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ABSTRACT

Epoxy resin chemical grouting agents are widely used in the treatment of weak foundations and concrete cracks,
especially the onesin alpine areas, it isimportant for the epoxy resin grouting agents with excellent performance at
low temperature. The main agent of epoxy resin was modified by micromolecule formulating method and then a
sulfhydryl modified low temperature curing agent was prepared in this paper. The epoxy resin chemical grouting
agentswith good groutability and curing effect were prepared and suitable for low temperature. Then the properties of
grouting agents with different compositions were studied at - 8 C. This kind of grouting agent would had a widely
application in treatment with weak foundations and concrete cracks at the temperature below 0 C.
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INTRODUCTION

In the north of 40°N region in China, the temperain winter as low as -40, the stable period of freezing weather as
long as 120d-150d, and the ice thickness react0tm 1For example, Tibet region with a unique pad@l dry cold
climate, which annual mean temperature i€ ;&xtreme minimum temperature is -4%.2and 180days below T
each year. Another similar region is Xinjiang inith The problems such as weak foundation andretecrack
during the processes of construction or operatiowader conservancy projects in alpine areas suschiilbet and
Xinjiang, which require the performance of groutagent epoxy resin suitable for the low temperafuy@].

As a thermosetting resin, epoxy resin was widegduss traditional epoxy grouting agents, but it natssuitable for
low temperature. Because of the slow curing reacéiblow temperature, long initial setting timedadifficult to

solidify the concrete. Furthermore, the groutapitiecreased with the higher viscosity as the lowemperature. In
order to suit to different working requirementscbemical grouting for different water conservancgjgcts, a high
performance grouting agent is required at low teapee. Generally, epoxy solidification dependsaativity of

epoxy group and activity of active group of theiegragent, high performance grouting agent candugiieed by
controlling molecular structure of the main agehepoxy resin, preparation and formulation optirtizza of low

temperature curing agent. In view of this, thisgrdpcused on preparation and performance stuthyofemperature
grouting agent, which provided significant techhisapport for widely application of high perform&nepoxy
grouting agent at low temperature [3-6].
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EXPERIMENTAL SECTION

Raw materials
Raw materials for the experiment including eposirrecuring agent, furfural, and acetone and sarershown in table
1.

Tablel Raw materials

Name of raw materia| Type or specification Manufact

Epoxy resin CYD-128 Epoxy resin plant of Yueyangrgehemical
Acetone Firsts Beijing Yanshan petrochemical cd.,Lt
Furfural Firsts Chemical plant of zhumadian city
Curing agent - In house

Test contents

Preparation procedure of the low temperature cugimyiting agent includes selection of epoxy resompound
modification of the main agent of epoxy resin, @nggion of the low temperature curing agent anfopeiance study
of the low temperature curing grouting agent.

RESULTSAND DISCUSSION

Compound modification of the main agent of epoxy resin

The main agent of epoxy resin was further modifigdnicromolecule compound method, the principlehiswn in
Fig.1. Epoxy micromolecule was blended with themzjent of epoxy resin, a low temperature gluetismwf epoxy
resin with doublet or multimodal distribution of inolecular weight was obtained [7]. Among compoging soluting
of epoxy resin, presence of epoxy micromoleculeiogrove infiltration capacity, thus can obtain gpeesin with
low viscosity (Table 2).

H2 Hz H Hz H H2
HZCC/CH—C O—R—0—C —C——C ——-C\—//CHZ + HQCC/CH —C
0 | n 0 o

OH
Molecule of epoxy resin Micromolecule

Fig.1 Schematic diagram of modification of epoxy resin by compound method

Table2 Main performances of epoxy resin at different temperatures

Type of resin Epoxide numbegr  Softening po|nt  VisiggsPa-s)| Organic halide value  Volatile matter
Epoxy resin for room temperatufe  0.410.47 21P0 - <<0.02 <1.0
Epoxy resin for low temperature 0.50D.54 — 11000114000 <0.0056 <0.5

Preparation of curing agent for low temperature

The key to achieve curing at low temperature isei@ct a suitable curing agent for low temperataliphatic amine
used as curing agent currently, but it with lowiatt at low temperature. A novel low temperatuteing agent was
prepared by modifying a polymeric ketoamine curagent with sulfhydryl, which can further improve itow
temperature reaction activity [8].

The polymeric ketoamine curing agent was modifieith wulfhydryl, so a sulfhydryl modified polymerietoamine

was prepared. It was taken as the low temperatunegcagent. Its IR spectrum is shown in Fig 2 kigd3, the peak at
2550 cm~2590cnT isstretching vibratiopeak ofsulfhydryl.
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Fig.2 IR spectrum of curing agent C1 and C2 Fig. 3 IR spectrum of sulfhydryl modified polyketoamine

Meanwhile, the home-made polymeric primary amins wedified with amino group, and the acquired pagim
tertiary amine was used matching with poly-mercapt/hile the tertiary amine exists, sulfhydryl oblymeric

mercaptan reacts with tertiary amine yields mem@yain firstly, the ion continue to react with egaroup of epoxy
resin, the reaction mechanism is expressed asgllo

+
RN + HS—[  _pvvv =—= §—{___Pvvv + RNH

R31tJH H,
s—{ v 4 HC—CH—Corvn — = v —S——C —CH—Cvv\n
\_/ H, H,
o)
OH

Moreover, when tertiary amine reacts with epoxyugrgields epoxy anion, nucleophilic reaction of #r@on with
sulfhydryl happens.

HS— pvvv

+
R;N + HC—CH—Cvrv . — s R3N—C—CH—Cvv\n
H, H, H,
(o)
(o)

Hy
www{ +—S—C —CH—Cwvwvwn + R;N
Hy

OH

Selection of diluent

As the high viscosity of epoxy resin, which nottahle for directly used for grouting, so a dilushbuld be used to
reduceits viscosity. There are three types of diluertprasent, the first kind is inactive diluent, suah benzene,
toluene, dimethylbenzene and acetone etc, theyomaslatilized during the curing processes, thug nzuse large
volume contraction, and this diluent doesn’t taket in the reaction of epoxy resin, its usage arh@uiimited, and it
can limitedly reduce the viscosity. The second tigp@ micromolecule compound with one or more tbae epoxy
group, such as epoxypropane butyl ether(30three hydroxyl propane glycidol ether etc, toap take part in curing
reaction, as these compounds have high viscosél,ithe diluent effect is poor, and restrict gineutability. The third
type is diluent system of furfural-acetone, asutaf and acetone are low viscosity solvents, sotjiie can be taken as
an effect diluent of epoxy resin before reactioeamwhile, furfural and acetone can react with edbbr yield furan
resin, furan resin reacts with epoxy resin yieldsass-linked structure. Its main functions areucdalg the viscosity of
serous fluid, improving groutability for fine craekd improving toughness of cured substances.derdo insure the
groutability of grouting agent at low temperatudiéent system of furfural-acetone was adopted.

Performance of low temperatur e curing grouting agent
Added different amounts of surface treating agedt@her additives into the low temperature ep@sjir containing
a certain amount of diluent, took this as A compayi®ok the modified low temperature curemgentas B component,
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mixed component A with B and mixed well, solidififat a certain period at the temperature belo@w,Ga epoxy resin
chemical grouting agent for low temperature wasuaed.

This study chose -8 to simulate environment of microthermal climate tlds temperature, change the ratio of
component A and B, respectively tested the perfooms such as viscosity, operable time, compresdieagth,
strength of extension and bonding strength etcmRAtee performance test results of different cudggnt ratios in
table 2, it can be shown that atC8curing agent have low viscosity and suitable aplertime. At -8C,when ratio of

A:B was 3:1,, initial viscosity was 60mPaadter blended for 1h, viscosity was 89mPa-s, compressiemngth of
90days age was 40.5MPa, strength of extension wa@Va, bonding strength was 3.10Mpa, comprehensive
performance was best. This can indicate that tke@gred low temperature epoxy grouting agent hate good
groutability and solidification effect at low temagure.

Table 2 Performance test results of different grouting agent components

Material ratio (A:B) 3:1 4:1 5:1

0 60 50 60

) . 1h 89 64 70

mpas) 2h | >1000 | 800 640

3h - 860 760
4h — >1000 >1000
Gelation time (h) 87 127 320
Compressive 28d 12.5 6.79 17.05
strength (MPa) 90d 40.5 25.6 43.8
Strength of 28d 3.25 2.13 1.86
extension (MPa) 90d 6.54 3.20 2.83
Bonding 28d 1.60 0.9 1.79
strength (MPa) 90d 3.10 2.36 2.52

CONCLUSION

(1) The mairagentof epoxy resin was modified by micromolecule fofating method, in the compound glue soluting
of epoxy resin, presence of epoxy micromoleculeiogrove infiltration capacity, thus can obtain rpeesin with
low viscosity.

(2) The polymeric ketoamine curing agent was medifivith sulfhydryl, so a novel low temperature ngragent was
prepared, the reaction activity was further impibae low temperature.

(3) Main performances of grouting agents with aiéf& compositions were studied at©8a chemical grouting agent
epoxy resin with good groutability and curing effa@s prepared successfully and it is suitablddartemperature,
which provided technical basis for its widely apption at the temperature beloW0

(4) The prepared low temperature chemical groutiggnt epoxy resin was applied to Eighty-one Dabann@l
Engineering of Ili river abstraction works in Xiajig region at Mar, 2010, it successfully solpeablemsof concrete
crack, exhibited good impermeable effect.
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