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ABSTRACT

In this study, dimethyl silicone oil and liquid paraffin were combined and subsequently emulsified; the resulting mixture was

innovatively incorporated into desulfurized gypsum to resolve its drawback of a poor water resistance . The waterproof mecha-

nism of the composite emulsion and liquid paraffin emulsion with mass fractions of 1%, 2%, 3%, and 4% were investigated. The

effect of the desulfurized gypsum on the waterproof performance and basic mechanical properties were also investigated. The con-

figuration of the composite waterproofing agent was characterized by FTIR and 1HNMR. The results showed that, compared with

the traditional liquid paraffin emulsion-based waterproofing agent, the softening coefficient of the silicone oil paraffin composite

emulsion-based water-repellent agent was increased by 60% and attained a value of 0.89. Combined with the waterproof mecha-

nism and microscope morphology analysis of gypsum hydration products, the improvement in the water resistance of water resis-

tance was primarily attributed to the formation of a silicone hydrophobic membrane between the crystals of the gypsum block;

this ensured that water could not penetrate the crystal.

Key words : Desulfurization gypsum, Silicone oil paraffin composite emulsion, Softening coefficient, Waterproof mech-

anism

1. Introduction

ypsum block is essentially used as a wall insulation

material in buildings. It is primarily used for construct-

ing the internal partition wall; further, it is light-weight,

fireproof, and has noteworthy thermal insulation as well as

seismic performance. However, due to the poor water resis-

tance of construction products based on gypsum, it cannot

meet the requirements for the development and use of

architectural construction.1) In recent years, international

scholars2-4) have conducted in-depth research on the modifi-

cation of gypsum for its characteristics owing to its wide

application in green building materials. Meanwhile, numer-

ous scholars5-7) have studied the modification of desulfuriza-

tion of gypsum in order to improve the resource utilization

value of the industrial by-product obtained during the

desulfurization of gypsum.

At present, several research teams have investigated

many research areas pertaining to the improvement of the

water-resistance of gypsum. Zhao Feng-qing8) has studied

the mixing of water repellent agents that are prepared by

granular blast furnace slag, high calcium fly ash and some

additives with calcined desulfurized gypsum; this was

aimed at preparing a waterproof gypsum block. Khalil A.A.9)

has investigated the preparation of gypsum-based compos-

ites by mixing it with 0.2%10% of unburned rice hulls,

blast furnace slag, calcium carbonate and polyvinyl alcohol

(PVA) to improve water resistance. Zhu Cong10) has

researched the effects of polyvinyl alcohol and polypropyl-

ene fibers on the workability, hydrodynamics, mechanical

properties and water resistance of gypsum-based compos-

ites. Pervyshin G.N.11) studied the structure and properties

of an artificial modifier-modified gypsum composition based

on metallurgical dust and multi-walled carbon nanotubes

with improved water resistance and a softening coefficient

of 0.85. Domanskaya I12) studied the gypsum-based cementi-

tious materials, emphasizing its environmental advantages

over Portland cement and expounding the main methods to

improve its water resistance. Khalil A.A.13) researched about

composite materials such as gypsum, silica sand, silica
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fume, silica gel, rice husk, slag, calcium carbonate, and PVA

to show the improved mechanical properties and water

resistance of gypsum. Our team has also done in-depth

work in this field. Firstly, the Anhui industrial by-product

gypsum was divided into detail, and its comprehensive utili-

zation status was analyzed.14) Secondly, some progress has

been made in the research of desulfurized gypsum as a

waterproofing agent, and a new type of building gypsum-

based waterproofing agent has been prepared.15) In addi-

tion, a new type of high-efficiency inorganic composite

waterproofing agent has been prepared.16)

This work is based on the silicone polymer compound,

namely: dimethyl silicone oil. It is observed that the liquid

paraffin replaces a part of the silicone oil under the action of

the compound emulsifier. After complete emulsification, the

composite emulsion-based waterproofing agent for building

gypsum is prepared. Compared with the traditional liquid

paraffin emulsion-based waterproofing agent, the water-

proofing agent synthesized in this study has less influence

on the mechanical properties of the gypsum; further, it can

significantly improve the softening coefficient of the gyp-

sum.

2. Experimental Procedure 

2.1. Experimental materials

Liquid paraffin (AR, 99%, Shanghai Maclean Biochemical

Technology Co., Ltd.); Dimethicone (industrial grade, com-

mercially available product); Tween-80, (CP, Shanghai

Maclean Biotechnology Co., Ltd.); Span-80 (Litter sorbitol

oleate) (CP, Shanghai Maclean Biochemical Technology Co.,

Ltd.); Stearic acid (98%, melting point 69°C72°C, Shanghai

Maclean Biochemical Technology Co., Ltd.); Triethanol-

amine (AR, 98%, Shanghai Maclean Biochemical Technology

Co., Ltd.); OP-10 emulsifier (hydrophilic, hydroxyl value

87±10, Shanghai Maclean Biochemical Technology Co.,

Ltd.); Desulfurization gypsum (Huainan Thermal Power

Plant). The content of -hemihydrate gypsum and dihydrate

gypsum are 71.4% and 14.7%, respectively. Meanwhile, the

chemical composition and phase XRD spectrum of the

desulfurized gypsum are shown in Table 1 and Fig. 1,

respectively; the TG-DSC analysis curve is shown in Fig. 2;

the particle size distribution curve is shown in Fig. 3.

2.2. Preparation of paraffin emulsion

We chose 80 parts of liquid paraffin, added 5 parts of

tween-80 and span-80 sequentially, then stirred. We further

added 240 parts of deionized water, warmed up to 85oC,

stirred for 80 min for full emulsification to obtain milky

white slightly transparent emulsion, which is paraffin

emulsion water repellent.

Table 1. Chemical Component of Desulphurization Gypsum

Chemical component LOI SiO2 Fe2O3 Al2O3 CaO MgO SO3 Crystal water

Content (%) 11.76 2.86 0.48 0.91 37.45 0.77 43.11 5.64

Fig. 1. The phase composition XRD pattern of desulphuriza-
tion gypsum.

Fig. 2. TG analysis curve of desulphurization gypsum.

Fig. 3. Grain size distribution curve of desulphurization gyp-
sum.
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2.3. Preparation of Dimethicone-Paraffin Compos-

ite Emulsion

Liquid paraffin replaces part of dimethyl silicone oil to

prepare a composite emulsion with a mass fraction of 25%.

Using a laboratory-made compound emulsifier, Span80:

Tween80: stearic acid: OP-10: triethanolamine has a mass

ratio of 6:3:2:2:3. We took 200 parts of dimethyl silicone oil,

66 parts of liquid paraffin; the total mass of emulsifier is 16

parts. The stirring speed was 1500 r/min. We further pre-

pared 160 parts of preheated deionized water twice in oil

bath condition at 80oC, increased the stirring speed to 2000

r/min, and then, after half an hour, we added 40 parts of

deionized water to dilute. We subsequently stirred at the

speed of 1000 r/min, stirred for 30 min until fully emulsified

to obtain a white fine emulsion as a laboratory-made com-

posite emulsion-based waterproofing agent.17)

2.4. Preparation and performance test of gypsum

block

2.4.1. Test of strength and softening coefficient

According to the National Standard “GB/T 17669.3-1999:

Determination of the mechanical properties of building gyp-

sum,” determine the water consumption of the test stan-

dard consistency, 40 mm×40 mm×160 mm triple mold

gypsum test block, need to be intensified after its hydration

age. The test specimens were stored in the curing box imme-

diately after demolding. During the entire hydration period,

the temperature of the air in the curing box was 25oC±2oC,

and the relative humidity was 90%±5%. After curing to the

age, dry in a 40oC±4oC oven to constant weight, and con-

tinue to heat in the oven at 80oC for 1 h, take the dried test

block for 24 h after the test is a saturated water test block.

According to “GB /T 9776-2008 Building Gypsum,” deter-

mine the strength of the dry and immersed gypsum block.

The softening coefficient is the ratio of the breaking

strength of the test block to the dry strength.

2.4.2. Test of the water absorption rate

We weighed the test piece (M1) dried to a constant weight

in an oven at 40oC±4oC, then immersed it in water at 20oC±2
oC for 24 h. We took out the mass (M2), and absorbed water:

(M2) — M1)/M1×100%.

3. Results and Discussion

3.1. Effect of waterproofing agent on gypsum strength

According to the blending amount of 0%, 1%, 2%, 3%, and

4%, the different amounts of emulsion-based waterproofing

agents were added to the gypsum slurry, sequentially. The

test piece was formed by triple trial molding cured for 7

days and dried to dryness. Fig. 4 shows the strength change

of the saturated water gypsum test block after 24 h of water

immersion, whereas Fig. 5 illustrates the strength change

of the dry gypsum test block. The saturated water flexural

strength of the entire water-repellent test blocks had

increased to different degrees compared with the saturated

water flexural strength of the blank test block. The flexural

strength of the saturated water test block after blending

with the paraffin emulsion was the same as the blending

strength. With the addition of paraffin emulsion, the flex-

ural strength of the saturated water test block increased

first and then decreased proportionally to the mixing

amount. The maximum flexural strength increased by 44%

when the amount of paraffin emulsion was 3%; the com-

pressive strength also increased first, decreased, and gradu-

ally stabilized. The compressive strength of saturated water

test block was increased by a maximum of 10.4% when the

paraffin emulsion was 2%. The flexural strength of the satu-

rated water test block after the silicone oil paraffin compos-

ite emulsion-based waterproofing agent was first increased

and then decreased slowly; It then reached the maximum

when the blending amount was 3% (the flexural strength

increased by 51%); the compressive strength increased first.

The tendency to gradually decrease was much better than

that of the paraffin-embedded gypsum plaster block and the

blank gypsum sample and reached the highest at the 1%

content (the compressive strength increased by 21%). After

Fig. 4. Influence on the strength of saturated water blocks
with the dosage of emulsion-based waterproofing agent.

Fig. 5. Influence on the strength of dry blocks with the dos-
age of emulsion waterproofing agent.
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the paraffin emulsion was blended, the flexural strength

increased first, decreased, and then stabilized. The strength

was significantly lower than that of the blank gypsum, indi-

cating that the incorporation of the paraffin emulsion had a

negative effect on the gypsum strength. The flexural

strength of the dry test piece, after incorporating the sili-

cone oil paraffin composite emulsion-based waterproofing

agent, changed by a small amount with an increase in the

dosage. It subsequently became stable and slightly higher

than the flexural strength of the blank gypsum test piece.

Although the compressive strength was incorporated when

the amount was 1%, the strength of the gypsum, similar to

paraffin, was much lower than that of the blank gypsum

test block. This indicated that the silicone oil paraffin com-

posite emulsion-based waterproofing agent did not have

obvious adverse effects on the strength of the gypsum; fur-

ther, the strength was improved. Compared with the tradi-

tional paraffin emulsion-based waterproofing agent, it can

be applied to gypsum better.

3.2. Effect of water repellent on gypsum softening

coefficient and water absorption

Figure 6 shows that the effect of the silicone oil paraffin

composite emulsion-based waterproofing agent on the gyp-

sum softening coefficient was significantly higher than that

of the paraffin emulsion, and the softening coefficient has

reached up to 0.89. The softening coefficient has increased

by 60% when the content was 1%, and the paraffin emulsion

increased by only 44%. The softening coefficient ranges from

0 to 1 and the larger the value, the better the water-resis-

tance of the desulfurized gypsum. With the increase in the

amount of water repellent, the softening coefficient of gyp-

sum added with silicone oil paraffin emulsion increased first

and then decreased. It was significantly higher than that of

paraffin emulsion. This indicated that the desulfurized gyp-

sum of silicone oil paraffin emulsion- based waterproofing

agents possessed superior water resistance. 

Figure 7 shows the effect of two different water repellents

on the water absorption of the test block at different blend-

ing amounts. The water absorption of the test block was sig-

nificantly reduced with the increase in the two different

water repellents. The water absorption rate of the paraffin

emulsion-based-waterproofing agent was lower than that of

the composite emulsion at 1%; this is because the paraffin

wax was emulsified to form extremely fine spherical parti-

cles, which were suspended in water to form an oil-in-water

continuous phase emulsion, so that the water absorption

rate of the gypsum test block can be significantly reduced.

However, with the increase in the amount of paraffin emul-

sion, a decrease in the mechanical strength was observed;

this caused the water absorption rate to increase compared

with 1%. After the blending amount was more than 1%, the

water absorption of the test piece incorporating the paraffin

silicone oil composite emulsion waterproofing agent was

lowered faster. This indicated that the paraffin silicone oil

composite emulsion-based waterproofing agent has signifi-

cantly improved the softening coefficient of gypsum than the

traditional paraffin emulsion-based waterproofing agent did;

Fig. 6. Influence on softening coefficient of blocks with the
dosage of emulsion-based waterproofing agent.

Fig. 7. Influence on water absorption of blocks with the dos-
age of emulsion-based waterproofing agent.

Fig. 8. IR spectrum curve of dimethicone and liquid paraffin
in the composite emulsion-based waterproofing agent.
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further, the water absorption rate was also significantly

reduced.

3.3. Composition analysis of silicone oil paraffin

composite emulsion waterproofing agent

FTIR infrared detection was performed by American

Thermo Fisher Scientific Nicolet 6700 Fourier transform

infrared spectrometer after dimethyl silicone oil, liquid par-

affin, silicone oil paraffin composite emulsion-based water-

proofing agent were vacuum dried and dehydrated. Fig. 8

shows the infrared spectrum obtained.

The three groups of infrared spectra in Fig. 8 were com-

pared, and the analysis results were shown in the figure.

The peak of the hydroxyl group was around 3400 cm1. The

leftmost side of the figure showed a broad peak. According

to the chemical formula of dimethyl silicone oil and liquid

paraffin, there was no hydroxyl functional group, but it was

at 3403 cm1. There was a broad and relatively blunt peak.

Because the water repellent was not sufficiently dried, this

peak denotes a hydroxyl function of water molecules. The

three peaks: 2951 cm1, 2920 cm1, and 2853 cm1 could be

attributed to the hydrogen-bonding vibration of methyl

(CH3-) of dimethicone and liquid paraffin. The absorption

peaks at 1463 cm1 and 1374 cm1 were caused by the asym-

metric deformation vibration and symmetrical deformation

vibration of the paraffin methyl group (CH3-), respectively.

The absorption peak at 1258 cm1 was mainly caused by the

deformation vibration of dimethyl silicone oil-CH3. The

infrared absorption peaks at 1089 cm1 and 1012 cm1 were

mainly caused by the stretching vibration of Si-O bond of

dimethyl silicone oil; the absorption peak at 809 cm1 was

mainly composed of Si-C bond of dimethyl silicone oil.18)

  T he absorption peak at 720 cm1 was mainly caused by

the in-plane rocking vibration of -CH2-methylene of liquid

paraffin.19) As aforementioned, the position of each func-

tional group (bond) of the synthesized product was analyzed,

and it was preliminarily determined that the composite

emulsion-based waterproofing agent prepared in the labora-

tory was obtained by compounding silicone oil-paraffin.

The silicone oil paraffin composite emulsion-based water-

proofing agent was purified and dried. It was then subjected

to 1H-NMR detection by the German Brux Ascend Aeon 400

NMR spectrometer. The deuterated reagent CDCl3 was

used as a solvent to detect the nuclear magnetic properties

of the product, and some basic products were characterized.

The nature of its nuclear magnetic resonance spectrum was

as follows:

First, the peak position in the Fig. 9 was at 7.26 mg/L,

which was obviously the solvent peak of the deuterated

reagent CDCl3. Due to incomplete drying, the product con-

tained moisture and the peak position of the water was at

1.47 mg/L (f). The peak at the position of 3.68 ~ 3.73 mg/L

(g) belonged to the silanol group in the polydimethylsilox-

ane, and the peak at 0.08 mg/L (a) denoted the silyl group.

The peak positioned at 0.12 mg/L (b) represented H on the

silicon methyl group attached to the silanol at the end of the

molecular chain, and the peak at 0.20 mg/L (c) was the

molecular chain head end and the peak position of H on the

silanol-bonded silicon methyl group. The main component of

paraffin wax was normal paraffin, and so the peaks at 0.87

Fig. 9. 1H NMR spectra of composite emulsion-based waterproofing agent.
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mg/L (d) and 1.21 mg/L (e) were CH3 and CH2 proton peaks,

respectively. Therefore, it can be considered that the water

repellent product was a composite of silicone oil paraffin.

3.4. Phase analysis

The German Bruker D8 ADVANCE X-ray diffractometer

was used to analyze the gypsum hydration product samples

after 7 days of curing. The XRD pattern was shown in Fig.

10. All characteristic peaks of XRD spectra of hydration

products of the three samples were compared with the cubic

CaSO4·2H2O standard card (JCPDS 33-0311). The XRD

peaks of other crystal phase structures were not found, and

no other impurity peaks were observed. Further, the diffrac-

tion peaks were strong and sharp, thus indicating that the

samples have high purity and good crystallinity. The hydra-

tion products were consistent. Meanwhile, the addition of

different water repellents has no effect on the hydration

products formed by the gypsum.

3.5. Microscopic Analysis of the Crystal Morphology 

The samples of gypsum hydration products after 7 days of

Fig. 10. XRD analysis of gypsum (the curve (a) was the
XRD analysis of blank gypsum sample, curve (b)
was the XRD analysis of gypsum sample to which
1% of a paraffin emulsion water repellent is added,
curve (c) was the XRD analysis of gypsum sample
to which a 1% silicone oil paraffin composite emul-
sion water repellent is added).

Fig. 11. SEM images of (a, b) a blank gypsum sample, (c, d) a gypsum sample to which 1% of a paraffin emulsion water repel-
lent is added, and (e, f) a gypsum sample to which a 1% silicone oil paraffin composite emulsion water repellent is
added.
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curing were analyzed by Hitachi Regulus 8230 field emis-

sion scanning electron microscope. Fig. 11 shows the SEM

photograph of the hydrated products of various gypsum

samples in 1800 and 5000 times magnification. Fig. 11(a)

and (b) are blank gypsum samples, which predominantly

showed that the needle-like crystal structures with large

aspect ratios cross each other; the pores between the crys-

tals could be observed from microscopic morphology. Fig.

11(c) and (d) were crystal morphologies of 1% paraffin emul-

sion gypsum, and the pores between the crystals became

smaller than that of the blank gypsum. It can be clearly

observed that the paraffin particles were wrapped around

the gypsum crystals, thereby preventing the invasion of

water. However, the addition of paraffin emulsion caused

the rod-like crystal of gypsum needle to change, and the

number of needle-like crystals could not be reduced by an

orderly crossover; this resulted in a significant decrease in

the mechanical strength. Fig. 11(e) and (f) represent a 1%

silicone oil paraffin emulsion gypsum-like blend; it can be

observed that the composite emulsion penetrates the gyp-

sum block to form a hydrophobic film with a very low sur-

face tension. Further, the addition of the silicone oil paraffin

composite emulsion did not alter the structure of the gyp-

sum crystal, so that the needle-like crystal of the gypsum

was overlapped. The pores between the gypsum crystals

were reduced, and the compactness of the gypsum test piece

was increased; therefore, effective improvement in the

waterproofing performance of the gypsum test piece was

achieved without adversely affecting its mechanical strength.

3.6. Waterproof mechanism

The addition of paraffin emulsion reduced the water

absorption of gypsum. As the amount of paraffin emulsion

was increased, the water absorption of gypsum was signifi-

cantly reduced because paraffin was emulsified to form very

fine spherical particles, which were suspended in water to

form an oil-in-water continuous phase. When the paraffin

emulsion was evenly mixed with the gypsum slurry, the

hydrophobic material in the emulsion was immediately dis-

persed in the continuous phase of the gypsum slurry. When

the hemihydrate gypsum slurry condensed and hardened,

the water in the surrounding hydrophobic material was

absorbed. The dehydrated hydrophobic material adsorbed

the hydrophobic membrane on the fine network of micropo-

rous walls and gypsum hardened structures. The paraffin

emulsion encapsulated the gypsum particles in the gypsum

slurry. When the gypsum product was exposed to water, it

was hindered by the waterproof membrane in the fine net-

work, therefore reducing the water absorption rate. More-

over, the addition of paraffin emulsion has not only reduced

the porosity of gypsum but has also increased its compact-

ness; it has also reduced the water absorption of gypsum.20)

Although the water absorption rate of the gypsum body

can be reduced as the content of the paraffin emulsion

increases, the flexural compressive strength, especially the

absolute dry strength value was greatly reduced, and the

water immersion strength was even lower than that of the

blank gypsum. The gypsum particles were encapsulated by

the emulsion before coagulation, causing the hydration of

the dehydrate gypsum crystals to be blocked, delaying the

setting time of the gypsum. This has also resulted in the

incomplete formation of gypsum crystals and has therefore

reduced the strength of the gypsum body.

This article employs the use of liquid paraffin instead of

dimethyl silicone oil to prepare silicone oil paraffin compos-

ite emulsion; this is aimed at improving the adverse effect of

paraffin emulsion on the dry strength of gypsum block. The

water-repellent action mechanism of dimethyl silicone oil

(polydimethylsiloxane) is shown in Fig. 12;21) this action is

achieved due to the silicone polymer compound-based water

repellent, polydimethylsiloxane intermolecular siloxane

group, and a hydroxyl condensation that leads to the forma-

tion of a silicone network membrane. This silicone mem-

brane does not block the pores of the material, and so it does

not only have the hydrophobicity but also maintains the gas

permeability of the material. The silicone oil emulsion can

penetrate the gypsum block. Its own -Si-O-chain and -OH is

tightly bonded to form a hydrophobic membrane with low

surface tension on the pore surface of the block. Water does

not penetrate the pores to achieve good water resistance.

The silicone oil paraffin composite emulsion-based-water-

proofing agent does not only have the advantages of the par-

affin emulsion-based waterproofing agent but also effectively

reduces the water absorption rate. Moreover, it has a good

silicone oil emulsion silicone resin net film, which has an

insignificant effect on the strength of the gypsum block and

can further improve the softening coefficient of the gypsum.

Simultaneously, noteworthy water resistance was exhib-

ited.

4. Conclusions

(1) Silicone paraffin composite emulsion-based waterproof-

ing agent was prepared by using liquid paraffin instead of a

dimethyl silicone oil. The incorporation of water repellent

agents slightly enhances the strength of gypsum test block,

and results in the condensation of the siloxane and hydroxyl

groups between the dimethyl silicone oil molecules to form

Fig. 12. Waterproof mechanism of dimethicone.
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the silicone film. It does not only have hydrophobicity but

also does not adversely affect the strength of gypsum. It is

more suitable for the plaster test block than for the tradi-

tional liquid paraffin emulsion-based waterproofing agent,

and it is composed of FTIR and 1H-NMR. For characteriza-

tion analysis, the waterproofing agent is obtained by com-

pounding silicone oil with paraffin wax.

(2) The silicone oil paraffin composite emulsion-based

waterproofing agent has a significant improvement in the

softening coefficient of the gypsum test block compared with

the liquid paraffin emulsion-based waterproofing agent.

The softening coefficient reaches 0.89 and increases by 60%

when the content was 1% with the increase in the dosage of

waterproofing agent. The water absorption of silicone oil

paraffin emulsion composite emulsion is significantly lower

than that of the traditional liquid paraffin emulsion-based

waterproofing agent. The synthesis of the waterproofing

agent has broad application prospects in improving the

water-resistance of gypsum.
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