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ABSTRACT

The use af pressure fo conselidate loose salt inie products
aof @ more useful ar salable configuration is commen in the
saft industry and 15 accomplished by batch or continuous
Compression.

These products must resist kandling and shipping dam-
ages, withstand disintegration when stored under brine,
preseat a salable appearance and obiain a high yield of
usable product. Methods of measuring some of these
parameters in ferms of strength and density by use of labo-
ratory testing are discussed. '

Several variables, among which are applied pressure,
maisture, additives, temperaiure, crystal structure. lubri-
conts, dies, and time will affect the ability of a compressed
sait 1o meer the required production and sales parameters,
The effects of these variables on several aperaling problems
are covered as they have been noted in faboratory testing
and production operations in an effort lo establish the de-
gree of effectiveness of ceriain practices that have been
accepted aver a perind of time.

INTRODLICTION

The purpose of compressing salt is to obtain a more
salable product. Compression results m the cementation
and/or fusion of individual salt particles into a mass con-
solidated to varving degrees. |t is the purpose of this pre-
sentation 1o discuss methods of measuring these degrees
and the variables that affect the process of consalidation.

Salt pressing is generally done in two ways, Conting-
ously, as exemplified by forcing salt between two confined
rolls where cementation is caused by “piaching” the salt
into a continually smaller space. Rolls can be either
smooth or pocketed and produce what is either compacted
sheets or briquettes. Secondly, barch, as exemplified by
placing salt inte a die and applying pressure through
means of a punch or punches (o the confined salt. This unit

process is typical of the blocks, but is also seen in canning
tablets. The key difference between the two methods is the
division of the pressing cycles. Batch consisting of filling,
application of pressure, withdrawal of punch, ejection and
preparation for refill, while continuous blends all steps.

As the salability of the product is the purpose of com-
paction, it is important that the factors influencing salabil-
ity be specified. Other than price, which is in the hands of
marketing, production must be concerned with four major
factors:

. Reststance to Handling: Products must be strong
enough 10 prevenl excessive breakage in packaging,
screening, shipping and utlization. This capability will be
referred to as “Dry Strength.”

2. Resistance to Wer Disintegration: Products must re-
sist the tendency, when stored under brime, to revert to
unconsclidated crystals or “mushing.” This capability will
be referred to as “Wet Strength.”

3. Appearance: Esthetic appearance should equal or
better competition and ideally should resemble a crystal,

4. Yield: All pressed products ideally should vield
100% pressed produoct of the salt input, so that waste or
recyvele is held to a minimum. “Recyele” being defined as
that salt which has passed through a pressing cvcle and is
not part of the yield. Yicld is a factor of the dry strength
at moment of pressing.

Measurement of these oriteris has been rather subjec-
tive and efforts have been made to determine methods of
objective measurement and to establish the effects of vari-
ables, especially in the laboratory, as a means of estimating
effect on production without the cost of full scale testing.

PROCEDURES

Measurement of the two resistances has been accom-
plished by establishing the pressure requdred fo fracture a
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pressed product, To insure reproducible results, a stan-
dard means of applving pressure was required and a unit
was constrected (Fig. 1)

The testing unit consists of three pneumatic cylinders
which permit a relatively wide range of pressures as areas
of cylinders are on the ratios of 1:3:7. All points of pres-
sure appiicaiions should be of same radius. In use, the
pressed product is placed on the anvil and the pressure
required to crush the praduct is measured. In the case of
many small items, such as water softening buttons, ail
buttons in a sample are placed in turn on anvil and tested
at 4 set pressure, recording the number of buttons crushed
at that pressure. Pressure is then raised by a Axed incre-
ment and remaining buttons tested, the procedure being
contintied antil all buttons are crushed. A weighted aver-
age is then obtained which is used as a measure of
strengti

In rthe case of relatively large products, such as the
laboratory test cylinders {0 be later described, a slightly
different procedure is used. The product is placed on anvil
and reducing valve is gradually opened, continually in-
creasing pressure until product is crushed, The reading on

valve gauge is then used to calculate the pressure required -
to crush product. The method selected is based only on -
easc of operation, but same procedure obviously shouid be -

used on all comparative products.

The testing unit is utilized to measure both r&sisténceg_'
to handling and to wet disintegration and are expressed as

“dry strength™ and “wet strength” respectively; values ars
expressed in kilograms.

“Dry strength” is measured by festing the product un-
der ambient conditions, while “wet strength” is measured
after the product has been stored under saturated brine for
a predetermined period of time. In these tests this has begn
standardized at three days, but any time can be used
Inasmuch as “wet strangth™ has been found to be depen-
dent on time of exposure, time must, of course, be kep
constant. '

Since both these “strengths” can be shown to be d
rectly correlated with mass, no attempl should be made tc
compare directly two products of widely different mass. In
addition, wet strength is a function of dry strength. Thera-
fore, a ratic is used in expressing many values which ing
cates the proportion of strength lost under brine storage:

Figure 1. Photo of Pressure Tester.
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Dy Strength -~ Wet Strength
Dry Strength
It is feit that such & value can offer a means of comparing
two different products.

In order to evaluate the variables, it is also necessary
to produce products vnder known conditions. This was
done by developing a small die that could he used on a
standard Carver laboratory press capable of developing
24,000 psi (10,909 Kg/cm?). Die dimensions were selected
to reproduce on a small scale the 50 kb, block propertions
and to permit scaleup of pressures available on our biock
presses. On this basis, the taper of dies were scaled from
actiual block press dies as was diameter-length ratio; di-
mensions are given in Figure 2. Sufficient leeway was also
allowed to permit mass variations.

Use of these test cylinders enables density of the prod-
uct to be calculated from the dimensions. This has proven
to be a valuable unit for comparison. In the case of an
trregular product, namely water softener briguettes, ete.,
& method was developed using a scaled up pycnometer,
which was made up on special order by the Arthur H,
Thomas Company of Philadelphia, Pennsylvania, and
consists of a 250 m! Erlenmeyer flask with 2 34,45 ground
glass joint, an extended pycnometer arm, a 34/45-10/30
reducer and a wusual pycnometer thermometer {Fig. 3).
The method follows the typical method of weighing under
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liguid to estublish specdfic gravity. In this case, the liguid
consists of saturated brine of measured gravity, The neck
of the fask is such thart refatively large buttons and pieces
aof compacted salt can be placed in bottle. The product is
added o the Hask {at least 100 grams) and followed by
brine in usual manner, weighing and techmque being simi-
lar to 2 standard pycnometer test. Brine shonld be added
in such a manner io eliminate air bubbles. This method
has proven valuable, as it permits a relatively large sample
to be raken, overcoming, through averaging, some of the
shortcomings of the method such as variations in liguid
displacement of air voids. At this poing, it should be em-
phasized that these methods are dependent in all cases on
statistics. Obviously, variations cun be expected to be con-
siderable and the importance of sufficient samples cannot
be strezsed foo sironghy. No less than 10 buitons should
be tested for strength and, for dependable resuits, a sample
of 50 or so is preferred.

By use of these procedures, it has been possible to
compare the effects of some variables on pressed products.
Among the variables that were investigated are:

. Pressure

Figure 3. Pyonometer Photo,
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Temperature
Moisture

Time

Additives
Lubricants
Crystal Variations
Die Materials

R

PRESSURE

This variable produces the greatest overall effects. It
correlates directly with densty (Fig. 4) and also with dry
and wet strength (Fig. 5). In general, appearance and yield
also increase with pressure.

Pressure can be expressed in several ways, dependent
on definition. As used here, “applied pressure”™ will be
taken to mean the total avallable pressure in kilograms.
“Farming pressure” will be taken to mean the applied
pressure proportioned over the entire surface area of the
product, (top, bottom and sides) in kilograms/square cen-
timeter and ‘‘release pressure” will mean the pressure in
kilograms,/square centimeter, applied over the entire sur-
face area requited 1o gject the product from the die

Slope of curve (applied pressure vs. density} is gradual,
almost linear, and is typically shown in Figure 4. Note
that density, even at relatively high pressures, does not
approach theorctival density of salt, sssumed here to be
2.16. The correlation between applied pressure and dry

and wet strength is also nearly linear and it can thus be

assumed that density and crush strength are also posi-
tively correlated (Fig. 5).

The increment between wet and dry strength is shown'
to be relatively constant. This loss, divided by the dry
strength, results in a loss ratio which will be expressed as:
such in following tables. The loss in strength increases,. -
although at a decreasing rate, over time and thus the:

length of brine exposure must be specified.

The relationship between the forming pressure and ﬂxei

ejection or release pressure is essentially linear. The slope
is dependent on several factors, covered later, but an aver-
age can be assumed at 0.33. Release pressure is an impor
tant variable, as considerable breakage can occur at rati

increases. Relatively small increases from 0.30 fo 0.40 can:

have disastrous resulis on block quality and die life. R

lease pressure is dependent to a greal part on sidewall area;

O £ 1
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Figure 4. Appiied Pressure vs, Dengity.,
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Figure 5, Applied Pressure ¥, Fracture Strergth,

which means thar geometry is important. All other factors
being equal, sidewall height should be considered approxi-
mately equal to the dizmeter.

The method of application of pressure is also of impor-
tance, A press can be operared so that pressure is applied
with cne dynamic punch and one static punch, one dy-
namic and one floating punch, or two dynamic punches.

t is possible in the laboratory, using the aforementioned
dies, to simulate 2 static bottom punch or a floating bot-
tom punch by the use of #35 rubber stoppers (Fig. ).

There will always be areas of varying density within a
pressed product due o the effect of sidewall and intercrys-
talline friction. In a process with a Boating punch, Lhe
minimurn density will be located in the center of the prod-
tct, while a fixed punch will resulf in the minimum density
being located niear the bottom. Unfortunately, this is not
an optimum location, as the edges of a pressed product are
very prone 10 damage. In a fixed bottom punch system
then, this point of lowest density and lowest strength will
coincide with the point of maxmnum exposare to damage.
For this reason, the use of floating bottom punch 1s recom-

mended or, idezlly, a double acting upper and lower
punch,

Figure 7 indicates the actual positiens of the upper and
lower punches at varicus applied pressures. Note that ares
marked 8" witl be of minimum density. On Figure 8 the
resuliant density of the product with and without a fleat-
ing punch is shown over various forming pressures. Note
that density of a Boating punch product is higher at any
given forming pressure. Although a product of equivalent
density can be made with a fixed panch, it will require the
expenditure of considerably more work.

The increment can be estimated under these conditions
ar about 20-40 Kg/cm?®, dependent on density selected.
The larger increments being required as desired density
increases. Selecting an example of 165 Kg/em? forming
pressure (which approximates an average block press)
from Figure 8, the floating die produces 1,926 density as
against the 1.886 density of the fixed punch It would
require 192 Kg/cm? on the fixed punch to reach the 1,926
density. This i5 an approximate 16% increase in applied
pressure. This operating increase should be considered
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Figure 6. Phc:i:"'_o' of Carver Prass with Die {nsabation.

when the lower first cost of a fixed punch seems desirable.
Pressure can thus be said to have the following effects
within the ranges tested. As applied pressure inereases,
density, fracture strength (dry and wet) and release pres-
sure will all increase. The use of a floating or double action
punch is to be preferred.

TEMPERATURE

As salt approaches a temperature of 200°C., it assumes
a plastic flow {Halbouty, 1967). Attempts were made in
laboratory to simulate the advantages of increased plas-
ticity. If the salt is heated to abour 150°C., and then
pressed, a much denser produect will resuls, given the same
applied pressure. In the typical mid-range values, raising
temperature wifl permif the same density to be obtained
by using approximately 13% less work. Conversely, by the
use of equal work and higher temperatures, a denser prod-
uet with greatly improved appearanee resalts. In addition,
the dry and wet strength is usually increased considerably.
Unfortunately, the use of heat does have a disadvantage.
The release pressure is increased considerably as com-
pared o ambient conditions, the cffect being such that
removal is virtually impossible as salt approaches 200°C.
The change in density due to heat is shown in Figures 8
and 9. The slope remains approximately the same, but
density has increased markedly.

PMOSITION OF PUNCHES AT YARIOUS
APPLIED PRESSURES - 48 GRAMS SALY

2.93 CM

1
Lk
~ 3.075 (M

Figure 7. Sketch of Punch Positions During Pressing, 48 grams saft,’

MOISTURE

The ameunt of water present has an imparrant effect on':
the parameters, especially drv strength, which also di-
rectly effects vield. It should be realized that moisture cait”
exist within salt erystals as well as on surflace. When prese
sure is applied, this moisture can be released as crysfals are -
molded. This effect is the probable cause of many observa- -
tions that “such and such a salt’ presses betier than oth-
ers, rather than differences in crystal structure. Hosalt is
to be heated, the addition of moisture is, of course, aca-
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demic, s0 moisture comparisons are made only between
various salts at ambient conditions.

The effects are varied as regards density. Moisture de-
creases the dengity in evaporated granulated salf, but in-
creases the density in others. The effect on release is also
varied, dependent on other factors. In all untreated salt,
the addition of moisture increased the dry strength consid-
erably and, for this reason, its use scems indicated.

TIME

Over 2 period of time, a pressed product assumes 2
higher crush strength. This process commonly being
known: as “aging.” A typical curve is given in Figure 9.
Note that product containing moisture always tests higher
than product without.

ADDITIVES

There has been considerable discussion on the effects of
Yellow Prussiate of Soda (YPS) when salt is pressed into
blocks, buftons, etc. YPS was found to have a definite

473

effect on crush strength, both dry and wet. Results com-
paring salt with and without YPS are shown in Figures 10
and 11. Note that the presence of YPS produces a sait
having less dry strength when moisture is added. Thss is
in marked contrast to all untreated salt. In addition, the
slope of the curves with YPS salt are considerably flatter
than untreated salt, especially in salt with moisture, The
effects of YPS on salt without added moisture are not
marked, ather than flattented slope. YPS has apparently
removed some of the positive correlation of density and
strength. YPS use in pressed products should thus be
based on individual studies of conditions.

LUBRICANTS

A good many lubricants have been tested over the
years. The best lubricant located at this time is calcium
stearate, which is dusted on die before pressing. (if cal-
cium stearate is mixed with salt before pressing, an ad-
verse effect will resulr as regards dry strength.) Caleium
stearate 1% relatively inexpensive and is approved by the

Figure 8. Forming Presgura ve, Bensity. (al Fixed, (b} Floatng
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Figure 8, Crugh Strength vs, Time.

Federal Drug Administration in food grades. In use, pow-
der can be blown into die before each pressing operation.
Results with the fubricant are quite dramatic—product is
considerably denser, appearance is greatly enhanced
{glossy surface), dry strength is increased, and release
pressure is much reduced. Again, an equal product can be
made with lower energy or a better product with the same
energy. Material 15 especially useful if salt is heated, since
release pressure can be reduced 1o satisfactory limits, as is
illusirated in Table 1

CRYSTAL VARIATIONS

There arc obviously infinite variations possible here and
only 2 few will be mentioned as each would have to be
tested separately. The salt used in the forepoing pressure
fests was screened to remove all +45 mesh material and
tests were then duplicated. Comparison is given in Table
II. As can be seen, the use of the finer salt produced a
product that was less dense per given applied pressure. It
atse produced a product that was stronger in resistance fo
handhng, but note that wet strength has decreased while

TABLE 1|

Effects of calcium stearate ussd ag a dusted fubricant at a
farming pressure of abowt 245 Kgrem™.

Qie Temperature H;::f:’:e Dransity Additives
Bronze Ambignt .36 20788 -
Rronze Ambignt 21 2.0465 Calcium Stearate
Bronze 150: C. 57 20842 -
Bronze 150 C. 18 21421 Calgium Stearate
310 5.5, Ambient 45 209173 -
310 8.8, Ambient s 20515 Calcium Stearate
31058 10°C 55 2.0803 -
31088, 180°C. .21 21151 Calcium Stearate

the loss ratio between the wet and dry increased very
considerably the finer the salt. In other words, this salt is
proportionately considerably lower in “mush™ resistance.
In appedrance, unfortunately, a subjective rating, the use
of the —45 mesh salt was an improvement.

Another erystal varation of impartance results when
salt passes through a conunuous press and is recycled.
This process tends to crush individual particles and a very
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TABLE {f
Values averaged over alf applied pressures TABLE 1l
Average with Sronze Die Vatues sveraged ovar all applied pressures
Avarage of #il Dies
Conditions Premrgﬁ Crush Strangth
KoM Kg Canditions Pressures Crush Strength
Salt Bensity | & ‘g Kgicm® Ky
Temperature £ " 4 & - £ Satt Density §°
Additives gviem®] & 1a¥ ia) aﬁ & V¥ Temperatyre & ,f g? & & § £
Evaporated—Gran Additives cMicn’ |« & je 9 2 M
Ambient 1 8731 92 | 58| 31681481 B Evaporated—Gran
2 - P 1960z | 1911 85 §.341186 {120 | 3
Evaporated—Gran : B
) 19880 1 192 ] BB 30| 248! 166] .33
A =
mbient, 2% H, 0 E“”?}f‘éﬁdc Gran 2.0340 | 196 |106 | 54 1253 [107 | 22
FraRorerge Gren 20448 | 186|111 | 57| 228 ) 100 20 T _
- . (1.9465 | 190 | 68 [.3B }236 | 147 § 3B
Evaporated—Gran 2% Hy O, Ambient
Ambieat. —48 Mesh 19647 | 191 ] 58} .30 287746 | 49 Evaporated--Gran
. _A5M, Amibient T473 190 | 74 |39 | 244 (132 | 54
Evaparated-—-Gran . _ . Ariien
Ambient, 45 Mash, 19685 | 191 | B3] 28| 29711801 .48 Evaporated---Gran
2% Ha0 —A45M, F% H 0O 19456 | 180} BE |36 (273 135 | B1
Ampient
Evaporated--Gran . s
Ambiant, 10 PPK YPS 18831 1191 | 65, 34 _22? 161y .27 Ewaporatad-Gran . .
) 19477 1190 ] 75 {39203 {136 § .33
Evaporated—Gran 10 PR YPS, Ambient
Ambiant, 10PPM ¥YPS, [ 189756 | 192 | 83} 3320111431 .29 Evaporatet-—Gran ]
2% HaQ 10 PP YPE, 2% M-, | 1.9590 193 711377 11 | .37
£ _ Ambient
A;?Z::a;ﬁefl:tch 18421 | 190 | 5012612241 B Evaporated—Gran
hadtl . i, 1.9152 | 188 | 65 |30 [210 -
Evaporated—Purified 1,4 aney | 100 | o5} s0{235{147 | .38
Arntrkent
Evpporated—Purified .
Ambient, 2% Hy O 19639 | 130 | 86 463151131 § A7
Evaparated-—Gran _ '
) 19490 190 | 66 .35 | 260 011.00
Ambient, Recycie
Evaporated-- Gran
Armtbient, Recyole, +.9885 193 | 43[.22 | 363 0 ]1.00
2% Hy 0 -
Evaporated—Gran
15000 Recyels 18687 | 183 |111 ] 57 | 388 aj1.00
Nartherns Rock g
Ambient, 30 Mesh 18680 (181 | 7814112771 — —
Nartherm Rock ;
Ambient, - 30 Mesh, 1.8883 1183 | &1 .26 [42% | - —
2% H O
Morthern Fack
D37 ) -
156° 0 30 thach 2.0372 | 196 [118 .60 {344
Ohio Rock . & s
Ambient, ~30 Mesh | 9808 1192 1 591511 268 -
Ohio Rogk
Arnbient, ~30 Mazh, 19868 192 | 3127 a2} - -
2% Hy 0
Phio Rock 0284 1195 | 90l asls] - | -
150° €., -30 Mesh : i i

i
v
H
H
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Figure 12, Dersity v, Femperature,

TABLE V¥
Scresn Analysis
Uuss " Narthern Qhio
Mesh Graniglated —45M  Puritied Hecycie Rock  Rook
25 A ~ - - - .
35 18.5 - 4.0 1G.1 14.1 2.8
45 54.2 - 59.7 43.2 2315 272.1
=14} 55 gB.8 32.1 288 118 227
B0 3.2 11.3 3.2 6.1 11.8 168.7
Pan 5 19 1.0 57 331 237

fine salt can result. A series of tests was made using only
the bronze die, as lime was short, In addition, a third
purified grade salt was tested as another variation. Resils
are given in Table lIl, comparng the results between
several salt variations on the bronze die only, The finer
salts agatn give a product superior in dry strength, bat
inferior in wet strength. Note that the use of reeyele salt
has resulted in 2 product that has no wet strength at alll
All samples disintegrated completely under brine. The
lower density products disintegrate in one day under
brine, while even the highest density fell apart in three

days. At this time, there 1s no reliable datz on the pereent-
age of recycle salt thai can be accepted in a pressad prod-
uct. It is abvicus that the use of 100% recycle is
catastrophic and it would follow from these resulis that
the use of recycle salt should be kept 10 & mintmum, with
none preferred. Probably no more than 10-15% should
ever be present if product is 10 be used in brine applica-
tions. In dry applications, recyele salt is fully usable, pro-
ducing products of equal or better dry strength than a mill
run salf. The addition of heat fo recycle salt apain im-
proves density and dry strength, but wet strength is still
zero, The release ratio is almost doubled (Table HID).

Some resuits are indicated vsing rock salt screened to
remove the -+30 mesh fractions. In all cases, rock salt was
found to be fully usable as a pressed product. No wet
strength fests were run, as rock salt praduocts are not feit
to be penerally suited for brine applications.

DIE MATERIAL

The dies as used in these experiments consisted of foor
materials; manganese bronge, monel, 310 8.8, and 440 C
(age hardened), all of which have been or are in use as

e o,
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production liners. A considerable difference was found in
the product produced in each material. Averaged overall:

Average Density Release

Rutio
Bronze 1.965 31
Monel 1.854 35
J10 88, 1.946 37
440 C 1.936 45

These factors are, of course, not the only input consider-
ations. 440 €, although poor in release characteristics and
resultant density, is hard and does not suffer abrasion
while the use of stearate can e¢liminate the release prob-
lems. Bromze, though good in laboratory factors, 1s soft
and erodes rapidly, but can be easily machined. Choice
must be made by an individual economie study.

CONCLUSIONS

Tt has been the purpose of this study 1o show that
evaluations can be made on pressed salt products by the
use of laboratory studies and that such data can then be
used for engineering and economic studies. By ase of this
equipment, many of the old beliefs on pressing salt canbe
properly assigned causes. Tn many cases, the opinions
were usually right, but the causes may be erronecus. Un-:
less the true cause is found, resultant errors may be expen- ©
sive. It is much cheaper to experiment with a Carver Press
than a 750 ton press.
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