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Utilization of slaughter plant waste proteins in gypsum retarder: A case
study
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Abstract. Slaughter plant waste proteins contain animal hair, bones, nails etc. Improper treatment will pollute the
environment and result in waste of resources. A process is proposed to prepare gypsum retarder from such waste,
firstly through hydrolysis at acidic condition, and then neutralized with alkalis. The optimal conditions for acid
hydrolysis are obtained: concentration of HCL 4.8 mol/L, reaction temperature 98ć, reaction time 7 h. After
neutralization (to pH=7), the product can be used as gypsum retarder (retarder A). Compared with commonly used
retarder, citric acid, the mechanical strength loss of gypsum paste containing retarder A is much lower. It is a costeffective approach for safe utilization of slaughter plant waste proteins.

1 Introduction
Slaughter plant waste proteins include animal hair, bone
and nail, which contain a lot of proteins. Most of these
by-products of meat industry are not directly edible and
have less appeal in fresh and frozen market. At present, it
is mainly used for producing animal feed or feed
additives, pesticides, fertilizers and pharmaceuticals. But
there is a drawback for these: the toxic substances could
be transmitted along the food chain, and would be a
potential threat to human health.
Considering that these wastes contain plenty of
proteins, they can be used to produce gypsum retarder,
which not only reduce the risk to the health of human and
animals, but also have economic benefit [1,2]. Much
work has been done in this field these years and the
hydrolysis of proteins is often the key to prepare gypsum
retarder [3-5]. The final hydrolysis products are mostly
amino acids. The current methods of preparing amino
acids by hydrolysis of protein include acid hydrolysis [6],
alkali hydrolysis [7], enzymatic hydrolysis, high
temperature hydrolysis and high pressure hydrolysis.
They all have their own advantages and disadvantages.
However, using slaughter plant waste proteins as material
to prepare gypsum retarder has not yet been reported.
The present study was undertaken to treat slaughter
plant waste proteins firstly by acid hydrolysis, then alkali
neutralized to produce a gypsum retarder, investigating
the effect on setting time.

2 Experimental

Slaughter plant waste proteins were bought on market;
concentrated hydrochloric acid, formic acid and caustic
soda are analytical reagents. The FGD gypsum used in
this work was provided by Shijiazhuang Xibaipo Power
Plant with the composition: SO3-49.27%, CaO-33.42%,
SiO2-0.42%, MgO-1.08%, Fe2O3-0.32%, Al2O3-0.82%.
The properties of the calcined hemihydrate gypsum
( Prepared by heating the FGD gypsum at 160-180 ć for
1.5 hr.) are shown in Table 1.
Table 1 Physical and mechanical properties of gypsum
Setting tine [min]
Initial
Final
setting
setting
time
time
9

12

Bending
strength
[MPa]

Compressive
strength
[MPa]

Standard
consistency

6.3

20.6

0.57

2.2 Methods
Slaughter plant waste protein is first treated to remove
impurities, then mixed with acid solution according to the
desired proportion, through hydrolysis, to obtain
compound amino acid solution. Add alkali and adjust
pH=7, to obtain final product, gypsum retarder A. See
Figure 1..
Six prismatic 40×40×160 mm specimens were made
from each formulation. The normal consistency and
setting time of hemihydrate gypsum were determined as
per GB/T17669.3-1999. The specimens were cast at
normal consistency, cured for 3 days, then dried at 60 °C

2.1 Materials
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to constant mass, and tested for compressive and flexural
strength values.

Figure 1. Process of gypsum retarder from waste protein

3 Results and discussion
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3.1 Selection of acid for hydration
(a)

Based investigative experiment, hydrochloric acid,
mixture of hydrochloric acid and folic acid were selected
for hydration of Slaughter plant waste proteins, with
various dilution ratio, time and temperature. See Figure 2.
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Figure 3. Effect of concentration of HCL on dissolved amount
of raw material l(a) and nitrogen content (b)

5HCOOH+45HCL 10HCOOH+40HCL 20HCOOH+30HCL

Formula design of acid/P/
Figure 2. Amino acid nitrogen content of different cases

It can be known from Figure 3(a) that the amount of
dissolved raw material rapidly increases with the increase
of the concentration of HCL. When the concentration of
hydrochloric acid increases, the amount of the dissolved
raw materials increases steadily. Figure 3(b) shows that
with the increase of HCL concentration, the content of
amino nitrogen also increases. Higher concentration of
HCL will consume much more alkali in the later
neutralization
process.
Therefore,
the
proper
concentration of HCL is 4.8 mol/L.

The results show that the content of formic acid in
mixed acid has negative effect on amino acid nitrogen
content in hydration product. Pure hydrochloric acid
behaves best with the amino acid nitrogen content of 7.1
g/L.
3.2 Concentration of HCL
Initial experiments proved that the concentration of acid
has obvious effect on the dissolving rate of waste proteins.
It is necessary to find the optimal concentration of
hydrochloric acid. Thus the effects of the concentration
of hydrochloric acid on the maximum dissolved raw
materials and the corresponding amino acid nitrogen
content were investigated under the condition of reaction
temperature 95 ć and reaction time 4 h. See Figure 3.

3.3 Reaction temperature
With the concentration of HCL 4.8 mol/L and reaction
time of 4 h, reaction temperature as control factor, the
amount of dissolved raw material and the amino acid
nitrogen content were measured.
It can be known from Figure 4(a) that the amount of
dissolved raw material is increased with the increase of
temperature. With the increase of the reaction
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temperature, the molecular activity was improved, which
promote the catalytic activity of HCL. When reaction
temperature is above 98 ć, the amount of dissolved raw
material tends to be gentle. Figure 4(b) shows that with
the increase of temperature, the content of amino nitrogen
increases. When the temperature is above 98 ć, part of
the amino acid decompose, accompanied by unpleasant
odours. Therefore, the optimal acid hydrolysis
temperature is 98 ć.
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Figure 5. Content of amino nitrogen vs. reacton time
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The result show that the content of amino acid type
nitrogen gradually increases with the increase in reaction
time. Considering that longer hydrolysis time will result
in loss in efficiency and increase in cost. The suitable
reaction time is 7 h.
In summary, the optimal conditions for acid
hydrolysis of slaughter plant waste protein were obtained:
HCL concentration 4.8 mol/L, reaction time 7 h, and the
reaction temperature 98ć.
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3.5 Application in gypsum paste
The compound amino acid solution was mixed with
caustic soda, adjusting pH to 7, to obtain gypsum retarder
A. The set-retarding performance of retarder A was
investigated. The results are shown in Figure 6. We can
see that retarder A has significant retarding effect for
gypsum paste. When the dosage is 1.25%, the initial and
final setting time was 78 min. and 121 min. respectively,
which can meet the ordinary uses as gypsum retarder. If
needed, the final retarding time of gypsum paste can be
longer than 180 min. with the dosage above 1.5%.
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Figure 4. Effect of temperature on the dissolved amount of raw
material (a) and nitrogen content (b)

3.4 Hydrolysis time
With mass ratio of slaughter plant waste protein and HCL
solution 1:2, concentration of HCL 4.8 mol/L, reaction
temperature 98ć, the amino acid type nitrogen content
was measured. The results are shown in Figure 5.
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Figure 6. Effect of retarder A on setting time of FGD gypsum
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With the roughly same controlled initial setting time
of 80 min., the mechanical strength loss values of
gypsum paste using retarder A and citric acid were
measured. The results are shown in Table 2.

5 Summary
Slaughter plant waste proteins (animal hair, bone and nail
etc.) can be used to prepare gypsum retarder by acid
hydrolysis and then treated with caustic soda. It is a safe
approach for utilization of slaughter plant waste protein.
The proper conditions for acid hydrolysis were:
concentration of HCL 4.8mol/L, reaction temperature of
98 ć, reaction time 7 h. The compound amino acid was
then neutralized (to pH=7) with caustic soda, to obtain
gypsum retarder A. When it is used as gypsum retarder,
the proper dosage is 1.5% in the mixture. It also shows
that, when needed, the final retarding time of gypsum
paste can be longer than 180 min. with the dosage above
1.5%.
Compared with commonly used retarder citric acid,
the mechanical strength loss of gypsum paste containing
retarder A is much lower. The mechanical loss of
different cases is probably because of different effects on
the gypsum crystal growth.

Table 2 Effect of different retarder on mechanical strength

Retarder

Mechanical strength of gypsum paste
gypsum paste˄MPa˅
Bending strength

Compressive strength

0

6.3

20.6

Retarder A

3.3

9.7

Citric acid

2.7

7.5

The results show that all the set retarders have
negative effect on the mechanical strength of gypsum
paste, while prolonging the setting time. However,
different retarder behaves different. It is clear that the
mechanical strength loss of the gypsum paste containing
citric acid is much higher than that of gypsum paste
containing retarder A.
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Figure 7. Complexation of retarder A with Ca2+
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