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Introduction

The present investigation was undertaken as a part
'Héf the Rubber Reserve Company reséarch project on syn-
‘thetic rubber at the Applied Science Research Laboratory,
 ;§%§yer8ity of Cincinnati,
n Mercaptans act as modifiers in the emulsion poly-
merization of butadiene and styrene. Much work has been
ydgne in both the synthetic¢ rubber plants and the regearch
lﬁboratories in order to determine the exact role of mer-
 captansl,2, This has been a difficult task because of the
¢ heterogenelcy of %the polymerization system.

"Emulsion polymerizations are carried out in soap

ihtions. The mutuval formuls for the polymerization of

_GR-8 (styrene~butadiens ccpolymer) gives an idea of the

- system used:

S.F. Flaekes 5 parts
EoSs0 0.5 parts
'Vgtgre 180 parts
Butadiene 72 parts
Styrene 23 parts
DeM 0,5 parts

";; ,Technical Report to PRubber Reserve Company No. CR-339,
. Modifier Studies, by Subcommittee on Modifier Action,
Rpril 1973 to February 1944,

2, W.E.Harris and I.M.Kolthoff, Techniecal Report to
Rubber Hegserve Company No. CR-626, "A Comprehensive
Review o Modiflication, Disappearance Curves of and
Activation by Mercaptans in the G.R.S. Recipe." Feb-
ruary 19458,
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- SP=-Flakes is a soap made up of the sodium salts of stearic,
~palmitic, oleic, and sppreciable amounts of lauric and
cher;short chain soapss DDM is a ccommercial mixture of

;n@mmal_mercaptans with an average molecular weight cor-

3,?é§§onding to CyoHpsSH. The amount of each ingredient is
, giVen in parts per 100 parts of meonomer, A great variety
of soaps may,be substituted for SF-Flekes, and pdlymer-
iZation will proce=d as iong au the moap 1z micellar,
’ch6ver, the polymerization wiil not occur in the absence of
 ,ei$her;mercaptan or persulfate.
: - In the above system the mercaptan is dissolved in the
011 phasé, end diffuases into the s<ap micelles, where
‘polymerization s generally bslieved to ve initiated.

. The persulfete is waier soluble and acts on the mercap~-

 j,possibly eitller in the water phaae,‘at the inter-~
:kphase‘ of the monomer emuision drevlets, or in the soap
 i‘micel1e. The “aost i most likely.
| - The mechanism commonly advanced for the initiation
f,aﬁafmodification action of merceptans is the following:

RSH + KBSQOB =3 R3~

dnitiation BSe o M ez B3
Rg-M+ + nM ““*&RS“I«.I(I‘qu)nI\Zo

~modification  RS-M(Ii)Ms + RoH ~““51:{5‘)--}.{‘(21‘&)nMH-&»RS-
It can be seen that both the initiation function and the
modifier function denend on an important property inher-

ent to a narticular mercaprtan, i.e., the ease with which

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T

~ the mercaptan undergoes a single-electron oxidation.

In the initiator system the mercaptan undergoes a
single~electron oxidation to the mercaptan radical through
the oxidation by persulfate; in the chain transfer system

L th@;mercaptan is oxidized to the mercaptah radical by the

_fp&lymer radical.

: In addition to the inherent easé with which a mer-
captan 1is oxidized to the frec radical, the amount of
mercaeptan consumed depends upon its concentration at the
important locus of the oxidation, %.e., in the soap mi-
aelles, or later, in the polymer~monomer partiecle. This

;,goncentration may depend upon the solubility of the mer-
: bﬁpﬁan in the soap micelles or in the polymer-monomer
particle if the diffusion rates of the mercaptan from -
yz;V”#‘the monomer phase into the micelles or polymer-monomer
'r¥ ﬂ§$fgufficiently high to maintain solubility equilibrium.
However, in general, the diffusion rates are very low
‘  fand there is evidence that mercaptan solubility equilibe
‘  gria are not realized undor the conditions of most emulsion
'  J2§olymerizations. Thus the rate of diffusion becomes the
yiﬁmportant factor In dntermining mercaptan cohdéntration

: ’at_the oxidation locug. The mercaptans can then be ade-
squately characterized by the two inherent propertics -

: k-diffusion rate and oxidation rate. The product of these

© two rates, eoxpressed rclative to n-DD as a standard, we

":fgﬁall term the Relative Diffox Product, and an attempt

‘will be made to correlatc this with mercaptan disappearance.
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Histomca1 Development

Diffusion Rate Measurements.-lefusion rate meas—

urements of oills into socap solutions were first carried
out by J.R.Vinograd® by means of a micnoscope using oil

apﬁpiets of 0.3 to 0.8 nm in diameter. He found that their
;Féiémeters "decline lineariy withltime“. This method is

also being used at the University of Chicago by Harkins

and Stearnst, They find that the "rate of decrease of

the diameter of the oil drop ilncreases with time, l.c.,

as‘tho drop grows smaller", No work has been reported on
';&he sclubility ratas of mercaptans in soap solutions.

- Oxidation Rates.*Very little work has been accom=

(7p113hcd concerning the oasc with which the various ali-
phatic mercaptans can be oxidized. V. von Pisher and

J.H»Day5 measured the disappearance of n-dodocyl mercap=

nxin al coholic solutions. They examined the effect that

persulfate, sulfuric acid, soap, and base had on the
armount of n~DD mercaptan which disappeared in a given
 #;me, The grecatest loss was observed when soap, persul-

Pete and basc werc used togother. Kolthoff6 investigated

3« Unpublished parer by Vinograd, Fong, and Sawer prescnted
~at the Sept. 11-15,1944 lMeecting of the Am, Chem, Soc.

4, J. Chom, Phys. 14, 214, (1946).

f5;;Technical Report to Rubber Reserve Company No. CR-194
- from Case School of Applicd Science.

8+ Kolthoff and Miller, Report to Rubber Reserﬁe Company
- No. CR=-208 froa the inivereity of Minnesota.
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f'the disappearance of mercaptan from soap solutions through

. alr oxidation. He reportcd that 0.E.I. and lorol mercaptans
~are oxldized to the disulfide "at a measurable rate" in
«aagp'SOlutions. Tertiary dodecyl mercaptan (3B) was found
,kﬁgfhave a slower oxidation rate than the primary mercaptan.

Regulating Index for Mercaptans.-A method for eval~

uvating the modifier efficioney of a mercaptan has becn
,dqvelnpad by use of the disappoarance curves of mercap-
‘~t&ns’during the actual polymerization,

Ewart, Smith, and Hulse” found that in the emulsion
«,é@&ﬁmerization of butadicme the offectivoness of a modi-
, ';£i§r;cou1d be expressed in torms of a "regulating index™:

. re- 4R
where r is the rogulating index, R the fraction of un-

f ?§&cted mercaptan at any fraction of the conversion P.

They found that r is indecpondent of the starting concen-
- tration of mercaptan, and that it has a constant value

 ';£or;a given mercaptan throughout a large perccntage of
: f§h? conversion, |

. ',Kolthoffa showecd the same thing to hold for tho GR-S

\,rm¢ipea

‘j? Technical Report to Rubbor Rcaorve Cdmpany No. CR=73
from United States Rubbor Company, Junc 16, 1943,

W'ﬁa. Technical Report to Rubber Rescrve Company No, CR-185
“from the University of Minncsota, Oet. 15, 1943,
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He proposed the following equation:

P = -K logyo % - const.

where P equals the fraction of monomers converted to polymer

K Ebaquals the fraction of modifler left at conversion P

K equals a constant comparable to the above regulating

index.
The greater is the value of K, the smaller is the
medifisation exerted by a modifier. The integration con-
 $§§§t~gives the amount of mercaptan uséd in non-modification
reactions.

~ In tho mnfual formula a mixturse of normal mercaptans

fﬁékrasponding to a formula of n=Cy o is used. With primary

 ﬁ{u¢nptans higher than Cy5 the modifier disappears so slow=
1y that therc is undor-modification. With primary mercap-
',@gﬁa lowor than Cjg, tho mercaptan is uscd rapidly in the

,fcaﬁiy«stages of conversion giving overmodification; while
‘ﬁﬁﬂenmodification regults in the later stages since the
~mercaptan is almo;t all used up in the first stagces,

With tertiary mercaptans the same is found to.be true,
*fRéW@Ver, there is not as great a divergence in the dis-
'apﬁeérance curves of the tertiary mercaptans as therc is

in those of the primary.

Scope and General Method

The purpose of this investigation was to measure the

inhercnt ease of oxidation of mercaptans and their diffus-
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ion rates into aqueous soap solutions in qpder to obtain
,a_mofe quantitative measgrement of the modifier efficiency
of a'giveh mercaptan; Also 4t was desired to find the ef-
fect of various variables on the oxidation and diffusion
.‘ §§£63¢
’   It was at first proposed to measure the oxidation
urafes of the mercaptans in an homogenocous solution, Pre-
‘liminary experiments along this line led to no suitable
a&étem, and were abandoned. The system finally adeopted
consisted of mercaptan in true solution in aqueous soap.
The mercaptan was disselved in the soap solution, and the
 ;§¢1ut1on allowed to stand overnight in a constant-tempere
;M }g§gre;bath in order to dostroy the péroxides present in
- the soap. Then persulfate was added, and the rate at which
_ the mercaptan disappeared was moasured by amperometric
 :?ﬁ§;trations for mercaptan. This system offers many advan=-
‘ tages:
S 1. Tho oxidation can be carried out under conditions
kf;@}oselylapproximating those met in actual emulsion poly-
f;@§rizations.
o 2. Potassium persulfate can be ﬁsed as the oxidizing
‘;&gent. |
5, Diffusion of the morcaptan from the-monamef iéyer
into the micelle is oliminatod as a variable in the oxi-
:;dation rates.

4. The mercaptan disappearance can be followed accu?
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rately and easily by means of the Kolthoff amperometric
procedure,

The diffusion ratcs werc determined by the Vinograd
microscopic method. The soap solution was held in a 5 ml |
pHémeter cup on a microscope. A cover glass was placed
over the cell, and a drop of mercaptan was introduced
under the cover glass. The rate at which the drop decrecased
in radius was mcasursd with thce microscope. As will bo
shown lator, thc diffusion raic is found by plotting the
radius against time, the slope of thils line multiplicd
by the density of the mercaptan gives the diffusion rate
in grams-cm~2-hr=l, This can be converted into millimoles-
em~2-hr-1 by dividing by the moleocular weight of the mer-

captan and multiplying by 1000.

Summary and Discussion of Results

Diffusion Rate Measurcments.-Assuming that the rate

of volume change of an oil drop in an aqueous soap solution
is proportional to the surface area of the drop, then
-dv/at = k141 r2 (1)

where k is the proportionality constant and depends on

the nature of the oil, and V is the volume of the oil drop.

For an eoil droplet suspended in an aqueous soap sol-
ution, assuming the droplet to be spherical,
» v=4/3T r3

and av/dt = 4 r2 ar/at (2)
Thus equating (1) and (2),

k! = -dr/dt
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Using mercaptan droplets of 0.3 to 0.8 mm in diameter,

the above asaumption is found to hold. A large volume of
soap solution (5 ml) was used so that the concentration

of mercaptan dissolved in the micelles is very low at all
times during the diffusion measurements. As an illustra-
tion, when totally dissolved, a drop of 0.6 mm diometer will
furnish only 0.l11 mg of mercaptan, and this would satu~

rate 5 ml of a 54 SF-Flakes only a fraction of one per-
cent,

The results of somc rate measurements arc illustrated
in Figure 1, where it may be scen that the radius photted
against time results in a straight line. The slope of
this line, multiplied by the dcnsity D of the morcaptan,
gives the value of k in grams-cm~2-hr~l when r is ex-

pressed in centimeters:

Dk' =D dv/dt_ _ 1 dW _k
T77re T E'dE

Effect of pH on Solution Rates.- The values in

Table I, which are plotted in Figure 2, show the effect

of pH on diffusion rates of normal and tertiary dodecyl

mercaptans. Thp pPH of each of these solutions was measured

at temperatures ranging from 15° to 40° C at 5 degrece

intervals, and the pH at 50° C was obtained by extrapolation.
These data demonstrate the surprising fact that the

solution rates arec at a minimum at approximately 1009

fatty acid necutralization for the C,o mercaptans. The¢
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tertiary Cqo mercavtan increases slowly in solution

rate with increasing emount of free caustic while the
primary mercaptan increases much moic rapi&ly (appro-
ximately four times ag rapidly). Ths diffusion rates of
both increase grcatly in the presence of unneutralized
fatty acid.

[

Effect of Soap Concentration.~Figure 3 shows that

the solubility rate for t-Cyo mercaptan increascs linear-
1y with increasing concentration of K-Laurate solution
at 500C, At higher concentrations of soap the curve de-
parts from linearity, the rates being abnormally high.
Effcet of Chain-Length of Mercaptan.-Table II gives

the diffusion rates of 17 mercaptans of differcent chain
ylength and structurc in 10% K-Laurate solution at 300C,

' pPH 10. The diffusion rates are listed both as grams per
em? per hour, and milliﬁoles per cm? per hour. The third
column gives the rates of the various mercaptans relative
to that of n-dodecyl (Illinois). As may be seen from this
table, the diffusion rates of mercaptans t-Cyo and higher
are considerably higher than those of the corresponding
straight chain mercaptans. The diffusion rates appear to
'depend chiefly upon the amount of branching, however, and
probably do not represent an inherent differcencec betwoen
primary and tertiary mercaptans., The dependence upon the
amount of branching can bc shown if the diffusion rates

are comparcd with the longest straight chain in the mol-
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ecﬁle, including the sulfur. This relation may be brought
out by Table III. This givea the chain length and diffusion
rates of the University of Illinois isomeric Cjg mercap-
tans., In addition to the Illinois samples, which were
kindly submitted by Dr. R.L.Frank, fractionated Sharples

3B (t-Cyp) and n-dodecyl mercaptan from 0.E.I. are in-
¢luded.

This series of mercaptans offers striking evidence
that the amount ef branching is a very important factor
in determining mercaptan diffusion rates at pH 10. We
have already shown that mercaptan diffusion rates are at
a minimum at pH 10,0, so that this comparison is made
under truly comparable conditions. The length of the long-
est chain of the various mercaptans, including sulfur,
might be taken as an approximate measure of the amount
of branching. The last column lists the longest chain of
each mercaptan, The correlation with diffusion rate is
obvious.

This relation between amount of branching and dif-
fusion rates does not secem to hold, however, for mercap-
tans Cyg and shorter., n-Decyl mercaptan actually has a

higher diffusion rate than does t-Decyl mercaptan.

Effeet of Té@peﬁaﬁﬁre on Diffusion Rates.-Comparison
- of diffusion rates at 300C to rates measured at 50°C indi-
cate that the rates aﬁ 500 are¢ uniformly about 3 times
those at 30°. Thus.tﬁe’rate for n-DD increases from 1,32

to 5.2; t-Cyp from 6.25 to 20.1.
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Oxidation Rate Measurenents.-In order for the

oxidation to proceed fairly rapidly a large excess of
persulfate was used (about 10 equivalents). In such a
system it was expected that the oxidation of mercaptan
would be first order. Surprisingly, the rates proved

to be exactly zero order until 50-707 of the mercaptan
had becen oxidized, after which the rates appeared to
become first order. The point at which the rate departed
from zero order seemed to ceoincide roughly with the
appearance of cloudiness in the solution often accom-
paniced by a tendency toward gelation. 1In order to illu-
strate the type of result obtained, a typical oxidation
experiment is given in Figure 4. Here the concentration
of n-DD mercaptan (pure) is plotted versus time at 50° C
in & medium 5% in SP-Flakes and 3% in potassium persulfate.
Concentration is expressed as ml of 0,005 N AgNOz requi-
red to titrate a 10 ml aliquot of the solution by the
ampérometric procedure, The curve is linear until 659

of %he mercaptan has disappeared. The rate can be
cxpreésed in terms of millimols oxidized per liter of
solution per hour by simply multiplying the slope of _
the straight line by the normality of the Aglloz times 100,
However, as will be developed later, the rates are
logically exprcssed in terms of the reciprocal of the
time to complete mercaptan oxidation, using the time
obtained by extrapolating the straight line to zero

meréaptan concentration.
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*The following variables were found to affect the
oxidation rates, and were cvaluated;
l, initial mercaptan concentration
2. soap concentration
3. persulfate concentration
4. pH
5. temperature
6. structure of the mercaptan (mercaptan type)
The effect of initial concentration of ﬁercaptgna
structure of mercaptan, and temperature, were investi-
gated in solutions buffered to a pH of 10.0, The effect
of soap and persulfate concehtrationswas evaluated in
‘unbuffered solution. SPF-Flakes was used in the investii
gation of the effect of soap‘COncentration, persulfate
concentration, and pH; while Standard RR Soap was used
for the evaluation of the effect of structure of merecap-
tans, initial mexfaptan concentration, and temperature
effect.

Effect of Initial Mercaptan Concentration.-Judging

from the result shown in Figure 4, it might be predicted
that the oxidation rate would be independent of the starting
concentration of the mercaptan. The complex naturec

of the reaction is indicated by the fact, however, that,
although pseudo zero-order rates are obtained, the rates

arc exactly proportional to the starting concentration

of the mercaptan., Thus, when the amount of mercapton
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dissolved in the micelles is doublad,‘tha siope of the
line is exactly doubled, and when the starting amount

of mercaptan is reduced to one-half, the slope of the
line is exactly halved, This relationship holds regard-
less of the particular soap, mercaptan, or persulfate
concentration used.

These data are given in Table IV, and plotted in
Figure 5. This figurc shows oxidation rate as a function
of mercaptan starting concentration for the oxidation
"of n-DD merecaptan in §9 Standard Lot RR soap buffered
to pH 10. The persulfate conceﬁtration is 3%. This
system is the so-called "standard oxidation system) which
will be discussed later.

Effect of Persulfate Boncentration.-The oxidation

ratec is proportional to the persulfate concentration.
Pigure 6 shows oxidation rate (expressed as millimols
- oxidigzed per liter of solution per hourj of n-DD mercap-
tan in 5% SF-Flakes solution and a starting concentra-
tidn of 20 millimols per liter as a function of persulfate
éoncentration. The rcjults are listed in Table V,

Effect of Soap Concentration.-The effect of soap

concentration is summarized in Table VI, and is cxpressed
graphically in Figure 7. It is scen that the effeet of
varying the soap concentration is unexpccted -the oxida-
tion rates, everyvthing eclse being ecqual, decrcase rapidly
with increasing soap concontration. In other words, the

rates depend upon the ccncentration of the mercaptan in
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the micelle,

Since the oxidation rate increases with increasing
mercaptan starting concentratio and with decreasing .
soap concentration it would appear that the rate is
proportional to the ratio of mols of mercaptan per mol
of soap. Vhen data of Figure 5 {(varying mercaptan concen-
tration) and Figure 7 (varying soap concentration) are
combined and the oxidation rate is plotted as a function
of the starting ratio -moles mercaptan/mol soap, a
straight line function is obtained as shown in Figure 8.

Effect of pH.~In the absence of buffer the pH

changes during the oxidation because of the formation

of KHSO4. The drop in unbuffered systems from the be-
ginning to the end of the oxidation is about 0,3 units-
i.e., from 1010 to 9.7. This suggests the possibility
that the reason for the pseudo first order rcaction might
be that the decrease in pH eiactly compensates for the
decrease in mercaptén concentration, Accordingly,
various buffered systems were evaluated, It was possible
- by means of a carbonate~bicarbonate buffer, to hold

the pH to within 0.1 unit at pH 10.0 throughout the
oxidation. Although thc rates in the buffered systems
differcd from the rates in the unbuffered systems, the
_same zero-order ratcs were obtained and the differconces
could be attributed to the "salt effect" of the buffer

on the soap. Table VIII gives the rates of oxidation of

several mercaptans in unbuffered solutions. These may
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be compared with the values in the buffered system in

Table X. ,
When 10% excess caﬁstic was used in an unbuffered

system the rate was about 25% higher‘than that fop 1009

‘ noutralized soap.’ Whén the soap was only 90 neutralized,
the zero order curve was no longer obtained; in this case
the reaction was approximately first order (Figﬁre g).
Addition of 0,5% NaCl instead of the caustic also re-
sulted in an increase in the oxidation ratc (Table VII).

Kinetics of the Reaction.~-Combining the effects of

the variébles\discussed above, the amount of mercaptan
reacting as a funttion of time can be exprecssed as
follows:
dx/dt =kC_(a~x)
where x == amount recacted.
a == porsulfate concentfation (initial)

Co=RSH starting concentration expressed as
mols RSH/mol soap

Yhen a large excess of potassium versulfate is used,

dx/dt = kaC_

Integrating,
X ==kaCot
and k=X 1
> a COE
__mols soap, X .1
- a initial mols mercoptan ©

Now, if a standard system is chosen so that in all
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experiments the initial mols of socap and the persulfate
concentration arg'constant and noting that x/initial nolxs
of mercaptanlié ihe frattion of mercaptan oxidized at
time-t, we have for the rate constant:
 K ==%(fraction of mercaptan oxidized)

Thus;’if the straight-line portion of Figure 4 is extra-
polated to zero mercaptan concentration, the value of K
is given by the reciprocal of the time #i.e., 3.8x10"1 nrs™t.
This value is for SF-Flakecs without buffer and is less
‘than the value given for the oxidation of n-DD mercaptan
in the standard RR soap system buffered to pH 10.0.

Since K in the above derivation includes the factors
of soap and persulfate concentrations, it was more con-

venient to compare the various mercaptans in a standard

oxidation system. Conscquently, the standard system chosen

for the eomparison of different mercaptans is as follows:
Standard Lot RR soap, 5%; potassium persulfate, 3%; buffer,

| 0.5% (an equimolar mixbture of sodium carbonate and sodium
bicarbonate)} to give a pH of 10. Although the K as
defined above is independent of the starting concontration
of mercaptén, inbpracticc the starting concentration was
always approximately 20 millimols peor liter.

Effect of Tomperature.-The apparent activation

cnergy was determincd from the Arrhenius equation for
n-DD mercaptan and for n-cctyl (016) mercaptan by

measuring the value of X at four diffcrent temperaturcs.
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These data are given‘in Table IX.

| The variation with temperature of the velocity
constant for a thermal reaction ocdurring in solution
may be expressed in the form

k ==Ze‘E/RT

or ln k¥ =1n Z - E/RT .

The constants Z and E, which are specific for any
reaction may then be determined by plotting lnik against
1/T. The slope of the curve is -E/R-and the intercept on
the ln k axis is the ln Z. In practice,lit is morec con-
‘venient to find only E from the graph; ln Z can be found
by inscrting into the equation the values of k and T
corresponding to any point on the curve. In Figure 10,
the values from Table IX are so treated, and §he best
straight iine drawn through the data by the method of
least squares. This gives a value of E for n-DD of

23,500 calories per gram mole and for n-C mereaptan

16
of 19,900 calories per gram mole.,

Effect of Horcaptan Structurc or the: Oxidation Rates.-
The oxldation rates for the various mercaptans in the stan-
dard system are given in Table X. The rates are gxXprassed
An two ways. In the sccond column the rates are given
kin millimols oxidized per liter of solution per hour
caleculated to a mercaptan starting concentration of
exactly 20 millimols per liter. Since the rate is cxactly

rrovortional to the starting concentration (see Figure 5),
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this procedure is justified as a basis for comparing
rates where the stérting cgnqentrations differ. In
colum 3 the rate constants XK =1/t<(fraction oxidized)
are given, This is a more logical basis for compariéon
but leads to precisely the same relative exidation
rates, as the method of column 2, Ih column 4 are given
the relative oxidation rates, assigning a value of one
to the purified n-DD mercaptan from the University of
Illinois, which thereby becomes the basis of comparison
for the entire series,
It will be noted from the table that there is a
veryvfundamental difference in the rates of primary
~and tertiary mercaptans, Except for the very short-
chain mercaptans (e.g. n-hexyl and t-butyl) the rates
for the primary mercaptans fall into one group where

1 and the tertiary mercap-

K is approximately 0.5 hrs,”
tans fall intO'aﬁother group where K is of the erder of
0.04 hrs.l, In other words, as a class the primary
mercaptans oxidize about twelve times as rapidly as

do the tertiary mercaptans, Thera is a somewhat greater
variation among the tertiary mercaptans than among the
primary due, perhaps, to steric effeets. The one ex-
ample of a secondary mercaptan included (6-dOdecyl‘
mercaptan) has an oxidation about twice that for the

tertiary mercaptans but less than 1/5 that of the

primary mercaptans.
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Conclusions

As pointed out in the introduction 1t appears that

mercaptan modifier efficiency is determined by two

inherent properties -i.e., ease of oxidation, and rate
of diffusion into soap éolutions. The total solubility
of mercaptan in the soap solution scems to be relati-
vely unimportant. This can be soen, since in the mutual
formula there is used only 0.5 g. of mcrcaptan to 100 g.
of monomer and 180 g. of 2.87 SF-Flakes. Thcre is not
nearly enough mercaptan presont to saturatc the soap
solution. DMoreover, the partition coefficient very
likely decreases thc amount of mercaptan dissolved in
the micelle still further. In vicw of this, the total
solubility of mcrcaptans in the micelle of the soap is
a negligible factor and need not be taken into aceount
in determining its officiency as a nmodificr.

Relative Diffox Product.~If the diffusion rate and

oxidation rate of mercaptans are the only two factdrs
which are involved in the ability of a given mercap-
tan to act as modifier, then a function of the two
should give a quantitative measurement of the modifying
effect.of that mercaptan. One difficulty is that there
is no way of knowing what constitutes a good modifier,
0.E.I. (a mixture composed mainly of DDM with small
amounts of both higher and lower normal mercaptans) is

béing used in the mutual recipe, and is found te give

-
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- fairly satisfactory modificetion. Then, as a method
for comparison of the various mercaptans, we will make
modification by n-DD mercaptan (pure) the basis for
assigning each mercaﬁtan a definite value.

The mercaptan disappearance curves give a fairly
reliable measure of the modifying effect. From the»
disappearsnece curves ol the mercaptan, the regulating

- index can be calculated (see 'Historical Development for
discussion of regulating index). This may be found
by plotting leg of unreacted mercaptan versus per-cent
conversion of the monomer, The slope of this line multi-
plied by 2.3 gives the regulating index.

Since the modifying efficiency depends on the oxi-
dation and diffusion rates of the mercaptan, then the
regulating index may be expressed as a function of these
two properties:

r = const.(ox, ratefx {diff. rate )9
where alpha and beta are both assigned a value of

~one since no exact value can be given them on the basis
of the present data. The product of the relative oxida-
tion rate and relative diffusion rate is termed the

relative diffox product. In the table on the following

page, the regulating indices for the seventeen mercaptans
are given in column one and the relative regulating indices

{puré n~dedecyl mercaptan equals 1) in column 2,
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Regulating Indices and Diffox Values

M t Regulating  Rel, Heg. ‘Helative
ercaptan index index Diffox Product
n;hexyl mercaptén >24 >13 138
n-octyl mercaptan 24.2 13.0 38.2
n-decyl mercaptan 15.6 8.4 19.2
n-dodecyl mercaptan . ’ ’
{Illinois pure) 1.86 1,00 1,00
' n-dodecyl mercaptan '
(Fr. from OEI) 2.48 - 1,34 1.01
4-n~butyl-l-octyl
mercaptan 2,74 1.47 1.95
n-cetyl mercaptan C.41 0.22 0.013
6=~dodecyl mercaptan 1.63 0.88 0.38
t-butyl mercaptan 6,36 3.42 930
t-octyl mercaptan S.84 2.06 5,74
t-decyl mercaptan 2.74 l1.48 0,48
t-dodecyl mercaptan 3.01 l1.62 0430
di-n-butyl-n-propyl- ’ ’
carbinthiol 1,63 0,83 0,24
dimethyl-n-nonylcar- )
binthiol 1,38 0.74 0.24
t-tetradecyl mer-
captan 0.30 0.16 0,08
t-hexadecyl mercaptan 0.09 0.05 0.01
3*OPME 21,2 11,4 11.5

eta-p-octylphenoxy-beta prime-mercaptodiethyl ether,
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This is compared with the relative diffox product
in column 3, '

The values for the regulating index are all
based upon the mercaptan consumption curves cone .
tained in various Rubber Reserve Company reportsg’lo’ll.
- The values are all calculated from the percent of -

mercaptan remaining at 10%Z conversion by the fellowing
equation:

r=2,3 (2,00 = 1oglo pereent renaining)(lo)
Unfortunately, except for the five Illineis mercaptans,
the regulating indices and the diffox values were obe
tgined on samples of different purity, Alse in finding
r, the mercaptan lost in non-modifying reaetions is

not taken into account,

Discussion of the Table,- Although the eerrelation

of relative diffox values with mercaptan disappearance

is only approximate, there are some rather striking

9. Kolthoff and Harris, Technical Report to Rubber
Reserve Company No,CR-355, from University of
Minnesota, June 13,1944,

10.Thompson, Technical Report to Rubber Reserve
Company No.CR-213 from U.S. Rubber Company,
Nov, 29,1943,

11.Kolthoff, Progresa Report to Rubber Reserve

Company No.CR-387 from University of Minnesota,
1944.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



04

observations that can be made., It is safe to say, for
instance, that any mercaptan having a diffox value
greater than 10 will have an exceedingly rapid disw
appearance, i.e., high regulating index., Thus n-hexyl,
n-octyl, n-decyl, t-butyl mercaptans, and OPME all

have less than 25% mercaptan-remaining-at 109 con-
version, On the other hand, if the diffox value is less
thén 0.2, the mercaptan will have low modifier activity.
In this category fall n-cetyl, t-tetradecyl, and t-hexa-
decyl mercaptans. The mercaptans are arranged in three
groups below according to their activities:

Group 1 Group 2 Group 3

Diffox range (0.2) Diffox Range (0.2-10) Diffox Range(}10)
Rel. Reg. Index (K0.5) Rel. Reg. Index (,5-2,1) Rel,Reg. Ind,>2)

n-Ceotyl n-Dodecyl mercaptan n-Hexyl merc,
t~Tetradecyl 4-n~-Butyl-l-6ctyl mer, . n-Octyl merc.
t-Hexadecyl 6-Dodecyl mercaptan n-Decyl merc.
t-0ctyl mercaptan t-butyl merc.
t-Decyl mercaptan OPME
t-Dodecyl mercaptan
Di-n~-butyl-n-propyl-
carbinthiol
Dimethyl-n-nonyl-~
carbinthiol

Within @roup 2 céftain comparisons can be made,
t-0ctyl mercaptan has the highest diffox value of the
group and also the highest regulating index, The first

- two members listed offser an intcresting comparison

between two primary C mercaptans, The branched-

12
chain mercaptan has a diffox product 1.95 times that of

the n-product. 1Its regulating index is 1,47 times
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that of the n-product,

It will be noted that the diffox product wvalues of
the tertiary mereaptans (t-C8 to t-Clsj fall within a
narrow range, while the normal mercaptans (n—C8 to n—Cls)
have a range at least ten times as broad. This same
spread is found in the disappecrance curves of the
primary and tertiary mercaptans,

When the diffox product is too high, the mercap-
tan functions as an inhibitor. This is actually found
to be true when t-butyl and n-hexyl mercaptans are used
in #n emulsion polymerization,

It is unfortunate that the diffox product can be
correlated only with the mercaptan disappearance in

~order to evaluate its usefulness as a more quantitative
measurement of the modifying efficiency of a mereaptan,
As has already been pointed out, mercaptans of different
purity were used to find the mercaptan disappsarance
in actual polymerizations. Also, it must be borne in
mind that although there is a close relation between
mercaptan disappearance and modification, mercaptan
disappearance can be affected by numerous variables
such as rate of stirring, change in pH, change in the
composition of soap, presence of oxygen, purity eof
monomers, and even order of mixing of the ingredients,

Therefore, since there is as yet no absolute

measurement of modifying effect of a mercaptan in emulsion
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polymerization, the diffox product can be considered now
only as a promising approach to a quantitative relation
between the properties inherent to a mercaptan, and

its modifying effect,

Expérimental Part

Technique for Diffusion Measurements.-All diffusion

rate measurements were made by the Vinpgrad microscopic
téehnique. An oil droplet of 0.3 to 0.8 mm in diameter
was placed in a soap solution and the decbease in dia-
meter with time was observed,

A 5 ml pH-meter cup was used to hold the solution.
The top of this cell was precision ground so that the
cover glass fitted tightly and did not need to be sealed
on with cement. A special microscope, water-circulation
hot-stage was constructed which held two 5 ml cells in
order to permit the measurement of two rates simul=-
taneously without disturbing the cells., The temperature
in the hot-stape was regulated by pumping water through
it from a constant-temperature bath,

The measurements were made at 100x by means of a
calibrated ocular scale in the microscope eyepiece.
The s¢ale was calibrated against a standarde~ruled slide
obtained from Bausch and Lomb. The microscope used
was a Bausch and Lomb DDE, with movable platform which
permitted the hot stage to be moved in order to follow

_the drop.
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In making a determination, the cell was filled to
the brim with soap solution, and then a cover glass was
placed over the top in sueh a manner as to introduce no
air bubbles. Then the cover glass was slipped back a
few millimeters, and by means of a flexible capillary,

a droplet of mercaptan of 0.3 to 0.8 mm in diameter

was formed under the socap solution, well beneath the cover
glass, One or two more drops of soap solution were added
and the ;over glass slipped baek on, care being taken to
avoid air bubbles. The hot stage was then placed under
the microscope, and the diameter of the drop was measured

at regular intervals,

Technique for Measurement of Oxidation Rates,-The oxi-
~dation rétes were measured by dissolving the mercaptan
in soap solution, adding persulfate and a Buffer, and
following the disappearance of mercaptan by means of the
Koltheff amperometric procedurel®,

The equipment for carrying out the amperometric
titrations consists of a feference electrode whose
potential is -0.25 V with regards to the standard

| calomel electrode, a rotating platinum wire electrode,

and a Rawson Eleetrical Instrument Co. (type 507B)

12, Kolthoff and Harris, "The Determination of ler-
captan in Latex by Amperometric Titration with
Silver Nitrate in Ammoniacal Alcoholic Medium",
Technieal report to Rubber Reserve Company No., CR-62
from the University of Minnesota.
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micro~ammeter. The rotating platinum wire electrode

is connected to the reference electrode through the
ammeter; a salt bridge batﬁeen the reference electrode
and the solution te be titrated completes the circuit,

The electrolyte for the reference electrode is
prepared by dissolying 4.2 g of potassium iodide and
1.5 g of mercuric iodide in 100 ml of saturated
potassium chloride solution. This solution is held by
a wide-mouthed bottle. A layer of mercury on the bottom
serves as the electrods, FElectrical contact is made by
means of a platinum wire sealed in the end of a piece
of glass tubing. This glass tube is partly filled with
mercury and a copper wire dipped into the mercury. .

The salt bridge for making the electrical connection
between the reference electrode and the half cell in
which the titration is being carried out consists of
about two feet of soft rubber tubing of 6 mm (i.d.)
filled with saturated potassium chloride solution.

The rubber tubing is then connected to a sintered glass
filter stick containing a jell made of 3% agar and 30%
potassium chloride.

The theory of the rotating platinum wire clectrode
with regards to amperometric titrations is described by

Laitinen and Kolthoffl®, The electrode used is similar

13. J,. Phyé. Chem, 45 1079 (1941); for a review see
Kolthoff and Lingane, Polaro raphy, Interscience
Publishers, Inc., New York, 1941: page 475.
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to that deseribed in the above reference: it consists of
a short length of platinum wire secaled in the side of a
softlglass tube about 1.5 em from the end., The end of
the glass tubing (6mm i.d.) had two cars which served
to agitate the solution thoroughly during the titration.
Electrical connection is made by dipping a wire into the
mercury inside the electrode. The electrode is attached
to a hollow shaft driven by a motor at 600 revolutions
per minute, _

| The micrometer has a full-scale deflcction of

four micro amperes. The scale is divided into units of
0.05 microamperes.

The titration is carried out by placing the rota-
ting electrode and the arm of the salt bridge in the
solution to be titrated, The current read on the ammeter
is zéro, or very nearly zero. Then 0.00SkN silver
nitrate is added from a burette,As long as the silver n
nitrate is not in excess, the current remains zero.

As soon as there is an excess of silver nitrate, it is
reduced at the platinum clectrode, and the microeammeter
shows a current, Then two or three small increments

of silver nitrate are added, and the current read.

The current is plotted on graph psasper against the volume
of silver nitrate sclution added, and the pcint at which
the resulting streight line crosses the zero current

axigd, is the end point.
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Procecdure for 011dation Rate.-A 10% soap solution

’18 made up from rreshly d;stilled waters To this is
added the mercaptan in sufficient quantity to give approse
ximately 40 millimols .ef mercaptan-por Liter of

solution. This solution is placed in a glass-stoppered
;rlask,‘ihe air above the dolution is swept.out with nitro-
gen, and the flask stopperéd, shaken well to emulsify the
msfcaptan, and finally placed in a thermostat at 50° ¢
overhigh;.' The next morning the mercaptan is entirely
in soluﬁion and any soap peroxides have been reduced by
the meréaptan. In case of long-chain mercaptans a slight
tﬁrbi@ity may remain due to undissolved mercaptan.

\ The mercaptan-soap solution is next filtered
‘through two fluted filter-papers to remove disulfide and
any undissolved mercaptan, A solution of only slight
turbidity is thus obtained. If the turbidity is more
than slight, the solution should be filtered again.

To a 100 ml volumetric flask is now added 6 g
of potassium persulfate. Freshly distilled water is added
to dissolve the solids and the solution is warmed to
50° C in a thermostat after which it is brought te exact-
1y 100 ml volume. When using buffer, for the standard
system, 1 gram of a 50 mol percent mixture of anhydrous
sodium carbonate and sodium bicarbonate is first added
to the volumetric flask, dissol¥ed in about 50 ml of
water, then the persulfate added, and the volume brought

up to 100 mi as above,
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Into a 300 ml glass~-stoppered flask is pipetted
100 ml of the mercaptan~soap solution, then the buffer-
persulfate solution, also at 50° €, is added and zero
time ié taken as the moment of mixings The solution is
then kept in a thermostat at 50.1% 6:005° ¢, and a
ten ml aliquot withdrawn by pipette at intervals for
mercaptan analysis. After each time that it was opened,
the flask was flushed out with nitrogen.

Mercaptan Analysis.-For the standard oxidation sys-

'tem, the 10Oml aliquot from the above is run into 150 ml .
of 95% alcohol, and is immediately followed by 3 ml of
12 N HoSO4 and 5 ml of 20% ferrous ammonium sulfate
(Fe(NH4)2(SO4)2-6H20) solution. After standing for 10
minutes, 5 ml of 15 N NH,OH is added and the solution 3
stirred to the disappearance of the green color (10
minutes), The mercaptan is then titrated as described
previously.

The amounts of sulfuric acid, ammonium hydroxide and
ferrous ammonium sulfate varied for the systems not
using buffer, using different quantities of soaps, or
varying the amount of potassium persulfate. The amount
of ferrous ammoniﬁm sulfate added was always such that
it would destroy completely any persulfate. The sulfﬁric
acid added was enough to frese the fatty acids of the
soap and give a solution 0,1 J in suifuric acid. The
ammonium hydroxide added was designed to give a solution

about 0.25 N.
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To measure the oxidation rate of n-DD in the absence

of a solubilizing soap, the procedure was varied g little.
' The mercaptan (30 millimols) was added to 200 cc of 10%
freshly prepared sodium acetate and placed in a thermostat
at 50° C overnight after flushing out the air with
nitrogeh. Then the bottle was shaken Vny vigorously,
and 100 ce¢ of the solution was pipetted into a crown-
capped bottle. To this was added 100 cc of persulfate-
buffer solution (6 g KoSp0g, 1 g buffer). The bottle
was then fitted with a crown cap which had had the

cork replaced by a self-sealing rubber gasket. The
bottle was placed in the thermostat at 50° apd rotated
end over end at 50 r.p.m. To obtain an aiiquot for .
titration a hypodermic syringe filled with nitrbgen was
inserted through a small puncture in the top of the

crown cap, and the bottle was shaken vigorously to insure
uniform sampling. The bottle was then turned up-side
down, the nitrogen from the syringe emptied into it, and
a sample of the solution drawn out. This sample was
weighed, and then poured into 150 ccz of alcohol and
titrated for mercaptan as descrited previously.

Soap Solutiong.~The sosp s»>lutions for the diffusion

and oxidation measurericnt. wers made up immediately before
using. The water us2d wag alwors frechly distilled.
A 5% soap solubion would contain & g of soap in 100 ml

of solution.
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Mﬁr@aptans.aThe seurecs and metheds of purificaitien

of the mercaptans used are summarized beleow:

n-Hexyl Mercaptan (Fastman) was fractionated throupgh

a 15 plate column at 745 mm pressure. B.R. 149-50°C.

n-0ctyl Mercaptan.(Conn. Hard Rubber) was fractionated

through a 15 plate column at 745 mm B.R, 194-5°C,
n-Decyl (Conn. Har@ Rubber ( was fractionated through
a 15 plate column at 15 mm B,R., 106-7°¢C,

n~Dodecyl Mercaptan (U.S.Rubber ) OEI was fractionated

through a 15 plate column at 1,5 mm. The cut was used
distilling from 96-97°C,

n-Dodecyl Mercaptan (Illinois) A specially purified

sample of n~DD from the University of Illinois was included
for comparison. B.R, 127-9°C/9mm (R.L. Frank)
n-Cetyl Mercaptan (U.S. Rubber) A sample of high-

purity n-cetyl mercaptan (997} from the U. S. Rubber Co.
was redistilled through a modified Claissen flask just

prior to using. B.R. 130-4/1 mm.

t-Butyl Mercaptan (Phillips) was fractionated

through a 15 plate column at 745 mm. B.R. 62.8~-63,2° C,

t-Octyl Mercaptan (Sharples) was fractionated

through a 15 plate column at 745 mm. B,R. 158.5-159°C,

t-Décyl Mercaptan{Sharples) was fractionated
through a 15 plate column at 6:mm. B.R. 73.5-75°C.

t-Dodecyl Mercaptan (Sharples ;3B) was fractionated

through a 15 plate column a% 4 mm. B.R. 71.5-73°C.
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6-Dodecyl lercoptsn {Illincis) B.R. 130-35°/9-10 mm

(Re L. Frank)
4-n-Butyl-I-6ctyl Mercaptan (Illineis) B.R. 98-99°/2,5mm.

(R'LQ Frank)

di-n-Butyl-n-propylcarbinthiol (Illinois) B.P. 84°/2-3mn.
{R. L. Frank)
Dimethyl-n-nonylcarbinthiol (Illinois) B.R. 75971.5 mm.

(R.L.Frank)
t-Tetradecyl Mercapntan (Phillips) A specially puri-

fied sample was obtained from Dr. W.A. Schulze, B.R. 104,5-
106.5/1,8 mm. Mercaptan sulfur 13.9%, molecular weight 228,
purity 99%.

t-Hexadecyl Nercaptan {Sharples) was frattionated

through a 15 plate column. B.R. 113-49/4 mm/

| OPME (Goodrich) This product was evaluated as
received without further purification. OPME is beta-
p~octylphenoxy-beta prime-mercaptodiethylether. The sample

evaluated had a mercaptan sulfur content of 10.05%.
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1., The product of the diffusion rate and oxidation

rate of a given mercaptan, called diffox procuct, has

been correlated with mercapban, disappearance in actual

emulsion polymerizations.

2. A study of diffusion rates of mercaptans in

soap solutions has been made. It has been found that:

(a)

(v)

(c)

(a)

The rate of volume change of a mercaptan
drop in an acqueous soap solution is pro-
portional to the surface area of the drop,
and equals -dr/dt.

PH 3= an important variable. Solution rates
are at a minimum at approximately 100%

fatty acid heutralization. In excess caustic
the normal mercaptans show a large increase,
while tertiary show only a small increase,

In partially neutralized soaps, both show
surprisingly high diffusion rates.,

The diffusion rates of tertiary and primary
mercaptahs increase with increasing soap
concentration.

Difference 1in diffusion rates of tertiary
and primary mercaptams results from branching
and probably does nobt represent an inherent
difference beiween the two classes of mers

cantans,
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(e) Diffusion ratesz show a temperature

coefficient of about 1.5,
3. A study of the oxidation rates of mercaptans has
’Béen made, and the following found:

(a) Oxidation rates are proportional '
to the initial concentration of the mercaptan,

(b)) Oxidation rates are inversély proportional
to the soap concentration, and vary from
soap to soazap.

(c) Oxidation rates are directly propo;tional
to the concentration of persulfate,

(d) The oxidation reaction has a high tempera-

| ture coefficient (appr. 2.8) which is a fair

indication that the reaction is of a colloidal
nature and probably takes place at the micelle
boundaries,

(e) There is a very fundamental difference in
the oxidation rates of primary and tertiary
mercaptans. The normal mercaptans oxidize
about twelwve times as fast as the tertiary.
The secondary mercaptan falls into a class
between these two,

’(f) The equstion

k= 1
‘TE

C

Wik
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where ¢ — Moles of mercaptan
moles of soar

a = persulfate concentration

t = time

x = amount of mercaptan oxidized
describes the oxidation (by a large excess
of persulfate) of a normal mercaptan dissolved

in soap micelles,

Experimental Resultis

In the next section are tabulated the experimental
results,
1. Table I. The Effect of pH on Solution Rates of
Mercaptand in 5% Na Laurate Solutions

2, Table II. Mercaptan Diffusion Rates into 109
Potassium Laurate at 30°C, pH 10

e Table ITI.Diffusion Rates of University of I111n01s
Isomeric Cyo Mercaptans

4, Table IV Oxidation Rates in 5% RRS (buffered Solution,
varying initial mercaptan concentration)

5, Table V Effect of Persulfate Concentration on
Oxidation Hete

6. Table VI Effect of Soep Concentration on Oxidation
Rats ¢f n-DD,

7 Table VII Effsct of PH on Oxidation Rate

8. TableVIII Cxidntion Rabes of Mercaptans in 5% RRS
with nc 3urfler

2. Taple IX Fffacht of Temperaturs on &

10. Table X Mercaptan (xidation Zates —Standard
Sysoem
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Tetlis T

Effcct of pid on Soiuvtion Eates of Mercaptans
in 5%, (5 gr/100 ml) Na Laurate Solutions

(Grams/cm2-hr x 10%)

Neutralization PH PH Mercaptan Rates
of 5%, Na Laurate}{ at ; at

300 | 509 n-Cia i t-Cyo

20 %, 8.85 | 8.36 11. 78

95 o/o 9918 i 8078 i 6.0 haded

. T
100 /, . 10,36 1 9.e2 ! 3.6 14
— -
110 % I 117412136 1 9.4 | 15
144 %, s * 51.0 § 21
(0.1 N MNaOH) | ;
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Mercaptan Liliusion Fatos
10% Potessimm Laurate, $CO3. pH U
Diffusion Rates
Mercaptan gr/bmﬁ/hr. millimoles/ Relative
x 10% em@/hr x 104! rates. Pure
i neDD =1,00
ki
n-hexyl mercaptan 36 3056 50,5
n-octyl mercaptan | ‘C’;O{l 2062 34.1
n-decyl mercaptan 23.5 135 i 22.3
. ‘ : i
n-dodecyl mercaptan | : | 3
. (I1linois pure) 1.22 6.05 ! 1.00
5 |
an-dodeé ¢yl mercaptan
(Fr. from OEI) 1.32 , 6.55 1.08
%‘k-n—butyl-l-octyl
i mercaptan 3.12 | 15.4 ; 2 .54
E| i !
t\-cetyl mercaptan 0.028 ! 0.11 0.018
-k’dode cyl mercaptan 2409 . 10.2 1.70
[-butyl mercaptan 81 z 900 149
-octyl mercaptan 30 206 34.0
?-decyl mercaptan 13.6 78 12,9
t-~dodecyl mercaptan 6.25 31 5.1
di-n-butyl-n-propyl- i ’
carbinthiol 3413 1545 2.56
dimethyl-n-nonylcar- | i
ol binthiol 2¢ 37 i 11.7 1.93
=
St~tetradecyl mor- | ' ;
1 captan ; 2,36 é 10.3 1.70
9 | !
it-hexadecyl mer- ; ;
] ——e H R
O PLE » £.15 J 26.3 4.35

aValue eeunﬁed-—-rcprvsu.tb 1 nliun value
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~Neo  Mercapltan Structure Mercaptan Diffusjon Rate Longest
' density 30° grams/cm®/hr x 104 chain
{ 1) H,C(0m);,"H.SH {From OBI) 0,843 1.32 13
L e e
i 2) " {Tllinois) 0.837 1.22 13
- —— ——.
| 2) Cglyg-CH-Cglyy 0,849 2.09 12
§ S
— : e
| 4)  {omg)0mCoH) 0.835 2,37 S
§ SH ;
{ ) (C,H,),0H~CH,-CHy-CH,y~SH 0,847 3.12 o
- """‘"'\"'1‘
i
8)  (Cyllg),C-CyH, 0.853 3.13 2
L SH !
- ® .
7)  (015)50-Clp-C-BHp=C(CHg )3 0.853 6. 25 ’
_ SH i
{Fractionated Sharples 3B)2 ~j

OTJISWOST STCUT1T JO KaTsdsatun

1‘(
e

o

SR O80Ty

TOTSRITITC

£90%Y

®3harples 3B mercaptan is probably a mixture of the above mercaptan with
(CH5)BC-CHZ-G(CHS)2~CH2-C(CH5)E-SH--private commimication from Mr, H.I.
Craner.



T le 1V
Oxidation keton in 59 RRS

(Buffered Solution - Varying n~DD initial concentration)

Initial Conc. of Rate in k=l
n~Cp o mfrcaptan millimoles/1/hr =
45,0 12.0 , 2535
3345 § 8,5 /. «508
34,8 ? 847 | +500
40,8 S 9,6 ’ 472
63.0 : 16.9 535
50.0 | 13.5 541

|
8.8 i 7.3 508
18,6 5 4,83 +513

;
39.6 9.2 .484

Table V

Effect of Persulfate Concentration on Reaction Rate

System: 57 SF - no buffer

% KoS50g Rate - millimoles/1l/hr
0,5 0.71
1.0 : 1l.42
2.0 2.5
2,95 3.6
4.0 4.85
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Tablc VI

Effcct of Soap Conc. on Oxidation Rate of n-DD

--  8F -Conc, -~ Rate in i t ==hours regmired
(in g/100 cc sol'n) mllhmoles/l/hr. for complete oxidation
j (oxtrapolated)
+ et
o | 0.7 93,0
1.5 " 21,30 ‘ 0.96
2.8 11,7 1,80
4 2,05 2475
7 : 4,0 4.8
, | '
1040 t 3.48 l 5.8
Table VII
Effect of pH on Oxidation Rate
of n-.DD
% Soap Neutralized Rate in t = hours regired
(sF) imillimoles/1/hr Ifor complete oxidation
90 first ordor s
reaction -
100 6.7 i 3.02
h {
H ;
110 8445 2042
| 5% SF + 0.5% NaCl 7455 2.66
‘ i
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Table VIII

Oxidation Rates of Msrcaptans in 5% RRS + 3% K;S50g
{no buffer)

Effect of Temperature on K

Mercaptan  Rate in millimoles/l/hr  Rate: K=1/t |
n-octyl 14.2 0.714
n-decyl 12,3 0.613
n-dodecyl (from OEI} 11.6 0.563
n-dodecyl (Illinois) 1l.1 0.549
n-hexadecyl 7. 56 0.377
6-dodecyl 2446 0.122

- t-octyl 0.95 0.048

 t-decyl 0.26 0.013
t-dodecyl 0.89 0.042
t-tetradecyl 0.46 0.025
t-hexadecyl 0.64 0.040

Table IX

Wercaptan | Time to complete] K =1/t | In(K X 10)]|Temp.] 1/T X
oxidation . ¢ 1000

n-DD 0.73(hrs) 1,37 2.620 60.1 3.000
" 1,20 " 0.835 2.122 54.8 3.049
" 2.00 ¥ 0.500  1.609  50.1 3.096
" 4,20 " 0,236 0.859 44,3 3,155
n-Cyp 0,96 " 1.04 2.342 60,1 3,000
" 1,45 ¢ 0.690 1.932 54.8 3.049
5 2.50 " 0. 400 1.386  50.1 3.096
" 4,30 " 0.232 10,832 44,3 3.155
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Teple X

Mercaptan Oxidation Rates-~Standard System
RR Soap 5%, persulfate 3%, buffered to pH 10, 50°C

Oxidation Rates

Millimols per liGeér

Relatlive rates.

Mercaptan | per hr, Calc. to K=_21 Pure n-DD mer-
¢ starting conc. of t captan = 1,00
20 millimols/Iiter = hrs-1
n-hexyl mercaptem 30 1.49 2.75
h-octyl Mercéptan 12 0.615 1.12
" jh=~decyl mercaptan 9.4 0.468 0.86
nhedodecyl mercaptan |
- {Illinois pure) 11 0.546 1.00
-dodéecyl mercaptan '
(Fr. from OEI) 10 0.510 0.93
-n-butyl-l-octyl
mercaptan 8.5 0.422 0,77
~cetyl mercaptan 8.0 0.400 0,73
& ~dodecyl mercaptan 2.4 0.121 0.22
~butyl mercaptan 66 3. 42 6,26
-octyl mercaptan 1.2 0.059 0.11
~-decyl mercaptan 0.24 0.020 0.037
t-‘-dodecyl mercap tan Q.64 0.032 0.058
ien-butyl-n-propyl-
carbinthiol 1.0 0.051 0.093
pdimethyl-n-nonylcar-
binthiol 1.3 0.067 0.12
tetradecyl mer-
captan 0.5 0.025 0.046
L-hexadecyl mercaptan 0.89 0.045 0.082
beME 29 1.44 2,64
Fn
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