Computing Supersaturation for Sucrose Solutions

Encar B. Cory’

In this paper the equation for “The Solubility at High Toemperatures
ol Pure Sucrose in Water,” by Tavlior (1) is plotwed against the "Boiling
Point Elevation Equation for Pure Suarose,” by Speugler (2) . The resuliing
data are wsed o construct tables and charts which we have {ound 1o be
valuable in e study of the supersaturation of sucrose solutions. Vhis dis-
cussion will be confined o the study of sucrose solutions of 100 percent
purity.  Howcver, the problems encountcred in correcung lfor puriddes loss
than 100 percent will be discussed briefly at the end ol the paper.

At this poing, mention should be made ol the authors whose literature
Jras been »mdud during my investigation ol this interesting subject. Hers-
feld’s {3y table of the wlubnw of sucrose has been the standard in the
industry for more than filty vears. Other early investgawors (1) have been
amnbiticus in their attempts 1o challenge the validity ol Herzleld's wble,
but bave not been wholly successful in this actempt. Holven (3 in I!):yb
pointed out the « HiHerences between Herzfeld's values and that daia which
he and his co-workers at € & H had compiled, Taylor (1y in 1947 pub-
lished a paper which successfully established o new and more accurate set
ol values for the solubllity ol pure sucrose in water solutions, Tavlor’s data
and Holvew's data are in very dose agreement, especially in the temperature
ranges in which most connmercial sugar boiling s performed.

Taylov's results should be acceptable by reason ol the high degree of
accuracy of the experimental work and because of the sound analysis ol
the results. While Herzleld's solubility data and Taylor's solubility data
do not disagree by a very large amount, the difference is significant

CLhusen’s (6) Imiling point clevation bles for aqueous solutions of
sucrose likewise have served the industry as a standard since 19040 Again,
Holven (5 challenged these data on the grounds that the variation in
boiling point clevation due to vapor pressure changes was not considered
i Claase’s works and this constiruted a serieus crror in the approach to
the problem, Therelore, ar the iusistence of Claasen, Holven and others
Spengler (2) (7) and hos associates, in 1938 paformed new experimoents
and determined with acceptable accuracy the boiling point clevation of pure
and impure sucrose soludons at various councentrations under  nurmerous
conditions ol vapor pressure. Spenglar’s (7)) boiling point ¢levation daty
for pure sucrose solutions are, therelore, accepted as being more correct
than uny other data,

Kukharenko (8) () in 1935 culculated a table of supersaturation and
crystallization velocities for pure sucrose in water solutions. These cal-
culations were based on Herzfeld's date for the solubility of pure sucrose
I water.

Holven (%) in 12 presented a paper in which he offered for the
fivst time a method for dewermining the supersaturation of pure sucrosc
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solutions.  This method consisted ol measuring the boiling point clevation
of the sucrose solution above the temperature of the vapor phase. By re-
sorting to the use of special Duhring line charts and formulae, he was, thus,
able to determine the supersaturation of sucrose solutions,

Using this concept, Holven (10) had designed and patented in 1938
an instrument for dthe continucus measurcment and indication of super-
saturation. At that tme, 1938, he found it necessary Lo assume, lor prac-
tical purposes all Duhring lines for sucrose solutions were straight lines.
This was necessary in order to construct a workable instrument. The error
as a result of the above simplification in assuming straight Duhring lines
as compared to the actual curved lines is not great. Gillett (11 in his
book on “Low Grade Sugar Crysiallization™ adheres to the original con-
cept as established by Holven., Webre (12) in his many writings uses Gilleit’s
book as a basts for his work.

fn 1951 Miller (13) presented a paper describing bis company’s (Min-
ncapolis-Honeywell Regulator Company) adaptation of the Holven patents
to their design of Supersaturation Meter. By 1951 instrument design wech-
niques were such that it was possible for the designers o permit the coneept
of curved Duhring lines to enter their thinking. Also, in order to bring
their basic data up to date this group also wsed Tavlor's solubility data and
Spengler's boiling point clevation data. It may be interesting to note that
Holven’s instrument and the Minncapolis-Honeywell instrument both have
facilities for making a purity adjustment during the boiling ol the sirike.

With the preceding bricf discussions and history ol the subject ol
solubility, and supersaturation of pure sucrose solutions as a background,
I would like to proceed at once 1o the main twopic ol mv paper.

First, we shall take Taylor’s (1) equation [or “T'he Solubility at High
Temperatures of Pure Sucrose in Water™ and calculate the sucrose concen-
trations at saturation 100 for solution temperatures from 307 C. to 100° C.
Taylor's work was done in the temperature range from 64° C. to 829 €,
However, as pointed out i Tavlor's paper others have confirmed  the
validity of the equation at the Jow temperature of 25¢ C.oand with but few
misgivings I have also proceeded to calculate concentrations at saturations
for temperatures of 90° C. and 100° C. )

Taylor's equation lor the solubility curve of sucrose 15, € = 63.608
4 0.18220 - 0.000722t%, where G s the concentration  in grams per
100 erams ol solution, or decerces Brix, and t is the saturation tem-
bel ial
perature, degrees Centigrade,  Concentration can also be expressed as S,
$ C s . !
where § = — == - . where — 15 the ratuo of sucrose to water and
w 100—C w
C is the concentration ol sucrose in solution as derived [rom Taylor’s {for-

mula. Table 1 shows C the concentration, and S the ratio of sucrose to water,
These data are also displayed on Chart A in the form of S vs. t. S is plotied
to a logarithmic scale and ¢, solution temperature, is plotted to a lincar
scale. An auxiliary scale is plotted along the right margin of the chart and
is in cquivalent values of C, or degrees Brix.
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Chart A—Saturation curves for pure sucrose.

Table I.—S8atration Concentrations vs, Toemperature at 100 Purity.
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T addition to the sawuration 100 line as ploted on Chare A, from
Table 1, there are also lines for several supersaturation values and for several
undersaturation values, These can be caleulated from 5 for saturation 1.00
as follows: Tor example. at a given temperaware 8 lor supersaturation
.60 would be 1.60 x 5; Jikewise 8 lor undersaturation 0,60 wonld be



Vor, IX. No, 3, Ocroser 19506 261

060 xS0 Shmalarly, auy other values of 8 lor supersaturations other than
L0 can be found by mualtiplying 5 at saturation 100 by the desired degree
ol supersaturation.  When these other supemsaturation Haes are plotied on
Chart A, they form g family of curves paraliel o the siuration 1.00 line.
The value of wsing semtlogarithmic coordinates becomes immediately ap-
parent when one studies the complete Tamily of curves on Chart A,

Next owe shall wake the “Boiling Poing Elevation Equation for Pure
Sugcrose,” by Spengler {2y and caleulare the Boiling Point Elevation
for various concentrations €& al a vapor temperature of 1000 G0 Log,,
B.PE, —— 26157 ~ 10907 o 10185« 101G L 12567 x 1020 119749,
These dawa are presented in Pable 2

Table 2—B.P.E. vy, Concentration at 100 Parlty,

Powe BPEF, 0 261537 5 JOSP  — LOISE x 10508 0 2367 x 10 20 - - 1Ly7y
i o { i L ) : I‘wu
! {j mn} Lf,

Vip. e Y a0 84 n 60 A 140 A6
It L0 RIETIN 8755 8180 Ji6a0 Tlon G607 Rt INKS
N

OO 20,70 19,38 i 16 1374 15.68
b00 1997 FH.(H 165.91 470 £2.75
200 17.64 16.506 1554 13,50 1169
7.00 53 1.492 £5.08 12,15 1055
6,00 [RBE 15,00 12,97 Pt 10.67 9.21
5.00 [ R P06 [0.56 9,668 .0 .59 T80
1.00 .41 B384 851 7.7¢ 7.20 07l 6.2
300 .88 .41 .0 5.63 1.8 155
2.00 4.2% 3.08 318 3.2 102 2.81
100 1.79 .63 EAG 157 1.27 118
{150 0.74 0.64 0.65 (Ll 0.56 (154 .49

In order 1o aileulate the Boiling Point Elevation for Pure Sucrose
solutions at a given vapor temperature less than 100° € we must calculate
a correction factor in tie {ollowing manuner:

(I i) I'mr» o 3 i
Foowes () where Foois the correction factor at the given vapor
("[I},l*”} 11" -

tempernture, Uiy the absolute vapor temperature ©Kelvin for the given
vapor temperature, T s the absolute vapor temperature ¥ Kelvin cquiva-
Jent 1o 100° €, L, is the Tutent heat of the vapor 100° C. and 1 is the
Ltene hear of the vapor ut the given vapor emperatwre 0 BPE, = ¥«
BPE. .

The correction lactor ¥, and the BPE. data for VAPOY LCiperatures

bess than 100 CLare ulso presented fn Lable 2,

Chart B is a repetition of Chart A but with the addition of the BT,
data ploted from Table 200 A dose study of Chart B will revedd dhat it is
tow possible for one 1o determine the B.PE and/or the selution wemperiture
when one s given the vapor temperanre and the degree of supersaturation
ol the solution. Conversely, given the vapor 1enmperature and the solution
empervature one can determine the degree of supersaturation ol pure
SUCTase solutions.
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Chart B—B.P.E. vs. saturation at 100 purity.

Table 3.B.P.R. v, Supersaturation at 106 Purity
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In order that the above data con be used readily in the sugar factory,
I have aaleulated the exact intersections of the supersaturation lines and

the BZE. lines for a range ol vapor temperatures from 30° C. o 80° C,

and

for supersaturations from 0.60 o 2.00. Special emphasis is given to vapor

temperature 65° €. and suporsaturation 1,30,
rate to plus or minus 0.01°

The BRI
These data are recorded

in Table

values are accu-

3, and
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Chart C—Saturation values ar 100 purity for BP.R. vs. vapor T.7 €,

are plotted on Chare €. Note that in Table 3 and on Chart € T have changed
the nomendature for Boiling Point Elevadon to Boiling Point Rise, or
simply B.P.R. It appears that the Iatter tenmn is more widely used than the
former.

During the carlier phases of this investigation, purity correction was
overly shmplified; fe., for example, at o purity of 80 percent the suturation
100 curve for 80 percent purity was wssumed o be idendeal with that of
the supersaturation 123 curve for purity 100 percent, and Spengler’s BPE.
curve for purity 80 percent was used to determine the BPE, values at
80 pereent purity. Similar data were developed or other purives and the
data were interpolated {or use with the lower purity liquors in the sugar
factory. We Tound that rhese duta were not accurate; in fact. they were
so far from being accurate that we discarded this method of correcting
for purity changes.

During this campaign, 1935-36, we discovered that the BPR. data
for white sugar boiling has varied by as much as 8% C. {from the beginning
ol campaign to the present. This, in spite of the faar that we have en-
deavored to maintain a standard liguor purity within plus or minus 0.5
points of the desired purity. The only condusion we can draw s the
nature and solubility of the nonsugars has varied so greatly during the
campaign as to make our former concepts of B.PR. at saturation vorsus
purity inadequate in expluning the diflerences. 'This hay given us con-
siderable justification for cmbarking on a line of study which will aid in
correlating saturation, boiling point risc, purity, and the nature of the non-
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sugars into a more workable form. Thercfore, ac this time 1 have chosen
1o confine the discussion 1o the one ase for 160 percent pure sucrose, and
to point out that considerable work must be done before we o extend
this study to include the lower purity Liqguors.
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