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I SUMMARY
~ Since silice of colloidal dimensions (1 micron) has
reinforeing properties similar to carbon black, it was ‘the
objective of this thesis to praﬂuée finely divided silica,

non-gel in structure, which could be used as & compounding

agent for rubber, plastics, paints snd other similer materials.

' The method chosen to produee silica with the desired
properties waes the vapor phase hydrolysis of silicon tetra-
fluoride. SiFy gas produced resdily fram CaFy, HpSO4 and
sand was collecfed by displacement over CCl, and anslysed
for SiF,, HF, and inerts. It was then passed through & ges
fleme to react with water vapor, & product of combustion of
the gas, at flame temperature (1800°K computed) to give
8i0s. The product was collected on the bottom of =&
porcelein evaporating dish by impingement. To prevent the

condensation of water vapor from the gas flame the dish wes

- filled with water and allowed to heat up somewkhat to

maintein the bath temperature at around 80°C.

In the above menner the desired product was obtained
with yields between 30 end 56% of theoretical. The silicas
prepared are non-gel in structﬁre snd have surface areas

*
ranging from 170-297 mz/gm a8 determined by low temperature

nitrogen adsorption. Chenging the Hy0:81F, ratio produced

varietions in tﬁe surfece area of the product with the runs
made &t the lowest ratio giving the highest aress (see graph
pg./3 ). Surface areas determined by eleciron microscope
pictures using average observed dismeters and assuming

*gurface areas were determined by a commercial  laboratory.




spherical particles, are in agreement with those of the
adsorption method verifying the existence of & non-ge
strueture-.* These silicascompare favorably with the |
reinforcing earbon blacks which have surface areas between
65-107 m* /gm. -

In sddition to carrying out the process as outlined
above additional investigation was done in an attempt to
determine the reason for the yields being only 30-50%.
Calculated yields from equilibrium constants found in the
literature (pg.3o) indicete that 100% yields should be
expected even with & large eicess of HF pregent. 4 run wses
tried introdﬁcing a large excess of anhydrous HF but the
result showed & yield of the same megnitude ass others made
without it, indicating that equilibrium was not the cause
of low yields.

It has been shown by the results of this thesis that
a non-gel type of silica with high surface &area my be
prepared from inexpensive raw materisls. However, in this
work sufficient quentities of silica for use in test
compounding with rubber étc. were not prepared. Further
experimentetion is necessary to (1) test the product as a

compounding agent, (2) attempt to close a materiel balance

- around the system to determine conclusively whether

equilibrium or‘colléction is the cause of the comparatively
low yields,bbtained, (3) investigéte the rete of the hydroly-
sis reaction at flame témperature.

*The E. M. ?iéture referred to was taken of silica prepared

by other investigators in an identical manner, as herein
described. (3%



II_INTRODUCTION

,A@ statement Qf,the Erqblem:

For meny yeers carbon black has been used in compounding
rubber to strengthen it physically. The exaét mechanism of
the strengthening of the matr;x by compounding with fillers
of this type is unknown, but the theory most widely accepted
and best supported by the available research date is that the
colloidal carbon particles bind the long chain molecules of
the rubber together by a combination of ven der Wasls' and
chemical forces. This explenation is supported dby the
facts that

(a) compounding does not chsnge the chemical strueture
of the'matrix,

(b) satureted polymers do not change appreciably in
their physieal properties through cémpounding, whereas
unsaturated polymers are considerably strengthened. (1)

The primery factors affecting the reinforeing action
of carbon black on natursl and synthetie rubbers have been
found to be

(2) amount of carbon black used

(b) dispersion

(¢) external surface of carbon black available (1)

411 of the above factors are relsted directly or indirectly
to the size of fhe carbon pérticles used. Further gtudy of the
effect of pvarticle size on the reinforcing ﬁroperties of carbon
black (2) éhows,that'although the fineness of division and
surface area.aie Primary factors in reinforcement of rubber,

they are not the only ones sinece rubbers compounded with very



finely divided carbon black is weaker than thet-of other
mixes with the exception of those using the very coarse
particles. The best reinforcing blacks heve particle sizes
between 24 and 43 i diameter with specific surface aress
between 65-107 mF/gream.

In the sesrch for other compounding agents for rubber,
plastics, peints and other similar meterials it was
observed that colloidal silice imparted the ssme desirable
properties to the compounded materials &s carbon black, and
in addition had the added advantage of having high dielectric
strength and no color. The greatest drawbacks to the use of
colloidal silica in this memmer is the cost and difficulty of
producing it in the desirasble condition snd somewhat lower
reinforcement cheracteristics.

The previous methods suggested and attempted for the
preparation of silica for compounding are meny. 4mong the
more recent ones are those besed on the following resctions:

(2) Ne, 8i0z+ COp -2 Na, COz+ 510

(b) B8iF, +2BE50(1) --> Si0p + 2H,SiFg

2

(¢) HoSiPr+ 60H, 0 --»6NH, ®+8i0, + 4HoO
2 6 4 Hxro 2

4
(d) 2H,0+ NagSiFg +4Nay,00y -+ Si0p + 6NaF +4NeHCOz (5)
(e) HoSiFg+ 6NHz+ 2HpO -->» 6NH,F+5i0s (4)
(f) Silica gel dried in presence of protective colloid
(gelatin or gum arabic) (5)
(g) Colloidel solutions of silice gel_dehy&rated and
ground. (6)

£11 of the above methods require extensive drying sinece

they are carried out in weter solutions. The formetions of gels
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instead of precipitates is an ever present nuisance from a
menufecturing standpoint and the product cbtained in a gel
state is extremely difficult to dehydrate in such & way as
to insure & uniform product of suitable dimensions.

One other process has been developed to produce finely
divided silice, namely the combustion of orgeno-silicates.
The silicas produced in this manner sre non-gel in
structure end have particle sizes of less then .1 p (21)
but the raw meterials for msnufacture in this manner are
guite expensive.

The meximum tensile strength of rubber compounded from
8§10, according to Subbotin end Lukyenchikov (6) is 121 kg/sg.
cm. while carbon black compounds give tensile strengths up to
240 kxg/sq. cm. with the least reinforcement obtained from
carbon black being in the neighborhood of 210 kg/sq. cm. (1)

The smallest silica paerticles referred to in the
literature have been '1‘F‘(21) whereas the carbon black used
most successfully has been on the order of 50 mp . It would
seem that slthough in compounding with carbon bleack
particle size and surfsce ares are not the only faetors
controlling the reinforcing action of the filler, other
factors do not have effect until-thé perticle size is on the
order of 50 mu or about 1/2 as large es the smellest silics
particles used so far. _ A

Therefore, it was the purpose of this thesis to attempt
to devise sn inexpensive method to produce silica of &

similar particle size as the carbon black referred to above



(50 mu), in such a marmer as to eliminste the handling of
gels end the necessity of drying the produet. The vapor
Phase hydrolysis of silicon tetrafluoride was the method
investigated.

B. Literature Survey

In 1849 A, Daubree (8) in his experiments, while
trying to duplicate the geological processes of nature in

forming minerals, found thet when Sif with water vapor was

4
passed through a quartz tube &at Whité heat quartz crystals
were collected as the results of the hydrolysis-of the
SiF,. Purther study of this resotion

SiF, (g)*2H0 (g) --» Si0p+ 4EF (g)
by Suntz (9), Troost, snd Hsutefeuille (10), and Baur (11)
showed that thé vapor phase hydrolysis of 31F4 was very

incomplete &t moderste temperztures. Bsur computed

constants for the reaction at 104°C and 270°C ss follows:

2

gy .

PsiP, + “HaO . . . o
2 - 5.28'107 at 104°C; 1.21+10° at 270°%

Liw]

| (See &pp. Pg. Z9 )

He also determined the @ for the resction es -8945 cal/gram mol.

Ryss (1) in a more complete investigation of the reaction
determified constants at several temperatures. Plotting log K
vs 1/T, (See 4pp. Pz.30 ) a good straight line results, which
seems to verify the accuracy of his technique. The Q
calculated by Ryss was =-27,740 cai/gram—mol for the reaction
with emorphous silica end -22,540 cel/gram mol with quaitz.

Ryss' date wes determined from theoreticel comsiderations which



he did not verify experimentally. No data are available on

the rates of this reaction from any of the sources used.
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Considering the previous investigations of the

I11 PROCEDURE

equilibrium between SiF,, water, and HF in the vepor phase
it was decided that a }g;rocess shoﬁld be used which would
carry out the reaction

SiF,(g)+ 2Hp0(g) --> Si0,+ 4HP(g) |
at the highest practicable temperature armd with verious
ratios of Hp0/8iF,. It should be pointed out at this point
that the reaction

533.?44’ 2Hg0 (1) - BHgSiFg+3510, (.xHp0)

goes very reedily in liquid water at room temperafure but

~this method yields a gel amd the maximum product produced
~is 1/3 of the total silica availsble.

To meet the specifications set abowve two methods werse
suggested. (1) Hydroiysis in e fleme rich in Hy0, and (2)
hydrolysis in o »fu.rnace with steam introdueéd directly. Of
the two methods the better one seemed to be the flame
hydrolysis technique for two reasoms: (1) higher resction
temperatures were &available, and (2) the apparsatus would
be simpler to construet and the reaction more easily

gontrolled.

- Genersl Procedure (13)

The apparatus was constructed from glass flasks etc.
and rubber. fu‘ning. SiF4 was zmodﬁeed readily b& the reaction
of CaFy, 510, (washed crucible sand ), and H,50, aceording 1o
the following ‘equa'b ion: | -
81024- 26&3‘24_-' 23230'4 -3 26&804-" Si}i‘4+ 2Ho0



Gl 2 S BREEIA L B, 5

R

SN R L BT

SR LA e ST

S AT B R G e PR L

Moéerate heating was necessary to keep the reaction going‘but
care had to be taken against overheating in which case the
reaction tended to become self sustaining and "run sway."
The 5134 produced by fhis reaction was not puré. Some air
was entrained in the apparatus in spite of flushing, and
HF was produced as sn impurity by the reaction.

Cal+ H,80, --> CaS0,+ 2HF

During the first psrt of the experimentsation & trap of

Nap dispersed on glass wool was used at room temperature
to remove the HF produced from the product. This trap was
discarded when an analysis of the trapped produets showed
that as much of the desired éro&uct wes retained as the
impurities. Thus, in this ease, both of the following
resctions seemed to go With-equal ease at room temperature.

NeF +HF --» NaHF,

2NaF+ SiF, -- Na,SiFg

. The product gases were bubbled through concentrated sulfuric

scid to insure the removel of water vapor end entrained
liquid perticles and then were stored in a lerge bottle over
cCl,. Ehe displacement system may be readily seen by
referring to Diagrem I pg. (29).

After epproximately 10 liters of SiF, were collected &
gsemple was withdrawn and enalysed (see bélow). The mroduct
gas after analjsis ﬁas péséed thr ough & control menometer,
mixed with city gas flowing at a known rate, and the mixture
was fed td a bunsen burner where combustion and hydrolysis

took place et a computed flame temperature of about 1800°X.
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The resction is as follows:

SiF,(g)+ 2HpO(g) --» 5i0p+ 4HF(g)
The product was collected by impingement on the bottom of &
large porcelain evaporating dish which was filled with hot
water. Various ratios of H20/81F4 Were_used to vary the
surface area of the product produced.

The analysis of the Sif, was mede by withdrawing a
sample of the gas from the driginal reaction into a
calibrated collection bottle and bubblihg the sample through
water. Inert gases were collected over water in a graduate.
The silica precipitate from the liguid hydrolysis was
filtered, washed with distilled water, dried, calcined and
weighed. An aliquot portion of the filtrate was titrated
with sodium hydroxide and evaporated to dryness. The
resultant precipitate was washed, filtered, dried,
calcined and weighed. Total silicsa, fluorides and inerts
per liter, were determined in this menner. HF/liter ecan

be. celeulated or determined by difference.

10
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IV RESUILS

The $i0, produced by the vapor phese hydrolysis of
SiFy is & very fluffy powder with en apperent dems ity of
about .04 gtums/cec. It is highly electrostetic vhen brushed
or scraped from a surface. 4 pinch of the silica rubbed
between the fingers has no gritty feeling but does seem to
dry the skin over which it is rubbed. 4 sample of this
gilice when mixed with approximately an equel weight of
crude linseed 0il gave @& gel like meterial slightly increased
in opacity which was probably due to air introduced during
the mixing. This gel like mass did not dry in the open air
after a period of a month.

Surface ares determinations made on same of the products
from runs using different H20/31F4 ratios show areas
between 170-297 mz/gm*which is well above those of carbon
blacks used for compounding. The surface areas of the
varticles produced under verying conditions are contained
in the following table:
Run ~ H,0/SiF, Eg0 Rate 5iF, Rete Surfgce ares % Yield

ratio méls/min  mols/min n”/gm *
9D 3.0 0260 .0086 297 22 .9
9A _ 3.9 0234 .00602 ' 198 42.7
- 9B 6.9 .0260 .00376 178 51.0
9E 17.3% .0538 00312 170 44 .7

(greph pg.i!3) |
Determination of‘% moisture and hydrocarbon impurities
show that less than 1% are present.

*gee footnote pg. 1

11
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REleetron microscope photographs*kcqpies are not availeble
at this time) have been taken of a sample whose total surfsce
area was determined by low tempverature nitrogen adsorption as
170 mg/gm.. The aversge particle diameter detemmined from the
.photegraph was less than 250 A® giving a calculated surface

- area for spherical particles of greater than 109 m2/gm which
agrees within reasonable accurasecy with that of the
adsorption method.

Bun 14 A wes mde using an excess of HF to determine
its effect on the % yield recovered. The figures ere as
follows:

HyO mols/min  8i¥, mols/min  (HF); mols/min Hp0/SiF, % Yield

0744 - . 00637 .0173 11.6 43.7

*gee footnote pg. 2
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V DISCUSSION OF RESUITS

The vapor phaéé hydrolysis of SiF, has produced silicas

4
of particle sizes compmrable to those of the carbon blacks
used for compounding with rubber. However, it s yet to bé
determined by further experimentetion whether the reinfoicing
properties of this silica will be comvarable to the blacks.
As has been pointed out previously in the introduction very
fine carbon blacks do not have the maximum reinforcing

action as may be the case with this mterial.

The conclusion thet the silica produced is non-gel in
structure, as was desired, has been drawn from the fact that
the ares determined by the nitrogen adsorption technique
which gives the total surface area of & particle, capillaries
and all, is reasonably close to the area determined by the
electron microscope i.e. 170 m®/gm by N, adsorption vs. 109
mz/gm by E. M. photograph?; Since the determination of
gsurface area by E. M. phofograph assumes smooth spherical
particles the agreement between the two methods is
sufficient evidence to Justify the conviction that the
particles are non-gel in structure.

Various attempts were ﬁade to correlate the change of

the particle sizes of the produets from different runs with

. the various changes of conditions used for each. Since the

same Ho0 rate was used in runs g4 snd 9D with a large dif-
ference in. the surface areas of the products reéulting, it is
apparent that no correlation between the two exists in this
casé, i.e. water rate snd surface area. It 1s possible to

#*gee footnote pg. 2

-

14
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gfaph a reasonable correlation between the SiF4 rate and the
surface érea but the resulting curve is not as good as thet
made from the plot of Hp0/SiF, vS. surface sres which shows a
véry smooth curve with the highest area detemined from thre
product mde &t tﬁe lowest EEO/SiF4 ratio. Although the four
areas determined are not sufficient evidence to make & posi-~
tive prediction of the trend of the particle size ﬁith the
H20/81F4 ratio they have shown sufficient correlstion to

have the fact pointed out.

Run 14A was made in en attempt to discover whether the
equilibrium constants used were reliable since they were
extrapolated from a curve made at much lower temperatures.
The yield from this run (44%) was sbout the same as those
recovered from other runs made without the excess HF. This
indicates that the eguilibrium conditions were not affecting
the recovery at 50% yield. It is believed, however, that
these results are inconclusive since the a@psratus was
gless and some of the tubing in the HF delivery system was
badly etdhed indicating thet additional SiE‘4 was added to
the stream which was not teken into account in the calcula-
tion of the % yield. There also does mot appear to be any
correlation between either of the gas rates or the Hp0/SiFy
ratio amd the % yield which would indicate thet the
equilibrium conétant was not-aé conputed. As a result of
the datse obfained from Run 14A and the lack of éorrelation
of % yield to any of the deta in the other runs it is

concluded thet & better collection system is needed, possibly

15



of the chammel type used in the reecovery of carbon black.
However, further study of the equilibrium conditions by
compieting & meterial belance around the system ami of
the resction rate at flame temperature may provide an

explanation for the low yields obtained.

16
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VI GONC IUSIONS

The following conclusions have been made from the
results of this thesis: |

(1) It is possible to produce finely divided silica
which is non-gel in structure by the vapor phsse hydrolysis
of SiF4 at flame temperature.

(2) The surface area of the silica produced is of the
same order of megnitude as thet of carbon blsecks used for
compounding with rubber etc. i.e. 25 mu-end smaller.

(3) The smaller the Hy0/8iF, ratio used for the
process the higher the surface sreas of the product.

(4) The method requires inexpensive and easily obtained
rew materials.

(5) The general procedure for preparing silica by this

method is simple and direct.
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VII RECOMUENDAT IONS

On the basis of the results obtained it is believed
thet sufficient progress hes been made to warrant further
investigaetion of the actual properties which this silica
will show when used as a compounding material.

There are still meny questions to be answered on the
chemical problem which have not been covered during the
present thesis. Although attempts have been meade to
determine the cause of the low yields, they heve been
inconclusive. It is realized thet & considerable portion
of the yield is lost due to incomplete collection. A more
efficient channel type system could be devised to rectify
this difficulty to & great extent.

Closing a material balance around the system would
also be & problem the solution of which might disclose the
reeson for the low yields. It is possible that the
equilibrium constants used may not be accurate and hydrolysis
may not be as complete as computed using literature data.

Several other selient points have not been investigated.
The flame tempersture should be measured directly instead of
computed as has been done. Since no determination of the
secondary air used was mede during the experimentation, the
assumption that only enough air entered to allow complete
combustion is obviously incorrect. Too short a time of
contact between the gases in the flame may be snother cause
of low yield, therefore, a study of the reaction rate &t

flsme temperature might provide the answer to the problem.
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APPENDIX A

Details of Procedure

1. Preparation of SiFy (see diégram I pg. 29)(ref. 13)

On a2 laboratory scale it has been necessary to use
approximetely double the quantities of initisl materiels,
$i0z, HpSO4 and Cals, to prepaere the desired smount of product.
Q The reason has been that the reaction tends to become very
slow during the latter portion and more time would have been
taken in producing the SiF4 with high percentage yields than
was avallable. 1In generai, & molal ratio of HaS0,: S51i0p: CaFg'
has been 5.5?6:2 using approximately éfﬁols of CaFy for each
run and collecting about one half mol of SiFy or ebout & 50%
yield.

It was noted that the reaction etched the reaction flask
E to & considerable extent. Upon weighing & flask before and
after one run it was discovered that over 75% of the silics
ceme from it. This, however, may not heve been the case for
every run. _

The chemicals used were C. P. HpSO4 (Dupont), techniceal
CaFy (fluorspar), and washed crucible send. Possibly some other
type of silica should be used in the original mix rather than
sand, 1.e. glass scraps, silicic acid, or a silica gel.
E The product ges wes passed through & frittered bubble plate
| immersed in concentrated sulfuric acid to remove the entrained
1iquid.paftieles and water vapor; The gas was collected by
displacement over CCl,. |

The chemical reaction is as follows:

2CaFp+ 2HpS04 + 8105 --» 202804 +2H,0 +51Fy
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HF is also formed by this reaction, tut attempts to remove
it resulted in the removal of a large portioﬁ of SiF4 g0 the
impurity wes zllowed to :emain in the product gas. The side
reaction is:

CaFot HpS04 -—= CaS0, + 4HF
2. Hydrolysis of S5iF, (see diagram I)

The 3iFy gas produced above wes passed through & piece
of capillery tubing end the flow was controlled by a manometer
across the tube meassuring the pressure drop. During the first
part of the experimentation a dry ice trsp waes used 1o freeze
out the CCly and the HF vapors, but this was discarded when it
was found that these gases did not affect the vroduct and in
addition the trap caused a good deal of trouble when the inlet
tube became clogged with frozen 0014.

City gas was passed through a calibrated orifice and the
flow was measured by manometer deflection. The SiF, and ges

streams were brought together and passed into the gas inlet

of an ordinary bunsen burner. The air was adjusted to just give

2 blue flane.

4 porcelain evaporating dish was vleced so that the point
of the flame just touched its surface end the vroduct collected
evenly‘on this surface. The water in the porcelein evaporating
dish weas osreheated for about 15 minutes using the same ges
flow thet was used in the run. The water altained &
temperature of about 80°C., The reeson fqr meintaining & hot
surface was tc prevent condensation of weter on the under side

and -

of the dish,subsequent liquid phase hydrolysis of the PiFg4.



The product was reéovered by scraping it from the
‘bottom of the dish onto a large piece of papér from which
it could ve transferred into a bottle or other suitable
container for weighing.

3. Gas Analysis (See diagram I)

The product gases from the Si¥, producer were analysed
ag follOWs:

&. 1250 cc were withdrawn into a calibrated gas
collection bottle and the pressure was equelized by a ballast
bottle to satmospheric pressure. The confining liquid was CClg
as in the collection system. The sample was then bubbled
through a flask containing 400cc of distilled water. The
delivéry tube was immersed in a mercury seel to prevent the
hydrolysis products of the SiF, from clozging the line.

Gases not sbsorbed during thié operation were measured by
displacement of water from en inverted graduete. This deter-
mined the amount of inert gases (air, 0014) in the original
151'0 duct ges.

b. The products of hydrolysis were filtered and the
vrecipitate was washed and the total filtrate was measured.
The precipitated silice wes dried, calcined, &nd weighed.

c. in aliquot portion of the filtrate was titrated
with 1 normel NeOH while hot CSOOC) t0 & phenolphthalein end
point determining in this marmmer the total fluoride. The
resultant solution when evaporated to dryness precipitated
the silice formed during the titrstion. Water was added to
the precipitate and the whole mixture was heated, filtered,

and washed. The precipitate was then dried, calcined, and

vweighed. This portion of silica, allowing for the aliguot

22
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taken, plus the precipitete from (b) above, detemmined
~the total siliea.

d. The analysis detemmined SiF,, total fluoride, and
inerts. (HF)y may be celculated from this data or by

difference.

e. All operations were carried out &t room temperature

unless otherwise stated.

———— o S e -




5 L/ Lifp
| tiis S oy
O | synljopity 25043 ~ocep | | pdureg
I # uedBerq
_u\\xoh Luaumdy \?\u
A2 duOUPY .
N joujuo seb “ v\u.u
| X=¥)f
u._u\:e»\&:«

ty S

Logsuou®ly/
\_P.,\,c_ofM VHN-.W

Aduaog Mismag ‘ | 4 |
| _ . AP N Gupmesn Ayfs -
- " " — S| ' ostH— 7 J

H

T
- AseF weyresy
vg Ueifa3)0)
| e bl *A Tois s Y )
. \%ﬁ\\\ m,\.\ A
| w5 u =

w_.@u :ﬁnvmnqnﬂ.n.sv i....w T e
|
Uar23]/°) & Ko...x.uu:ou -+
worganposq 2gig ~ :o.ﬁqs.\uoxﬁx byig

I WMVYHvIa




25

AFFPENDIX B

TABLE I Summsry of Data and Calculations
Reaction Gas Analysis

Run  Semple Imert 8iO5(1) Total S102(2) Total T P  %SiF, #HR %Inerts Remarks

volume geses gms. fluoride gms. 510 9C mm
in cc in cec in me gms . g
1 14,750 6,780 b5.63 475 29.0 4.6 23 760 12 42 46 KOH titration
2 10,900 &,080 3.00 1080 13.63 16.63 22 758 6L.7 10.1 28.2 Nalid "
) 1,000 100 o 545 666 1.260 1.605 23 1767 58 52 10 " "
4 1,250 50 .5664 ‘Hmm.m 1.806 2.479 75 21 4 " "
5 1,250 150 5144 158.5 1.765 2.2792 256 760 68.2 19.8 12 " "
6 same as 5 |
7 same &8s b
8 1,250 130 4185 £229.8 1.6104 2.029 24 762 67 22.6 10.4 " "
9 1,250 210 L4428 273 1.802 2.245 25 772 72 11.2 16.8 " "
10 1,250 270 .3b25 180.7 1.6305 1,982 25 768 72.2 6.2 21.6 : "
11 1,250 160 4340 151 1.720 2.154 25 771 67.2 R0 12.8 L n m
12 1,250 pwm .2124 100 1.210. H.me 25 756 50 16.2 33.8 " " W
13 1,850 650  .0987  91.3 1.395 1.494 26 763 48 o 52 w ,
14 1,250 105 .4854 150 1.880 2.365 25 763 77 14.6 8.4 " "

14A calculated 25 765 26.1 7Tl.2 2.7
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DATA FROLM RUNS
Run Date T0¢ P mm of Hg ges man. SiF, man.
e HyO mm 6014
1 11/ 5 23 760
2 11/ 7 22.5 758
3 11/15 23 767 4.2 no men.
4 11/21 ? ? 6.9 "
5 11/25 25 760 13.8 8
6 11/26 22 760 7.0 10
7 11/27 24 762 9.5 12
84 11/27 24 762 10.0 13
B 11/27 24 762 10.0 12
( c 11/27 24 762 10.0 12
| D 12/ 2 23 757 2.7 23
94 12/ 3 25 772 2.0 | 11
B 12/ 3 25 772 2.3 5.5
C 12/ 3 25 772 6.9 5.5
D 12/ 3 25 772 2.5 21
E 12/ 4 25 768 6.9 3
104 12/ 4 25 768 7.1 6
B 12/ 5 24 767 2.3 5.5
114 12/ 6 25 771 2.4 8
B 12/ 6 25 771 11.7 6
124 12/11 25 758 13.3 6
B 12/12 24 763 13.1 7
15 12/12 25 763 13.3 7
144 12/19 25 768 12.1 24 (with HF)
| B 12/20 24 74 10.6 10




G\

Run

L4 B S S I s

o

8A

Ansalysis
SiFy HF Inerts
12 42 46
62 10 28
58 32 10
75.%5 20.7 4
68.2 19.8 12
68.2 19.8 12
68.2 19.8 12
67 22.6 10.4
72 11.2 16.8

TABIE III

RESULTS OF RUNS

Gas Rate BSiF, Rate H20/SiFy
mols HsO mo1§ per
per min. ~min.

date unrelieble liquid phase hydrolysis

L " " n

.039 .00204  19.0
.0532 .00472  11.3
.079 0038 20.7
0536 .00517  10.4
0651 .0056 11.3
L0664 .0061 10.9
0664 L0061 10.9
0664 .0059 11.3
0332 .00815 4.0
.0254 .00602 5.9
.0260 .00376 6.9
.0540 .0041 13.2
.0260 .0086 5.0

% Yield

ki

less 10%

0
26.9

26.4

.0

Surface
rea ¥
n®/gm

only

1

113

144.5

178

297

Collection Remarks

vacuunm contaminated

"

glass wool "
end vac.

glass wool "
filter

glass beads

w/ glass wool

wire guaze & "
glass wool

wire guaze v
filter :

wire guaze

filter

impingement

"

n

n
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RESULTS OF RUNS

(cont.) |
. . |
Run Analysis Gas Rate  SiF, Rate H,0/SiF, % Yield Surface Collection Remarks
SiFy HF Inerts mols Hp0 mols per Area ¥ :
per min. min. m~ /gm
9L .0558 00312 17.3 T 44,7 170  Impingement
104 72.2 6.2 21.6 .0545 .00352 15.5 56.7 Exptl. with collec-
 tion & % HF
B .0260 .00473 5.5 35.1 changes
11A 67.2 20 12.8 L0273 .00478 5.7 5245 impingement on hot
sur face
B 0729 .0038 19.2 51 impingement on cool
surfece
124 50 16.2 33.8 .078 .00285 27 49 .7 attempt to-
prepare HR
B LOT7 00853 21.8 38.2 "
13 48 - 52 L0771 .00348 222 G m
144 26.1 71.2 2.7 0744 .00637 11.6 43 .7 anhydrous
HI' added
B 77 14.6 8.4 37.2

¥ Sce Jostnele pq. /




TABILE IV

CALCUIATED EQUILIBRIULM RELATIONS
FROM LITERATURE DATA

Ryss' Data (12)

T X

317
543
773
873

Bsur's Deta (11)

377

542

by

1000/T K, (amorph)
2.65 1012
1.84 107
1.29 4109
1.145 5.26+10%
2.65 5.26+107
1.84 1.21-106

8 £2

ISiF4 . Ho0

P4na

H

Log K.;O
12.0
7.0
3.60
2.72

7.72
6.08

29
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TABIE V
GAS ORIFICE CALIBRATICN DATL
AH in em Stat Av. Vol. Time v in AE/v - [air Fv

of Hg0 mn of Hg cc sec. cc/min

21.8 12.7 4000  95.5 2520 .00866  .00140 3.52
16.1 10.1 4000 100 ~ 2180 .00738 .00136 2.97
9.3 5.1 4000 143 1680 ,00551 .00128 2.15
4.2 1.0 2000 109 1100 .00378  .00122 1.35
1.9 -.8 2000 177 680 .00276  .00119  .852
1.1 -1.2 1000 123.5  48.6 .00224 .00118  .573

gas used for celibration air. T 21°C; P 758.5 mm of Hg.

FOR CI TY GAS

. Plow A§sumed pas 25°C fv  AE/v from  AE
ce/min chart
500 000867 434 .0019 .95
1000 ~ wan .867 .0028 2.8
1500 o 1.300 .0038 5.7
2000 M 1.736 .0047 9.4
2500 o 2.170 L0057  14.3

3000 mawn 2.602 0066 19.8
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TABIE VI

$i¥, ORIFICE CALIBRATICN DATA

For Run Fourteen A

Time Min

= LY o

10
16
15

133

Volume
in cc

800

500

600
2100
2000
2000
2000
2000
2000
2000
4000
2900
2000
2000

2400

AH mm of
0014

10

9
12
20

ce/min

33



~

T




35

_ APPENDIX C
Sample Calculations
City Ges Analysis

Computation of HpO Formed From Combustion

Gas Anslysis Gr. .731 ref air BIU 528-535/cu. ft.
CO, 7.6%

111.10.1

Os .6
o 21.7
CHy 14.6%

Ho 26.6

N, 18.8 Average analysis of city gas courtesy
Cambridge Ges & Electric Compeny

Anproximete esmalysis of illuminants CoHy/CgHg = 3/1 (22)
therefore HpO produced/100cc of gas is es follows:
from 1l4.6¢cc CHy 29.2
| 26.6¢c Hp 26 .6

«75:10.1cc CpHy 15.0
total 78.3¢e HoO vapor/100cc of ges

22,400cc ges at STP will give 7383 gn mols of HsO
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Calculation of reactive gas analysis:
Example: run 9 1250cc sample T = 25°C P = 772 mm of Hg.
Volume of inerts = 210cec
810, precipitated from hydrolysis «4428 gnms
Si0p precipitated from titration sliquot 100/440

Total 5109 2.245 or .0374 mols

"

mols of gas

1250 x 273 x 772 .0519 total mols
22400 298 760 -

% siF, = .0374/.0519 x 100 = 72%
% inerts = 210/1250 x 100 = 16.8%
%.(HF)K = by difference = 11.27

titration of 100ce portion of total‘filtrate with .993 N NaOH
took 62.5cc for & phenolvhthalein end point.

62.5 X .993 ¥ 4.4 = 273 me/1250cc total fluoride.
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Caleulation of Hy0/SiF, Ratio

Run 9D T = 2500 P = 772 mm of Hg.

Gés Rate:

Menometer AH = 2.0 cm of Hs0

from graph pg.32,2.0 em. = B800cec/min. gas
800/22,400 x 772/760 x 273/298 x .783 = .0260 mols/min. HpO

SiF4 Rate: time = 7 min. volume = 2000 cc

2000/22,400 x 772/760 ¥ 2753/298 x .72(#4SiF,)/7 = .0086 SiF,
mols/min.

Hp0/SiF, = .0R60/.0086 = 5.02
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Calculation of Plame Tempersture and Yield
Run 9D Basis 1 mol SiF,
8,00 mols HpO total/mol 8iF, or 1.0 mols Hp0 in residue

gas after hydrolysis.
931 454 22,400 = 106,000

Heat of combustion 531 BTU/cu. ft. = 1.8 28,217 cal/gram mol

ga.s

since it tekes 1/.783 cc of gas to give lec of water vapor &t

STP (see pg.35) the 1/.783 x 3 = 3.83 mols of gas to give 3 mols
of weter vapor.

Ht. of combustion = 3.83% x 106,000 = 407,000 cal/gm mol SiFy

" Gas Analysis Basis IOmeols of gas 0o for complete combustion

COp 7.6 0
i1l CgHy 7.5 23.5
CcHe 2.5 18.75
Oz .6 -6
Co  21.7 10.85
CH, 14.6 29.2
Hy 26.6 13.3
N, 18.8 0

99.9 95,00

air required  95/.21 = 453

Basis 1 mol of SiF, combustion produects COp Hs0 Hz
from €Oy «291
C6H6 .805 402 .
co . .832

CH, .560 1.120
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Combusticn products (cont.) CO; H,0 N

2 2
from Hz 1.02
No from reaction gas 720
Ne from air 13.70
Total 3.063 3.017 14.42

Assuming complete hydrolysis

Ht. of resction SiFy+2Hp0 --» Si0p +4HF -22,500 cal.

407,000 ~ 22,500 -_-é;l[é(eph:‘)'i'l O(CPHZO) +14. 4:9(C9N2)+
C,810,+ 5.06 (C,00p) )] an

Cp H® = 6.5+ .0017T

O, EpO = 8.22 4.00157+1.54+10760%

0,005 = 10.4+ .00274T7 - 1.955-10°12
Cply = 6.5% L00LT (12)

384,500 / [20 +.004T7 +8,22 +.0C15T +1.34-10-67% +

95,64 .01447+1.2 +51.8 +.00847 ~ 5.98-1051- 2] aT
T

384,500 = [161‘1‘.0205'1“"1 54.10-67% - 5.98.1057-2] ao
= 291‘ Y 1617+ 014172 +.447+10-61% +5.98- 1o°m~1|
384,500 - 46 9?)21- 1,200 - 10 - 2050 = 161T +.0141T°+
.447+10-673 +5,98-1097-1
534,500 = 1617 +.014172 +,447-10-61°+ 5,98-1057-1

solve for T by triel and error

T = 1785°K 1000/T = .56 from graph pg.30 log X, = -1.05

'O

K = .089
D

5
K= Psmﬁ - FH.0

The Equation being SiF,+ 2H;0 --> 44F +Si{>2
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Let X = mols of 5iF, remcted on the bamis of 1 mol SiF, original

Total mols gas pértial Pressure
l - x
HoO 2 3 - 2x 3 - ox ,
4 + x
HF :43{ >4 4
4 + x
total=s 4 x ‘
(1 - X).(Z - 2}:\2
E, = 089 = \T ¥ =) \Tx / = (1-x) (9 - 12x+4x%%)(4* %)

T oy
Q: ;T 4X4

expands to -4x%+43%2 - 75x+36 = .356%*

X =1
Therefore, the assumption of complete hydrolysis holds and

the calculations are compatable.




Calculation of Run 144

+3

= 250C D = 768 mn of Hg.

Ges Rete: 12.1 cm of HpC = 2280ce/min.

2280/22,400 x 273/298 x 768/760 x .783 = .0744 mols HsO/min.

SiPy, Rate:
SiF, only 4mm Volume 2000ce  time 10 min.

2000/22,400 x 273/298 » 768/760 x .77/10 = .00687 mols SiF,/

HP Rate:

HF and Sif, rate = 330ce/min.from chert pg.( )

4
SiF, rate = 200cc/min. therefore HF rate = 130cc/min.

i

(EF), at 24.5°C = (EF)y (ref 23]
therefore HF Hate = 390 cec/min. as (HF)q
390/22,400 x 275/298 x 768/760 = 0161 mols/min.

Basgis 1 min.

mols EAF .0161 added 0

1]

00121 from reaction gas HT

L0178 71.2
SiF,  .00657 26.1

Inerts .000695 2.7

total ~ 02456 100.00

41

min.
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