, Korea
YEUGENE Group, Goyang 412-480 Korea

ABSTRACT  In ready mixed concrete factory, in case of using the high molecular additive in winter especially the liquid additive
for the early strength, it is required to check the stability. In this research, the freezing and gelling characteristics of the liquid addi-
tive for the early strength is reviewed, the material and mechanical solution are proposed to that the practical quality control method
will be suggested. As the result, the Freezing temperature of the liquid additive for the early strength is —11.8°C, and it is the lower than
the temperature at which the strength is shown. By making with sodium silicate of 37+0.5% designed by Si0, and Na,O in 0.31 of mol
ratio, it minimizes the gelling at the lower temperature. On the other hand, facilities for storing and supplying the material should be set
at 40°C so the temperature distribution is well spreaded for practical operation.
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Table 3 Variation of freezing test
Characteristics Variation Levels Ttems

Type LAD 1 |- Freezing temp.
Concentration of | 0, 6.67, 13.33, 20, 7 - Supercogling temp.
LAD (%) | 2667, 3333, 40 - Frozen time.

) A AT EAL AEZ o] 2= *LAD 0% means distilled water only

Table 1 Raw material & fuction of LAD

Ingredient Source Type Fuctions

A Acceleration | Powder |- Early strength for cement, - Frost resistance for mixing water
B SO, Powder |- Improvement of plasticity (delay of setting time), -+ Acceleration of hydration by ettringite
C SO, Powder |- Improvement of plasticity (delay of setting time), - Acceleration of hydration by ettringite
D Si Liquid - Stimulation for binder, - Improvement of long-term strength
E Si Liquid |- Stimulation for binder, - Improvement of long-term strength
F - Liquid |- Stimulation for binder

Table 2 Properties of liquid additive for early strength

Specific Viscocity i Standard A e Setting time (hr)  |Compressive strength ratio (%0)
gravity (cP) P content ppearan Tnitial | Final 3 days 28 days
12-13 1520 | 120-12.5 | VS binder 0.7-12% | Semitansparency | 12 7 T15-120 95-105
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Table 4 Mix proportion of LAD for freezing test

Type Concentration Additional distilled Liquid additive (g)
(Wt%) water (g) Amount Composition (wt%)
istilled wats 40.00
40% 40 0 100 Distilled water
Chemical CP 60.00
Distilled wat 3333
50% 50 16.67 8333 e
Chemical CP 50.00
Distilled water 26.67
60% 60 33.33 66.67
° Chemical CP 40.00
Distilled water 20.00
70% 70 50.00 50.00
° Chemical CP 30.00
Distilled wat 13.33
80% 80 66.67 3333 > e. i
Chemical CP 20.00
Distilled water 6.67
90% 90 8333 16.6
’ 7 Chemical CP 10.00
Clear Distilled water
100 100 0 -
water Chemical CP
Table 6 Variation of gelling test
Thermocouple
Characteristics Variable Levels Ttems
Shilling ;
Plastic vessel + Liquid additive
St
4 (LAD)
~LAD + AE agent .
o Type (10% dilution) 3| Gelling temp.
—— Fixed pipe . Superplasticizer . je]lln.g'
|__Temperature eposition
measurement (PC type)
Concentration of
40 1
LAD (%)
oz AsEns FEHA she g Adagnh o) Ae, £54 ol s
I AuEsERIdE TN F2 ALHE AR 34 4§40z Felmady Rass
A (10% Mot vAF 74eA (Z21ZE A Azt Ao A dstd A7 dFHE &
FASH Ade WAs 59U T4 BA@ 24 98 e vesel, 49 FR ¥ Tz oA
BT = JdeuAe JEE HAESHAT (Table 5 FX) 2L oo T34 F%o) oig FuiE SAsAT
ol wE AP 29l R FFEL Table 63 k.
3352 U Ash WIS 8 Ayl 5y
322488 Y
ARHoR Astere] SHL HolAd YPFe] E I AAQANSE
FAE 4, T4 WEAY T3 HF AHAAA zaA o 54 9 Aste M &S viel 2ol o
10°C olate] LR °C AR A4 F, ANY = ASH duyaETIE Az FHF ol 290°)
IRy AsE 717 2xE e AR Ut ¢ 2 5 ook webs A4Y 273A 9 T4 B 9 A
W, 2ot A @he setsr] fal 718 77 220 T Aule] &) Zasit
A GA] 19C A28 A A BEs sl e g S5 Fig. 2= 2 AdL $J8) +53 &3t4 2uje A%
Table 5 Properties of comparative agent
Specific gravity . Water reduce ratio|Alkali content|  Air content Setting time (min)
Type o H(20°C Appear. Slumy
P 20°C) PHQ0C) | Appearance (%) (ke/m) (%) P Minitial | Final
AE (Base con'c+3.0)] Base Base con'c
2010, 0x1. .
agent 1.20+£0.02 6.0+1.0 |Transparance >10 <03 405 con'ct1.0 —60~490
Superplasti- (Base con'c+3.0)| Base Base con'c
+ +
cizer 1.05+0.03 7.0£1.0 | Dark brown >18 <03 +05 conet10l  —30~+120
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Fig. 2 Experimental set up of freezing-proof facilities

Fig. 3 Control box for experimental set-up

Fig. 4 Water level apparatus in upper storage tank

Fig. 5 Line heater on surface of transport pipe
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Fig. 6 Freezing temperature curves with concentration of LAD
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Table 7 Freezing points with LAD concentration

Concentration| 100% | 90% | 80% | 70% | 60% | 50% | 40%
Freezing 1 | 55| 49| —82 |-117|—111|-118
temp.(°C)
S ¥
UPETCOOINE ) o | 27| —6.0 | ~98 | -12.7]-127| -128
temp.("C)
Concentration
100% 90% 80% 70% 60% 50% 40%
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(I Freezing termperature(first) é
20 Freezing temperature(second) é
05 M Supercooling temperature(first) é

Fig. 7 Freezing and supercooling temperature of LAD
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Fig. 8 Freezing properties of LAD
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Table 8 Gelling propagation with agent type

External temperature 2°C

Liquid additive

Initial gelling

12vol% gelling (no freezing)| 16vol% gelling (no freezing)| 20vol% gelling (no freezing)

(Note)

** Deposition of bottom is gelling part

* Semi-transparency of LAD is not gelling but inherence color

AE agent
(10% dilution)

Changeless

Freezing

Superplasticizer
(PC type)

Freezing
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