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ABSTRACT

The purpose of this work was to study and measure the
faectors influencing crystal growthe

Approximately 250 single crystals of CuSOl «SH20 were
grown under controlled conditions of supersaturation,; solution
velocity, and temperature.

The date from this work indicates that:

(a) Crystal growth rate is independent of crystal size
for the size range covered (l. to 12 mesh).

(b) crystal growth rate is directly proportional to the
degree of supersaturation, or driving force for each
concentration of solution studied,

(e) Crystal growth rate varies exponentially with the
velocl ty of the solution pessing the crystal

= £ (W)

(4) The value of the exponent "w" increases as the temp-
erature (and concentration) of the growth solution
increases, This indicates that there must be more than

one dimensionless group containing the velocity terme.

The following empirical equations were obtained for
the four different solutions used:

Solution &4 -~ Saturation temperature = 28° C.
Log %%-: 0.240 Log W + ©.2%00
Solution B =~ Saturation temperature = 37° Ce.
Lo3 Re . " 0.265 logu +0.56%2
Solution ¢ = Saturation temperature = LT7° C.
Lo3 3&%_-- 0.28¢ Logwu. + 0.612%
golution D - Saturation temperature = 58° C,

Los R° = 0.401 Log W + . 6721

(e) The following empirical equation was derived which
composites the above equations and which effectively

summarizes all the data in this work: "3
~-2960 W

= 30,000 acute v —

The velocity range in this work was from 2.2 to 20.6
centimeters per second.



Although wzumlxnﬁm gontintes to be one of the
mogt iswportant unit opevations, 1ittls is known of the
mechanign by which erystel growth takes plase.

To abtain sush knowledge, many growth studies of
single erz::&la are nssessary. It is genarally underatood
that the prime Lagtors governing growth rates are the
diffusional or physiesl proecess, and the chamlicel o ionle
orientation reastions z:maabw&y the relative importence
of thess {asators vary with eash orystalline subaianee.

It is belisved that the prowth process 1g an inters
uittent one, and pot continuouse A dafinite astivation

is roquired to fom m "umit® or "atep” on a erystsl
guriace, after whish a layer of definite thiockness rapidly
"fills up® the remsining available eryatal avea. This coneapt
sxplaine many growth phentaens sugh a8t

{n) retention of geomsivie shape
(b} strained groith under forcsd conditiona

{8) "twinpning® - this writer accounts for such &
phenomena by visutliszing twe orystala eolliding
gﬂ to fasce at the fvatant & leyer iz being
Mi

{3} growth of erystals in this work, wwrein one
sids of a orystal 1s exposed to the full foree
of solution flow.

This study of the unit coperation of srystallisation wes
mads to conlirm snd cupplenent the past vwork of MeCabe and Knox.
T™ie writer hag altempted to obtain dats, eorrelats the effects
aof the prime varisbles, and develop wmpirvienl relationships in
an original msnner. Une of equipment ant utilitics was peymitted
by ths Superviasor of the Resesroh Depsriment of the American
Agrioultural Chenleal Co. &t Carderst, ¥.J., for inereased undere
8 > of orystallizstion problens,

In condueling this study, and apparatus was used whieh
componites many fesatures used by perhaps a dosen 4ifferent
investigators. The following minor objeatives wers kept in
mind In ordor o obtalin the finel correlations’

1. Simulteneocus growth of several 4differsnt size
srystals under identical conditions of supsrw
saturetion, veloedty, snd econeentration.




£+ Ohtain a grester depree of muperssiurstion than
that obtained by previcus inveatigstors,

3+  Amesrialn the gquantlitative sffect of gupersatorsw
Sion ander wagﬂima of sormtent vsloosity.

s Simaltsnsously grow single tals under variable
velocity but gonstant sapsrsaturstion conditions,
This was not sttemplted by previous lnvestigators.

Se bDevise a aimple, Iresise method for mepsuring
solution menémtim*

Ho Obbtain solubility dete oy $he copper sulphates
unter gystem of preater accursey than Aasts in
the Internatio Geitiecnl Tebles and Seldalits
*3olublility of Inorganies (oapounds™e Solubility
date from these two refersccoes 40 net agres.

It is baileved €hat this peper is the Cirst to present
the fact that sclutlion veloolity {(agitation) exerts grester
influence on s arysial growth process At temperatures
than at low temperadures. This 1 confirmed 2y a study of
the data of Hixson«inox.

This paper is the first to indioate that the growth
rate of m?pgr aulphate is dAliwestly proportional to the
degree of suparsaturatlion.

T™is 18 sonfirmed by 6 atudy of the data of Hixsone
Enoxe



{9)

(9}

{9)

{8)

(8)

(9)

(7)

{9)

(2)

W‘%\ "Bach fage of & erystel has & espilliary
oons whigh eontrols growth rate”.

W = This writer messured velosities of growth
ervous alum and found that svery faece had ita own
rato of satension measured norarlly to surfacs., He
apsumad the caplllary sonastants were proporsicnal to
the retes of growth of the varicus fases.

m«w dissolution theery
E—: ‘Ro }l-ﬁ (AC—>

g, ey « rolated stioks of bensole sold and
FBGAZ iR fresh water at somstant veloolty and constent
temperature, The following relation was obtained:

k= n [C Ss-So
W « found certain salts whose rate of
orys zatlion was independent of stirrer speed.
912 « "Por many substaness at low rates of
aw supersaturation growth is a bimoleeular

ar ”aamr resstion. Az sapersstumstion increased
the growth approached a firsteorder resetion”,

y oF & Hoyes~Whitney sguation to bes 4ifferens
fopr gnwth mﬁ d ssolution.

Bernat « Modified Noyes«Whitney eguation.

Berthend » Stated thet solutlon at surfage of growing
BrSe EAl was not saturated but was slipghtly supere
saturated - growth ocsurs in pulmes, is dlscontinuous.

{a) first ardu' reaction:
A‘t )‘11 A {CL"’Co]
(b} then stationary state - diffusion tekes place



{e) oombinine above equationst

D
"\_' &g’t—-t é"‘b/k ((q*Qo\) = R(bQ‘>

{9} We Wa {pupll of vava) » Expsrisents with
M milfste.

- = k(ca -—chl

g15 = The aathor ssepended singls
srystals in a siighily superssturated,

{30}

mgitﬁﬁcﬁ a#lﬁtiéua obtained the relationship:
M2 = kL

(2) Wilhelm, Comklin & Ssuer (1941} « The rate of sclution
' Eals was studied = the followe

oride eryst
:mg mmum x@a obtainedsy
~22 . 2N (s-ced = kA (a%)

AW
ax ™ mass transfer rate

B = gres of particlas

D = gpesifie dirfusivity

$ = affeetive film thiskness
R = diffusion prete sonstant

{3} fixmen, A.u. I9hh « fut or dosevibad the effect of
5 spesd on mzwxw of heteregoncas resetions,.

K:o(N

where: K = pesstion velusiby constant
N = ppm of stirrer
>, R = sonstants

(s} When a reastion is dirfusion ocontwollsd A % 1,

(b} When resctlion is contyolisd by the vade of
interfeciel reaption, A—O

0 Hook 19Lh « This writer added nmeasured guantity of
m pr oy Togl sievoss sesds to en egitated vesssl sontaine
ing supersaturated suger syrap. He repested this

axpapiment with syrupa of different satureations and
ab’eamea the follouing eorrelations:




welph fraction sucrose in ayrup
fregtion in saturated syrup
refraetive index of initial syrup
final refractive index of syrup
index of saturated syrup

tioe

{5) « Found that inoreasing viscosit
UZAY SYTips a:m not sffeet orystallization ra cn
Visesosity was inoveased by 4ddi tlon of pum scascla
snd stareh,

c
Coo
Mo
v
Moo
3

B & B % 2 B

- w 1961 « These suthors eolleeted

A : '?u growth of single crystals of
ctmmr m:u“ata and sagnesion swifete. The suthors
vere sble to currelate their data in the following
MENTIST 3

{a) Diffusion « mass wmsfw e
Fodel DeN P
{ > < [ ] [me
{b) Surfses resstion
g, = Fy (Aﬁ;—#ﬁ\,) ,QA,,\?R-—-"Jf b
{s) Diffusion « heat trensfer

The sothors sonsidered $his to be of
negligible effeoct in the pystems atudied.

= " | - P
!., ; ».;,?.h.* '-‘.ih“ @.;LLMV

(&)

{n

miuzzm wh&m wits muzm 3.:; a conventional vessel,
Rate of grouth was gorrelated with erystel size and
degree of supersaturation:

Yq= 0.00\17 A ac'®

It was thought that the orystal alsze was not a prime

variadle, but pather sn apparent one sinse the relative

veloclty betweon solution and erystels incresses as

g};; eryatal slze inoremses under novmal mixing condi-
ofile



Seed orystals were then enclosed in & perforated
°‘§:£:hi“& was suspendsd in a flowing atresm of
a0 Ofle

Experinents wore also caveied out in
8 regiprosating sage.
Ceneral sorrelationy

NI v
\/3 - \’o‘\'(b% + \',:

Yq= arowth vole - M onin .

Vo = %rom‘t\n vrote ab 2ere \le.\cct‘bz)
A = cownstant

U, = r\)doc.\t:s - /e -

\

“

interfaciod %\*owt\n vate



The wmnm uged for the bulk of this work

eonsists of the followingt

(1)

(2}

(3}

(4}
{5}

(6)

{n
(8}

(8a)

(9)

{10}

iiser Tabe - & pyrex glesas tube 1-7/8

5 3 asaseter and about three fest high.
The mm 3.3 muw with & tapeored bottom
and three ocutleta.

ket - A basket construsted of 15

r * sereen was uaed to support 3 or
ts. sx.m;u Wmasa The basket is supported
in the crystalilzer tube by means of a soppsr
wire attached to a2 rubber s topper.

hex {mmh} - metmra of the

s&o;a%r?& har u ﬂwﬁ » Wmmﬂw Qv&ﬁm&
- ¥ 2

Disselver = A four liter Pyrex benker.

%g = An elseiric heater designed for sube
on in corrosive liquids. This healer is
songirusted of stalnless steel and provided
with 3 settings {low, medium, high) :z'w variable
heat outpubte This writer S‘wﬁm} the hest sutput
adlustment Knod with a numerical soale {reading
0«30} for better contrel of hesat output, Ths
heater 18 manufastured Yy the 3tillman Co,,
Ns¥els under the trade nams "Chill chaner®,

» A stainless steel c¢entrifugal
e sireunlating the eopper sulphate

‘. poler « & sopper scil five feet long and :;fh
% Gismeter used in plagse of the glass eooler
{8) %:xa ab%am gronter cooling £V




tank = An eight gellon iron
bordng eooling waters

pas srystall az tubes ~ three Lress pipes

¥ IPG) amteﬁ in series with
op ﬁiﬁhm% thﬁ glau talliser tude to obw
tain 3 or L solution velocitlies,

SONENGL  FRNNL ts of two ta
’ for sontye re
af ww«w mlgzmw solution and mlias uwhbor,




A solution of pradstormined consentration of
copper sulphste is introdused into the erystallisation
appsratus, By prelesting the sclution 10«15%¢. above
the saturetion tmmperature,; orystallisaetion, or froexe
up in the apparatus s avoided,

The solubion pump is then etarted %o alreulate
the solution around the apparsius, The sooling system
is then plased in opsration to bring {he solution down

to the satwration temperaturss As the saturetion tenperas

ture Ls approashed, the slestric submerged hsater is
twned one To maintain s stable syastem, the solution
temparature in the diesclver iz kept above gsturation,
By controlling the degree of heat % plus heat removal
from the system, any desired supersatwrstion can be
maintained in the erystalllzaer tube.

e solution is then smmpled for s cheek on the
sonsentration by teking & hot Rauwme measurenent {see
betulled Progsdural.

Thres or four different sizs crystels (6 to 12
mosh) are then individusily welighed and plesed in e
oopper wire baasket, whieh in turn is suspended in the
top of the orystelliizer tube, The Cime L» then noted,

A regord of the erystallizer tonperaturs 18 kept
threoughout the Min,

After the pgrowth period {from 20 to 120 minutes
dependling upon growih rats) the crystals are resoved
and weolighed,

The socling and heating sdjustmernts are then
ehanged in prepaprstion for ths next »un,

Care is Salkten o insure that the bmspsprature in
the dissolver ia sbove the saturstion teaperature,
Otharwise, the sclutlon will "bresk” mnd freese up the
antire tuse When this oesuras, the tedious opsra~
tion of dlssenbling, clesning and ressassably of the
sntire apparatus is often DeG:ssary,.

With moat of the growth sxperiments, the solution
was reised 5-10°C, above the saburation tenperaturs fop
15~3C minuiss between ssoh ran. This diasolved eny =mmall
arystals {rarely present) in the eoooler or the line
lsading to the erystallizer.



From 3 to § experiments (runs) were made In a
ssries. Presh solutiong were nmade up for sash series,
Dust particles and insolublc matier wero removed by
filtering through Superelsl,



L%
o i

Potassiom alus wes e material Mrst solstted
for study ainoe Jarge eryatals of this subgtanse may
be grown with comparstive emss, Considerabls experie
mental time was davoted to the simultarsous growth of
single erystals and a fluidised orystal bhed. The
single orystals were permitted te grow susponded in a
wire baskel st the top of & erystaliliser tube. A
moving bed of srystals at ths lowsr tapered end of the
arystalilzey tube wag pormitted to gvow &t the smne
time under identiosl sonditions of congentration and
tenparature,

After four such experiments the systen for
u:lﬁ wuss ohanged to 9@0%:532@ becsuns of the groster
availabilivy of physical data sush as vigoosidy,
tonsity, obo. Purthsrmore, 1t was desiped to cheek
the dates with that of MaCabe (1) eand Hixson (2).

Experiments nuber 5, 7, and § wers condusted
to simaliansously neasure W&: rates of aingle
mﬁa&s snd & fiuldised bud sa was proevicusly dons

1 RAOR.

The rest of the ezperiments wvere oconserned sith
the growth of alngle srystals only for ressons later
taion up in the dissussion.

Runs 5, 6, 7, 8, were designated as Saries I,
sl the results were found teo be of & megnttude similay
to that reported by Melabe {1), for solutioms at 28°C,

of 63 grams CuSey BRG0 per 100 peens of foas aoter (0. = 63)
* per grEms O 8 Wo =

was wamﬂ%ﬁm temperature shout L7* £). %@

this serics, welosity was kept constnat and AC was varded.

A vopper cosling tube wes sabetituted for the
glans cooling condenser prior to Series IIT.

Seyiss IIY was also carried cut at sbout 47° C.,
at soratant vﬂmt;, and ander oondltions of wvariable
supersaturation (50)e

For Series IV and ¥, the glasa eryats or tube
was replased by three brass tubes (1" IPs, 3/L* Irs,
1/2% 1PS) conneated in seriss. Crystals wers prown in
ettty oa srove rite vekotoy ence of SeEp et
vealoo on gro rate. 2 ¥ vanpe of BB, Te0,
1.5, and 2046 om por second was thue obtained, With
the glass orystalliszer tube, the veloelty ranpge was
limited by the cutpud of the puup.



Serien VI was sondugted o dhesk Zeries IIl.
Sexion IXXI, IV, V¥V, and V]I, were done using abeut the
snne mmgim of solution (O » 63, %y = L7° C).

‘ Series VII was done at one velooity uwaing s
weaker solution (Cy = 53, Tz = 37° Ca)

The sighth serdies was condusted using the thuree
treass tubes snd & solution having ssme concantration
s Series VIiIs

To eover further the study of the conventration
and velocity vardables, seriss IX and X were sarried out
using solutions {0 = hij, = 27" 0.} and (0 = 78,
Tg = 58°0e)e¢ The effest of four 4lfferent @ lution
valoglitien was obiained comneeting the glagas erystslliser
tube and the three brass tubes in series.



The sepper sulphate uned in this work wes of &
tesalmical grades

Brand Humel ¥ishols Triengle Brand
Produgers Phelps Dodge

Coppers 25¢2% Cu ¥inimum

Blue Viteiols 99% Minimum
Insolubles 1% Maximum

1. A usighed smount (L0«150 gm) of erystals in & LOO eo
bealker is diasolved by hesting with spproximately 300 ce
of watayr, Ths tamperature of the polution is then

brought te 63°C,

The well-mixed solution is then guielly welghed and
transferred to 8 hydroweter oylinder. A standardised
hydrometer is then inserted and a resding f:fmly

taken. Th tars 18 then noted (invariadl
bak GQ:, gé’ ?m;wn re is n { y

Pata Ome N, Gns Soln KAV Be 60

3040 308,85 2944 hal

105,0 298,11 352 29,0

1201 301,58 39.8 3247

135,0 30kl blie3 367

180.0 HL0.4 3,08 28,1
20.1 36946 2hedy 20,08
h5e2 36k42 12h Gy

Ze T™he dats was then plotted on a large shest of gmﬁ:
paper (rectangular coordinates), The seven points
ware found to lie on & atralight line whieh when
axtended pave o negative bauwse value {(«2,2°3s) &b
sexre psrsent msog.gnga. This wes expooted
the plot was based on a teaperature of 60° C.



. About 25 points were then pleked from the plot and
reeslienlated, VWeight peareent was converted o Urens
CulOy«5Hp0 per 100 gmss of free waters

e The 25 velues were then replotied s gms (ul0).SHgO
per 100 gm, of free water vs. Be 60°C. (F(csuu-e :i

Consentration data for this work {Cn) Was obisined
fran paume data by the use of this plot, @om 8kill and
reasonable spoed is required for taking the Laume datse,
otheruise s faces eavaporation will ghnge the consentration,



i.
24

3e

Se

6.

Te

8.

Fe

DETAILED PROCUDURE = SOLUELLITY DATA

Set up apparatus as shown on Figure C.

Add gopper sulfate solution snd & large excess of 20 mesh
srystals to the inner beaker zo that the liquid level 1s
even with that of the outer water bdath,

Turn on both aglitators and bring the temperature of ths
water bath to about 1/2°C, above desired tempsrature in
inner vessel. Maintein sonstant temperatuare of outer
bath.

When the tempeprsture in the inner begiker reaches & vongtant
value, nots the time and tempsraturas,

Maintain temperature of inmner and outer finlds to the
nearest 0,1°C. for 1/2 hour,

Stop inner sgltator; allow 15 seeonds for any erystal fines
to settle, and quiekly draw & solution sample. Obtain
baume value by method previously described,

Start inner agitator, and obtaln a chesk baume value on &
seoond ssmple arter 15 minutes,

Obtain baume data in this marmer et four other saturstion
temperaturea. Plot a mmooth ourve of baume versus T. to
verify dste, 8

Convert baume dats and plot consentration versus saturation
temperature on figure I



o
2e
3e
be
S

64
Ta

8a

Seleos and wolgh & aelear, well formed erystal to 0,000}
gramy

Trensfer with rubbar foyeepz o previously oleansd and
driad sopper bLaskeb.

Suspand basket in erystalliver tudbe whan Stempesrature is
conatant. Nota Liue.

Aftey growth porisd, romove basket and plase on & blotter
PRPAYs

Irmediately dip basket and eryetal two or three times in
905 nethenole

Plage basked on another blottsr papers

Dump s ryrtel onto ¢ shest of dry filter paper and allow
to dry for ten minutes.

Weigh erystal - discard, or use Tfor following run,



SALCULATION » orystal geometry

During the sourss of this work, it was noted that the

erystals were not sll of the ssme ghapes 3ome of the erystals
vers elongated snd others were atubbys In gensral, the eryatals
grovwn for this work had the same shape end were V1

suslly
gelscted from a previously prepsred gquantity of orystals.

For simplielty of presentation and evaluation of data,
this writer has defimed the growth rete, Ky, &s follous:

w_:la_ w"/3
Ry = 1,120 (——»—5——-«]
whare: Ry = linesr growth rate ~ mierons per minute
Wp = final welght of erystal - wam
Wy = indtial wvelght of erystal -wam
@ = grouth tinme « minutes
The eonstant (1,120) was obtained by saleulation on

the bagis of en observed arystal shapes and the valus of tha
orystal density from Lenge's Handbook ( p= 2,206 gn/ec)

» Observed averages Sryatal

u"z 4
dimensions ~ relative << N > i
[« %

- gaxume bwo of the sxis
perpendisulsy o>

< o>
c // [/ &
atbrardres = 111,51h.010.711ed ¥ o

¥

N < ™
o 2, & 7
(1) Arem 8w T +2& +3 =3a

2 3
{2) Crystal volumse = Sxb = 3a'b =45

{3) Crystel srea = 2[2ab +2abe]+2 (30%)

= 4{ise* +(5a) ()] + 6a”
= |1g.ba

Crystal weight (mga) & P oy ¥V we’

W= gV = 2.2%( x 4.5
o = 0.460 W'




(1) sapherieity - The sise of an irvegular partiele may be
oxprosscd a3 the dimmeter of & sphere having the ssme
surface svea s ths partisle. {used by Hizson)

A® 18,6 = O™
1
Doe 2di3am 2,143 i,{;ﬁ@w’éa = 1120 w3
D V.
Rp = 5 = [ 257 v | NN

Y
AW S
RD }b"" = \,\20 e

™in

{2) MoCabe Method « The sizs of the ervstal is expressed
az the sguare root of the producst of the longest and
shortest dilvension,

L-: \io.c. = 2a
Ya\ Y3 wwn
.= 2 (%60 ;n 1) = .20 W3 T
A3 »-
RL= A0 T T eiw

Roe= 22 Re



ATION = Velocity

8 « Copper Basket

Basis: 1 8qeins (= 6.5 em®) T
wire diasmeter = 00,0286 am,

15 mesh
SHPPEY
=311

G

sryatelliser L_<
tube

solation

Ares of wWire mttmstms flow = 30 (2.54 % I = .;aaamsgmpam*

{per squere insh

»

w 2,00

% sres of wive = 2,00/6.45 = 31%
Area Fastor = 100 « 3% = .69

Inside Inside Inside
Dismeter Dl smeter ggu
1/2% Brass 0.622 1458 1,96
3/4* Brass 0.82) 2,09 3eh3
1" Erass 34049 2.66 5455
Glaes 1,878 heTT 17490

.

intaxrference of flcw by verious
size oryatals.



Singe oorrestion is susll, sssume erystsl hes a
simple shwaper

A X A=6Xx" o w
3
5 V= 66X = 2= T3Re
3x
Helght Voltme X Ares
cryﬁ&l 3 o {3x){2x)
2040 mpm 00878 «1135 +08 e
30,0 «0131 «130 w10
§0.0 «O0178 +143 «12
10,0 «O0L37 + 090 «05
50.0 #+0218 » 154 o1

For simplieidy, sn xrsa grystal sorvection for the glsas tude
for kg tels * 033 _om? snd corvection for the bress tubes is
assweed to be 0,07 em€,

Glass tube IA ™ 1790 X <69 = 0433 = 12,0 en®
C3/2% Brams IA ® 1496 X 69 « 0,07 = 1,20
34% Brase IA = 3.43 X 69 « 0,07 = 2,29

i® Brass IA = 5055 X 59 » 0,07 = 30?6

YETOCY TIER

{1} Bsmple ealeulation: At a rheostat setting of 65 the
flow rate i 2000 ceo per minute through the glass tube.
Calonlete veloelty.

3
2A000 ©w | = 278 ™
0 == X w— = 2.
= 62 SR 12.0 awd e

{2) BSemple saloulatiom: At & rheocstat astting of 65 the flow
rate 1s 1580 ge per minute through the brass tubess
Caleunlate veloalty in 1/2" tube,

3 W
1IS80 o, L = noe I
U= LS S W% om 3R



28 - sonverslon of fixson Leta

OROWEL BATE » For eomparative purposes

sormwertt ool
Yo ___3____ — R wicrsns
m“f Wy f-“ G W - e \m\vx
cale?
W ywol A - w, L\ \ 5
WO, —— by JE A SYsco J~ A o, T
s 1 et x W97 o) x #sYso T * T3 W J0e® v

ARqg¢ X 20.4 = CjA

Peom the growth sete conversion plot {Figure 1)
By = 370 6 , and
Ry = 1470 (2044 et )

ﬁi} = 30,000 \Wa¢

Thus, to sonvert Hixsonts crowth values o the units
ased in this work, mcliiply by a fastor of 30,000,

DEOPEE 0OF 3UP.RSATISATION « For comparstive surposes

sorwerts L CuSde- SHO GasOy ' SH2O
. wo LY KG\W\S L 1 2
(A:S“-A‘S') Acto) wols ac \0Q s Svex wakey
salsr
(1) Ak SN S

- .3:’\« 250 e = N CASS
{2} Q\, = -.Aﬁv “ % x\oo S Q‘_ % % % K \00
- 1 = \3“0 AQ‘S
(L} Assumeyyin dencminator to be ne:liglible,
stap irys AQ = 1390 | =2 — ]

e




PERTI DA

goludion arowth Degree Growth
R;g: te cmnggtxm 'mg_pﬂe. Sungaamn Rets Veloelty gﬁmyﬁi“
it 2 Ro U
FIRST SERIFS
3 .
2 ltg.gs %chs &ag 3‘22 3;0& 815
1 tlﬁi'% Z13 1.3 136 " fag
| . 27.8 0u8 3. " o0
. o1 840
SECOND SERIES
10 63.24 L7+3 051
31 w0y «3 29 30l Dissolutl
1 st ls 251 s 930 Rejest mumn
ié ag.gg .2 gl 2 226 " 908
. " ] b¢ u
1 63,90  1S.B 2:10 é‘afp " 31%
THIRD $'RIES
16 622 hashy Le50 2248 248
: 6258 ﬁ:g %.% 2248 f gﬁé
19 6023  U5e3 3% 1oa 5%
4.5 1453 54 ® 875 Rejest run
4242 3,10 23. 1.
gg..ﬁ 320 23l 2 ¥
3{9: 5‘2;9 32«1 Lie3 690
P S‘ﬁﬁ i}g&ﬁ T+0 865
. 38,8 I3 680
14049 7465 63¢5 206 1
g,g.z j% SB35 11.5 S
Lol . 6147 2046 1900
hﬂ.k " 55«;2 1l.5 00
1;3‘3 5,10 ﬁaig 70 1
3.3 . 0. 206 2000
31 pnomp
» »
5*5 1,91 21l 2046 2110
;‘gﬁ* 2 " 22,5  1l.5 1560
&5*6 178 18,0 Te0 1210
LEeD . 2t e I
450 " 1 740 1380




DAT

Sclution Growth = Degree Growth Lheynolds
Exptts Conoentration Temp.®C. Supersattn Rate Velocity Number
o, Q% T HC Roe W,

SIXTH SFRIES :
30 63, . 0a9 2.8 870
1 &3.?!5 ﬁ?.,% 2.9 ek in 850
B blie2 58 244 Bub6 3.0 gao TretoRuEion
- L ] - *
10 8 2.8
ié oot S 3¢ S SRR 04 S ¢ S 1
38 52,8 35 149 8 2.8 810
9 53.1 mé 1:3 RN 820
0 5245 3. 2. 10.4 2.8 800
1 Ko Growth - Sat'n Temp
- B - R
aﬂ 52 Wva g:z;. 3&:9 2.8 730
hsx | ,, 8 5.5 0.9 8.30 20,6 2010
h5Y 51:3 ?5:5 0:9 3:% rejected Run
Loz 5148 S5 0.9 ngg 7.0 150
héx 51.8 35.5 049 5a 20,6 2010
héy 518 35.5 049 6,87 11.5 11,80
4627 51.8 35.5 049 e’»,gs TeQ 1150
h7x E2437 3Ll 2.72 214 20.6 1930
?Y * l@i 2 ‘?2 2}». nQ 11&5 11120
gz 237 . 2472 19.2 7.0 1100
8% 52495 3z.2 5605 37.6 206 18
oy . 32.2 5,05 Sely 1145 13
L8z 52,95 32,2 5405 . 740 1050
s Zaent §§‘§§ TS L746 20.8 §:§§3
197 . +a8 620 a3 4% 1%



PERTINEHT DATA

Solution Gpowth Degree Growth Reynolds

Expt!t. Congentration Temp,%C. Supersat'n Rate Vsloeity Number

Boe <a Yo A Ro L

SERIER

504 h3e7 2he8 2e3 Sod o}

gox 1307 25,0 2.1 9 AP Y 114

soY I3e 25..0 2ol be 1145 1340

507, 137 Zﬁ'ﬁ 2«1 617 7«0 10L0

514 h3e 258 2eB Selb 28 590

51x 13 28 2el £.83 20,6 1850

8y 4347 2ht 2ol Teli7 115 1360

517 3.7 8 2.2 6.81 740 1050

S2A L3498 0 1435 226 242 g‘?ﬂ

S BE Bt OLE i g A
27 1398 2640 138 3.6 7.0 10¢0
ZENTH SERLES

534 80.1 5343 1.5 8492 Eel T2

5 80 5343 140 5..%1 2.2 715

5 ?g* 7 58*% w7 =134 2.8 Dissolution

6 T6e S&* % 1 R 2.8 912

5; 788l 55«1 3 2243 28 880

gé 78 53¢§Q GHOWTE - 5&@ﬁﬁ§§§§¥ 2 8 8

&0 ?e:% gsa.l 1.9 She8 2.2 by

40% 7846 Ce 349 6047 2046 2140

60y 7846 £Ce1 3.9 5067 11.5 1590

602 7846 4 A 349 Lli«0 1D 1230

9 Re jected Bun
21z 60,60 u.gaé 0.62 Disgolution, Rajest
35 » L1832 -uly by Hb 2«8 Disaclution
37 65ed 9k wlel w216 2.8 Dissolution



Welght Weight Growth Average Baume
xptte Crystal Crystal Cube Root *r:zu G»wum of
Now mem mpm Difference Minutes Temp, Solu @ Notes
| W, Wo A (\h\vgi) Q T Reo®
5 a 246 Lost Moesy
b ST 15;2 953%‘38 Grouth
-] 1&&9 224 036 118 27 ’hc 25..8" on
4 1941 aa% 0.37 erystals
L 5‘5 33. O 39
£ 312 502
AVZe 0.389 avge
6 & 6 8 34. Qe
0 SR - oust
& 1?13 ?.;itl Qﬂm 60 3?*350 25‘7“
d 3040 ol Ce1l13
e Iy 4 3T« $7% §
o 23«1 2l Osl
AVEe 0ul37 avge
T & 8.4 1049 0,186
b 1549 .Z‘.’Gﬁ% 0s217
] £33 381 D29 13 2?:3“ 35.67“
4 i ghh 0.210
8 1741 13 04196 )
Fy ol 30.0 D208
AVEe 0,20 avge
8 & 10,8 13.8 0.189
b 2043 2% g 0l 26 120 278 23598 nd
[ 28,0 . Del
d Ll 40 bl ﬁuiﬁ
AViEe 04150 avge
9 = TsT 1249 0.37h Much mossy
b 19.1 2849 039 growth on
44 2T 8 ?9&2 Ou 9 523. 335'3‘“ 32.3“ ﬁx"yatm
4 3647 19«0 0336 Reject run
AVEe 037h avgs
0 = 9. -8 “a 1
b 18:?{ »5 '53
& 22¢3 1.7 *Qvg 65 LT3 31.8" Dissolution
4a 251 12.2 )

«04577



Initial
Wel ght

Final
Weight

Orowth Average Baume

P'te Crystel COrystal Cube Root Time = CGrowth  of
Cs... O L mps = Diffsrensge Minutes Temp, = Sclution Notes
W) W A (WR) ® T Re
I & B0 1l 0
b 1331; 2 :§ aﬁ% |
¢ 157 2 O 60 h5e2° 3149°
é 2643 385 Qyﬁ%
AvEe Okl svgs
} w Ted 2l 0.866 ' Slight moss
B 11l.b 36s5 1,05 60 THPS kg 31.9° growth o
¢ 1641 zzaé 0.823 crystals
d 337 o5 0823
Avge 0.392 avge
} e 15 21T 0587
b 23.8 mﬁg 0+595
] 2342 23: 0620 30 lllhz“ 31*99
AVEw 0,606 avge.
& (9% § 25e2 1.1 3light moss
g gﬁa m:g g:exq 0 iz .00 ot on
¢ erystals
Vot S <3¢ a;'zlag * o
AVie 0820 avge
L od B Y
° g&fs 2Bl Oa 30 L5.8° 32,0°
AV 04331 avg.
a 1548 29 0
b :.?:g Eg:a ot
¢ 23, ) ot Ouabll 29 L2y 31.5°
AVEs 04559 avgte
) 1141 2242 0579
b égis e A
¢ 3 b3.9  _0.631 30 L2+9* 3.6°
LVEn 0:607 wvge



b

Initial Pinml
- Weight ‘Welpght Growth  Average Bam
kptte Crystal COrystal Cubs Root Time Growth

NOs... .08 mgm  Differense Minutes Iemp, W ~Noves
N\ Wo & (W) & Ta R

8 g %2{?2 &ag
v s S v
Vi OuT1l7 nBvge

? & 943 19,1 9&5? 2
b 1843 3el Ou5Th 45 154 3° 32.0°
&8 5 T

04626
04812 45 Bhe0®  3147°
Ty ¢ -

& 2642 )
AVE e 04553 avge
2 & 1240 1?;5 0s322
b 19.a 04314 &0 L6y 5* 3Ra*
8 25. 3 Q? ﬁ;%i
AVZs Qo342 avZe
1 X Iast Crysteal fell
237 * m ’bmkas
a%"g 284 Lest x 30 L5.6% 31.&¢
-3 -
2 2943 13,8 »D, 683 Dissolution
He jogt Run
2 X 2145 loat =
2949 52¢1 {1a 632 ac h2.2% 310°

Z 19.2 33e7 0e550

. I 4 3347 Lost x
15,5 ot x 20 o3 31,00
prA 19 2749 0u 570

13:3 iﬂmﬂ ﬁuasﬁ 20 3 ﬁ?‘ J1.0°
Z 20,0 39ehs 0,689



Initial Final
Waight VWelight Growth Average DBaume
Exp* G  Crystal Crystal Cudbe Root Time Growth of
Hes L mEm mgm  Difference Minutes Temp, Solutlon  Hotes
W, W e (wa¥2) © T Be L0
28 X 206 5840 14130
16el; 15.8 1,038 20 §0.9° 32.0°
¥4 2046 Lost x
26 X 139 430 1,099
19.1 1941 0.988 20 Loo4® 32.00
3 33%9 56;@ ‘B&?sa
2T X 13.5 30,0 0.725
1541 272 0535 20 L3.3® 32.,0°
A b 250 0490
B X 151 23.1 04376
Y 16+2 2548 0.401 20 Lb5* 2.2
Z 2.2 2945 0.320
9 X 1640 3647 0.803
b 4 2240 }..)lm?\ 0,667 20 L1507 3245%
Z 217 372 0.609
0 a 8 16 0101
S o S :g Os 20 L6 3185
s 32.2 Os ﬁ
AVEs. - 9;085 AVE»
1 & 3.6«? 212 D212
b 33:% 2842 0.18 20 LEe2¢ 3240°
¢ 3 - Qy22
AVEZe 0,205 8vge



PRIMARY DATA ~ STMIMARY

Initisl Final
Welght Welght
xptte Crystal Orystsl Cube Hoot  Time

§os... ..2ER.. .3gn. Difference Minutes

Gromth ﬁmm mmm
m.... &w& Jotes

W, AN\ &(\Q\k’) S T?._ 1_
A 1 2led 1941 » 0409 Dissolution
tdeb 28.2 272 «0s 03 20 L7l 32.0° Po0r Growth
ne & 422 41.8  »0,009 Cheoky
Avgs w0oeOlt aVEe
3 e 19.1 23e D182 : Yelooity
b 27:? 313 53:11;2 20 L5«8% 32.1% siightl
. 518 LT3 Gel39 hig}éerr tni
R¥Ee 0,154 avoe g;a W;M fer 08,
@ 23 ; 04676 Slight moss on
+ ] ?’3 ?é 9: 18 3844° 32.1* oryatelge time
. Tel 7 2] cut short due
to "Lre
AVE. 04638 avge of soln ~ gh
supersaturation
5 & 1B¢6 15.7 «0Oulhk Dissolution
ra.b 1935 17.5 .o:ws 20 482 32,20
b T e 22& 20’&
Avgs n%li? GVE~
5 & 157 28,2 04540
B 175 3245  0.592 20 L2.80 32,2
o 2040 3ije2 Q Eg
Avge 0455 avgs
A 2048 1646 «0s19 10 houl® 32.4% Dissolution
lm? 4043 3he2 “_,0,,;3,, ,&, 2, —
e ~(1e192 aves
S 1040 1346 O«233
v mig 2is1  0.279 30 35.5%  2B.45°
e 2he 3l.1 Ou2lS
Avgs 0el36 aVEe
s  13.6 154k 0u101
I S O 0w13 30 364" 28455
-] 1.1 Osl

AVEs Oed2l avps



Initial Pinal

Walght Welght

Growth

Lveyage

aammt

Exptts Cpystal Crystal Cube Root Time Growth
O, LOEB . . Bgn  Differense Minates Temp. m&% doten
e Wa o aluwsy 8 T Be®
LO & 1S4 19l 04199 |
b 2he 289 GelT70 20 &° 28,35
o 38§ % _onde e ’
Avge ‘ﬂ.»lﬁh avEs
1 e 19 19l . Ho Result
&d, ¥ 20. 29.0 Growth 20 37.2° 28.4,5° ohecks
n) ¢ L 391 Lx.3 : solubllity
AVgEe data
k2 a 3.9.15 2640 0276
b £9% 36,8 04255 20 32 4 2¢ 2335
o 1.3 519 0+272 _
AVEn D268 avgs
B0t B8R oy 20 3350 28.80
o b 32 ol ‘ y
AvVEe 04303 avge
& 17.8 0. 0 ’
b & A0 3 N 20 30,1 2B.35°
o 36)8 51}.& 0
AVge ‘ Oult78 avge
48 X 1746 22.5 0.222
Y 1649 184 0u 07l 30 36,5  28.1° sReject J5Y
low result
S Z 31&*3 17-? ﬁtlgq
L& X 3215 2?&6 Jﬁ*z?ﬂcs #HL.owW
Y 1B 2742 04367 60 35.5°  28.1°
2 179 258 0,339



Initial Piml
Welght |VWelight Growth Average DSaume
Fxptte Crystal COrystel Cube Root Time Growth

of
Ros o mam Differense Minutes Temp, = Solution Hotes

AT\ [N\ AN (\Avi’a) @ _T';._ EQ':_QD
47 X 2340 39.8 04570
2242 38.3 0560 30 3Le1® 28.,3°

Z 2746 h3.4 0.512

48 X 23.8 lilte 6 04670
Y 32.5 5548 0,630 20 32.2° 28.5°
4 204k 35,6 34558

B9 X 191kl 04786

A 2244 Ll 2 0« 717
SO ] 1he2 19.7 0.
® zg: 23:1 a.§33 2l 80 Us 2.2 2.
L ) 2l 2941 9&232 860,
147 0 -
A¥Es »290 avg 60 25,00
X 15, 27 Oelhio U= 2046
Y 13«.5 2001 QQ338 25&9‘ Um 13.;5
A 1749 2640 Oe3lb U= 7.0
51 =» 19.7 2645 0.280
A b 201 3549 0289
- ] 291 SGti 932 2
- 0.2756
Ave FTO B\ 0 e 2500
X i 35.2 0.365
b 4 201 303 0e399

7 2640 3648 O 3601



PIIIMA

Initial ¥inal
Weight ‘Welpght Growth  Average Dsume
Expfts Crystal Crystal Cube Hoot Time drowth
Hoe . BEm.  _mpm  Differense Minutes Temp, = Solution __ Notes
Wy, W A(\Ah) Q T= Be 20
52 & 2645 2946 0112
4 b 3549 u.o:g 0,129
[ 38.1 L2 o)
AV 0s121 av
g * b 26,00  25.1°
X 3542 head 0,207
Y 36*3 36#1 3‘187
4 3648 1247 D:169
53 1 16‘3 3—9»6 04170
A b L1640 5149 _053@2 20 57.8° 36T
AVBe OelS9 avge
sh o= 1948 2240 009
A b 36,2 39.5 009 20 5843 36475°
AVZe 0.0975 avge
2240 iost x
gs ; 39:5 3.7 *0,2% 20 BB G5e 36+41* Dissolution
Avge , ~0e2ll uvge
satd,
in}
b 24.0 22 0 20 56480  36.29
AVEe 041715 avge
a 235 6 04395
T o 22 2 Oy 20 55¢1° 36420
Avg. 0,397 avgs
58 @& 6 0 No growth
b :2 hszl‘: 0 is 5Teh® 36415° solubility
Avg. Hawme sheok.
59 = 62 0,706
S o S Os 20 53.6°  36.25°
Avge Os710 avge



PRIMARY D - SUMM

Initigl Pinal
Welght Walght Growth  Average Bame
stts Corystel Crystal Cube Root Tinme Grouth of

.. .Bgn__ Mg Difference Minutes Temp.  Solution __ Notes

W, O\ alws 8 Te Be®
& 17.2 2742 01126
b 30,3 57 Qg l3?
Ve GQW AVB e

20 55.1° 3643
4 19.8 She3 l.082
7.4 4247 04904
2 1hed 33.6 0.783



A DA
Solution
m 3 ﬁmr € m @
B sgaelen T Vagelly Dty Vs o
_em__ onfssc Ro
s D —M—o Q‘;: adty ax< S.Qb_g [&;1 n=|
w @ wel AR,
5 2906 h )J\
6 292 577 3.0h 1.23
g 29 2 H " " 2419 193
ag%h " ~ -~ 203‘8 1 2&&0 I.l"?
" . 2,16 2. 1.96 1.15
12 47.2 212 2, 2.4 1.8
3 172 h;?? 3.04 129 * 1.08 2.1
1 b7«ly " " # 2,06 «38 ;
15 7 " 206 & 12.9 1
. " " " 2.06 608 6.3 g
16 b2 1499 5‘98 332 o1
1 hblﬁ h"’? ZQBG ’9& ‘!9 33
S 80 1. 2,08 5.0
19 L7ek " " 1. 2.08  B. 7 1648 374
* 1" - 1e2 1,97 5’39 1648 3'9
22Y lhe8 1.29 2,03 'gg 13.1 3‘92
2oz We8 2,09 18 228 2,06 ) w2 30
5% e oo i3 . 206  T.65  1lb  Ih
oot S 16+ SR Ae " 2.13 $5 11e S04
25X LTk o3 ) TR 93
2%y W 1,58 2066 1 * 25e2  Le67
26X L7.4 2,09  11.5 229 2,20 8
26y 1.58 20,6 . 220 B A 33
26z " 2,09  11.5 » 2,20 7. 5 2 3.7
# . 2 o5 @ i F e
. 2409 g:? p 530 B0 21420 2:33
28X 47 2466 70 2,10 * 1746 3'
28X b9 1.3 20, " 210 27 .7 42
28z ° 2039 1.8 . 3099 110 155 3loy
29X L8.6 v86 7.0 " 199 ll’% 3.1 ﬁ.'l?
29y : 1*58 20.6 " 1.99 9' 11.0 5'
292 n g“gz 11.5 " 2,03 9:%2 ;’g’l égg
" V1o » 740 " g:gg 79 3‘8:% 08
k) Ll-?‘ l";?? 2.8 o2 738 19.2 i:
3 m:ﬁ . 2.8 229 197 5.3
Ii1e6 " 3.0 " 2.03 i,ﬁ g' 0 3.90
479 " gtg “ g:gg 3.61 P g g‘?&
B 3T, ) S AN 40 2,75
3 g k;?? 2.8 . 22,8 3.56
0 37.2 n . 1,26 2,08 L&
h2 T2 " . " 2.05 3.5 6.69  3.52
ﬁ g;.& o " " 2410 g: 3.5 2470
372 " » " 2420 1«90  3.29
" 2,17 E;’ ey 2,48
" 2l bl B :
* }4&35 QQ'& %‘;!{g



] AT,

Run’ swamm Tube  Velooity Denstty Viecosity e { ¥
o0 S
_ S Bl ARG S BB DS "‘"‘Q

D » P~

1a5B 2046 1426 2,04 922 3,70  Lald

Z . oneh TS 126 2404 7486 Ll  1e65
t » » * = * L 2

X 3644 1.58 2046 " 2404 Seb ;

Lby " 2400 11l.5 " 2,01 Te 3.58 ﬁf?s
b " 2466 T«0 " »0b gt‘l 3.76 +17
LTX  37.0 1.58 2046 " 2413 83 9.5 3,50
iy " 209 11.5 i 2e13 ;;?9 1049 L0l
’.}gz b 2466 Ts " 2913 +06  1l. Lel9
LBX.  37.6 1.58 o5 » 223 Tali5  16. 3
48y 2409 115 . 2423 T80 15»% 3e
L8z ® 2465 Te " 2e2 6420 18, 3
WX, 3T b 1,58 #0.,6 " 2e2 6,78 18 ’g ig@
LYoy ® 2409 1145 » 2428 7.68 2L .
L% hd 2466 7«0 o 2.78 6,18 22.7 3.
S50A. 2743 fe 2.2 1.23 2,20 2.36 L5 1.9

x " ol S o » 3292 3496  1a

¥ " 2409 11,5 * # 3.0 51 1.67
A L % " 2a7 2 e 1B

. . . * " » - »

X " . g 20,6 " w1} ﬁ.z 1.

b 4 ", 2+09 11,5 " " 340 25 1,89

2 * 2e 66 Te " " 3.10 he23 1492
S52A 276 hyg a2 " 2,18 1.67 1.85 1.3

X " 1458 20,6 " » 287 1. 1le

¥ " 2 09 1l.% " " 2 19 )

A o 2466 70 " " 24 1. 1.4
532 . 58,8 Le17 2ud 1433 1496 5«95 6450  Le3
# 52,0 bel? 2.2 hd 195 5&@% 3.98 3&93
56 . LeT7 248 " 1455 87 6437 5419
57 576 heTT 2.8 " 2.02 6430 1he7 Ll

9 . LeT7 2.8 b 2.08 Gea Z 2042 | '

* heT7 2ud " 24,02 6e3 18,05 L.
gor v a3 e = o« uw P K
. . »
602 i 2456 Te " i 11.3 20.0 513



SWCSARY OF “IXSOR DATA = (UNITS CONYV RTED AND CALCULATED)

mmuum Growth Rate Supersatin Veloelty Ro Re
A A s o /sec (’&E 2w
1 19.5% Le0S 3 2439 141
2 " .8l 2:%¢ Zix? 1.
A T o0 e Te08
» » »
g » 7 0270 33.6 1.10
b 11.5° 762 2432 31, 28 2.95
7 " 6457 1.78 368 31és 3,00
. 2.*9% 1.61 hg 1,83 2.4d
9 1.8 «96 2. 1.89 1.3%
R S S T |
] - -
12 » 1.50 w66 Te0 2.28 %6
i . gdg lo%gg %.3 2&%6 : Vg
L ] - - O
; 4 ® Le89 l«gﬁ 1 :g %agg 2.2
16 " 2093 «57 2846 337 137
1 53.4° 705 1.93 6 .4
1 . 1,486 11‘31 Yott 3 l’gﬁ 245
19 ; 9.81 3. 245 2454 7.2
20 . 30 .7 11.0 2.33 (.42
2% " n‘% ?29 33;.»?5 .sgg 2-3
2 . 0 1Z§% 1820 g3] 3.4
2 537 «59 102,0 777 .10
25 71.3° 18.66 1413 112.0 1be 1.0l
26 . 926 212& 5&19 m.? 4.07
2 o 27wl 1e 9540 172 .61
2 " «09 1.90 61.0 12.7 1.8
29 n 12,81 1.09 110.0 123 69
30 . 17.76 1,59 2 1.2 ).
31 " 16} 2435 1746 6.22 2.4
3z ” T .% «90 36,6 B,50 g2
gg . 124 1.63 2048 770 1.q!
. 420 32 11.% 12 3
35 . 9400 2484 be 3.17 2.3
R - - T S
] - .
3g " 6460 1488 94 . 2 .69



SUMMARY OF MOCABE'S DATA (AC = 0.9)

ogatling sriments Ro= 122 R

e P Trowth Tt e A
180163 9 1.2l 1.8 1a64
1779 1.8 1436 1466 1.8
1847 246 12 1473 1.92
15861 343 1.62 1.98 2.20
1713 649 147 1.79 1499
ATlwb 1349 | 1.55 1489 2410

Statlionary Cape Experimants

puma _ _eefecsr) B Ty R R /e
18891 .2 1426 el 1457
208411 5 1ol 172 1.9
192-5 140 C 1.53 1487 2,08
21118 1l 1461 196 2,18
196-9 149 1.72 2408 2.3
216419 2.3 1.80 220 2.4
200=3 2e7 1,92 2.3 2460
220-222 247 185 2,26 2451

am&"‘? 3#6 1'?2 2&313. 2169
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DISCUSSION = EXPERIMENTAL METHOD

Several wooks work were reguired tw becone femiliar
with the apparatus. Diffisulties encountered and problems
to be worked out were as follows:

1« Obtalining ¢loae vontrol of esoling water
tempereature,

2+ Obtaining close sontrol of heater input.

3« Handling of crystals and sampling » from
& fluldized bed,

e Avoldanes of nucleil formaetion and freess-up
of the apparatus.

B¢ Find a sufficliently acourate method for
measuvement of solution conesnteation.

6. Obtain sccurate data on solublility of
sopper sulphate,

Ts TUse of the rhecstat for varying the sclution
velogity gave only a narrow range of veloscltles.

8¢ Obtaining & wide range of A0,
9¢ Memsurement of erystal growth,

For the first fifteen runs, diffioulty was enoountered
in keeping ths cooling water eom%mﬁ {+ Celnr This wae
rénedied by using & lavrge budket as & reservelir. Good teuporae
turs gontrol was obtained by adding a quantity of eold water

about every ten minutes,.

To obtain better heat sontrel, the electric heater was
gradunted with ten divisions. This enabled the writer o rsach
:;1;’ duplicate desired opersting sonditions in a short amount of

*

Because of the maltiplielity of veriables in erystal
growth fluld beds and dne to experimental dlrficulties, the
wrlter deelded to consentrate on single ¢rystals rather than
& large quantity of erystala. Although the spparatus was
desipgned by & loosl equipment cempany for flnidebed erystal
expsriments, the writer found it adaptable for single tel
worke This simplified the operation of the spparatus snd ensbled
the writer %o collest sonsiderable duta in a relativaly short
amount of time. Single orystals sould be groun under steady



state conditiona, for ssveral hours if neeessary. With only
3 or I} erystals in the system, nucleation was inhibited. For
the same reason, noe filter or porous plate was needed,

Any nusleli formed in the subwtooled portion of the ‘
apparatus wore swept into the dissclver, wherein they dissolved
under controlled unsaturstion condltiona, It was found that s
vetontion tim of twe minutes, moderats agitation, smd &
solntion kapt ons or two degrces above the srturation point
would rapidly redissolve the invizibdle nuelell formed during
the course of & runs

Solution concentration wes measured by & atandardized
hydrometer. Periodie rea throughout & ™ cheeked
sonsistently to the nesrest C.1° Be.

Using the aclubllity dats from the International Critieal
Tebles (stated to be only moourate to ¥ Z%) the writer found
that dissclution or shrinkepge of the cyystals occurred under
supposedly supsrsaturated conditions. Solubility data from
Seldell "Solubilities of Inorganie Coupounda®™ when plotied
geave & ourve which did not coincide with 1CTs The writer ﬁhm
;gim to obbtain solubllity data using the apparatus in figure

The duta obimined wes found to lie on & smooth curwve,
The walidity of the ocurve was then chwecked by placing crystals
under saturation sonditions in the orysteliliszer for a length
of time (1@ 30 minutes)s No change in weight resultad,

Varlation of ithe speed of the reeyels solution pump
{220 volts D.C.) permitted & limlited renge of solubtion
velosities (wos Fipes iI)e In sddition, the pump would astedl
8t low speeds. To obiain a velosity spreed, the writer hooked
up several tubés in series. Thisz hed the additional advantege
in that geveral orystals could be grown simul tenecusly without
& sourge of ACQ error, since the teaperature drop asross the
serlea of tubes was found to be negligible when the system was
in equilibrium,.

The writer fesels that Hixson's range of AC was iimited
because of the presense of a bed of eorystals and a filter in
his a atug, A filier capabls of removing miocrossopie erystal
nuslieil would have & very large pressure drop, Funstion of
the dissolver has been previcusly desoribed,

The writer felt that the simplest and most repid wa
to moasure erystal growth was with the use of an nmgyt&esa
balance. Linear growth could most easily be expressed as

the differenss between the cubs reots of the final snd initial



V. V.
welghts (Wa° = Wy® ) This form of expression sannot be
viaunalized, however, nor compared with the work of others.

The writer chose MaCabe's units beecauss they ware
aimple. in order to campare with Hixaom, the writer converted
growth units first to m w § and then %o R,.

AS



Agsording to the Internationsl COritlcal Tables, the
resence of 8 "beta® form of sopper sulphate ogours at about
0°Ce This temperature is above the range (27°-58%C) studied

in this work. Ths data of HixsoneKnox show & wider soatter
above this temperature (see ¥igure VII).

Growth rates obtained sgree with that of Molabs's cage
experinents, but are about twiee sas high as Hixsonts, This
may be due partly to a éifference in assumed crystal geometry,

also to sn sdge-~affect, Hixason used orystals about one
half inch in size as eomparsd with orw-eighth lnoh used by the
writer, The guantitative effests of solution veloeolty were
found to &gree with both Melabe!s and Hixson's findings.

This writer is unable to sgree with Hixson's somplex
gcorrslation for several ressons:

1. Crowth rate was found to be independent of
partisle size - this would not be true in &
fluidized bed of crystals where settling
veloolty someas into plays In any chse, this
writer feels that the D term in should be
the tube dlsmetsr, A modified Re would be
needed to correlate fluldebed studies ~ rather
than medlly the U term, this writer would attempt
to modify U or velooity value, This modified
veloecity could probably be obitained by derviving
some reletion invelving Stokes Law, settling
velocity ete.

2« 4 plot of grewth rate vs. Regynolds numbar
cannot give parallel curves on logelog papar
because the elffeet of weloclty varies with
solution conecentration {or temperature).

3. Diffasivity deta is guestionsble.

he Hizson sasumed the viscosity to be constant
regardless of the e fTest of aubecooling for
& given saturation tempersture, Application
of the log - va log Absolute temperature rule
for abtaining viscosities, indlcates a 10%
inorease in the viscosity value for five degrees
of sub eooling.

Fastors to be eonsidered for futurs work on the stud
of eryatal pgrowth should inelude: v



1« Corpelation with activities or degres of
fonigsation ~ compere with use of concentyrae
tion values,

2« The sipnificanes of 8 "Critical™ crystal
size above which perfect orystals eannot
or are diffioult to grow.

3¢« The effeot snd meehanligm of pH on growth.

The writer feels that diserepancies snd the scatter of
data in erystal growth work sre not dus to the errers involved
in megsuranent, but due to the erystal itself, The ssuse nay
lie in 2 £ilm of dvhydrated material or dust on the cryastal
service, the presence of Iwperfections on the gurfacs, eté.

4 poaaible mesna of overcoming this iz by preparing
the erystel « perhaps & short submersion in slightly undere
saturation solntione The time of growth may be a fastor.
A time~prowth curve would olerify this,

The dats from this work, though greatsr in gquantity,
is probably inferior to Hixsons from the standpoint of scatter,
particularly in the esrly runs.

Data on the low eonsentration {(Te = Z7°) runs is
insurficient teo eonfirm the linosar effeet of AC» or %o
disprove YoaCabe's equation (using sn agitator, Sank, large
quantity of seed)

Ry, =5 (A0 1.8)



solution consentration gm CuSOL.5H20 per
100 gu. I'ree water

welcht erystel - mgm
volune arysisl ~ P
ares crystal - rme

time - minubes

AD oL

EEC
diameteyr of sphere having ssme area as orystal - »
square root of long x short sides of erystal -
erystal prowth tempesrature °C

saturation temp. of solution “C.

sbsolute temperature *Ke.

veloeity on./see.
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