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Abstract

The objective of this research is to investigate the influence of commonly available chemicals on the setting time of plaster

of Paris (POP). Set-time retardants were incorporated at three different concentrations under hot curing conditions (high

temperature and low humidity). The test results revealed that under normal curing conditions (25°C and 60% relative hu-

midity),  the efficiency of retardants in increasing the setting time improves with higher retardant content,  up to a certain

limit. However, beyond this optimal content, the excessive retardant addition adversely affects the material's properties by

increasing its porosity. This, in turn, results in instability and reduced strength. At significantly higher concentrations, the

material  becomes  highly  brittle  and  difficult  to  handle.  Furthermore,  the  study  found  that  retardants  are  most  effective

when mixed with water immediately after combining water and plaster of Paris, without any delay.
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Introduction

Dry plaster  powder,  primarily  composed of  calci-

um  sulfate,  transforms  into  gypsum  when  mixed  with  wa-

ter.  Gypsum  has  been  widely  used  as  a  building  material

since ancient times [1]. In Pakistan, high-quality gypsum re-

serves are found in the Suleman Range, Muzaffarabad, and

the  Kohat  region  [2-4].  A  large  gypsum  deposit  at  Mont-

martre  in  Paris  gave  rise  to  the  name "plaster  of  Paris"  for

this  material.  Plaster  of  Paris  (POP)  is  a  fine  powder  that

forms  a  paste  when  mixed  with  water  [5].  After  a  short

time,  the  paste  thickens  and  hardens,  making  it  a  versatile

material  for  various  construction  and  artistic  applications

[6].

The  setting  time  start  approximately  with  in  one

minute after adding the plaster to water (and paste prepara-

tion in lab mixer).  The setting of  unmodified plaster  starts

about  10  minutes  after  mixing  [7]  and  completes  in  about

45 minutes; but not fully set for 72 hours [8]. In particular,

with regard to the setting time, the binding materials must

vary from the period of a few minutes up to several hours.

In order to satisfy these requirements, the use of set regulat-

ing admixtures is necessary. When plaster or gypsum is heat-

ed, again re-form as gypsum if mixed with water [9].

Pouring of  plaster  gradually  in to the water  while

shaking makes homogenous slurry. The proper quantity of

gypsum is right enough to peep out over the surface of the

water  that  is,  about  equal  volumes  of  each  ingredient.  Hot

weather  of  countries  like  Pakistan  that  used  to  be  44-48°C

in summer rapidly causes evaporation of water from the sur-

face  of  the  fresh  paste  of  gypsum  [10].  Consequently,  the

paste  sets  rapidly  than  its  normal  setting  and  shortens  the

length of  time for  molding operations.  For  example,  it  has

reported that when the temperature of cement mortar with

water/gypsum  (w/c)  ratio  of  0.6  increases  from  27°C  to

45.5°C,  both  the  initial  and  final  setting  times  are  reduced

to half. Other problems such as rapid decrease of slump, for-

mation  of  cold  joints  and  plastic  shrinkage  cracking,  in-

creased difficulty in air entrainment, enhanced permeability

and  reduced  durability  and  reduction  in  ultimate  strength

may arise due to hot weather [11]. Gypsum plaster or plas-

ter  of  Paris  produces  by  heating  gypsum  to  about  150°C

[12].

When plaster or gypsum is heated above 200°C, an-

hydrite formed that can be re-formed as gypsum on mixing

with water [13]. Plaster of Paris impregnate gauze bandages

to  make  a  sculpting  material  called  Modroc  [14].  It  is  like

clay, because paste can easily be shaped into a resilient and

lightweight structure. This is the material also used to make

classic  plaster  known  as  orthopedic  casts  to  protect  limbs

with broken bones.

Experimental

All  chemical  used  were  of  commercial  grade  al-

though  most  of  them  were  household  chemicals  and  were

used without further purification.

General Procedure

Set Time Determination

A  number  of  retardants  with  varying  concentra-

tions  ranging  from  0.1-2.0  percentage  (w/w  %)  were  em-

ployed to plaster of Paris and water mixture. Their effect on

setting time studied under optimized conditions as function

of time taken by mixture to show ceased flow but remain as

soft as penetrable. Set time calculated from initial and final

setting  time  after  adding  aqueous  mixture  of  water  (same

volume of  water in all  cases)  and varying amount of  retar-

dants.  All  experiments  completed  at  room  temperature

(35-42°C)  and  compared  to  tap  water  as  standard.

Vicat  needle  was  used  to  determine  the  setting

times of gypsums by the penetration of the needle inside the

material  during  the  hardening  process  following  UNE-EN

13279-2.  Samples  took  in  rubber  cone-shape  molds  of  40

mm of height, inner diameters of 65 and 75 mm, finally not-

ed time. Setting times calculated with Equation (1) where Ti

is the setting time of the gypsum in min, t1 is the time in

minutes when Vicat needle achieves 22˘2 mm of depth and

t0 is the time in minutes when water and gypsum are in con-

tact. This test determines the initial time of hardening pro-

cess and finalizes when the needle sinks 22˘2 mm of depth,
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which means that the hardening process has final [15].

Measurement of Porosity

The samples heated in an oven at 105 to 110°C for

4-5 hours and the dry weight, D, in grams to the nearest 0.1

g was determined.  The samples placed in water and boiled

for 2 h. During the boiling period, samples completely cov-

ered  with  water,  in  order  to  avoid  contact  of  the  samples

with  the  heated  bottom  of  the  container.  After  the  boiling

period,  the samples  cooled to room temperature while  still

completely  merged  in  water  for  minimum  24  h.  The  sam-

ples weighed after boiling while suspended in water to deter-

mine the suspended weight S, in grams to the nearest 0.1 g.

After  determining  the  suspended  weight,  blot  each  sample

lightly with a moistened smooth cotton cloth to remove all

drops of  water  from the surface and weighed to determine

the saturated weight, W, in grams by weighing in air to the

nearest  0.1  g  [16].  Porosity  determined  by  the  following

standard  equation  (2).

Density Measurement

The bulk density calculated in grams per cubic cen-

timeter  using  dry  weight,  saturated  weight  and  suspended

weights  of  the  samples.  Density  calculated  [14]  with  the

help  of  equation  (3).

Density = Dry weight / (Saturated weight-Suspend-

ed weight)

Result and Discussion

When water  is  added to plaster  of  Paris  (POP),  it

gradually  sets  and  hardens  under  normal  climatic  condi-

tions. However, in some countries, including Pakistan, high-

er  summer temperatures  (35–45°C),  low relative  humidity,

and  hot  winds  cause  rapid  evaporation  of  water  from  the

surface.  This results  in an accelerated setting process,  leav-

ing insufficient time for proper designing and molding. To

ensure  adequate  working time,  particularly  when unavoid-

able delays occur between mixing and placement, the use of

setting retarders or retarding admixtures becomes essential.

These retardants help counter the adverse effects of extreme

climatic conditions, providing sufficient time for operation

and preventing other detrimental impacts on the material’s

performance.

Plaster  of  Paris  (POP)  sets  very  quickly  but  may

take several hours to fully cure. Additives can be used to ei-

ther speed up the process (accelerators) or slow it down (re-

tardants). Several factors influence the curing time of POP,

including  humidity,  room  temperature,  water  additives  or

mineral  content,  the  amount  of  water  used,  the  mixing

method,  and  the  condition  of  the  plaster  itself.  As  a  rule,

POP  parts  cured  at  room  temperature  take  approximately

20 to 30 minutes to harden, though denser and thicker pie-

ces may require longer curing times. In our study, we used

commonly available chemicals that are practical for both lab-

oratory  and  home  applications.  In  hot  weather  conditions

like those in Pakistan, POP mixed with normal tap water set

in approximately 15 minutes. However, using cold water de-

layed the setting time to around 20 minutes (Table 1).

Different solids such as sugar, common salt, sodi-

um  bicarbonate,  borax,  sodium  citrate,  tartaric  acid,  citric

acid and starch (w/w ratio to plaster of Paris,  (Table 1 and

Figure 1)  were used to study the delay in set  time.  We ob-

served  that  citric  acid  and  starch  showed delay  in  set  time

ample extension than tap water.

Chemicals  used  like  propylene  glycol,  glycerin,

glue  and  hydrochloric  acid  (v/w  ratio  to  plaster  of  Paris,

Table 2 & Figure 2) cast-off and excellent delay in set time

observed in all these chemicals. The temperature of the wa-

ter  used  to  mix  plaster  of  Paris  plays  a  vital  role  in  the

length  of  time  it  takes  for  a  plaster  part  to  set.  Plaster  of
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Paris mixed with cold water takes a significantly longer time

to  cure  than  plaster  mixed  with  warm  water  or  tap  water.

The  higher  the  temperature  of  the  water  used,  the  more

rapidly  the  drying  of  plaster  of  Paris  parts  occurs.

Table 1: Effects of retardants for w/w ratio on plaster of Paris set time in tremendously hot weather of Pakistan

Sr.
No Chemical used Set Time (min) for w/w % ratio

Temp.
(

0

C)
Comparison

0.1 0.2 0.3 0.4 0.5 1.0 1.5 2.0

Tap water 15

1 Sugar - - - - 24 35 37 25 44 Slight effect

2 Common Salt (NaCl) - - - - 15 16 15 14 No effect

3 Sodium bicarbonate - - - - 26 30 32 35 43 Moderate retardant

4 Borax - - - - 40 192 225 240 45 Excellent retardant

5 Sodium citrate - - - - 45 60 65 70 72 Good Retardant

6 Tartaric Acid 30 22 15 15 14 Slight effect

7 Citric acid 370 355 335 280 230 200 Extreme Retardant

8 Starch 45 40 38 37 35 20 3 2 Moderate retardant

Table 2: Effects of retardants for v/w ratio on plaster of Paris set time in tremendously hot weather of Pakistan

Sr.No. Retarding agent Set Time (min) for v/w % ratio
Room

Temp. (
0

C)
Percentage Retardation

0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0

1 Tap water 15 - - - 44

2 Cold water 25 - - - -

3 Propylene glycol 15 16 18 20 43 100 106 120 133

4 Acetic Acid 80 97 115 150 43 533 646 766 1266

5 Glycerin 25 25 30 35 42 166 166 200 233

6 Glue 30 36 40 43 41 200 240 266 286

7 Hydrochloric acid 10 15 20 25 42 66 100 133 166

The  delay  in  set  time  badly  affected  the  porosity

and turned it to brittle hence weakened the binding of mate-

rial or crystals. Porosity is a measure of the void spaces in a

material, and is a fraction of the volume of voids over the to-

tal  volume,  presented  in  percentage  (0  and  100%).  Strictly

speaking, some tests measure the "accessible void", the total

amount  of  void space  accessible  from the  surface  (closed--

cell  foam).  Increase  in  porosity  result  in  loose  binding,

brittleness and hence difficult to handle. All compound on-

ly increased its set time without any effect on its porosity ex-

cept  acetic  acid  and  hydrochloric  acid  that  increased  its

porosity  beyond  its  acceptable  value.

A Retarding Material Set Retardation Mechanisms

Adsorption  of  the  retardants  on  the  surface  of

particles may slowdown the hydrolysis  and hence

forms a protective skin over the surface of plaster of

Paris.



5

JScholar Publishers J Chem Eng Catal 2025 | Vol 4: 101

Adsorption of the retarding compound onto nuclei

of calcium hydroxide, poisoning their growth, thus

disturbing continued hydration. Due to disturbance

in  continued hydration,  thus  crystal  formation is

delayed effectively. It can straight forwardly affect its

porosity and set time is delayed [17].

Formation of complexes with calcium ions increases

their solubility and discouraging the formation of

the  nuclei  of  calcium hydroxide  and  therefore  is

slowing of set time is favored. Therefore, retarding

materials like acetic acid, citric acid and tartaric acid

forms calcium-acetate, calcium-citrate and calcium-

tatarate  and  hence  delays  the  setting  time

profoundly.

Precipitation around particles  of  insoluble deriva-

tives  of  retarding compounds formed by reaction

with the highly alkaline aqueous solution forms a

protective skin.

The  addition  of  the  retardant  chemicals  caused

marked  retardation  in  setting  times.  On  addition  of  retar-

dants  the  rate  of  hydration  gets  slow down.  Consequently,

the necessary amount of the hydration products giving rigid-

ity  to  the  plaster  paste  required  longer  time.  Thus,  plaster

pastes containing retardant remains plastic for longer time.

Figure 1: Effect of chemicals (w/w) admixture on set time of Plaster of Paris

Figure 2: Effect of chemicals (v/w) admixture on set time of Plaster of Paris
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Table 3: Effects of retardants for w/w % ratio on plaster of Paris set time and its density in tremendously hot weather of Pakis-

tan

Sr.No. Chemicals used Porosity for w/w % ratio Room Temp. Density for w/w % ratio

0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0

1 Sugar 54 55 56 55 44 1.27 1.24 1.21 1.24

2 Common Salt (NaCl) 48.82 42 1.41

3 Sodium bicarbonate 62.26 61.84 61.66 61.38 43 1.04 1.05 1.06 1.06

4 Borax 40 42 45 47 43 1.66 1.60 1.52 1.46

5 Sodium citrate 44.18 44.34 44.79 44.96 42 1.54 1.54 1.52 1.52

6 Tartaric Acid 47.91 49.33 51.89 53.76 41 1.44 1.40 1.37 1.28

7 Citric acid 46 48 50.23 51.56 42 1.49 1.43 1.37 1.34

8 Starch

Table 4: Effects of retardants on plaster of Paris porosity and density

Chemicals used Porosity for w/w % ratio Room Temp. (
0

C) Density for w/w % ratio

0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0

Tap water 54 - - - 44

Cold water 54 -

Propylene glycol 48.82 43.43 39.21 37.64 43 1.41 1.56 1.68 1.72

Acetic Acid 57 68 79 - 43 1.19 0.88 0.58

Glycerin 53 49 45 38 42 1.30 1.40 1.51 1.71

Glue 45 37 31 25 41 1.52 1.74 1.90 2.07

Hydrochloric acid 57.13 59.00 60.43 61.87 42 1.18 1.13 1.09 1.05

Effect on Porosity

Porosity  or  void  fraction  is  a  measure  of

the void (i.e. "empty") spaces in a material, and is a fraction

of the volume of voids over the total volume, between 0 and

1, or as a percentage between 0 and 100%. Strictly speaking,

some  tests  measure  the  "accessible  void",  the  total  amount

of void space accessible from the surface (closed-cell foam).

There are many ways to test porosity in a substance or part,

such as industrial CT scanning or manual methods. Retard-

ing  materials  not  only  affect  the  rate  of  hydration but  also

disturb  its  porosity  (Figure  3  and  4)  shows  the  effect  of

porosity with an increase in the concentration of the retar-

dants for each sample. In figure 3 there is no significant ef-

fect  on porosity  by  increase  in  concentration.  Use  of  these

retardants  are  considered  to  be  useful  as  these  increase  set

time by change in its hydration with increase in concentra-

tion  but  no  distress  on  the  porosity.  On  the  other  hand,

some  of  the  chemicals  showed  remarkable  effect  on  the

porosity particularly acetic acid (Figure 4). In general, such

chemicals when used directly affect the void places of plas-

ter  of  Paris.  Increase  in  concentration,  results  in  too many

large voids fraction results  in brittleness thus possess  loose

bond between the gypsum particles decreases leading to the

lower strength of the sample [18].
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Figure 3: Effect of chemicals (w/w) admixture on porosity of Plaster of Paris

Figure 4: Effect of chemicals (v/w) admixture on Porosity of Plaster of Paris

Influence on Density

In order to use gypsum or plaster of Paris for dif-

ferent purposes, depending upon the different setting times

are required different setting times for the production of rea-

sonable working spans.  Therefore,  retardants are consider-

able that can increase set time without any distress on poros-

ity or binding of gypsum. In our experiments, no apprecia-

ble bad affect found on the density of Plaster of paris while

using retardants.

Conclusion

In extremely hot climates like Pakistan, high sum-

mer  temperatures,  low  relative  humidity,  and  hot  winds

cause rapid evaporation of water from surfaces, leading to a

shorter setting time for plaster of Paris (POP). This acceler-

ated  setting  process  leaves  insufficient  time  for  proper  de-

signing and molding. To address this, additives are used to

either accelerate or retard the setting process. In this study,

various solid and liquid chemicals were tested for their abili-

ty to delay the setting time. Borax and citric acid proved to
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be  highly  effective  retardants,  while  sodium  bicarbonate

and starch caused a moderate delay in the setting time. How-

ever, excessive delay in setting often increases porosity, mak-

ing  the  material  brittle  and  weakening  its  crystal  binding.

Among  the  tested  chemicals,  acetic  acid  caused  the  maxi-

mum delay in setting time with minimal impact on porosi-

ty.  The  use  of  retardants  was  found  to  effectively  increase

the setting time by altering the hydration process, particular-

ly  with  increasing  concentrations,  without  significantly  af-

fecting  the  porosity  or  density  of  POP.  However,  some

chemicals, including acetic acid, exhibited notable effects on

porosity.  In  our  experiments,  no  appreciable  negative  im-

pact on the density of POP was observed when using retar-

dants.
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