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Tranglation
SIMARY AND CONCLUSIONS 2897

In this report is described an investigetion of the recovery
of hydrogen peroxide from "propane peroxides®. This investigation has
besn in progress since June, 1940,

In the first part of the report is given e summery of & single
gelective solvent tost in which it wes attempted to contuct the combustion
geses from propeme peroxide preparation with & solvent that wovld select-
ively extract either the hydrogen peroxide or the aldehydess These tests
did not lesd to the desired result, but offered an inducement to go on
to further investigetions in which a propane paroxide solution was vecuum
distilled in the presence of salts (Part 2). The latter tests gave good
results. We obtained sn squeous, aldehyde-free solution of hydrogen
peroxide containing orgenic acid (formie). This process is not, higever,
atirsly free from explosion hazards.:

It yas further found thet, during the distillstion, the orgmic
peroxides decomposed selsctively to form formic acid. The hydrogen
peroxide decomposed only slightly.

In the third pert is described en experiment in which an attempt
was made to remove the foxmic acid Ly & preliminary decomposition com-
prising distilling the peroxids solution under vacuum, BEXplocion was
avolded by the constant additlon of water. This method was improved by
paseing stesm through e rectifying column countercurrently to the hydrogen
peroxide-formic acid solution under such conditions that a formic acid-frece
solution of hydrogen peroxide wes withdrama from the kettle, These tests
chowed that the desired objsctive can be obtained, provided ons sterts
wLth en uncontaminated solution of formic acid in hydrogen peroxids. ¥hen
we started with a preliminarily decomposed propene peroxide solution, the
formic zcid removal appeared to be incomplete, since the decomposition of
orgenic peroxidss appeared to be still going on. In order to clarify this
matter, the preliminary decomnosition of propene peroxides was investignted
(Pert 4). Ve found that the preliminerily decomposed propene peroxides still
contained orgenic peroxides. This explanation was expected. '

Investigations directed toward improving the selectivity of the
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preliminary decomposition (by addition of RCL end by varlation of -
temperasture and of concentration) gave no positive results. 2508

Assuning thet the preliminary decomposition might be sebisfectory
4P the formle scid were removed =s rapidly as formed in o column in which
the down--flowing peroxide solutlon wus contacted with stemn, we carried
out tests in vaich the decomposition velocity wes determined at 70 and ab
g0 C. g :

In these tests, corrections were made for the releszge of cetive
oxygen which oxidized the formic scid to cerbon dioxide. The time necessery
for corplete removal of orgenic peroxides at 90 C 1s considersbly more then
2 hours; thorefore, the nethod is not very attractive.

Under the influence of potassium hydroxide, the selectivity of
the preliminary decomposition seems to bs completes In this method, how-
ever, caffleient potessium hydroxide must be present to neutralize the
foruic scid formed. Furthermors, it seems thet the dlstillation of the
preliminarily decomposed solutlon substantielly without farther decomposi-
tion is possible if enough sulfuric acid is added to reconvert the potassium
formate to formic acid. This method is, howevar, oo expensive, :

In conclusion, we may say that, in principle, the recovery of
" hydrogen peroxide from propane peroxides can be accomplished by several
different methods.# Whether a commercislly suiteble method is available
is very dublous, :

#See algo the method, inwolving the psroxides of the alkaline earth
motals, described in the writerts dissertation, (Delft 1942, p. 72)
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RECOVERY OF HYDROGHY PEROXIDE FROM PPROPANE PEROXIDES® : 2600

THRODUCTTON

in connection with our imvestigation of peroxides prepared
from propene, we have studied the possibility of preparing purs hydrogen
peroxide from “propane peroxide® as well as the actlon on godium perborate.
The preparation has been accomplished by previously described methods
(1, 18), shich are based on the reaction ofthe propene peroxides with
calcium hydroxide to form celcium poroxides The calcium peroxids, in
aqueous suspension, cen be decomposed with carbonic acid to form hydrogen
peroxide.

The investigation described in this report was an attempt to
recover the hydrogen peroxide directly from the propene peroxides.

‘ This investigation was conducted principally with "gynthetic®
propane peroxides, 1.8. with a solution obtained by mixing hydrogen
peroxide and formeldehyde. In the mixture, equilibrium was obtsined
between formeldehyde snd hydrogen peroxide on the one hand and monohydrozy--
nethyl hydroperoxzide end dlhydroxydimethyl peroxide on the other {10).

. The experinents in which B4rie? propane peroxidss were used are reported
separatsly.

Tae experimeats deserived in the third part were carried out
with a mixture of hydrogen peroxide and fomic acid, since the aim wses to
separate these compounds. The orgenic peroxides present in the prepane
peroxides decomposed to form maialy formic scid. The hydrogen perozide
deconposed only slightdy.

PART I 2601

SELECTIVE [iASHING OF COMBUSTION CASES FRON
7 PROPANE FEROXIDE PREPARATION

As previcusly reported (2), the peroxides prepered from propesae
ars to bo considered as en equeous solution of hydrogen peroxide and
aldehydes, chiefly formaldelyde, 3p which these compounds are in equilibrium
witk the condensation products monehy@roxyalklhydroperoxides cnd di..
hydroxydialkylpero:xides (10).

1t is assumod {3, 1) that the hydrogen peroxide and the aldehydes
are present in the combiztica geees end ere uncombined in the vapor phase,
go that, upon condenzation, in vhich considerable water is also condensed,
these two compounds have en opportunity to interact.

iy oo 1iteraturo cited at end of this report.
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. If this assumpiion is corvect, it is theoretically possible
to sepurate the hydrogen peroxide from ths aldehydes,

This separation has already besn partially sccomplished in
fractionel condensttion experiments {4), in vhich it appeured possible
%o incresse the meximum perborate activity (€) by ebout 10 units, by
conducting the condensation in a water-cooled condenser at 35 C.

In vthe second separation nethod deseribed, the combustion geses
were passed through a solvent, which was maintained at sbout 100 C
for the purpose o.’? preventing wdesirad condensation.

" The apparatys used comprised a glass wash botile (Fig. 1)
in vhich the solvent could be maintained at any desired level by the
use of compressed air. The solvent could be hested to about 100 C
by meens of a heating coil, Combustion gases, produced by the oxidation
of propane under optimum conditions, were passed through the solvent,
and the solveni-treated £flumt gases were cooled in sa ordimery cooling
system, It was expected that the aldehydes or ths hydrogen neroxide,
depending on the nature of the solvent, would be selectively sbsorbed
by the solvent.

Some of the solveats are listed as followss

[

.9 Cetemne. Hydrogen peroxide does not ‘dissolve, The zldehydes
discolva to come sxtent, It eppeured, howevsr, thal nothing
remained in the cetene. The condensate separated from the
off-gas had the same perborate activity (8) as that from 2602
& blenk run without a solvent.

2,0 gSulfuric gcid, tha concentration of waich was so chosen thut
the partial pressure of the water was squel to that in the
combustion gesss, was unsuitable becanse of marked foaming.

3,0 Phogphoric acid, the concentration of which wss chosen in the
game woy as that of the sulfuric acid, gave no experimental
difflculties, Considervable peroxide decomposition vwes, kow-
ever, obtained,

4,% A saturated agueous solution of potassium bisulfate seemed,
afber contact with the combustion gases, to contain active

orxygen. In & shert experiment, the decomposition of active
oxygen compounds was sllght., ¥hen, hovever, the experiment
is condinued for a longer time, the decomposition inereoses.

According to the “KI velocity curve® (7,12), ther= gpneared
to be & cortain selectivity in the treatment. The aldehyde-
hydrogen peroride ratio im the enriched solvent was lower
then that of the blank condensate. Thls was the first in-
dlcation that the desired objsctive could be attained by
such a method,
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After this experiment thers was considered the idea of vacuum
distilling the peroxide-emriched solvent to obtein a materiel
having a considerably higher perborate activity than the blenk
condensate. By vacuum disitllation; we obtained o distillate
containing hydrogen poroxide free f£rém orgenlc peroxides.#
The distillate did, however, contain en epprecisble smount of
formic acid. The loss of active oxygen through decomposition
wady howsvery very greab, viz. €0 per cent.

6. A satursted agueous solution of magmesium perchlorate. This
material was used with the intention of preoventing the formaldehyde

in the combustion geses from going into solution ss the hydrate.
The formaldehyde should then pass through the solvent as the
monomer, .

Upon distillaetion of the eariched solvent thus obtained, which
contained 76 per cent of the active oxygen of the combustion
gases, we obtained; with vory alight loss of active oxygen through
decomposition, a distillate that conteined hydrogen peroxide =nd
no organic peroxides®, 2603

This result led us to conduct a vacvum distillation of a megnesium -
perchlorate solution to which had been added untreated propene
peroxlide. The resulls so obtained were analogous to those of

the preceding sxaperiment. It thorefore apoesred advisable to dis- -
continue the solvent experiments., Since it eppernred possible

to distill the propane peroxides in vacuo in the presence of
magneslum perchlorate without explosion, we continued the investigo.
tion in this direction (See Part 2),

PART 2, 2604
VACOUM DISTILLATION OF PROPANE PEROXTDES IN
T, PRESKNCE OF SALTS

#. Orienting Investigation

The isolation of the hydrogen peroxide conteined in propane
peroxides by vacuum distilletion 1s, in principle, possible, This procedure
is, however, not advisable in practice, since the orgenic peroxides (hydroxy-
alleyl poroxides), part of vhich remein in the kettle, are explosive. Bxplosion
always occurs during distillation. '

As mentioned in Part 1, 1t is possible to distill propane per-
oxides In the presence of magnesium perchlorats without explosion. Apparent -
ly the selt has explosion-inhibiting properties. As previously mentloned,
it is possible, by vacuum distillation of a dilute propane peroxide solution -
to which the selt has been added, to obtain hydrogen neroxide in the distillave

i;DeteIﬁingd by use.of the "KI velocity curve® (7,12). Determination of the
"perborate activity® was impossible because of-the low peroxide concentratiom. -
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free from sldehydes and orgenic peroxides.

We have now continued the investigetion with the aim of find-
ing e salt which is commercially attractivea

As mentioned in Part 1, the Lsi velocity curve® (7, 12) was
used to show the substential abeence of orgenic peroxides in the distillats
containing the hydrogen poroxids. When this curve coincided vith thet
obtained with hydrogen pero:dda alone, it was eafe to assume thot no
organic peroxide was presmti in the distillets,

In most cases; ws used synthetic propene peroxides, prepared
by mixing hydrogen peroxide and formaldehyde, which could be used in the
dotermination of smell quentities of formaldehyde or of hydroxyalkyl per-
oxides in the presence of hydrogen peroxzide according to the method of
Mank and Finkenbeiner (13), This method is based on the oxideticn of
formaldehyde to formic acid by hydrogen peroxide in alkaline solution.

The following selte wers used in these distilletions: 2605

1,° Megnesium perchlorats, which is not commercially suitable,
‘#ince 1t has explusive properties itself and is very ex-
pensive, .

2.% Celeium nitrate, which geve desirablo resulis. This selt is
also explosive by itself. In fact, an explosion was obtained
in one taest, .

Since, in these distillations, the distillate contoining the
hydrogen peroxide also contzined considersble emounts of

formic 2¢id (a product of the decomposition of the hydroxyalkyl
peroxides in the charge), we tried to distill in the presence of:

5. Sodium bicarbonats, which can combine with the orgenlc acid
formed, Apparently, howevsr, 98 per cent of the activs oxygen
compounds decomposed during the distillation.

- 4,° Sodium metaphosphate, which is kmom to stabilize hydrogen
peroxlde gsolution, eppsared to promote decomposition to &
great extent (88 per cent).

5.9 Findlly, the most attractive material seemed to be emhydrous
sodiun sulfate. Good results were obtained, and no eventual
tecimical difficulties appeared likely.

#2. Experiments with Aphydrous Sodium Sulfate as sn Explosion Inhibitor

In the following table, the rosults of a representative
run vith sodium sulfate ars glven:
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2607

" From these results, it is seen that the last fraction of the
aistillate (fraction 8) contoined 437.5 milliequivalents of peroxide,
1.0, 88 per cent of the totdl amount éietilled. The perborate activity
of this freciion, celcvlaied from the formeldehyde content, is 95 1/2
per cent; tho product is therefore practicelly pure hydrogen peroxide.
The fractiondd, however, contein a considersble smount of formic acid.

The total sctive onygon yleld frem the distillate was €68 per
cent, which is of sbout the same order of magnitude as ihe perborate
activity. On further consideratlon; 1% dic mot. seer 30 strauge to us
that a connection might exist betreen these two quantities.

In order to &trace this connection, we conducted a distillation
with synthetic propane nevoxide thab had a perborate activity of 23 per
cent., The resulis ere zivem in Teble 2. In this rm, ihe eldehyde conient
of the fractlons was not determinedo g

. Distillation Q. 14,

Tntake, 260 cc of a solutlon contsining §0 gn HegSO0g end 756 milli-
equivalents synthetic propana peroxides {pba, 23 %); cooling weter et
5 0; pressura, 10-20 mm.

0

Fraction . Temp Weter . .cc Totel. Peroxi.de, Total Aeid,
Bath; C ne¢ mney -

1 28-46 50,2 1,06 3.76
2 48.48 3.3 0,86 1.7
3 28.48 5042 0,92 1,84
4 46.42 AW 2,10 1,86
5 48.53 - 30,4 0,60 526
6 53-56 30,2 695 5.69
7 56-57. 80,7 8,78 5,40
8 57100 23,0 174,2 297.5
«80 C 10,8 A 18,5

__Res. - - . 238 41,44

Total . 20 =30 % 419

of intake
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' The total active oxygen yleld from this distillation was
% per cent, as shom in the table. It is actually somevhat higher
then the psrborats activity. 3

From the results obtained up to this point, we must assume
that, during distillation, the orgenic peroxides decompose to fowm
organic acids, wheress tho hydrogen peroxide distills over unchenged.

% The formic acid must originate from the decomposition of the
hydroxyslkyl peroxides in ths propems peroxides in accordance with
the following equations (9, 10)s

Hyp § OHOR &=c= CHoDHOOH
(HgOHOOH > CHOOH & H,0
B0p § 2CHOH e=e=>CHZOHO0CH 08
CHoHOOCH,OH - 2CHOOH § Hyp

It appears from the results, which were obteined by distilla-
tion of a mixturs of hydrogen peroxide and formic ecid, snd from the
course of the formic acid concentration in the two distillations mentionedy
that the formic acid is formed just at the end of the distillation when
the temperature is high. Moreover, this effect must represent a gelective
decomposition of the organlc peroxides.

We desired to follow this selective decomposition of the organic
peroxides separately. .

For this purpose, a solution of synthetic propene peroxides
having a perborate activity of 60 per cent was heated at 80 € in & flask
provided with a reflux condemser. The peroxide and the acid eontsnt of
gemples of this solution were determined es a function of time.

The results are shom in Teble 3 ead in Mlgurs 2.

ZABLE 3
Selective pgggmm'a;tiag at 85 ¢
Tme,  Peroxds, gn Acd, g
nin mol/ce mmol/cd
0 3,59 100 0 0
2¢ 2,82 €5 1,28 57
45 1,86 52 1,56 68

(Continued)

2608
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Teble 5 (Continued)

TMue, = Pevoxide, Actd PR

Loin . mmol/gp mpl/ed .
80 1.34 gr o183 62
120 o0er 2 1,23 57

240 0,64 18 1,10 Bl

#Baged on the amount of formeldehyde originally present.

. 2609
From these data, we see that the scid concentration attsined
& maximum in about 45 minutes. At that moment, sbout 52 per cent of the
original peroxide content is still present. The maximum acid formetion
resulis in a concentration of 1.36 millimoles per cc. This value corresponds
to en acld yield of 63 per cent, bused on ths original formaldehyde content.

The decreese of the acid content after 45 minutes was epparently
due to the oxldation of ths formic acid, by the hydrogen peroxide, to
earbon dioxide.

From theée experiments, it may be concluded thet the orgrniec
peroxides decompose more rapidly then hydrogen peroxide. Thus a geloctive
decomposition occurs, as mentioned previously. '

After the experiment rsported in Table 3, a portion of propene .
peroxides, previously heeted at 85 C for 3/4 hour {preliminerily decomposed},

was distilled in the presence of sodium sulfate =s deseribed in connection
nith Experiment Q. 12, :

The results are given in Table 4,
' TABLE 4

Experiment Q. 16.

Intske, 260 cc of & solution containing 760 meq peroxide {pba, 80%).
After preliminary decomposition, 458 meq peroxide was still present.

Fraction Temp cc Total Peroxide, Total
‘Water Bath, meq Acid,

- C mmol.
1 2345 -« 80,2 1.5 6.45

2 45"47 5001 107 6965

3 47-49 30,2 21 : 7,97

(Continued)
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‘Table 4 (Continued)

Frection Temp e Totsl Peroxide, Totel
Weter Bath, neq _ Acdd,

c _ mol
& w8 50,3 24 10,15
5 §0-61 30,0 4.8 16.82
6 51-56 - 31,0 16,0 19,85
7 56-59 29.4 27,9 19.47
8 £9-100 28,0 B2 34,85
-80 ¢ - 14,5 1.2 1.46
Res - 0 1,60

Total . - 400 123
2610

In this experimemt, 53 per cent of the original active oxygen
remeined intact, and, on account of the preliminary descomposition, the formic
acid distribution among the varlous fractions was simller to that shown
in Teble 2; the formic acld-peroxide mol ratio in the last frection wes 20
per cent in the present instance end 40 per cent in Table 2,

As a general conclusion from the work reported in this psri, it
nay be said thet it is possible to obtein a substantielly aldehyde-free
solution of hydrogen peroxide by vacuum distillation of propane peroxidss
in the presence of solium sulfate as en explosion inhibitor. Ths solution
contains formic acid, the amount of which cen be reduced to about half, by
the action of the orgenic peroxides origj.nally presmt in a prelimincry
salective decomposition.

#3. Abtenpted Removel of Formic Acid from a Preliminarily Decomposed
Propange Peroxide Solution by Rectification

In connection with the proviously deseribed work, it wgs ilmportent
to be able to separats the hydrogen peroxide from the formlc acid present
in the preliminarily decomposed propsne peroxide solutions by rectificetion.-
In such a separation, anhydrous sodiuvm sulfate should bs used as en explosion
inhibitor,

The boiling points of the compounds concermed are as follows ot
atmospheric pressures

wator 00 ¢

formic acid azeotrope 107 ¢ (17)
(22,5 wt per cent water) .

hydrogen peroxide 152 C (14)
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Thug the seperation of weter and formic scid on the ons hend and hydrogen
peroxide on the other ceuses no difficuities, provided thet the concentra-
tion of large quemtities of hydrogen peroxide in the kettle couses no
trouble, , ' ‘

The apparstus consisted of a Vigreux vacuum column 12 mm in
dlemeter end 2 meters long, The column was provided with & liquid-phase
teke-off snd was estimated to have about 12 theoreticel plates, The kettle

" yas heated by mesns of a water bath. :

In the most representative of thess experiments, 770 milliequivalenis
of synthetic propane peroxides (formaldchyde-hydrogen peroxide mol ratlo, :
0,605 i.e. a pba of 60 per cent) in 350 cc of solution wes prsliminarily
decomposed at 100 C in such 2 way that ebout 65 per cent of the aoctive 2e1d
oxygen compounds remained undecompossed. Then 100 grams of smhydrous socium
gulfate wes added, and the mixture wes distilled until no more formie acid
end water ceme over. The distillate contained a largs amount of formic acid
end e smell amount of active oxygen. . :

The residue, which conteined 486 milliequivalents of active
oxygen, was dissolved in 500 cc of waters This solution wes distilled in
en ordinary distillation apparatus in order to purify the hydrogen peroxids.

The results are summarized in Tatla 5.

E‘raéfioh‘ ce Total Peroxide, Totel Acigd: :
- neqg ) m_mgl
1-8 289, 5 83,3 ' 4,8
9 . 29.8 5.5 | 1.5
10 29,9 27.0 1.9
1 , 20,2 28,0 1.2
12 29.9 376 1.3
13 28,7 70.8 1.5
u 22,0 202,5 B4
Res’ - 52,2 1.4

Total - 437 17,0

Thus 437 milliequivalents or 70 per cent of the orlginal active
oxygen remsined intact, whereas the last fraction (Ho. 14) conteined only
3.4 millimoles of formic acid,

Frop _thess results, it seemed to us to be > poggible to realize
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the desired recovery of hydrogen veroxide from nronangf. peroxides (16).

The commerciel operation of this protess; however, is not very
attractive, since, in smothor of these distillations, in solte of the
presence ¢ sodium sulfate, en explosion destroyed the entire apparatus.

This explosion must evidently be ascribed to the fact that, toward the 2612
end of the distillation, a highly concentreted mixture of hydrogen peroxide
end formic scld 1s presant, end these two compounds, in apite of the

presence of sodium sulfate, reacted sxplosively to form curbon dioxide rad
water, ‘ :

Part 8.

THE,_ROMOVAL OF FORMIC ACID FROM A PRELIMINARTLY DECOMPOSED PROPANE
~PEROXIDE SOLUTION BY THE USE OF VATER AND OF STEAN '

fl, Introduction

In order to eliminate the explosion hezerd, we sought & method,
not for the removel of formic acid and weter, but for distilling over fornic
ecid alone, the aim being always to meintain a dilute solution of hydrogen
peroxide in the kettle.

We ettained this alm in two different manners, which are identical
in principle: ' ‘

1,2 By the use of & vacuum distilletion colum heaving only about
2 or 3 theoretical plates, whersby a water-formic acld mixture is
seperated from the hydrogen peroxide snd whereby wrter is _
continuously eupplied to the kettle during the distillation (£7).

2,% By contacting a2 domward-flowing hydrogen peroxlde~formic aeld
solution in a colum with zn upward-flowing current of stewm, so
that & hydrogen peroxide solution free from formic ecid is collect
od in the kettle (#3), ’

f2, By the Use of Water

The apperatus used consisted of a 1/2-liter, round-bottom flack
provided with a Vigreux condenser 3 ca in diemetsr end 70 cm long (2 to 3
theorsticel plates) without a condenser. The vapor evolved during vacuum
distillation wes condensed in a Liebig condemser.

The most notable results ere given in Table 6

HMELES
Experdment B3 E’.«.:ﬁl_. B, 8a W, Sb
Tnitial HyOp, mmol £92 592 245 203
Initiel CHOH, mmol 286 235 -
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Table 6 {Continued)

W E!n 3 W, 4 “q sa E’-. .'§9.
Initial CHOOH, mmol - o 129 8
Volume solution, cc - 84 : 84 120 100
Naemd added’ gm ‘ 100 o o~ -
. \ 2614
‘Preliminary decomposition
temp, C 70 70 ~ -
Preliminary décomposition o
_time, min 26 0 -

Prsssure, mm Hg 40 40 40 40
Distillation time, hr & 5} 5 5
HO added, cc. - BT 1090 760 680
Distillate, cc 812 1110 780 - 8566
Ho0y in distillate, mmol 78 8 - 26 3
HOOH® &, » s 75 118 5
8202 in residue, mmol 501 205 206 196
Hooog® w o 52 21 g8 5
Peroxide decomposition - E :

% of total charge 18 a2 5 2
Poroxides in residus,

% of total charge 77 56 84 o7
Peroxides in distillate, . ,

% of totel charge 7 2 u 1
Moles HCOOH per 100 moles -
: peroxide in kettle 11 10 4 13

e,

From the first two experiments (W. 3 and W. 4), in which prelininary
deconposi tion time was varied, it 1s seen that, after sbout 5 hours of distilla-
tion with continuous addition of watsr, in both empsriments, about 10 moles
-of formic acid per 100 moles of hydrcgen peroxide was present in the keltle
pmducta

Since the possibility existed that not a1l tho orgemie peroxids
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wes decomposed, we used, in expsriment S, & mixturs of hydropen peroxide

end formic acid. After 5 hours of distillation, 4 moles of formic seid

per mole of hydrogen peroxide appeered to be present in the kettle product.
After § edditional hours of distillation (5b) only 1 1/2 moles of foric

acid per 100 molss of hydrogen peroxide ware present. From these experi- 2615
nants, 1t seems that the supposition thot, et the time of distillation, the
preliminary decomposition is still going on is justified,

The following ‘gggcluai,o_g. may be drawn from the experiments
described above:

‘ It is possible to separate formic acid from & solution contsining
formic acid and hydrogsn peroxide by the method described. Much time ia
required, howaver, to eliminate the formmic acid completely. Furthemmors,
the preliminery decomposition continues during the distillation, endy,
consequently, formic acid is continuously formed in the residue.

#3. By the Use of Stean

In the first serles of experiments described in this seetion
(Table 7), the fomic acid eeparation was cerried out by countercurrent
contacting of the formic acddecontaining hydrogen peroxide solution with
steam in a distillation colum. '

At first, a mixturs of pure hydrogen peroxide with formic acid
was used, whereas later, a preliminerily decomposed propane peroxide solution
was used,

The spparatus (Fig. 5) used consilsted of & Vigreux column 18 m
in intemal diemeter and 3 meters long. About 70 em from the tos wes an
intermediate inlet, srovided with e stopcock, through which the hydrogen
peroxide solution containing the formic ecid was continuously introduced,
In the flask (kettle) attached to the bottom of the colum end placed
in a vater bath, wes placed, at ths beginning of the experiment, e 30
welght per cent solution of hydrogen seroxide. Superhersted steam wos then
pasged into this flask,

In conducting the experiments, it was.an object to select the
operating conditions (pressurs, stesm rate, cherge rate, columm heating,
bath tempersturs, ete.) so that the distillate contained only weter end
formic acid, and so thrt no formic acid reached the kettlo, In addition,
it was intended to kesp tho decomposition of the hydrogen peroxide end
the oxidation of the formic acid {to carbon dioxide end water) at a minimom,

A pressure of 40 to §0 mm was mailnteined in order to pernit the use of
low temperstures.

: The introduction of stesm wes started at the beginning of each
experinent. After several minutes, the stopcock on the Intormediate inlet

was opened and the intreduction of the formic ~ acid-bydrogen peroxida

solution was begm., After 50 ninutes, during which distillate wes

Togularly taken off end hydrogen peroxide was collected in the kettle,

the intermediate inlet was closed mnd steam alone wes passed through the 2616
gpoaratus. During the ®steaming®, the reflux retio was determined, with

the teke~off stopcock wide opem, by measuring the amount of distillate per

ninute (a cc per minute). For a distilletion rote of b ec per minute
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(everagsd over the entire exporiment) the reflux ratio is thea (e~b)/b.

After we had conducted e nunber-of experiments with hydrogen

oroxide-formic

it seemed that good results were obtained

by tbe combination of & high bath temperaturs, a high stesm rrte, snd

a neximum reflux retio.

In Teble 7 ere given the resulis of some of the most represente-
tive experiments (D 18 mpd D 19). Tho results of one experiment with
a lowor steam rate (D 16) and of one with a lower bath temperaturs (D 8)

ere glven,

TBLE 7
D8 D16 Rl 2

Exeximent,
Prossurs, m Hg
Colum heat, emp

Duration, min
Bteam addition

Stesm charge addi,tioti
Steam addition
Réflux ratlo
Temp water bath, C
Oberge to ksttle, co 50 % Hyd,
nzoz in keottls, mmol
Steam rate, total, gn
Steem rate, gn/hr
Intormediate addition, 2d period, ce
Total He0p charged, mmol
Totel ACOOH charged, mmol
Total distillete, cc
Hy0p in distillate, muol
He0p, % of total chorge
HCOOH, in distillate mmol

46-08 @42

2.5-8,5 5.2
3 5
0 50
3 9

S W

6 90
B 25
485 245
2L 197
2 184
® 10
555 6
140 2
a7 A9
219 8
26 2
02 12

a
8.2

0.82
20
26

245

276

272

(Continued)

40--42
S.2

24b
204
230

183
7R
336 2617

10

65
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Teble 7 (Continued)

Emerinent D8 ple pls Dis
HOOOH, % of totsl edded . n 0 8 %
Finel kettle product, cc 74 13 n 13
Hy0p in kettle product, mmol 650 261 827 891
Hop, % totel peroxides added = 77 85 89 o2
HOOOH in kettlo, mmol %8 5 1 2
HCOOH in kettle, # of totsl chsrged 26 21 2 8
H,0, decompn end loss, % - =3 . 18 9 6
' 5 29 17 7

HCOOH ® 4 ¢ =

e

" Thus ve see that, in expsriments D 18 emnd D 19, only 2 to 3 per
cent of tho total fomie aqid reached the kettle.

Exoeriments vith Continuoug Withdrawsl of Kettle Product

. Ue conducted several experimeats in which the kettle produet wes
continuously withdram. A narrow tube was fused onto the bottom of the
kettle, The tube was provided vith a stopeoeck. It discheorged into a
calibrated tube which could be evacuated. Kettle product was withdram
et ebout 10-minute intervels.,

The conditions under which these experiments were conducted wers
similer to those Bhown in Table 7 for experiments D 18 and D 19, The
results of the most significan™ experiments are given in Tsble 8.

In these experiments (CD 4 md CD 6), the sterting materlal
wag propane peroxides of which about 80 per cent of the ective oxygen hed
heen removed by preliminary decomposition. In the preliminery decomposition,
about 55 per cent of formic acid, based on the formeldehyde originelly 2€18
presenty, was formed. The emount of formic acld that got into the ketile
product seemed to be considerably higher thean in the expsriments in which
nixtures of hydrogen peroxide and formic acid were used as starting meterials
(table 7). Moreover, the parborate activity of the kettle product was very
low {72 end 82 per cent, respectively). The selectivity of the preliminary
decomposition is apparently incomplete, and further formic acid formation
probably occurs in the kettle; hence the negative formic acid losses.

(See also #2),
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TARLE §
eriment - CoDed - CoD. 6 _
Pressure, mm Hg 39-.41 a1
Column heat, amp . 3.0 ~?:‘,0
Duration, min ‘ 411448 4015189
Temp water bath, C 92 - 80
Steem rote, gn/hr 284 235
Reflux ratlo : 076 1A
Charge
'Peroxide conen. mmol/ce 5.97 - 5,97
HCOOH conen, mmol/ce 3.58 3.58
Preliminarily-decomposed charge
Peroxide conen, mmol/co 8.55 3,74
Aetd conen. mol/oc 2.59 1.98

Yields fron preliminary-decomposition, [
Peroxide - &9 83
Acld : . 72 65

Intermediate charge to columa

Yol, cc 74,0 103.4

Peroxide content; mmol 2638 387

Acid content, mmol 192 203

Distillate

Vol, cc 560 720

Peroxide, mmol/cc 0,085 0,056
@ mmol total 19.6 40

Acid, mnol/ce 69555 0,273

(Continued)
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Teble B ( Gontinued)

Experinent g.D. 8 8aD. 6
Acld, total 109 196
| 2619
Kottle product V.
Vol, cc 5.6 : 26,0
Peroxide, ﬁmol/cc 21.4 | 8.07
®  mmol total 19,5 210
Actd, mmol/oo 0,286 0,49
" , mol total | 1.6 12,8
Perborate activity, % 72 82
Rinsings* i
Poroxide, mmol 47.8 74
Acid, mmol : 2,65 7.8
- Kettle product o84 (74%)
Peroxide, mmol#s 167 (a%) '
Acid, mmols# 2,2 (1%) 17 (8%)
Distillete
" Peroxide, mmols# 10.5 (7%) © {109)
Acld, mmody 199 (104%) 199 (98%)
Losses
Peroxide, mmoli# 76,5 (29%) 63 (16%)
Aotd, mmolit 9.2 (-5%) ~15 (-6%)
Yields
Total active oxygen L 58 a7
Perborate activity "Ho0pn g % 48 63
Ho0o Bt -8 U

_# At the end of the experiment, the colum hold-up end the peroxides re-
meining in the kettle were rinsed together. In the yield calculations,
the peroxides and the acid were distributed proportionally between the
kettle product and the distillate,

##* Percentages based on intermediate charge to colum. _

¢ Percentages based on propane peroxides not preliminarily decomposed.
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Conclusion
From the results of the experiments described above, it mey
be concluded that complete rscovery of kwdrogen peroxide by the method
described is not to be expected,
part 4 o o 2620

BRIEF INVGSTIGATION OF THE PRELIMINARY DECOMPOSITION

B ‘Ig. troduction”

. In the work reported in the pmceding party, it was found thet
it 1s impossible to remove formic acid eompletely from the preliminerily
decomposed propane peroxides, because the proliminary decomposition is
not completely selectivae.

in the work described in Part 2, in which substentially aldehyde.
free hydrogen peroxide waz obtained by distillatlon, this seosmed not to
be the cese. Ve hove not yet found an explanstion of this difference,

The roactions which might occur during the preliminary decomposl
tion arss -

HgOp ¢ CHOH §3 GHOHOOH —-3 CHOOH ¢ Hgd <ovesossss() (10)
HoOp & 2CHOH g CH,OHOOCH,OH ---) 2CHOOH ¢ H, soseeef?) (10)
Haﬂz ff CHOOH ‘“'”) (;02 5‘2H2° vooaoooooouacaeoocoaooon‘s)
Eﬂaoa “"“""‘> 2520 {“ 0: :uoeuooo.oo.oooacoooa.ccnnooooa(4)

If we started with a mixturs of 1.00 moles of water snd 60 moles

of CHOH (f = 0,60) and the entire preliminary decomposition proceeded
according to resction 1 or 2, we could expect the following resulis:

Reaction - - Ho0o CHOH Hs0o Remaining CHOOH Formed
(1) . 100 €C 40 : €0
(2) - 100 €0 70 60

In the preliminary decomposition, it appeers thet €0 to 70
per cent of the active oxygen remains undecomposed. Considering the fact
thet reactions 3 snd 4 also certainly occur, one mey draw the temporary
conclusion that theselective decomposition is incomplete and thet therefore
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orgenic pemxides are alwaya preaent in the proliminarily decomposed
propene peroxides.

This is the. hypothesis on which we baged our further etudy
of the preliminory decomposition. Moreover, we sought masns to improve
the selectivity.

 The most suitable mebhoa for leamning mors chout the preumnau’ 2621
deeompositim seemed to be to determine the carbon end acid contents of
the preliminarily decomposed material. In this connection, the formsldehyde
still present (combined with hydrogen peroxide) must be taken into account, amd
the smount of acid o::ldized ean bo caleulnted from the carbon lose,

e started with a mixture of 26 cc of & hydrogen peroxide solution
(9.72 millimoles/cc) end 19.85 cc of a formeldehyde solution (7,74 millimoles/
cc)o After.stending for 1 hour, the mixture wes diluted to 70 cc end herted to
35 bg 13 a flask provided with an air condenser. The rosults ore. given in
abie Yo ’

ZABLE 9

Time, ' Acid Peroxide,

oo - mmollec neel/ge
0 0.02 2,56
80 0,94 ‘ 2,93
45 1.19 2,70
50 1.24 s 2.4
60 1,36 2,42
70 1,39 | 2,52
85 1.42 2,08

The perborate activity of this product, aftsr neutralization of
the formic acid, with sodium hydroxide, was 84 per cent. The solution con-
tained 2,00 millimoles of carbon (elemental enelyeis) per grem. Of this
amount, we mey deduct 1,35 millimoles that are contributed by the formic
acid (sp g of liquid, 1,05). Therefors 0,65 millimoles of curbon are com-
bined as formaldehyde. This value corrssponds to a value for ff of 0,65/
1.98 or 0,38,

The perborete activity interpolated from theee results is 77 per
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cents the experimentally detormined velue wes 84 por cent. This deviation

is due to the presence of sodium formete; the solubility of sodium perborata
in the reasction mediun was lowered, and more precipitetsd. The storting
materiel had a volums of 70 ce (sp g, 1.05). It conteined 244 millimoles

of hydrogen peroxide smd 154 millimoles of formaldehyde (ff = 0.63); the -
carbon content was therefors 2.10 millimoles per grem. By elsmenlcl ennlysis,
we found 2,00 millimoles of cerbon per grem; therefore, 0,10 millimole :
of carbon dioxide (4.8 per cent) must heve been evolved, The results of
_this preliminary decompositior ers summarized below: N _

, HBLE 10 |
Starting materiels 100 mmol. .11202 6% mmol CHOH
64.4% BOOOH ylelds 40,867 W # wen
Differences 59,48 8 s22.4n @
4,8% €0, yields - 8,00 o n BO" ®

Difference B4 @ 9.4 ©

# Aocording to reaction (1),
¢ Agcording to reaction (2).

' - 2622
Thus we see that, if we assume thot the formution of formio
acld proceeds according to resction (1) alone end thet reaction (4) does
not oceur, 53 per cent of the peroxide remeins. Actuzlly, 100 x 4,11/7,09
or 58 per cent remains. '

If the formation of formic acid proceeded according to reaction
(2) slone, the initial peroxide content of 40,6 millimoles would be 20,3
millimoles and 74 per cent of the peroxide would remain. This percentoge
is much less in agreement with the experimental value of £8 per cent.
Actuelly, both reactions (1) end (2) probebly occur, (1) being predominant,

From the results in Teble 10, it 1s appurent thet a selective
decomposition of the organic peroxides occurs, but not to such an extent
that pure bydrogen peroxide remeins,

#3. The Influence of Potaspjum Chloride on the Preliminary Decomposition

— . . N \

In orientational experiments, 1t was found that potassium chloride
had consldereble influence on the nature of the decomposition., Ko decrease
in acid content occurred, ‘

In an attempt to direct the preliminery decomposition in such a Way
that reactions (3) end (4) would not occur, we investigoted further the
influence of potassium chloride,
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’ To 70 cc of & solution containing formeldehyde end hydrogen
_ peroxide in a mol ratio of 0.63, wes added 25 grame of potassium chloride,
When the mixturs was hested at 86 C, all the selt dissolved,

The concentrations of active oxyge #nd acld wers dotsrmined cs
a function of time (Table 11).

i TABLE 1L

Timiz, . mﬁjﬁ | Pezgxiéde;'
S 1/ CC pmol/cc
0 0,04 3.09
15 1.3 -

& e 1.10
75 1.2 0.7
90 1.5 0.8
120 1.53 0,43
150 1.5 0.8

. ’ : 2623
: Results of the preliminary decomposition of the s:me solution
in the sbsence of potassium chloride ars given in Teble 12,

TABLE 12

Time, | Actd, . Peroxide,
0 0,02 z,65
30 0.84 . 2,93
45 1,19  am
50 1.24 2,60
& 1,56 2,42
70 1.5 2.32
85 1o42 2,06

(See 2lso Flg. 4)
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Theee reosults show that potussium chloride asccelerstes the
decomposition. In addition, the formic acid formed is not further oxidized,
Resction (3) is thus represssd, and this repression is =n advontegs. The
yield of pure hydrogen peroxids should then be 40 to 70 per cent. Unfortunstoly.
howsver, reaction (4) plays a predominsnt role and thus-nullifiss the ad-
ventage gained by repressing resction (2.

In order to study the influence of potassium chloride on a solution
obteined by the oxidation of pronane, the decomposition of setlve oxygen and
the formation of formic acid in such a solution was investigrted in the sresence
end in ths absencs of potassium chloride,

The solution studied was prepared by the reaction of 90 parts of
propane with 10 perts of oxygen et & contset time of 4.1 seconds end had =
‘perborate activity of 45 per cent. We sterted with o dilute solution of these
peroxides, to which wes added, at ﬁ.rst, ootassium chloride in a concentra-
tion of 25 grems per 70 cc.

The results aro given in Table 12 end in Fig, 5.

TABLE 13 . 2624
Timo, ' Wi thout KCl. : o With KCl
min Acid, Peroxide Acid, ' Peroxide,
_mmol/ce nmol/ec __mmol/ec ___mmol/ce
0 0,07 %.48 0,07 3,24
30 0,42 2,26 | 0.68 2.46
&0 - - 1,00 1,77
30 0.80  2.82 1.20 1.8
120 1.08 2,59 1.27 - 0.82
180 1.5 £.27 1.2 G.57
210 1.33 . X | 1.28 0.2
270 1.28 1.28 1.27 © 0,09
50 - La 0.95 ' 1.25 0.05

In th:l.s case also, the addition of potussium chloride seemed to
accelerata resction (4). Nothing definite cem be concluded from this expsri-
zentin regard to the suppreasion of reaction (2). The suppresion is, however,
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clearly shown in othef experinents,

A parborets vctivity of 45 per cent corresnonds to an aldehyde-
hydrogen peroxide mol ratio of 0,87 (8). On this baais, we arrive at acid
ylelds of 44 end 46 per cmt, respectively,

The deeomposition curvss for propam. peroxidee in the presence rnd
in the ebsence of potessium chloride have the sews murse es the eurves ob-
todned with e mixture of hydrogen seroxide end formeldshyde. Thue the
earlior assumption (5) that propane peroxldes consist of mixtures of, p?'in
cipally, formeldehyde end hydrogen poroxide appears justified.

Acid fomstion in trus propeme peroxides proceeds more slowly in
both cases, end the acid yield 1s somewhat lower then in fomaldehydnoh_,rdrogan
peroxide mixturas, ‘

Fron the work deseribed in this soction; it is epparent tlfnt votessium
chloride inbibits the furthsr oxidation of the orgrnic scld formed during
the decomposition. The decomposition of hydrogen peroxide to weter =nd :
oxygen, on the other hand, 1s accelerated. Thus, as e whole, the preliminery
decomposition in the presencs of potessium chloride 1s unaetisfactow. ‘

#. Influenge of Tem _perature end of Antive Oxveen Concentretion of the

Rature on ths Preliminery Decomposition 2625_

In the preliminary decompositjon of propene pearoxides, we had alweys
worked at en arbitrarily chosen tempersture. Ve hed wondersd whother it -
might be possible to conduct the preliminsry decomposition mors fevorsbly under
somewhat modified conditions. By "mors favorably" is meant with less active
oxygen loss and with mors nerrly compleis convarsion of organic peroxides
to ecid.

In order to invastigrte this mattsr, peroxide dscomposition snd
fornic acid formation in the initisl stage of the praliminary decomvosition
were determined at differant temperaturss. In one experiment, the concentra..
tion was elso varied. '

The results are glven in Table 14 eond in Flg. 6.

It appsared thet, under all the conditions investignted, (tempers~
ture, 80 to 100 C; concentration, 1 to 6 millimoles of activs oxygem ner cc),
the primary rezctlon was one in which, for each mole of acid formed, 1/2
- mole of active oxygen disappsvred. This rssction cem bs none other then:

CHo0HOOCH 08 > 2CHOOH § H,.

After a time, the further renctions mentioned on freme 2620 set in.
This heppened when the ratio of acld formed to peroxide decomposed baceme
2680, .
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Tine, Aotive 0 Aold Present, Active 0 held Formed,
Prosent, mmol/ce Deconposed, miol/cc
0 6.82 004 - .
4 s 0m 014 0.2
8 5,57 0.7 | 0,45 0.74
10 4.7 1.45 1.05 - 1.44
17 41 1.88 1.7 1.7
an 5,22 1,07 2.60 1.98
2626
0 5.83 0,08 - -
6 5.81 0,28 0.02 0.20
12 B4 0.58 0.40 0,52
19 R 0.95 0.56 0.89
B 404 1.24 0.89 1.18
101 3.06 1.95 | 1.77 1.89
68 ¢
-0 5,62 0,07 - -
15 - 5.62 0.%0 10,00 0,25
KN 6.36 0.69 0.26 0.52
56 5.05 0.95 0.57 0.88
88 4.65 1.27 0.99 1.2
6l ¢
o 5.70 0.05 ‘ - -
2 5.57 B 0.18 0.22

) o ' J (Continued) .
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Table 14 (Continued)

Time, Active 0 Acid Present, © Active 0 Acid Formed,
min Present, mmol/ce " Decomposed, mmol/cc -
mmol/ce _mmol/ce
6. G ' ,
70 5,36 ' 0.64 - 0,34 0.59
120 B0 1,0 0.6 0.96
184 40 54 lo 56 . lcls ' . lo 31
256 4,09 : 1.6 1.61 1,56
3¢
N
0 5.82 0,04 ’ - -
18 5.686 0.5 . 0,16 0,26
41 : 5,42 0.60 0,40 - 0.56

80_ C3 5-fold dilution

0 1.12 0,011 - -
11 © 1.08 " 0.068 " 0,04 0,057
20 108 0.187 0,06 0,126
52 0,99 0,218 . 0.13 0.207

. The conclusion from this work is that the operzting conditions
have no noticeable effect on the nature end the kinetic relations of the
preliminery decomposition.

#5, Ipvestigation of the Duration of the Preliminary Decomposition with
Simulteneoug Removel of Formic Acid

* Removal of formic meid during the preliminsry dscomposition
should be a desireble feature, One should bs =ble to accomplish this 2527
removal in s colutn through which steam is passed (see Port B, #3),
provided that the residence time of the solution ‘ond the temperzture in
the colum ars so chosen that complete convorsion of ths orgenic peroxides
oceurs.
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_ In order to investigate this possibility, several experiments
wers contucted. Since the formic acid would be directiy removed by the
steam passing upward in the colum, the acid hed to be removed rogularly
in our experiments in order to simulate ths proposed conditions.

The simulation was sccomplished by interrupting ths process et
predetormined intervals and cherging frash mixtures, in which the hydrogem
peroxide coneentration in formeldehyde was equal to that in the reaction
~ mixture befors interruption and which contained no formic 2cids

In contrast to the process conducted in & column, a predetermined
emount of hydrogen veroxide was used to oxidize the zcid formed.

In order to incresse the similerity between the experiments and
the phenomena occurring in a column, & correction was applied to ths hydrogon
peroxide content. The correction wes calculsted from the difference between
the totel number of millimolss of formaldehyde end formic acid and the ‘
totel number of millimoles of formaldshyde originally present.

The acid concentration was dstermined by titration with sodium
hydroxide. The hydrogen peroxide was determined by the method of Kingzett
(8) (sempls sllowed to stend with acidified potassium iodlde solutlon in
the dark for at lesst half en hour). The formzldehyde wes dstermined by
the method of Blank and Finkenbeiner (13).

The first experiment was conducted at 70 C. The results are
glven in Tabls 16 and in Fig, 7. For the sake of brevity, only the
concentretions {mmol/cc) at the momeat of interruption in eech experiment
are glven, The starting material was & mixturs of hydrogen peroxide in
formaldehyde (# = ca. 0.60). -

TABLE 15 2628
e e b miB, o
COXYo : COTTrs
o 8,55 0,05  0.05 5,73 5,73 0.62
45 2,57  1.04 1.04 5.1 5.10 0.50
00 1.85 1.66 1.75 4,47 4,57 0.40
0 1,89 0.04 0,04 4.65 4.65 0.41
45 1.64 0,28 0.29 4.56 4,59 0.36
90 144 0.46 0.49 4,41 4,44 . 0.32
135 1,25 0,65 0.68 4,24 4.2 0.29

# § » HCH0/HOpy cOTT, , (Continued)
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Peble 15 (Continued)

Time,  HCHO, = HCOOH,  HCOOH, Hi0p, - HzDo, ¢
min mmol/ec  mmol/ce muol/cc, mmol/ecc  mmol/ee,

S — COTT. ' corp,

0 1.2 0,08 - 0,08 4,26 4,26 0,28
a5 119 048 018 __4.2 4.2 ' 0.28
90 1,08  0.23 0,26 4.4 al7  0.28
185 0.97 0.3 0.35 = 4,08 4,07 0.24
180 0.8  0.37 - 0,43 3,90 5,96 0.22

A It thus appears that the decomposition at this tempersture requires
a very long time, so that the practicel applicebility is rather low,

. Subsequent eitperiments were conducted ot 90 C (seo Table 16).

~

TABLE 18
fime,  HCHO, HCOOH, HCOOH, -  HoOo, H,00, ]
_min mol/cc  mmol/cc  mmol/cc,  mmol/ec mmglﬁcc,

. cory, . COTY,

0 8,53 0,05 0.05 5,80 5.80 0.6
0 - 1.83 1.7 1,75 4,65 4.69 0,59
0o 1.88 0,04 0.04 4,90 4.90 0.38
10 1.6 0.34 0434 4,59 2,59 0.36
20 1,20 0.70 0,75 4.27  4.32 0.28
0 116 0,08 .03 4.34 4,54 0.27
10 1,08 0.13 0.18 4.2 4,24 0.22
20 0.94 0.26 . 0.25 5.96 3.96. 0.24
%0 9.7 0.53 040 3,86 3.88 0.20
40 0.7 0.48 048 75 .75 0.19
& 0.63 0.52 0.58 3,47 3,61 0.18
90 0.50 0.55 0,69 5.10 5.24 0.15
120,  0.45 0.52  0.74 286 5.8 0.15

(Ses also Fig, 8)
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2629
Although in this case, the dscomposition wee much mors rapld, seversl
hours were roquirsd for more or less complete decomposition. The velue of
@ decrersed to 0.156. It seems that further decrsese of @ would bs vory
slow. :
I

It is notemithy that the perlodic removel of formic seld deeronses
the velocity of the decomosition. !

. . Since 90 C would bs considersd rather » high tempareturs  (ebove
90 C, hydrogen peroxide decomposes repidly into water snd oxygen), it is
believed that the residence time in the colwm reouired for complete de-
composition is too great to.meke the process commercially suitable. :

#6. Proliminary Decompogiti Alkaline Medium

As showm in the forsgoing work, the preliminary decomjosition
could not be eonducted, by the method used, in such 2 wey as to offect com-
plete decomposition of ths orgamic peroxides.

We attempted to f{ind means for improving the process. A means wes
found which comprised conducting the decomposition in the presence of N
alkaliss. In the disssrtation of Chijsen (10), it wes stated thet, in the
decomyoaition of mixtures of hydrogen reroxide end formeldehyde in the :
presence of alkalies, the formeldehyde is converted quantitetively to formie
acid. Tho guestion was whether, in such & treztment of & solution having
a perborate activity of 60 per cent, a satisfzctory amount of hydrogen
peroxide would remain wndecomposed: i.e. whethor the decomposition would
be selective,

The first experiment was conducted et 15 Co The starting moteriel
vas a nixture of hydrogen peroxide and formaldehyde in which the formeldehyde-
hydrogen peroxide mol ratio wes 0.60 snd in which the ective oxygen con-
centretion was 1.8 millimoles per ¢ec. The active oxygen concentrotion was
deliberately made low because, at highsr concentrstions, the decomposition
would be expectsd to be too rapid. To severel portions of the solution,
20.0 cc of 0.938 nommal potessium hydroxide per 15 cc was sdded. After o
certain time intorval (differant for the difforent portions), the decom-
position was stopped by complete neutralization with 256.0 cc of 0,874 normel
sulfuric acid. The active oxygen end the formic 2cid in each portion
were then determined.

The results srz given in Table 17 end in Fig. 9.

| TABLE 17 ; 2630
Time Poroxide, Formic Acld
mmol totel 7 mmol total K4
0 26.6 100 - -
10 nin 28,5 88 5.2 11
1br 19.3 75 10.7 o

(Continued)
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Table 17 {Continued)

fme . Poroxlde, S A&a —
- ol ggtal ' g - - ‘ total ’

2 hr, 10 pin 16,6 82 12,8 81
4 hr 15.8 6 ) 13,6 .85
eehr 10,6 4O

16,0 ’ 100

From these results, we ses that, after 28 hours, 40 per cemt
of the hydrogem peroxide remeins, wherses all the formaldehyde is con-
verted to formic acld, :

In order to detormine whether raising the temperaturs would
increace the smount of hydrogen peroxide remaining, s Palkell de-
comnosition® was conducted at 42 C. The results were identicel except
for the fact that the reaction velocity wes considerably greater,

Although the preliminary decomposition in the presence of
alkeli gives lower hydrogen peroxide yields then the other methods, it
hes the edventege of ylelding & product completely free from orgrnic
peroxides, ' _ ‘

Iin additional matier thet occupled our attention wes the ro-
covery of the hydrogen peroxide from ths slkaline solution. Direct
vacuum distillation wes not to be considered, because hydrogen seroxide
is unsteble in alkeline solutions. Tharefore we added on excess of .
sulfuric acid and vacuum distilled the resulting ceid solutlon. Con-
piderable loss {ebout 70 per cent) of active oxygm occurred, probrbly
as a result of the reaction of ths sulfuric acid with ths potessium
formate to produce formic acid, which incressed the pH teo grestly.

The only possibility of operating without high loss is to add
sufficlent sulfuric acid to convert all the potessium formets to formic
acld, The disadvemtege of such a method is that, during distillationm,
some formic acid distills with tho hydrogen peroxide end must subsequent~
1y be removed. - R63%.

In addition, this method of operation requires rather lerge
smounts of potassium hydroxide and sulfuric acid. We celculated thet
sbout 1.0 kg of potassium hydroxide end 1.7 kg of 86 per cent sulfurie
acid per kg of 30 per cent hydrogen odevoxids are required. '

For these reasons, it is believed thet preliminary decomposition
in the presence of alkali 13 not very attractive commercially.

4 LABORATORY
" No V. DE BATAAFSCHE PETROLEUM MAATSCHAPPLF

AMSTERDEM, August 31, 1942
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. FIG. 1

APPARATUS FOR SELECTIVE WASHING OF COMBUSTION
GASES FRON PROPANE PEROXIDE PREPARATION
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Themoelgmen‘t
Gaenetor

Koelwater

FIG.
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Thermocoupl,e.
Gas meter

Cooling waber

? 2634

DECOMPOSITION OF PROPANE PEROXIDES AT 85-C.

concentretie, mmol/cc
t1jd in minuten .
uur
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concentretion, mmol/ce
time, min
acid

" peroxide

FIG. 5 - 2855

STEAM DISTILLATION APPARATUS FOR PREPARATION
OF HYDROGEN PEROXIDE
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intermediate inlet
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koeler ~  condenger
vacuumaftep inrichting - ~ vacuum comnection
verwarmings sikkeling ~ nheatinlg elenent
contact thermometer = - thermorﬁeter‘ '
verveiminge olenent -  heater
FIG. 4 R
, 2636
- DECOMPOSLTION OF A FORMALDEHYDE-HYDROGEN
PEROXIDE MIXTIRE (§ = 0.63) IN THE PRESENCE
ND IN THE ABSENCE OF POTASSIUM CHLORIDE AT 85 C
Peroxydeontleding - Peroxide decomposition
mmol/cc -~ mmolfee
Zonder EC1 -~  Without KC1
Met KOL' - WithKCl
7434 in min . Tine, min
Zuurforming - Acid formation
FIG. § 2637

DECOMPOSITION OF PROPANE PEROXIDES (pba = 45%)
I HE PRESENCE AND IN THE ABSENCE OF POTASSIUM
) CHLORIEE AT 85 C.

Peroxydeontleding -  Peroxide decomposition
mmol/cc - mmol/cc

Zonder KCL - Without KG]:

Het KCL - TthxQ

T4jd in min .~ Time, min

Zuurforming ~  Acid formation
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. FIO, 6 | | 6%
DECREASE OF Pmﬁns CONCENTRATION wim TIME
' " AT DIFFERENT TEMPERATURES
nmol peroxyde/ce -~ -mmol peroxide/cc
minuten “ ~  minutes
DECOMPOSED PEROXIDE AS A FUNCIION OF ACID FORMED

{verdund) ' -~ (diluted)
agklijn in de
oorsprong e tengent at origin
meol zunr/ce -~  mmol acid/ec
FIG. 7 2639

PRELIMINARY DECOMPOSITION AT 70 C WITd PERIODIC
REMOVAL OF FORMIC ACID ‘

mmol/ ce - - - mmol/ce

gecorr. - corrected

tijd in uren - time, br
FIG. 8

PRELIMINARY DECOMPOSITION AT 90 G WLTH PERIODIC
RE4OVAL OF FORAIC ACID

"tijd in min = time, min

gecorr. } ~  corrected
mmol/ce -  mmol/ec

t1jd in uren = timey hr
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FIG. 9 B : 2840

 PREIMINARY DECONPOSITION AT 15 C IN THE PRESENCE
OF POTASSIUM HYDROXIDE

total mmol

mmol totasl

guur - acld -
peroxyde ~ peroxide

t1jd in vren -~ time, hr
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Fig. 3. 002635
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