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The purpose of the empirical laboratory tests referred to in 
this paper has been to demonstrate the influence of various 
factors on the hardness and compressibility of the model plaster 
(dental stone) used in dentistry, and on the basis hereof to set 
up an optinium norm for the manipulation of this important 
auxiliary material. 

Among the properties that must be required of a good inodel 
plaster are: 

( 1 Considerable hardness and strength, low compressibility. 
( 2 )  Small changes in volume during and after the setting. 
These are essential requirements for a stable model, which 

determines the accuracy of the dental work (dentures, crowns, 
inlays etc.) constructed on the models. 

The properties mentioned under point (1) will be considered 
below. A further examination of the properties mentioned under 
(2)  has been commenced and will be dealt with in a subsequent 
paper. 

METHODS AND MATERIALS 

The hardness of a material may be defined as its ability to 
resist the penetration of its surface by a harder material. 

The method for hardness testing used here is based on that 
evolved by Brinell (1900), in which a ball of some material harder 
than that under test is pressed against its surface. The hardness 
is then expressed as the ratio of the pressure applied (in kg) to 
the area of the ball impression (in mm2). 
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Where D is the diaiiieter of the ball and d the diameter of the 
iiiipression (see Fig. 1) it is required by ”Deutsche Verband fur  
die Materialprufungen der Technik” (cf.  Mernrnier, 1930: 90), 
that 0.2. D 5. d < 0.5 . D. In Fig. 2 the importance of this re- 
quireiiient is-iepresented graphically by iiieans of curves, which 
show the relationship between the hardness (HI and d. It will 
be seen that slight changes in d, where d < 0.2 D, correspond to 
large changes in H. Conversely, where d > 0.5 D even large 
changes in d result only in siiiall changes in H. A s  tl is not usually 
iiieasured to a greater accuracy than 2 0.01 iiiiii, it is readily 
seen when d < 0.2 L) the nccuracy of the deterinhition of H is 
low, and the accur:icy decreases the greater the pressure applied. 
With d > 0.5 D the accur:wy of the deteriiiination of H would be 
fairly high, but in this rmge the testing conditions are essentially 
different from those on which Brinell’s testing theory is based, 
the discrepancy being greatest for siiiall pressures and increas- 
ing d. 

In the tests referred to here d w:is in most cases kept within 
the above-iiientioned liiiiits, and in each case d > 0.2 - 1). 

All the speciniens had :I iiiiniiiiuiii size of 4X4X 1 cm. The 
pressures in the hardness tests were applied at right angles t o  
plane surfaces. 

Dry hardness iiieans the hardness of the pl:ister after stor:rge 
in ordinary laboratory air (relative humidity during the experi- 
iiiental period 50 2 5, teiiiperuture 20 f 1°C) for a period of at 
least 5 days, in which did not decrease in weight; that is, iIboUt 
one week lifter the preparation of the speciniens. 

Wet hardness is the hardness of the specinlens when they :ire 
wturated with water. In this connection a specimen may be re- 
garded as water sntur:ited when it hiis been iiiiiiiersecl in w:iter 
for 10 minutes after hiiving been dried. 

All the hardness tests were made on a l‘icker Hardness Tester 
with a steel ball having a diameter of 5.00 iiiiii. After a nuiiiber 
of experiiiients the period during which the pressure was 
maintained was fixed at 10 secs., as it was found that the size 
of  the ball impression did not increase measurably on continuing 
the pressure beyond this. 

Measurements and calculations of the relationship between the 
diaiiieter d and the depth H of the impression have shown that 



HAHDNESS AND COMPItSSIBILITY OF MODEL PIASTEH 3 

the defonu:ition of the plaster surface caused by the hardness 
test is perniancnt; that is, the impression retains its size and 
shape for an unliiiiited period after the test. 

cl was read and measured by means of :I iiieasuring inicro- 
scope to an accuracy of 2 0.01 iiiiii. 

Fig. 2 shows the pressures applied to the various specimens. H 
\vm read directly froiii C. Jensch’s tables (1928). 

Fig. 1. The principle of I3rinell’s 
1i;irdness test. A steel biill is  press- 
ud ngninst tlic surfiicc of the mil- 
trriril with a kno\vii force to form 
;I C O I I C Q ~ C  impressioii, tlir iireii of 
which is drtcrminecl. (Memmlcr ,  

1930: 88, Fig. 35). 

Fig. 2. ‘I’he reliition bct\vecii tlic 
Hriricll 1i;irdtiess H ,  expressed i n  
kg/mn@, ;ind the diameter d of tlic 
impressioii of the hall, for the 
Iircssurcs applied in tlie lcsts per- 
formed. I )  = .5.00 min. Curve 1: 

I\‘: 7%’ kg. Tlic vertical dotted 
liiics corresond to d = 0.2 . I )  and 

d 5 0.5 . I ) .  

fY2,?4 kg. 11:. 25 kg. 111: 12% kg. 

If a soft iiietal such as copper is tested for hurdness by the 
method described, it will be found that the rim round the iin- 
pression is raised above the level of the surrounding plane sur- 
face; in other words, the defect in the surface is not caused by 
compression alone. A similar deformity could not be found in 
the plaster specinlens, even though the level changes round the 
surface defect were ineastired to an accuracy off  0.005 iiiiii  

(cf.  Fig. 3).  
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This iiiust mean that the hardness of the plaster - with re- 
ference to the material and hardness-test technique described - 
is also a measure of its coiiipressibility; that is, the harder the 
plaster the less will it be compressed. 

f’oeffmy (1941 : p. 628) states that the breaking strength for 
ordinary plaster is about % of the Brinell hardness. 

Except when otherwise stated the plaster material used in the 
tests was a model plaster (dental stone) made in this country, 
and mixed with ordinary tap water. The water was left to stand 
in a bottle until it had assumed air temperature (20 f 1°C). The 
powder was taken froin one tin container which was practically 
air-tight, it being closed with a tight-fitting cover between the 
individual tests. 

All the speciinens were prepared by sprinkling the plaster 
powder into the water (about 15 sec.), and by manual spatula- 
tion. The spatulation took place rather slowly - at the rate of 
110 f 5 turns per minute, the saiiie spatula and plaster bowls 
of the same shape and size being used in all the tests. 

All  the experimental results referred to here were checked at 
least twice. Only results where the deviation of the control tests 
froin the original tests was negligible are given below. 

RESULTS 
Increase in hardness in relation to the time elupsing ufter sputulution 

It is a familiar fact that the hardness of plaster increases coin- 
paratively quickly in the first minutes after the initial set but 
continuous tests giving details of this increase do not seem to 
have been conducted. 

The experiments ainied at showing the influence of the che- 
mical and crystallization processes on the increase in hardness 
after the initial set, and were carried out as follows. 

The water/powder ratio = 0.30, mixing time 60 seconds. The 
specimen was cast as a circular plate between two flat, parallel 
glass plates, the diameter was approx. 7 ciii and the thickness 
1 cin. Immediately after the initial set the specimen was soaked 
and kept thoroughly wet throughout the experiment. Hardness 
tests were applied every second minute in the first half hour, 
every fifth in the following half hour, every tenth in the subse- 
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quent hours, and at considerably longer intervals in the remain- 
ing period of the experiinent which ran for 30 hours in all. 

The results of a typical experiinent are represented in Fig. 4. 
The hardness curve is very steep in the first 30 min. and less 
steep in the following 90 inin., while its rise is very slight during 
the subsequent hours. 

This finding is of practical importance in showing that a 
plaster model, prepared from the material used here, should not 

Fig. 3. Cup-shaped impressions in 
a very heterogeneous plaster sur- 
face. It may be observed that there 
is no macroscopic elevation of the 
rims round the impressions. The 
largest impression has a diameter 
of 2.57 mm. The small impressions 
correspond to lumps of insuffi- 
ciently spatulated plaster powder, 
the pressure k is constant for all 
the impressions. - Water/powder 
ratio = 0.60. Mixing time 30 sc- 

conds. 

Fig. 4. The relation between the 
hardness of the plaster (H in kg/ 
mm2) and the time elapsing after 
lhe beginning of stirring. Only a 
few of the readings taken have 

heeii plotted. 

be separated froin the impression until half an hour after the 
stirring is begun, and that the inodel attains its inaxiiiiuiii met 
hardness about 4 hours after spatulation. 

In their specifications relating to the hardness and strength 
of inodel plaster inany manufacturers state that the time for the 
plaster to have acquired these properties is "30 min. after spatula- 
tion". As  inany factors such as the temperature of the water, 
the rate of spatulation and the storage conditions of the plaster 
have an appreciable influence on the setting time, it will be seen 
that such statements can only be an inadequate and inaccurate 
expression of the inechanical properties of the plaster. It would 
be much inore important to know the wet hardness after, say, 



G K. DREPE:R JBRGENSEN 

24 hours, where the hardness curve runs aliiiost parallel to the 
axis of abscissa and characterizes the product with sufficient 
accuracy. 

The relafionship beftueen fhe  iuctter c c d e n f  ctnd the hctrdners of the model 

The specinlens were prepared as described in the preceding 
section and left in water for about a week, when they were wiped 

Fig, 5. Curve I I  shows tlic rela- 
tionship bctweeii the hardness o f  
ti le plaster ( I 1  in kg/mmy) and the 
timc of drying ( i n  hours). Curve 1' 
sho\vs the relntionship between tlir 
percentcigc water content and the 
drying timc. 'I'he points to the left 
and right of the vertical dashed 
line correspond to the specimens 

A and B. respectively. 

a*. 

Fig. 6. l'hc relatiooship bctwern 
tlie percentage hardness increase 
iind the percentage loss of wiitrr 
during the drying of II plaster 
specimen is plotted ageinst timc 

( in hours). 

with a towel and allowed to dry freely in the laboratory air, at 
the w i l e  time being subjected to hardness tests. As they had to 
be tested at relatively short intervals over a period exceeding 24 
hours it was for practical reasons necessary to coiiibine the re- 
sults froin two specimens ( A  and B). They were prepared in the 
same way and had the same wet hardness after a week's immer- 
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sion in a water bath, but one was taken out of the bath and 
allowed to dry 15 hours before the other (see Fig. 5). For each 
hardness test the loss of water due to evaporation was deteriiiined 
:IS a percentage of the original water content. 

Froiii curve H in Fig. 5 it is at once apparent that the hardness 
increases very considerably during drying. Further experiiiients 
showed that the hardness of the dry plaster speciiiien iiioiiient- 
wily falls to the original wet hardness value when it is soaked, 
but that the hardness is recovered by renewed drying. In the 
coiiipletely set plaster speciiiien the relationship between the 
water content and the hardness is further illustrated by the curve 
in Fig. 6. The hardness increase was read on the hardness curve 
in Fig. 5. 

It is interesting to note that very siiiall miounts of water re- 
duced the hardness of the conipletely air-dried plaster speciiiien 
to a very high degree, while the reiiioval of coiiiparatively large 
aiiiounts of water from the wet speciiiien iiiiproved its me- 
chanical properties only very slightly. 

A model should therefore be kept perfectly dry. Even very 
slight iiioistening will significantly reduce its resistance to da- 
ma ge . 

Knowledge of the wet hardness (compressibility) is of speci:il 
iniportance in estiiiiating the diiiiensional stability of the plaster 
model while the denture inaterials are being pressed in the flasks, 
as the plaster is practically always wet during this stage of  the 
work, or at least it becoiiies wet when the flask is iiiiiiiersed in 
water for polymerization or vulcanization. 

Infliiecice of the icwter/plnster ratio and the tinie of spcttulclion 
on the hardness 

All the specinlens in this experiiiiental series were prepared on 
the sanie day to ensure the greatest accuracy of the results. The 
plaster was allowed to set in the bowl, and about two hours after 
spatulatian it was ground to the diiiiensions 4X4X1 ciii in such 
a way that the surface to be tested for hardness in all the speci- 
iiiens was lying at the same level in relation to the bottoni of 
the bowl; this was done in order to prevent the sediiiientation - 
which occurred before setting in the thin iiiixes - from iii- 

fluencing the hardness of the speciiiiens in any way. The hard- 
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0.20 0.30 0 . 4 0  0.50 0.60 l,OO 
elrndingsbrhold v/9 

Fig. 7. 'I'be relation between dry hardness (H in kg/mm*) and the ui lp  ratio 
for different mixing times. I :  I20 secs. 11: 60 secs. 111: 30 secs. Curve IV 
represents the wet hardness for the same specimens, the dry hardness of 
which is represented by Curve 11. Curve V is the "ideal curve", constructed 

according to the formula 
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ness tests were applied 8 days after the preparation of the speci- 
mens; that is, about one week after any loss of water by evapora- 
tion could be shown. 

In order to obtain a reasonably reliable average result 30 read- 
ings were taken for each specimen. 

The results of the experiiiients are represented in Fig. 7 for 
the iiiixing tiiiies 120, 60 and 30 seconds. The curves for the two 
first periods are regular and are aliiiost hyperbolas; the irregular 
course of the 30 seconds curve, with greater hardness than ex- 
pected in the mixing range 0.40-0.60, is due to sedimentation 
of insufficiently spatulated lumps of piaster powder (cf. Fig. 3) .  

It is noteworthy that the hardness increased somewhat with 
the period of spatulation. Prolonged spatulation is known to re- 
duce the setting tiiiie in consequence of the increased nuiiiber of 
centres of crystallization, and the grain of the set product will 
be finer. It is not improbable that the increase in hardness is 
due to this reduction in the grain size. 

For the mixing tiiiie of 120 seconds the following hardnesses 
were found in the various test speciiiiens: 

\VIP ralio ................. 0.20 0.25 0.30 0 35 0.40 0.50 0.60 1.00 
Hardness kg/mm* ...... 40.2 33.7 25.9 19.3 14.9 8.27 G 16 1.51 
k.10 ........................... (16) 21 23 24 21 21 22 (1s) 

The symbol k represents a constant in the foriiiula 

where H is the hardness of the plaster, p / r r ~  is the ratio between 
the weights of plaster and water. It will be seen that the hardness 
curve for iiiodel plaster in this experiiiient follows the formula 
fairly closely, with a iiiean value for k of 2.25 - cf. Fig. 7. 

The actual hardness numbers for low values of ru/p are slight- 
ly lower than the hardness numbers given by the formula, due 
no doubt to the fact that the hardness is reduced by the relatively 
large nuiiiber of sinall air-bubbles present in these specimens. 
At the other end of the curve are deviations of the saiiie quality, 



which niay be due to the slower setting rate of the plaster 
(change in crystal form and size). 

These deviations are, however, of little interest in practice 
where such proportions :ire rarely used; but it is of iiiiportance 
that the hardness curve for the water/plaster ratios used in 
:ictual dental practice follows the ”ideal” curve, the forniula for 
which was given above. 

All the types of plaster products tested have hardness curves 
of the same fundaniental foriii IS the one described here. This 
iiieans that the hardness property of any of these types of plaster 
imiy be char:wterized by a certain water/plaster ratio and the 
constant P, which refers to dry test speciniens prepared from 
iiiixes stirred to a hoinogeneous consistency and made up in the 
proportions used in practice. Later in this paper k is computed 
for a number of dental stones used in this country. 

Inflitenre of the iurcturi plosler rntio tend rpcetctlnlion oi t  Ihr homoyeneily 
of the plccsler 

It  is of essential iiiiportance to our knowledge of the dimen- 
sional stability of plaster models to know whether their deforina- 
tion under pressure is uniform, that is, whether they are of the 
same percentage iriagnitude throughout the model. The nuiiierous 
hardness tests which have been iiiade give valuable inforination 
in this respect. 

Fig. 8 is ;i graphical representation of the percentage devia- 
tion froin the calculated iiietrn hardness for a number of hard- 
ness tests on speciniens prepared with varying w/p ratios and 
mixing tiiries. The following points niay be observed. 

Mixing tiirie 30 seconds: ti w/p ratio of only 0.35 results in 
:I fairly hoinogeneous paste, but owing to the relatively high 
water content this proportion results in too weak inodels. 

Mixing time 60 seconds: the proportions 0.95 and 0.30 produce 
hoinogeneous iuodels. The proportion 0.30 in iiiost cases gives 
the optiniuiii consistency and sufficient hardness; proportions 
approaching the value 0.25, which can be used in case of robust 
impressions, will affect the honiogeneity adversely. 

Mixing time 120 seconds: all the proportions used in practice 
give mixes of good honiogeneity. 
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Fig. 8. Graphical representation of hardness determination on specimens o T  
model plaster prepared with varying w/p ratio and mixing time. Each speci- 
men was subjected to 30 hardness tests. The broken zero line correspondens t o  
the average hardness for each specimen: the points show the percentage 

deviation of the individual hardness determination from the average. 

The influence of onrioits liquids o r 1  the hrrrdrresz of the p h l e r  

Wnter. The influence of this liquid on the hardness of plaster 
that is completely set has already been iiientioned and is further 
illustrated below. The wet and dry hardness of test specimens 
mixed for 60 seconds and made up in various w/p ratios were 
examined with the following result: 
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W/p ratio ........................ 0.25 0.30 0.35 0.40 0.50 0.60 1.00 
Hardness, wet (kglmm') ...... 13.1 10.2 7.16 4.90 2.97 2.00 0.46 

ardness. dry Ikglmm') ...... 32.0 24.4 18.3 13.9 7.76 9.79 1.51 
Increase wet-dry (9; )  ......... 144 139 lS8 184 161 188 228 
1.0s~ dry-wet (%) ............... 59.1 58.2 61.3 61.8 61.7 65.4 69.0' 

Stellon alginnte separative: same effect as water, but only to 
:a depth on about 5 nini below the surface. The hardness test was 
applied after the separating medium had dried out and formed 
a film; that is, 5-8 inin. after being applied. 

Acrylic monomer: the reduction in hardness after being soaked 
for 3 niinutes aiiiounted to about 15 % of the dry hardness. 

Liquid wax, vaseline and paraffin oil: no clear changes in the 
hardness could be shown. 

The hardness of ourinus eontmercinl model plusters 

The manufacturers of various model plasters usually state an 
optiiiiuiii w/p ratio for their products. An exaiiiination of these 
figures shows, however, that the iiianufacturers have widely 
different ideas of what is to be considered as the optimum. 

In order to arrive at a uniforiii estimate of the hardness pro- 
perties of the various brands the author has, on the basis of 
practical experience, fixed a iroriiial consistency for a certain 
brand of dental stone, and exaiiiined the hardness of this brand 
and of other brands niixed to produce the same normal con- 
sistency. 

Normal consistency is a property characterizing the freshly 
spatulated water/plaster mix, and is an expression of the vis- 
cosity of this mix. 

The consistency was determined by a iiiodified Vicat apparatus 
(Fig. 91, according to the principle stated by Am. SOC. Test. Mat. 
The diameter of the cylinder C (Fig. I)) used by the author was 
10.0 ~ i i ~ i i ,  the weight of the vertically movable rod CBD 255 g. 
The normal consistency chosen here corresponded to an immer- 
sion of the cylinder C of 20 * 2 111111 into the plaster mass. The 
freshly spatulated mix was placed in a standard iiiould below C, 
and the iiioveiiient of C read on the scale F. 

The experiment showed that the consistency of the iiiix is 
not only dependent on the proportion of water and plaster but 
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also on the vibration effect. It was found that certain iiiixes 
spatulated to a normal consistency were very viscous during the 
stirring, but at the same t h e  becaiiie rather thin under slight 
vibration. As  a plaster iiiodel is always cast under vibration, the 
normal consistency was in a11 cases established for freshly 
vibrated mixes. Other plaster types were much less viscous 

Fig. 9. Modified Vicat apparatus for 
determining the normal Consistency of 
the plaster paste. (Am. Soc. Test. Mat.). 

during spatulation, but on the other hand their viscosity was 
only slightly affected by vibration. 

This difference in the vibration effect froiii brand to brand 
demonstrates that the proper w / p  ratio for a certain plaster 
cannot be determined on the basis of the spatulation consistency 
alone, and that certain types of plaster iiiay be stirred to essenti- 
ally greater viscosity than others, and yet, iiierely by slight vibra- 
tion, be made to flow out in the mould. 

The list below shows the dental stones tested and their resyec- 
tive tv/p ratios at noriiial consistency. It is pointed out that all 
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the test syeciiiiens were p r e p e d  froin the contents of freshly 
opened packets, and that the results were reproduced several 
times. 

The 1)r:rnds are listed alphabetically. 
o d p  ratio at 

Orend normal consistency 
Caleslone .................. 0.30 
1 )ia 111 an ti tie ............... 
E. 1'. 1 ........................ 0.29 
Kemcal ..................... 0.29 
Xioldano, Bayer ........ 0.29 
>loldano, Danish ...... 0.29 
Nouledur .................. 0.35 
Xybro ....................... 031 
O~LIS, blue ............... 0.33 
Odus. yellow ............ 0.35 

0.275 

\'ibratioii efiect 

nied i u ni 
great 
slight 
slight 
slight 
medium 
great 
great 
great 
great 

\\'hen using these products it amst be reiiieiiibered th:it :I 

1)r;ind with great vibration effect nitrst be iiiixed with less w t e r  
than a brand with iiiediusi or slight vibr:itioii effect. 

I t  should be added that the deterinination o f  the highly wry-  
ing vibr:ition effect is b:ised on :In estiiiiate in:ide by observing 
the chmge in the consistency of the freshly spitulated inis when 
vihra ted with :I spatul:i. 

After the preparation of test speciinens sp:itul:ited to ;I n o r i m l  
consistency the dry hardness of the vtirious stones wns exaiuined. 
The d;ita :ire given below. The numbers do not represent the 
1)r:rnds in the order they tire enuiiierated in the alphabetical list. 

It ru lid I I I  111 I" 1' \'I \ 'I1 \ 'I11 IS s 
Ilercltiess at norriinl 

coiisistciicy ......... 26.2 23.1 '13.1 22.2 21.2 10.7 20.4 17.0 lK!) 13 5 
I ; .  10 ................. 22.0 '11.1 17.7 18.6 17.8 18.6 19.5 18.5 20.7 18.9 

The great difference in the hardness o f  the various brands is 
noteworthy. Brand No. X is only slightly harder than orditwry 
white plaster of Paris. A test specinien of the plaster of Paris 
generally used at the Dental College, mixed to the smie normal 
consistency :IS the above stones, had a dry hardness of 14.2. 
Further it was found that there is little relationship between 
the quality and the price of the various brands. 
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The coiiiparatively slight variation of the constant k shows 
that the hardness of the various brands is chiefly governed by 
the water/powder ratio. 

The vibration effect which, :IS above inentioned, is of ini- 
portance to the normal consistency, and consequently for the 

1% c 
Fig. 10. Jlicropliotos of powder prrparations of tlircc of the commercial 
stones mentioned. ( a )  small, almost isometric particles; slight vibration 
effect. (11) larger, more elongated particles; medium vibration effect. (c)  
many large, rod-shaped and irregular particles; great vibration effect. The 
niineralogical picture in prepitration ( c )  signifies insufficiant calcination 

of Ilie plaster. 

hardness of the models, is largely determined by the form and 
size of the hemihydrate particles (see Fig. 10). Snia11, isoiiietric 
particles give a definitely lower vibration effect than large, rod- 
shaped particles. 
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Fig. 11. Level changes in a plane plaster surface due to  pressure. The experi- 
mental conditions are described in the text. Curve I represents the original 
surface of the plaster which - though slightly uneven - is drawn plane. 
Curve I1 shows the changes in level of the surface after the first compression 
with an acrylic material; the changes for each point of measurement 011 

the horizontal axis were determined to an accuracy of t 0.003 mm. Curve I11 
and IV have been ohtained in the same way. The distance from the extreme 
left and right reference points to the vertical wall of the flask was about 

2 mm. 

On the other hand it is known that particles of the latter form 
cannot be packed so closely as the former. The empirical experi- 
ments show that plaster materials with a slight vibration effect, 
which are composed of small, isometric particles, usually assuine 
considerably greater hardness than types with a great vibration 
effect and coarse, rod-shaped particles. 

The compressibility of model plaster in the denture flask 

The lower half of a denture flask, cylinder-shaped and 40 111111 

deep, was filled with a Danish model plaster -- made up in the 
proportion 0.30 and niixed for 60 seconds - so that the top sur- 
face of the plaster was plane. After the setting and separation 
of the plaster the upper half of the flask was filled with the 
same plaster. 

After the setting and drying of the plaster at  room conditions 
a lump of acrylic the size of a walnut and ready for packing 
was placed between the two halves of the flask which were 
closed together under a pressure equal to that applied to  the 
flask in the construction of a denture; that is, about 2 kg/nlnlt. 
Immediately after the closure of the flask the changes in level 
of the plaster surface were measured with an instrument 
designed for the purpose, the accuracy of which was 2 0.003 
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iiiiii (curve 11, Fig. 11). After being measured the plaster 
was soaked and coiiipression repeated with another acrylate; 
the result of the measurement of the plaster surface is represent- 
ed by curve IV,  Fig. 11. The flask was allowed to stand for 26 
hours, after which the plaster surface was measured again for 
possible elastic after effects in the compressed iiiass. The result 
is shown in Fig. 11, curve 111. 

The experiiiient was repeated for w/p ratios of 0.25, 0.35 and 
0.50 and the relative values thus obtained were aliiiost equal to 
those found for the hardness of the plaster by the Brinell method. 

The iiinxiiiial coiiipression for these plaster iiiixes, compressed 
when wet and measured iiiiiiiediately after the coiiipression test, 
were: 

tw'p ratio iiiiis. compression 1/100 mm 

0.2.5 3.6 
0 30 6.3 
0.35 5.9 
0.50 23.0 

Siiiiilar \.:dues were obtained by control tests. The numbers 
given abovc show the inagnitude of the compression; it will be 
seen that the conipressibility of the plaster iiiny be :t factor o f  
;ippreciable influence on the accuracy of the technical work. 11 
must however be borne in iiiind that the plaster used in this test 
is one of the hardest available on thc iiiarket. Corresponding 
~neasurements on softer types would probably reveal an apprcci- 
:ibly greater coiiipression. 

The lowest coiiipression and greatest hardness are obtained by 
selection of the proper coiiiiiiercial product and by proper inani- 
pulation, especially in respect of the proportion of water and 
powder. Several of the dental coiiiiiierciul stones iiiust be re- 
garded as rather unsuitable for the construction of denture 
iiiodels owing to the risk of raising the bite. 

The inaccuracy due to compression of the plaster may be 
further reduced by making the iiiodels -- and the upper and 
lower casts in the flask - as low as possible. It would no doubt 
be an advantage to press and boil the acrylic inaterial on dry 
pluster; but this is hardly possible with the technique at  present 
p i c  t ised. 

2 - dcfa odoniol. Scandinau. Yo1. 12 
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SCMXIARY 

The experiments referred to above, by iiieans of which the 
hardness and compressibility of various inodel plaster were test- 
ed, have yielded the following results: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

The stability of shape of niodel plasters is determined pri- 
marily by its hardness and by the dimensional changes due 
to expansion. 
The hardness of the plaster is an expression of its tendency 
for permanent deformation. Elastic after-effects can be 
shown only to a slight degree, and not at all if the plaster 
is compressed locally with a steel ball, as in the hardness 
test. 
The hardness of the plaster is also an expression of its conl- 
pressibility. The greater the hardness the lower the coin- 
pressibility. 
The increase in the hardness of the plaster (varying with 
the brand) due to the setting processes is very great during 
the first 30-45 minutes after spatulation, somewhat lower 
during the next 90 minutes, and almost zero at the end of 
this period. It would therefore be best not to separate a 
inodel from the impression until at least 30 minutes after 
casting. 
The hardness of dry plaster is reduced by about 60 % when 
it is soaked, but is recovered by drying. Even very small 
amounts of moisture cause a considerable reduction in the 
hardness. 
Working models must be kept coinpletely dry if they are 
to possess the greatest possible resistance to physical da- 
mage. It is much easier to crush the plaster or to carve off 
excess when it is wet than dry. 
The hardness of the plaster increases very much with u 
decrease in the amount of water used in the mix. The hard- 
ness is greatest if it is thoroughly stirred. 
Homogeneous plaster is only obtained by thorough spatula- 
tion. The heterogeneity resulting froin insufficient spatula- 
tion is very considerable. 
The surface hardness of the plaster falls by about 60 % if 
it is painted with Stellon alginate separative, and by about 
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15 76 if it  is moistened with acrylic niononier. Liquid wax, 
vaseline and paraffin oil do not affect the hardness of the 
set plaster. 

10. In many cases the water/plaster ratio indicated by the nia- 
nufacturers do not give the optimum consistency. 

11. Some brands become essentially thinner under vibration 
(great vibration effect), while the consistency of other 
brands is only slightly changed by vibration. The former 
must be stirred to a consistency of essentially greater 
viscosity than the latter. 

12. There is a very great difference between the hardnss of the 
various brands mixed to  the optiinuni consistency. 

13. There is little relation between the price and the hardness 
properties of the brands. 

14. During the pressing of an acrylic denture the plaster is 
definitely compressed and changes its form permanently. 
The hardest plaster is least compressed. 

15. Denture models should be made as low as possible and cast 
in the lowest possible flask to reduce to a niininiuin the 
risk of raising the bite. 

16. Several brands of dental stone are of little value for denture 
models and investing. 

ZUSAMMENFASSUNG 

HARTE UND KOMPRESSIBILITAT VERSCHIEDENFR 
MODELLGIPSE 

Die oben referierten Untersuchungen iiber die Harte und Kom- 
pressibilitat uerschiedener Modellgipse haben zu folgenden Re- 
sultaten gefuhrt: 

1. Die Forinfestigkeit des Modellgipses hangt vor alleni von 
seiner Harte und von den expansionsbedingten dnderungen 
des Voluniens ab. 

2. Die Harte des Gipses ist gleichzeitig ein Ausdruck fur seine 
Fahigkeit zu plastischer Formveranderung. Eine elastische 
Nachwirkung kann nur in geringenl Mass nachgewiesen 
werden, und gar nicht, wenn der Gips lokal niit der bei der 
Harteprobe angewendeten Stahlkugel ltonipriiniert wird. 

3. Die Harte des Gipses druckt auch seine Konipressibilitat aus. 
Je griisser die Harte, desto geringer die Koinpressibilitiit. 
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4. Die Zunahiiie der Harte des Gipses infolge der Ahhindungs- 
vorgange ist je  nach deiii Fabrikat die ersten 30-40 Minu- 
ten nnch deiii Anriihren sehr kraftig, die folgenden 90 Mi- 
nuten etwas schwacher und dann fast null. Ein Model1 darf 
also nicht gern vor iiiindestens 1/2 Stunde nach deiii (hiss 
voiii Abdruck getrennt werden. 

5. Der trockene Gips verliert ca. 60 % seiner Harte, wenn er 
befeuchtet wird. Die Harte wird durch Trocltnen wieder- 
hergestellt. Selbst ganz kleine Mengen von Feuchtigkeit 
setzen die Harte hedeutend herab. 

6. Arbeitsiiiodelle iiiiissen vollstandig trocken geh:ilten werden, 
u i i i  ein iiiiiglichst grosses Widerstnndsveriiiiigeii ke'gen me- 
chanische Beschadigung zu besitzen. - Will m i n  den (;ips 
zerschhgen oder den Ciberschiissigen clips wegschneiden, ist 
dies vie1 leichter hei feuchteiii nls hei troclteneni Zustnnd 
des Gipses zu bewerlistelligen. 

7. Die Harte des Gipses niiiiiiit bei fallender Wasseriiienge i i i i  

Mischverhlltnis Wasser/clips sehr stark xu. Die Hiirte des 
Gipses ist :iin griissten, wenn er griindlich aiigeriihh wird. 

8.  Der Gips wird nur  hei griindlirheiii Anriihren homogen. I3ei 
schlechteiii Anriihren ist die Inhoiiiogenitat erheblich. 

9. Die Oberfliichenharte des Gipses fallt bei Bepinseln ii i i t  
eineni Stellon-Alginot-Sep~irntionsiniCtel uiii c:~. 60 "/c und hei 
I3efeuchtung init Akryliiionoiner uiii ca. 15 9;. Fliissige 
Wachs, Vaselin und Paraffinijl iibeii Iteinen Einfluss :iuf 
die Harte des abgehundeneii Gipses uus. 

10. Was iiiehrere Gipsf:ibrikonten iiber das  Misrhverliiiltnis 
Wnsser/clips anfiihren, entspricht nicht den1 optiiiialen. 

11. Gewisse Fabriknte werden bei Vibrieren wesentlich diinn- 
fliissiger [grosser Vihrationseffelit), andere verandern ihre 
Konsistenz nur in geringeiii Mass. Die ersteren iiiussen zii 
einer wesentlich zaheren Konsistenz nngerfihrt werden nls 
die letzteren. 

12. Es besteht ein sehr grosser Unterschied zwischen der Hiirte 
der verschiedeneii Fabrikote, wenn sie zur optiiiialen Ron- 
sistenz Ltngeruhrt sind. 

13. Die Preise und die HHrte der einzelnen Fabrikate stehen 
selten iiii eatsprechenden Verhaltnis zueinander. 
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14. 

15. 

16. 

Der Gips wird beiiii Pressen einer Altrylprothese deutlich 
ltonipriniiert und verandert bleibend seine Form. Der har- 
teste Gips wird aiii wenigsten Iroinpriiniert. 
Man sol1 die Protheseniiiodelle so niedrig wie niiiglich ma- 
chen und sie in eine iiiiiglichst niedrige Kuvette eingiessen, 
wenn man eine inoglichst geringe Bisserhiihung bekoiiiiiien 
will. 
Mehrere Hartgipsfabrikate sind fur I’rotheseninodelle uiid 
zuni Eingiessen in die Kiivette weniger gut geeignet. 

LA DUHETl? ET LA COMPRESSIBILITl? DE DIFFERENTS PLATRES 
POUR MODBLES 

Les Ctudes ci-dessus raport6es sur lcr dareit! et ttc compress i -  
bi l i t l  d e  d i f f l rcnts  p ld tres  poor  modi.les ont donnb les resultats 
suivants : 

1 .  

2. 

3. 

4. 

3. 

6. 

La stabilitk de foriiie du  pl l t re  ii iiiodPle est dkterniinle, en 
premier lieu, par sa duretk et les modifications de volunie 
dues h l’expansion. 
La duretk du  pl l t re  est en m6me teiiips une expression de sn 
facult6 de d6formntion plastique. La dkforniation Clastique 
subsequente ne peut &tre constatCe qu’B un  degrC faible, et 
pas du tout si le pl l t re  est expos6 A une coiiipression locale 
par line hille d’acier dont on se sert pour l’essai de duretk. 
La duretC du pl l t re  est aussi une expression de sa com- 
pressibilitl. Grande duretC, ftlible compressibilit6. 
La croissance de duretC du plltre, par suite des processes 
de la prise, est trils forte pendant les preiiiibres 30 B 40 mi- 
nutes (selon les produits) a p r h  le dblayage, un peu plus 
faible pendant les 90 minutes ( p i  suivent, aprh  quoi elle 
devient presque nulle. Ainsi, il faut Cviter de &parer u n  
modkle de l’enipreinte :want yz heure au inoins aprks le 
nioulage. 
I,e pl l t re  sec perd env. 60 % de sa duretC lorsqu’il est 
huniectC. La duretC est rCcuplr6e par skchage. M&me de 
trhs faibles quantitks d’huinidit6 rCduiseiit sensiblenient la 
duretC. 
Les niodkles de travail doivent &tre tenus cornplkteinent A 
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7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

sec pour possdder un iiiaxiiiiuiii de rdsistance :lux efforts 
mdcaniques. - Si l’on ddsire broyer le plhtre ou enlever des 
excddents de plhtre, ces opdrations se font beaucoup plus 
facileiiient le plhtre &ant huinide que lorsqu’il est sec. 
La duretk du pldtre auginente fortenlent avec la diminution 
de la quantitd d’eau dans le rapport de iiidlange eau/pldtre. 
On obtient la plus grande duretd du pldtre en faisant soi- 
gneusenient le ddlayage. 
L’hoinogknditd du pldtre est subordonnbe un ddlayage sob 
gneux. Le ddfaut d’houiogbnkitd en cas de niauvais dblayage 
est trks prononck. 
La dureti! superficielle du platre se trouve rkduite d’env. 
60 % par badigeonnage avec le nioyen de skparation alginate 
Stellon, et d’env. 15 % par huiiiectation avec mdthacrylate 
de mkthyle. La cire fluide, l a  vaseline et l’huile de paraffine 
n’excercent aucune influence sur la duretk du pldtre solidifit!. 
Les indications fournies par plusieurs fabricaiits sur le ink- 
lange eau/plGtre ne correspondent pas a la valeur optiiiiuni. 
Certains produits devienneiit essentielleiiient plus fluides 
par vibration (grand effet de vibration), d’autres ne chan- 
gent qu’h un trbs faible degrC leur consistance par vibration. 
Les premiers doivent Etre ddlayds pour avoir une consistance 
essentiellenient plus visqueuse que ce n’est le cas pour les 
derniers. 
Les diffkrents produits prksentent de trbs grandes variations 
de duretk lorsqu’ils sont dklaybs de sorte B avoir I n  con- 
sistance optiniuni. 
I1 y a peu de proyortionnalitd entre les prix des produits 
et leurs qualitds de duretk. 
Le platre se coinpriiiie visibleiiient et subit des ddforniations 
periiianentes lorsqu’il est expos6 B la pression exercde par 
une prothbse d’acryle. Le platre le plus dur se comprime le 
inoins. 
I1 convient de faire ses iiiodkles de prothkse aussi bas que 
possible et de les niouler dans la cuvette la plus basse pos- 
sible, si 1’011 veut obtenir un minimuni d’dlevation de inor- 
sure. 

16. Plusieurs produits de pldtre dur sont peu propres B la con- 
fection de iiiodkles de prothbse et au nioulage en cuvette. 
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