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PAEFACE

In the study of corystal growth, & large amount of work
has been done to determine growth squations.' Two examples
of this work are the Hixson and Knox maas transfer co-
efficient equstion (1) and the McCabe and Stevens growth

‘rate equation (2).

Hixson and Xnox (1) have presented a correlation ex-
pressing the mass transfer coefficlient for e single crystal
as a function of, V, the velocity of the scolution past the

erystel, Dy, d4iffusivity and, U, viscosity.

The work of Hixson and Knox (1} would predict that
the rate of orientation at the crystsl face 18 & contri-
buting factor te the over-sll rate, over the entire range

of velocities investigated.

McCabe and Stevens (2) presented a simple empirical
correlation for the rate of growth of copper asulfate
psntahydrate as & function of, V, the velocity of the
solution past the crystal, and, r;, the interfaciasl growth.

It 1s the purpose of this paper to extend the scope
of the McCabe and Stevens (2) aorrelation to cover at
least one other crystal system and to investigete the
influence of diffusion with regard to the crystal growth,



Prefsce (Continued)

1t ig the further purpose of this paper to check the
influsnce of viscosity and density of golution on orystal
growth, and the magnlitude of Influence of orlentation rate
varaus‘valacjtiaa of molution past the orystal. The orien-
tatian_fata,exhibitad a oonstant effect avervthe‘valeeimy
reange gtudiad by Hixson and Rnox {1}, whish la shown by
the 41gplacement of CuS0s and Mg304 plots. The mass trans-

fer equations for these two syatens are shown later on.

Kiﬁsa& and Xnox (1) used the viscosity and density
terns thraughaut’thcir mags trensfer correlstion equations.
MoCsbe and Stevens (2) assumed the factors of;viséaaity and
density throughout their series of runs. Therefore in thils
study, the quantities of viscosity and density will be

verified with reference to their effect on crystal growth,

11



ABSTRAC

"

This investigation has shown that crystals ef'eésger
sulfate and magnesium sulfate when grown in supersaturated
solutions exhibit a growth rate according to'the following
equation: v

. 292
L. = 5.0 (Ac'bm\‘o” Vs

where, R;, is the growth rate in Miorons/min, is the
change 1n concentration, Dy, the diffusivity coefficient,
s density of solution, U, viscoslity and Vg, solution

velocity past the orystal,

The equation shown demonstratea that a mass transfler
process 1s taking place from the solution to the cerystal
surface, and that within the veloclity range studied, there

was no effect shown by the interface orientation rate,

In 8 crystallizer where there is s mixture of crystals,
the larger crystals will grow faster than those of a smaller

size due to 1ts higher relative solution veloocity.

Crystal growth is depesndent upon the other factors
described in conjunction with the formulae, and the analogy

between these factors is described in the main paper.
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INTRODUCT

o Work previously has been done on CuSQy and H3504
’syatams by Hixson end Knox (1) and on Cu30, by McCabe

and Stevens (2). The writer sdhered to NcClabs and Stevens
{2) procedurs with reference to the conditions and meeasure~
ments, but used equipment of similar design to that of
Hixson and Knox (1)}.

Other investigators in this field are:

#arc (11} who found out that above &
certain rate of agitation there would be no
further rate of growth,

Noyeg snd shitney (12) 4id work on the
rate of solution of Benzolc Acid in water,
Thaey found that this ig dependent upon a 4if-
fuslional procegs and on the rate of agitation.

Berthoud {13} and Valeton (14} each in-
dependently developed & theory of crystel growth
te the rate of diffusion of the material in
golution %o the crystal surface.

Van Hook (6) (7) 414 work on the rate of

erystal growth in sucrose solutions.

It is noted in the literature that for orystal growth
the e¢rystal must have a lover thermodynemioc potentiel after
crystalligation than before. If it 414 not, the crystel



ntroduction {(Continued)

would dissclve instead of growing. It is common knowledge
that the solution is superssturated prior to crystal

formation.

Growth 18 feanible through the process of 8 precipi-
tating substance being transferred from a supersaturated
solution to an interface film and rearranging itself
into & specific ecrystal lattice in order far growtih to
take place. Thle growth 1s dependent upon the degree of
supersaturation; i.e., 1ts thermodynamic potential, the
formation of the seed crystal, the interface effsot between
the erjétal end orystal solution, the formation of & orys-
tel lattice and the solution veloclity r»lati&a to the
growing crystsl.

The process of crystallizetion with regard to the
shape of the orystal vwhich is growing does not confors
to the thermodynemic equilibrium of a orystal with ite
gaturated solution, and Hixson and Enox (1) have noted
in their studise variasncee in the order of nlinetesn
percent (19%) for copper sulfate pentahydrste and thirty-
three percent (33%) for magnesium sulfate heptahydrate.

#oCabe and Stevens {(2) propose the following empirical
squation for the growth of copper sulfate pentshydrate:

| = | + 1

o kY




Introduction (Continued)

where Fg 18 the rate of growth in microns per unit time

_.of a crystal in an agitated solution at constant auper-

_“ggturatian. This ia egquated as the relative veloeity, v,

between the crystal and 1ts 2olutione, the interfacial

“rgrowth rate, ry, and the growth rate at zero velocYIty, T,.

The Hixson snd Xnox (1) equation iz a wmess transfer
equation through which e study was made to determine the
mass tz%anafer coefficlient for orystal growth. The work
wae asmﬁarhd with other mass transfer coeffiolents and
with heat transfer coefficlents of the Chiltén~zolburn
S— &7 RS p——

" The mass transfer coefficlents for eapﬁ#r sulfate

were given by:

and for magnesium sulfate:

Zoee e (2 ()

6,
(73,)

a2,

Ven Hook (7} 4id work on the crystal gPowthA f sucrose
end he confirmed that the rate controlling aiap in sucrose
erystal growth 1s the surface resction not the diffusivity.

HeCabe and 3tevens (2) state that the growth rete is
not effected directly by the crystal size but thst the rate



introduction {Continued)

of growth at low velocities is determined by the Alffusivity
of the maas trensfer process of material from the solution
Nwﬁgﬂthe cryetel surfece. Yet as wvelocity inevcaaesﬁmggg_‘
rate of growth 4diminishes, thus making the interfaciel
growth rste rate determining.

This is better 1llustrated by the following:

¥, !
- 'i g gy,
o . 1231517?
selut fon Im‘mﬁnee
Figure 1

is shown in Figure I, when, rg, the diffusivity rate
is less than ry, the interfacisl or orientation growth
rate, then the diffusivity is rate determining with re-

spect to orystal growth.

The term, rg, d1ffusivity rate, is directly effected
by velocity. For as the molecules are transferred from
the solution to the interface for orientation into the
orystal lattice, new molecules must 4iffuse through the
solution to the interface in ordsr for grswth Lo taﬁo
place. Zonseguently, the velocity of the solution past
the crystal will incresse the potential of & molecule of

material replacing one which is being orientated at a



Introduction (Continued)

faster rate st a higher velocity than cone at a lower

velocity.

#hen the Aiffusivity is grsater'than the rate of inter-
face orientation, then the rate determining factor is that
of, ry, the intarraaiai growth rate, Using the same sna-
logy when there are more molecules pressnt than can be
orientated, the interfacial rate 1s the one which is the
slowest and 1s rate determining. Velocity is negligible
at &nﬂ.&bo?a this point.

The Jdeternmination of this point, l.e., rg = 1y, 18 of
high interest to the manufasotureras of crystallizers, for
when the solution velocity no longer plays an important

part, any increasse in sgitation rate would be uneconomiocal .

It wag thersafore proposed that higher solution veloc-
ities be attempted to posalbly determine the point where

x‘d s !‘i.

In these experiments, rates of growth were made on a
single crystal supported by & crystal seed holier, through
which flowed a8 constant supersaturated solution for all
rung. A correlation for crystal growth rate wae determined
for the Cu304<5Ha0 and Mg804+THaU in terms of céneantr&tlon,

velocity and rate diffusion coefflclents.



Introduction (Continued)

#ith reference to the viscosity and densiiy, theee
Tactors played an important pert in the correlation even
though they rexained conetant with regard to the tempers-
ture thﬁcughaut the series of runs on SuBQ4iand MgSOs

golutions.
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BIPERIMENTAL

The eguipment consisted of
(1) An RCO stasinless steel, positive dis-
placenent, rubber impelleor pumd.
(2) Bteinless steel lines.
(3) A glass section for housing the
erystal holder and thermometer.
{4} A orystal holder of 325 mesh stiain-
less ateel,
{S) A bath for holding the gaturated
solution including e heating element
and thermometer,
{6} A cooling ssction for supersatur-
ation of the solution prior to the
erystal seed holder.
{7) A by-pess both for the pump and
the crystal seed holder.
This allows flexability in the equipment for controlling
the small flowa snd ease 1n obtaining equllibrium con-

ﬁitiuna prior to a run.

It was noted in the previous works, both on inor-
genic and arguhiu compounds, that impurities wili aither
increase or decrease the crystal growth. In this vein,
preaautiana were taken to insure purity by the usage of

¢.P. substances in distilled water.

The equipment was cleaned by HCl end H¥O3 acid
solutions, then numerous water rinses and tiﬁﬁlly, tvo

rinses with distilled water,

The crystele were measured by the aid of a nmicro-
soope with a calibrutsé eyepiece and held in & small

test tube prior to uaa; The eyeplece was in turn call-



Experimental (Continued)

breted by means of a stage micrometer graduated to a
0.0lmm or 10 microns. Single orystala were used in all
runs. They were measured in microns ani orientated to
obtain the straight side of the orystasle. This follows
the method of McCabe and Stevens (2) with regard to oryatsl
size Jdetermination. Copper sulfate pentahydrate ie trie
elinic snd msgnesium sulfate heptshydrate is rhombie.
#ith proper selection of straight-sided samples, several
measurenents of the length and wldth of the crystal were
taken with the erystal in various orisnted poaitione.
Crystel size was obteined by the square root of the pro-
duct of these two measurements. The slze of the crystals
was kKept on the initial measurement to withlin the 700 te

1500 microns for ease and accuracy of measurement.,

A run wag nmade by obtaining stendard conditions which
were 289C in the saturator and 270C in the corystsl seed
holder. The velooity was determined by weight measure-
ments which were taken during the run snd averaged to take
into oconsideration any pump Tluctuations which might have
occurred. Thus knowing the dlameter of the oryatal holder
and the nags velocity, the average velocity past the crystsl
can be determined. It was thought to be the most sstis-~
ractory_way of measuring veloclty though more cuzbsrgome
thean previous methods. Once the conditions were met, the

erystal holder wae by-passed -~ opened and the seed crystal
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Experimental (Continued)

placed in position. By closing the holder and by-pusse, the
solution would azzein pess through the crystal hé!der ovenr

the seed crystal thus commencing & run.

The length of the run was held constant at thirty (30)
minutes. At the end of this pericd of time the crystal was
r?mavad, waghed in scetons, ssturated with the specific
salt of the eryetal asnd returned to its specific test tube

for remeagurement.,

To determine saturated conditione, & crystal, usually
of the 200 mg variety, was placed in the seed holder and
a run of ten (10} minutes taken. If the crystel lost
weight, the tezperature was ralsed to 30°C for thirty (30)
minutes and agein returned to standsrd condlitions. This
procedure was repeated until growth wae noted by an in-
¢resse in welght of the crystal., Therefore at this tinme,

e specific velocity wes set in and & run was taken,

It ig intereating to note that to obtaln a satursted
solution may take from three (3) to four (4) hours since
we wish to have g solution free frog seed orystals. A
filter would become blocked and throw off the velocity

from 1ts set rete.

Twenty-one (21) runs were mede on copper sulfate

pentahydrate and fourteen (14) runs were made on magnesium
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sulfate heptahydrate, but only thirteen (13) and eight (8},
respectively, were used, The remainder of the runs were
discarded either for smbiguous results or lost crystals,
it 1= Qntaresting to note that three (3) crystals of the
megnesium sulfate heptaehydrate reveried to the anhydrous
forz due to the writer not mepsuring them for four (4)

days after growth. Hence the procedure of measurement
within eizht (€) hours was adopted during the remainder

of the eleven (11} runs,

The crystsl seed holder was 80 constructed that all
of the solution must pass through the seed holder, con-
gequently giving better control over the velocity of sol~
utien moving past the cryetal.
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Experimental (Continued)
Velocity Determination

The 325 mesh woven wire screen was obtained from the
iewark Wire Cloth Company of Newark, Hew Jareoy,.anﬂ fron
their "Catalog ", pege 42, under "Twilled wWeave", the
following information is found:

Heahesn Diazeter Widih Open
Per Linesar of of Ares
ineh Jive ... 2paning Ler cent
328 x 325 0., 0556 mm  0.0432 nw 30

Therefore, knowing the area in square centimeters of the
srystal seed holder (10.8 sg cm) and obtaining thirty (30)
per cent ms flowable ares, one can Jetermine the velocity

from the mass flow which has been welghed in grame.
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COMPARISON OF CPRYSTAL SIZE

in general crystal size does not effect cryetul growth;
but in order to eliminate the possible effect of orystal
sige, crystals of comparative eize were used in the crystal
growth determinatione for both the copper and'magnesium

sulfate runs.

GCopper Sulfate Fesgnesium Sulfsate
Pentahydrate Heptahydrate
Jlcrons Hlerons
1507 1274
1489 1208
1469 1169
1405 1153
1362 1081
1324 g92
1045 889
1015 875

965
720
785
7
T4
Ry, Aver. 1132 R;, Aver. 1080

The average size of the copper sulfate crystsla comdare
favorably with thet of the magnesium sulfate crystals. The
difference hetwean the average size ls 52 microns; and when
compsred with crystals whose size is determined by sieve

anslysis, the difference is greater, for uxampla:

Hewark %1re clath, cntaleg E, Pe. 52
: , , pX: v sting AL

Ruﬁbar 18 1000 ﬁioran

16 1190
" 14 1410 "

" 12 ieBo *
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As gshown, the differences between sieve number 18 and
16, 16 and 14 and 14 and 12 are 190, 220 and 270 miorons

reapectively.

It 12 posaible to obtain cryatals of a larger size than
that of the known sieve sigse due to the shape of the crystals.
The sverage crystal, dbeing rectangular in shape, could have
& length two or three times its width. The width being equal
to the sieve ovening and, consequently, giving & orystsl
greatef in slize than that which i1s supposed to be deter-

“HWiHed by the opening in the sleve, . Mt

Heasurements were male by orientation to odbtaln the
straight ailde of the orystal. The length and the width of
the sample wors obtained several times with different orien-
tated pomitions. The aversge size was then determined by
taking the square-root of ths product of the length and width
of the cryatel, and the slze determined was the lsngth of
one slde of a cube., It 18 felt that thia ls & Detter
method than that of obtaining an equivalent dlameter of
a sphere by weight measurement since a cube more closely
resembles the crystalline shapes of the orystals used 1in
this vork,

The size of the orystals used in this work is well
gbhove the critical alze so that when in a satursted solu-

tion they will grow and not dissolve.
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¥clabe and Stevens (2) stste that the rate of orienta-
tion of the preclpitated material at the crystal surface is
not rate determining at the velocities which vere used in
thelir experiment. In order to determine whether thie was
true, the author took & greater velocity span than that

of MeCubhe and Stevens (2),

Hamely:
Auther Velocity
MeCabe and Stevens 0 to 3.6 cm/sec
Falme 0 to 11.68 cm/sec

7t 12 shown on Figure IIY that the rate of grewth is
determined by a function of velocity and not the rate of
orientation of transferred materisl st the interface of
the crystel, Therefore, for elther sysztem on the Log-log
Flot, straight lines were obtained showing that velocity
wag rate determining due té an increase of f;, per unit

velocity incresse.
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In the postulations of a simple equation, the results
of the experimentation were tabulated and plotted, Tables
1I, 111 and Figure I1I, respectively. It is shown here that
the rate of growth of magneeium sulfate haptahydrato is
higher per unlt velocity than copper sulfate pentahydrate.

In order to bring these two lines together, the rate
of growth (F;) of copper sulfate pentahydrate and magnesium
sulfate heptahydrate were divided by thelr differences in
solubility obtalned from Figures VII and VIII, respectively.

R . Ry
rg"Cgq ac

shere T, = 28°C and Ty, ~ 27%
For Cu80y+5H0 C = 0.63
For MgS04+TH0 C = 1.04

The results are found in Tablea 1V, V and Figure V.

In reviewing Figure V, 1t 1e plain that the rate of
growth, Rf;, 1s & function of the sclutlion concentration.
Thie 18 not the complete function.

Since results have been obtained which indicate that
velocity is the rate-controlling factor (Figure 1II), we
therefore know that it alone will not give us a correlation.
Ye also know that the amount of supersaturation, or driving
force, 1s a function of Ry, and even though related to

velocity, another variable or varisbles is missing.
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Feviewing the literature, the term JAiffusivity, D,
viscosity, U, and density, ~ , appeared both in the work
of Hixson and Enox (1} and of McCabe (3). In reviewing
¥alabe (3} with regard to the theory of nuclestion, he
discussed the work of Beoker, N, (15} in which the diffus~
ivity term was used am a power function incorporated with
8 conatantﬁgnd temperature in the empiricsl squation for

nusleation.

Since temperature is constant for both solutions, our
analysié‘im one of velocity, concentration, Aiffusivity,
viscosity and density. The change in concentration,Ac ,
is tha;amount of materisl that can de praaipit&taﬁ and
controlled by the velooity as the ariving forée. This 1s
not influenced by the interfacial reaction, thch is assumed
to be of such magnitude ad not to influence a aimplélequa-
tion; and the product of 4C , change in dancentraiion and
diffua;?ity, Dy, were raised to the reciprocal of the pro-
duct @t viscosity and density. This can be interpreted as
the raﬁistaace ef solution against molecﬁlar d4iffusion, and
the tsrm?e/ .fvvoraus velocity wss obtainad ss shown on
Tables IV and ? for both systess and plotted a8 shown in
Figure VI. A simple equation wes obtained for a etralight
line function on & Log~Log plot where: |



Correlation Determinetion (Continu ed)
Logx = a4 blogy

Log Ry » &+ b log Vy
aE oy lev

ALz a(vy)P(ac py)

Yo
and upon cslculation

]
(74
R, = 5.0 (AcDg) ' (vg) 2?2

18



Velocity
Jo0

24

0.2
0.6
1.0
1.4
1.9
2.3
2.7
2.7
3.6

Ave, Crystal Size

740
720
720
720
730
720

720
30

Growith Rate

1.15}
1.4}
1.53
1.61
1.71
1.80
l.52
1.85
1.92

19

R, /5e = .63
mlicrons/min

or
1,83
2,24
2.43
2,55
2.71
2.86
3.04
2.9
3.04
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TABLE 11
81 Ve 82 L
fun  Miorons  ¢m/sec Miorons  Microns/min
1 790 0 825 1.17
2 1362 3.77 1486 4,13
3 1324 5,60 1470 4.87
4 1045 2,23 1131 2.87
5 1489 7.96 1542 5.10
6 750 fl _;. 8.54 Lost Crystal |
7 977 o 2.49 812 ‘bﬂfya,ta} i}iaaalving
8 1507 11.52 1668 5.37  B.52
9 1469 . 5.13 1590 406 6.44
10 916 467 983 Lost Temp. Control
1 706 . 2,77 Lost Crystal -
12 1405 9,00 1545 4,67 1.0
13 965 2,90 1092 3.93 6.23
14 785 6.6 977 5.0 8.56
15 880  5.77 Lost Crystal f
16 37 11.0 916 5.94 9.42
17 840  13.60 Lost Crystal
18 988  10.89 1061 Not usable
19 nA 10,55 887 5.77 9.15
20 1015 11,60 1186 5.70 9.04
21 127 0 Flask toppled, lost solution

Time 30 Minutes
Ty = 2800 1Tge = 279
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¥icrons

1081

1169

992
875
1262

976
1208
889

1076

1153

972
1215
1274

TAB

Vs

erm/eec

0
0.70
2,26
5.54
6.37
B8.67
9.62
1.7
3.10
5.70
8.17
4,62
6.77
10.55

X1

82 Ry,
Microns Microns
1147 2,20
1318 4.97
1198 6.87
1171 9.87

Crystal Anhydrouse
Crystal Auhyd:aua
Crystal Anhydrous

1412 6.80
1148 8.6
Lost Crystal

1430 9.23

Lost Crystal
Loat Temp. Control
1622 11.50

Time 30 minutes

Tg = 280C Tge = 279C

22

EL/AC = 100#
Niarons

2,11
4,76
6.60
9.47

6‘54
8.30

8.87

11.15
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NCL

Figur@ III indicates that the HcCabe and Stevens (2)
“ddta is quantitatively less than that of the author] dnd
in reviewing the srticle by Molabe and Stevens (2), tweo
points ars brought forth as evidence as to the invalidity

of thelr data:

One: Only 400 c.c. of smolution were used for a series
of runs, thus giving a 4diminishing concentration rate.
Temperature was held constant, and since the solution
wasAna}.allnwad to return to & asaturator ﬁa'§btain its

”rgﬁuilibrium conditions with regerd to coneentratioq{v}y
would therefore give results lower than tnat.nf the suthor.

Iwo: HMeCabe and Stevens' (2) velocitles were deter-
mined 5& a stirrer speed in & U~tube., The author measured
velocity hy welight and computed velocity in terms of cm/

LS00, It is therefore questionable &» to the corrggﬁhw%&
iclociﬁy being obtained by McCabe and Stevens (2) of solu-
tion past the orystsl.

Regults of the author'’s investigation indicate the
following:
(1} that erystal size has no effect on crystal
growth,
(2) that velocity within the range studied 1 the
rate detersining factor.



Zone

(&)

ontir

that the rate of growth iz less at léwar'
velocities than at higher velocitiaa.

that through the use of the diffusiv&iy date,
viascoalty, density and valocity‘ef selution
pest the oryetal, 1t &a.poaalble to obtain &
correlation for pure crystal growth systems.

The data on 4iffusivity is limited and the
author feels certain that es time and technology

progress, data of more salts will be availsble

 for correlation with greater sccuracy obtain-

abls with regard to orystal growtih.

The equation derived ie¢ ssg follows:

| L
R = 5.0 (acd,)Pv [, 2"

Thies equation sstisfies the requirements &s shown

‘-m::x':fai;n-&m.ﬁ‘i guro V} . et o}

(5)

MoCabe and Stevens (2) assumed viscosity and
denaity constant in their equations. The

author incorporated these constants, i.e, at
27°C temperature, in the sbove equation in order
to obtain a correlation for the rate of orystal
growth of copper sulfate and magnesium sulfate

crystals.



Since the study of crystal growth, n@iane has, to the
writer's knowledge with referaﬂce to solution ?alcc&ty,
used a seed crystal of the exact arystal‘iattiaevaf the
type of crystal being studled. It iz therefore recommended
that & seed crystsl be grown in the following manner:

ﬁrill a ine holes into the cryatal and insert a
plece of atsinlaas stoel wire slightly larger in Aismeter
than that of the drilled hole. By wetting the wire it
ghould g;ip_ln and upon evaporstion of the water, the
wire wﬁii’beﬁoma fused to the orystal. The crystal should
then 8§$plao¢d in & saturated solution andixllowéd to grow
until s 5oaﬁ~nbaped sryatal la Tormed, namaly, ene that
TTEEA visually with the eyve be ﬁi@?ﬁﬁ&%&?ﬂﬁ. %hin wtri Eive
ﬂmaaed arystals which will not need a holder for ausyaneian

R g

in the,salutionn.

The equipment should be entirely alaaud with proper
raailikioa for opening the solution ahambﬁra. -1t should
algo bedesigna& with a minimum of three test seotions ao

that more data can be obtailned per run.

4 weighing vessel should be installed on the 4ischarge
side of the test section, Just prier to the saturator.
This would run with a by-psss so that yer&édically & three-

way valve can be chenged to give welght determinations.



There should be & drain valve to allow drainage back to the

paturator.

A rotometer should be installed, but only as & con~
venisnce so as to guiokly set & flow rate; but sagain

velocity determinktlan should be by weight alone.

The pump should be of a positive displacement type
with & varisble speed drive., It should be properly hy-
passed and have & pneumatic control valve to take up any

fluctustion with reference to pump imperfections.

The writer feels that a trus velocity past the crys-
tal beling grown has not been done sven though & closer

attempt was made in this work.

4 means of sutomatlically heating the saturator te
gsaturation tempsrature prior to the arrival of the worker

would be & great asaset in making more runs per day.

By mesasuring the corystal with & micrometer or vernier,

orystal faces can be oriented and size changes noted,
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ABLE V1

lnternational Critical Tables
Vol., 1V, Page 222

CuB0g4 +5H0 -

Temp. Solubility

T Gms/100 gms free Ho0
10 26,9
20 32.4
25 35.5
30 38.1

40 44,9
50 52,2
56 The A and B are present

Mg304.THpO0 - Vol., IV - Page 228

10 62.%
20 70.6
30 81.5
A0 91.4
48,2 The heptahydrate and hexa-

hydrate are present,









IaBLE VI

wemm This table obtained from Hixason and Enox (1) o
who in turn extrapolated from the deta of
Dholm (10).

Valuea of the Viscosity, Density,
m Diffusivity of ZSatursated
S fs

Diffusivity (a)
.1

fg; - Vi sg ) ; ity mxm i ;g.r ' 93 “‘-”‘;j‘,g.% v u—
19.3 2.21 (b) 1.20 (e) 4.7 x 1075
41.4 197 1.27 T.4 x 1072
53.5 192 1.31 | 9.0 x 1073
7.2 O 1.94 1.41 12,3 x 1073

(a) Extrepolated from the data of Oholm {10}
(b} From the Internationsl Oritical Tables (&)
{c} Prom the data of Flottmann (1)
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me.
Temp..

19.9
30.5
40.5
48.2
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TABLE VIli

This table obtalned from Hixson and Xnox (1)
whe in turn extrapolated from the data of
Oholm (10}.

- Values of the Viscosity, Density, &
' Diffusivity of Baturated
Magneslum Syl fats

ate
v ekt L

oL o ¥ A

':éirfuaivity’(a)

- Viacosity Density D Hour) ( Foot
- 6.8(b) 1.29{b) 3,18 x 104

T7.66 1.32  3.56 x 1074

8.5 1.35 | 3,92 x 1074

8.50 1.38  &,02 x 1074

{8} Extrapolated from the data of Oholm (10)
{b}] From the International Critical Tsbles (4)
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JOTATIO

growth rate microns/min.

eryatal sizse before growth.

crystal size after mrowth,

solution velocity.

foncentration gms salt/100 gms free water.
tempereature of saturated solution °C,
temperature of supersaturated solution °C,
diffusivity constant

density of solution

#iacoaity
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