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ABSTRACT

In this article, the influence of a hydrolyzed wheat protein retarder on the hydration process, ion concentration in liquid phase,

degree of supersaturation, and crystal morphology of plaster was investigated. Furthermore, the retarding mechanism and the

strength loss of gypsum were also studied by scanning electron microscopy (SEM). The results indicate that the use of the hydrolyzed

wheat protein retarder for plaster achieved a better retarding effect and lower strength loss. The combination of gypsum plaster with

the retarder not only decreased the plaster’s early hydration rate and prolonged its setting time efficiently, but also militated against

the crystal morphology of dihydrate gypsum. For example, the crystal dimensions changed little, but the proportion of needle-shaped

crystals decreased. Combination with calcium ions on the surface of dihydrate gypsum crystal nuclei may form a chemisorbed layer,

reduce the surface energy of the crystal nuclei, and inhibit the growth of the crystal nuclei of dihydrate gypsum. Consequently, the

hydration process of building gypsum becomes greatly extended and is slowed down significantly.
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I. Introduction

raditional annexing agents, such as sodium hexameta-

phosphate, citric acid, and its salt, are commonly used in

high-efficiency gypsum retarders, but they have a negative

impact on the strength of gypsum. A protein macromolecule

retarder has the advantages of lower accretion and better

retarding effect, and it results in less strength loss.1)

Retarders with different retarding mechanisms have

varying effects on the strength of gypsum. In this regard,

hydrolyzed wheat protein retarder has less negative effect.

Many scholars throughout the world2-4) have conducted

extensive research on the effects of gypsum retarders, the

hydration process and retarding mechanisms. Previous

studies of gypsum retarder have mainly focused on small

molecule retarders but not macromolecular retarders.5-8)

Also, there have been very few studies on the effects of mac-

romolecular retarders on the hydration process of building

gypsum, the microstructure of the hardened body, the inner

causes of strength loss, and retardation mechanisms. There-

fore, in this article, we investigated the influence of a mac-

romolecular retarder on the setting time of desulfurized

gypsum, the hydration process and crystal morphology of

dihydrate gypsum, and the retarding mechanism of the

macromolecular retarder. 

2 Experimental Procedure

2.1. Raw materials

FGD gypsum was obtained from a Huainan heat-engine

plant with the content of 71.4% dihydrate gypsum and

14.7% semi-hydrated gypsum, of which the specific surface

area was 0.267 m2/g. The TG analysis values are shown in

Fig. 1. The water-gypsum ratio of normal consistency is

0.59. The hydrolyzed wheat protein retarder, which is called

QWP-40, is a commercial industrial product. 

2.2. Test methods

GB 9776-88 building gypsum was used in the tests to mea-

sure its setting time and strength. The crystal morphology of

the middle original section of the hardened body was analyzed

by SEM. The Ca2+ concentration was determined by atomic

absorption spectrometry (AAS), and the SO
4

2– concentration

was determined by the weighing method of BaSO
4
. 

3. Results and Discussion

3.1. The impact on the hydration process 

As shown in Fig. 2, the setting time of FGD gypsum was
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gradually extended with increase amounts of the hydro-

lyzed wheat protein retarder. The initial setting time and

final setting time respectively increased to 8 and 16.5 min

with a 0.1% proportion of the retarder and increased to 17

and 25.5 min with 0.25%. The difference in the setting time

also changed. For example, it changed little with the

retarder proportion of 0.05%, but it was extended by 3~4

min with 0.1%. The trend of setting time maintained steady

growth with the increase of retarder. Thus, it would be con-

ducive to operational control, and we could arbitrarily con-

trol the setting time according to the operation time. 

The flexural and compressive strength also changed. As

shown in Fig. 3, the flexural and compressive strength of

the desulfurized gypsum slightly decreased when the hydro-

lyzed wheat protein retarder added. With an increased

amount of retarder, the flexural and compressive strength

of FGD gypsum showed little fluctuation. This indicates

that QWP-40 led to less strength loss of plaster than other

retarders, and this could make it an ideal building gypsum

retarder.

As shown in Fig. 4, the hydration exothermic process of

building gypsum can be divided into three stages. Gypsum

releases the heat of solution in the first stage when it comes

into contact with water; the hydration heat began to

increase slowly in this early stage. The second stage is the

period of acceleration, in which the release of hydration-

heat appears as a peak, and the total hydration heat rises

rapidly. The release of hydration-heat slows down, and the

total hydration heat tends towards stability gradually in the

third stage. Seen from the curve of the control sample, the

accelerating stage of the hydration-heat release corre-

sponded to the time period from the initial setting to the

final setting time, and the total hydration heat quantity

tended to be stable after the final setting time. After the

retarder in the proportion of 0.2%, the early rate of hydra-

tion-heat release significantly decreased, and the time that

the peak of hydration-heat release appeared was obviously

later than that of the control sample. This indicates that the

induction period before the initial setting was the prepara-

tive stage of crystallization, in which crystal nuclei had yet

to grow up and overlap each other. The added retarder sup-

pressed nucleation and extended the readiness time of crys-

tallization. Therefore, the peak of the hydration-heat

Fig. 1. TG analysis curve of β- semi-hydrated gypsum.

Fig. 2. The influences of retarder proportion on the setting
time of FGD gypsum. 

Fig. 3. Influences of retarder proportion on the strength
of FGD gypsum.

Fig. 4. Curve of hydration exothermic process of FGD gyp-
sum plaster. 
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release rate decreased, and the peak appeared later. The

plaster started to crystallize sharply, and crystals over-

lapped a lot to form a crystalline structure net after the final

setting, so the rate of hydration-heat release increased rap-

idly. Compared with the control sample, QWP-40 gave rise

to a significant decrease in the early hydration heat quan-

tity. This indicates that QWP-40 has a clear inhibitory

effect on the early hydration process of building gypsum.

3.2. Ion concentration in liquid phase and degree of

supersaturation

The ion concentration in liquid phase and the degree of

supersaturation had a profound impact on the crystal

nucleus formation and the crystal growth of dihydrate gyp-

sum. Researching the ion concentration in liquid phase and

the change of supersaturation degree could be conducive to

understanding the influence on the nature of the retarder

and the hydration process of building gypsum. In this exper-

iment, the proportion of retarder was 0.2% and the water-

gypsum ratio was 10 : 1. The solution was filtered and

extracted, and then the Ca2+ and  concentrations in the

hydrated gypsum were measured within a certain period of

time. The degree of supersaturation of dihydrate gypsum:

supersaturation= . The final results

are shown in Figs. 5-7. 

The solubility of semi-hydrated gypsum (8.2 g/L, 20oC) is

much higher than that of dihydrate gypsum (2.08 g/L, 20oC).

Thus, semi-hydrated gypsum quickly forms a highly super-

saturated solution after contact with water. The crystalliza-

tion of dihydrate gypsum not only removes Ca2+ and 

concentration, but also sharply reduces the degree of super-

saturation. When the retarder was added, the ion concen-

tration in the initial liquid phase and the saturation of the

gypsum was slightly lower than the control sample, but the

rate of the hydration reaction process slowed significantly.

This indicates that QWP-40 had little effect on the dissolu-

tion course of the building gypsum; it mainly delayed the

time of crystallization and the crystal growth process.

3.3. XRD analysis 

In Fig. 8, curve a is the diffraction pattern of building gyp-

sum with 0.2% QWP - 40, and curve b is the diffraction pat-

tern without retarder. Curve a shows that the major phase

was dihydrate gypsum, but the diffraction intensity

decreased obviously because of the decrease of intact struc-

tured crystallization and deterioration of the crystalline

structure of the dihydrate gypsum.

3.4. Impact on the morphology of dihydrate gypsum

crystals

Figure 9 shows SEM photos displaying the morphology of

dihydrate gypsum crystals. Fig. 9(a) shows the typical gyp-

sum crystal morphology with 1000× magnification, in which

the needle crystal plates with large aspect ratios (length/

diameter) mainly overlap with each other numerously. Fig. 9(b)

shows the morphology of gypsum crystals with 1000× mag-

nification with the 0.2% retarder added. As seen in Fig. 9(b),

the QWP-40 retarder may have reduced the number of nee-

dle crystal plates with a distinct and unbroken morphology.

As a result, the overlapping points decreased, and the crys-
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Fig. 6. Influence of retarder on the SO
4

2– concentration in
liquid phase.

Fig. 7. Influence of plaster on the supersaturation degree
with the change of time.

Fig. 5. Influence of retarder on the Ca2+ concentration in liq-
uid phase.
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tal network became loose. This is clearly the cause of the

slight decrease in plaster strength. As previously men-

tioned, needle crystal plates and crystals produce effective

overlapping points that are very important in high-strength

gypsum,  especially the high-flexural strength  gypsum.9)

The results show why the strength of gypsum, especially

flexural strength gypsum, decreases when retarder is

added.

3.5. Retarding mechanism

Hydrolyzed wheat protein is a natural macromolecule

polypeptide with multi-amino acids, which mainly contains

amino, carboxyl, peptide bonds and other functional groups.

It is soluble in water to form a colloid, and it can be com-

bined with calcium to form a complex structure. Hydrolyzed

wheat protein is produced by a chemical action with cal-

cium, in which some active groups take the place of the

weaker complexation with calcium. In this study, as seen in

the element concentration on the surface of crystals, the rel-

ative content of calcium and sulfur elements on the surface

of dihydrate gypsum were greatly reduced when compared

with the control sample. The active groups were not only

adsorbed onto the surface of the plaster by complexation,

but also formed a colloid protective layer surrounding the

calcium and sulfur completely.

The hydrolyzed wheat protein retarder, which covered the

crystal nuclei and combined with calcium ions on the sur-

face of the dihydrate gypsum, not only reduced the surface

energy of the crystal nuclei, but also restrained the growth

of the crystal nuclei. Because of the covering on the surface

of crystals, their mutual contact was blocked.  Thus, the for-

mation of a crystalline network was delayed, and the hydra-

tion process was slowed down. It also can be seen from the

setting time of gypsum that the retarder mainly delayed the

initial setting time. Once the initial setting time was

reached, the hydration process of the gypsum accelerated,

and the final setting time was reached relatively quickly.

When the QWP-40 retarder was added, the number of

needle crystal plates with a distinct and unbroken morphol-

ogy may be reduced. As a result, the number of overlapping

points decreased and the crystal network became loose;

thus, the strength of plaster slightly decreased.

In the retarding mechanism of QWP-40, chemical adsorp-

tion takes place on the surface of a newly formed dihydrate

gypsum crystal nucleus, and then the hydrolyzed wheat

protein retarder covers the crystal nucleus and combines

with calcium ions on the surface of the dihydrate gypsum,

thereby reducing the surface energy of the crystal nucleus,

restraining the growth of the crystal nucleus, and prolong-

ing the setting time.

4. Conclusion

a. Hydrolyzed wheat protein retarder had a significant

retarding action when mixed with building gypsum. The

hydration exothermic process of building gypsum slowed

down, he setting time increased, and the strength of the

plaster slightly decreased.

b. QWP-40 had a significant influence on the morphology

of dihydrate gypsum crystals. When the retarder was

added, the number of needle crystal plates with a distinct

and unbroken morphology is reduced. As a result, the num-

ber of overlapping points decrease and the crystal network

becomes loose.

c. The hydrolyzed wheat protein retarder, which covers

crystal nuclei by chemical adsorption and combines with

calcium ions on the surface of dihydrate gypsum, reduces

the surface energy of the crystal nuclei, restrains their

growth, and prolongs the setting time.
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