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INTRODUCT ION

Two processes are mainly used for the manufacture of
fhyﬁrogen peraxide by the indirect eleetrolytic method in-
fvalving persulfate. In the first a sulfuric acid (8p.g. 1.5)
;geiution is electrolyzed in an undivided cell with platinum
féieetrodas and very high ourrent density (C. D.} and aur:ent
faéime;ﬁtrstien. This solution is distilled under reduced
‘ﬁ@&SBure to yield hyﬂrogen peroxide through the hydrolysis
;éf’the persulfuric acid. It is evident that all imyuritics
ki@&ding to the catalytic decompositiom of the peroxide or

7§ﬁrﬂtcid should be avoided. But in commercial practice
60lloidal platinm from the anode and lead sulfate from
}tha eathode catalyze the deoamposit1an:af the peroxide.
;xhns the solutien &fter distillation cannot be recirculated,
iand the loss of platinum is very highe.

The seoand process utilizes an acid solution of am=-

‘monium sulfate as electrolyte from which amnanlnm,persul-

'faté is obtained. This is allowed to interact with a pot-

wgasium.sulfate solution, and the precipitated potassium

fyaraulfate is distilled with sulfuric acid under reduced

pressure. The first step may be eliminated and a solution
Lbfffétaaaium sulfate electrolyzed direstly to presipitate
;#he insoluble pere-salt. This proeess is met ﬁsed widely
due to its obvious complications.

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



Since the electrolysis of ammonium sulfate proceeds
with high effieciency, and since no data was found on the dise~
tillation of ammonium persulfate, it was thought advisable
%o investigate this salt with the view of eliminating the
ﬁl&jiffigéu}.ties of the processes now in use and of increasing

 §£3 overall efficiency for hydrogen peroxide productiom.
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PRIOR INVESTIGATIONS

Ammoniwm sulfate is particularly suitable for persul-
f‘f&:ﬁ.@ formation since it is very soluble, and in soid solution
fﬁka persulfate readily separates out. Thus the concentrae
Lﬁian of psrsulfate is kept low and there is consequently lite-
jﬁie formmﬁian of per-m@nnﬁulfuriaAamid even in strongly secid
 §1§etr01ytaa. Elbs and Sah&nhsrxxlrusing & platinum elec~
troela, & temperature of 6° to 7°, and eleetrolysine for 30
te 40 minutes, found that the yiéld of persulfate inéwms
‘with.increaae in C. D.y concentratian of amm@niun:sulfate,

7ﬁﬁd decrease of acid concentration. Ineresse of temperature
i 2
¢n§zte 30° has little effect upon the yield of persulfate,

75%# above this it diminishes. An electrolyte containing
isufficient acid to correspond to NH HSO, ;n‘can@oaitien.&aa |
"ifa €. D. of 50 amps./dm. are recmnd.em The pregence of
_gnlarides in small amounts improves the efficiency of the
 §&63333' and so also does ferro-~gysnide, but the product is
ﬁthsn contaminated with Prussian B&aﬂ.4

Jk;‘ In order to prevent the reduction of the persulf&ta
fﬁ&”the cathode & porous diaphragm may be used, but as this
_is undesirable, other means hgve been employed. The addi~-

tien of 0.2 percent chromate, which forms an insoluble dia-

‘ kg on the cathode, has been found sﬁﬁegwsful. In addi-~
4ion the use of a very high cathodic C. D,, eof tin and alum=
7 | \ |

ipum cathodes, or of a carbon cathede wound with asbestos
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: 8 o .
‘s%&rirgxg has been proposed. Ma;tauda, and Matsuda and Nishi-

mm found that electrolysis in an 'Wiﬁdea cell witheut

'f'rl‘the additieﬁ of any salt compared very favorably with exper-

:Emem;a using a diaphragm. They also disagreed with the state-~

f,:’,ment that the effioiency of persuifgte formation decreased if

: \',the gsolution were allowed to become alkaline during electro-

f lysis. In their work heatins of the anode before slectrolysis

_wms found to be very bemeficisl in increasing the yield of

. persulfate.
g ” 10
| Essin and his co-workers have investigated the in-

f?; ;f’l&ence of C. D+, concentration, and tempera-ture on the for-

f;'mti@n of ammonium persulfate mainly to verify a theoretieal

E = 100 ((CO:ZC /(3

. {*};e;re E is the ocurrent efficiensy, C, is the initial cencen-

iy em’ciem

 tration of ammonium sulfste, and € that of persulfate in gram
“,'.:&gui*efalenta per liter, and K is a constant for a given €. D.
o.nd concentration. The constant K is said to be the fras-
t;i,m of sulfate fons reaching the anede which are net dir-

| wtly oxidized. According tb this equation, the effieiency

will be high if the persulfate concentration is kept low,

m was verified by experimental data. &cearaimly- & rlmr:lng

Tvrvviatroly‘he whioh is kept streamine past the anode has been
v 11

: 'fprop@Qed.
No data was available on the distillation of ammenium
 persulfate to yield hydregen peroxide. Although the distil-
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iati,en of persulfuric acid and potassium pgramtlf&te from
snx.fumc wi&m is given in the liﬁ@rwﬁm',e, teéi?'y little data
eauld be feund. In the following investigation the exact
éomitimm for the formation of hydrogen perexide from am-

mniﬂm persulfate were determined.
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EXPERIMENTAL
I. FORMATION OF PERSULFATE

As is evident, the procedure was divided into two parts
fé@ firat the electrolytic preparation of ammonium persulfate,
wud second the decompositionm of f.he persulfate into hydroegen
lperaxxde“- In the prep&rstian,ef ammonium persulfate enly
fimevements in known methods were seught by using differant
‘;mocles a.nd cathodes, and only solutions not heretofore elee-
,tralyaad were submitted to electrolysis.
| In a1l the experiments

‘only C. P. chemicals were used. The electrolyses were car-
rled out in an 800 ml. beaker, using 500 to 600 ml. of sol-
Eﬁ&iaﬁ with the ecathode covering the entire inside wall of
;#@ﬁ canﬁainer. The anode, in the form of & oylindriecal feil,
}w&s suspended in the middle of the beaker. The solution was
iea&led by immersion in continucusly circulating cold ua&ar,
 §§ﬁ by this means the temperature was kept s& 20® c. = 3% c.
‘$llfselutiena were filtered before they were submitted to
_elestrolysis. The voltmeter was calibrated in umits of 1
;*mlt and the smmeter in umits of I ampere. The current was
k inserted in series with

,xegulated by means of a lamp 1
'iﬁhﬁ bathe

B, Analysis. The analysis for persulfate was that
Sl B & :
‘given by Sce¥t using ferrous sulfate. An aliquet of the
_persulfate was introduced into an erlenmeyer flask with

ml. of standard ferrous ammomium sulfste and stoppered
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'_!ith a bunsen valve. The solution was boiled for s minute,

na&ad under the %ap, and the excess ferraus smmnniﬂm sule
ge titrated with N/10 potassium permanganate.

: fha hydrogen peroxide was titrated, in an acid solutien,
‘;éirectly with N/10 permanganate.

C. Effect of Anode. Due to the great loss of platinum

i £nfthe eleetrolysis of sulfuric acid solutions, it was
‘,_]&eened advisable to find a substitute for that metsl. Using
fi;agaluticn of saturated ammenium sulfate and a lead camthode
‘tﬁﬁéifollawing metals were tried as anodes at a C. D. of
:‘4@ ~Aﬁa. ‘s tantalum, silver, Duriren, Durichlor, Dur=
f;xnst, lead, and graphite. In all cases no persulfaﬁe’cauld
v;be f@an . The tantalum displayed electrolytic valve actions
{ %&3»511ver, Duriron, Durichlor, and Durimet went into solu-
inﬁiﬁn; the lead became coated with the peroxides and the
ﬁgmphite disintegratsd. As these were the only imexpensive
rzﬂ,tals ius&iﬂhle.in gcid and possessing high oxygen over-
f;iéitagss, it.tas pecessary to use platinum in all further
7;¢;$mrimsnka. For some reason the smwmonium sulfate prevented
i;thﬂ disintegration of the platinum. BEven at the highast~aonr
centration of soid (saturated NHyHSO, made 18 N with sul-

;_furie‘nnidl no loss of platimum could be detected on an

**ﬁnalytical balance after a three hour run. ?he surfece alse

"gnsd perfectly smoeﬁh. Eenee one of the great difficul-
?ancauntarad in gammaraial,prﬁatice has been elim&nstad.
Table I sumerizes the data

- on electrolysis. Runs 1 to 6 were made &t the time when it
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was thought that ammonium sulfate would be the circulating

i }’:v_'mgkeria.l for the edntimiaua production af'mzﬁmlfaﬁe and sube
ae@xently of hydrogen peroxide. Run X was made with @& por=

” W diaphragm, and no stirring of the anolyte, while in run 2
 the anolyte was stirred. The slight incresse in efficiency
slwws that atirrine is beneficial for by that means. me cone
o «’f,‘aféntratien:éf_ persulfate is reduced at the anode, and also
'&hﬁ concentration of depolarizer, i.e. HB8O4 ions, is increased.
A ‘comparison of 2 and 3, electrolyses with and without &
Hfaﬁmm, respegtively, indicates that the efficiency is
net impaired by th_e removal of the separsting wall even
thaugh the distance between anode and cathode is no more than
4 em. As was expected, an increase in €. D. increased the
'i:fﬁ&fieieney. Increase in acid concentration also fincreased
m efficiency up te NH,HSO, formatien and then decreased.
Et was found that a large cathode area was necessary for
. hign efficiency, i.e. low cathadic C. D., for preliminary
‘_iameriments with high cathodic C. D. gave low yieleis., In.
: 811 runs using a lead cathode lead sulfate was found in the

k;“}.‘ectrolyte after eleectrolysis, the ammm:?& increasing with
mid concentration. In some cases it was impossible to

remwe the precipitate by filtration as it was pra:eticaaily

‘ﬁn colloidal form. A prel;mnary run with ammenium acid

aﬁa solution using a lead cathode gave such a copious
, cipitate of lead sulfate that it was necessary to aban-
_ don that metal ss & eathode.
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Aluminum was chosen as the best cathode for acid sol-

'kjnﬁians since it does not dissolve rapidly, it does meot affe¢£
Hiffappﬂ&cia)&ytthe current efficiency, its sulfate is not very
 ;fs§&n%ie in acid solution, and aluminum sulfate is one of the
~ 1;£g§ salts which does not catalyze the decompesitiom of ﬁ?*
ii;fgfegen peroxide.

- Since it was found that appreciable quantities of acid
 ¥7ftere necessary for good yields of hydrogen peroxide, runs
“ ?}7 te 10 were insugurated. Glasstone raeammendﬁd & C. D. of
fi;ao gmgs.;&m‘z, and this was chosen for those runs, although
”1 1t@e‘raeent work of Matsuda and Nishimori in scid solutions
”*géftappwoximately'the game strength seems to indieﬁﬁe that

‘;m amps./dn.® is the optimum value.

a As the meid concentration was increased the viscosity

‘ ff9£ the solutions increased avppreciably, thus décre&sing the

‘53 §#§fent efficiency. The 18 N acid molution was of & thick
"fﬁggﬁpg'eangistency, and a8 was expeeted its efficiency wae

“5ff§ery“10w¢ It was also noticeable that there was a slight

 inorease in the loss of alumimum as the acid concentration

,f}“ﬁér@&aed.
,T ~The effect of healing the ancde before eleetrolysis
‘fiﬁgyvbe ascertained by a comparison of runs 1, &, and 3 with

run 4. In the former the platinum ancde was not heated,

; in the latter it was heated to redness before being
‘ éé;; The great bsnefit derived from this procedure is in
"_fall agreement with the racent work of Matsuda and Biahinari.
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The results also show that the effiéiengy deoresses

 with,ttme, due to the increase in canseh&t&&iﬁn~@f the per-
_sulfate, thus corroborating the work of Essin and Matsuda.
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1, FORMATION OF HYDROGEN PEROXIDE

: A. Apperatus. Due to the faoct that hydrogen perexide
‘ iﬁ 80 mt&hle, it was thought that by flash distillation
" ﬁh@ hydragen peroxide would distill off rapidly enough 80
that it would mot remain in contaet with substances which
' 7 u¢ght decompose it. Hence the distillation apparatus in
Fig. 1 was d.efiaed. All parts gxsept the condensor camiec-»

; t:&ﬁm were of glaas. The column 1, 24 inches long and 2

ﬁmhas in dismeter, was sealed onto a liter round bottom
k flwk 2., Three apertures leading into the column were msde

i '{é'»’xv"keither thermometer or feed inlets. The outside was
v“»»'yf;?_ifthen wrapped with asbestos paper in which 15 feet of ni-
Ghrmne wire was implanted to provide electrical external
,"”'.Ixeajting. The inside was filled up to the topmost aperture
w:[th broken raéch,ig rings. The flask was provided with a
;j‘_:ij?&‘;};aamometer well and a drain through the bottom. It was
_ heated by an electric furnace 3, molded to fit the bottom.
 Funmels 4 were used in obtaining fractions without distur-
‘ning the vacuum through the three-way stopcock 5. This is
b‘t}:& a slight modification of the apparatus deseribed by

14
i Qrerhart. All connections between the d_ifferenﬁ paths

mre made with tim foil Xined eeriﬁs, cemented to th.e glass

*ﬁh De Khotinsky cement sc as to provide & vascuum proof

seokl. !Ehe vacuwn was provided by & good water aspirator,

:‘f‘ble af givmg & vacuum of 20 mm. of merecury. For press

"f‘aures lower: ’chan this a “Hyvac® eil pumgp

w28 used.
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: B. Procedure. Im making a run 200 ml. of exgaetaﬁ
xfrasidue was put into flask 2. For inﬁtanee, if saturated
’5lfammanium acid sulfate solution containing ammsniﬂm.parsul-
 ;£§$3 were to be fed into the column, the flask contained
’=;§n$ura£ed smmoniup acid sulfate solution. This was boiled
"fﬁader the desired pressure until first signs of Iiquid for-
;   ;&x€ian were noticed in the condensor. The column was then
‘iifﬁ§ﬁied to the desired temperature, and the solution fed in
fi]ﬁx guch & rate as te'nsintain & constant temperature in the
;i;aalumn. After & fixed guentity (75 ml.} had run in, t&king
\j:f@n the average about 15 mznutes, the pressure was released
_iﬁgeuickly and the distillate amalyzed for hydrogen peroxide.
  : - It was first necessary to determine which temperature
?f;&nd which feed inlet centrolled the yield of hydrogen per-
_ oxide., Using an acidified solution of sumonitm persulfate

_ for the test run, a temperaturs of 80° C. at the top, and
;i;a pressure of 40 mm. of mercury, it was found that the hest
" €3§¢1&3 were obtained when using the top inlet, This was
- uost logical as most of the substance would flash before

”ing‘very far down in the column, and thus the hydrogen

~ peroxide was removed before it had come im comtaot with the
f;large surface for decomposition offered by the raschig rings.
: At this stage a curious phenomenon took place. While

;1}the middle thermometer astayed constant at 80°% Cey the top

S‘chsrmameters would contimue to rise, somstimes resching
'_‘,"149" Ci This rise continued umtn the feed was stopped.
_ Even pure water exhibited the same chﬁr&ct&ristie. It was
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thus necessary to use the tempersture of the middle therw
i  ,#ﬂth3r as the temperature of the columm. The lower ther—
t&??ﬁ@msﬁer recorded a temperature but a few degrees higher than
Q“;;tﬁa'bailing temperature of the saluﬁian.in the flask,

’  ’ C. Results. Saturated solutions of ammonium sulfate
and saturated solutions of aumenium sulfate containing up
f;;fg@ 5% sulfuric aeid, these in turn being saturated with
fj!ﬂgmanniumMperaulrate, yielded but traces of hydrogen pere
f& }§§ﬁde. Only when the acid concentration rea@h@d the propor-
Tiffi@n to form aumomium acid sulfate were appreciable amounts
}15:6flhyﬂregen peroxide formed. Bwen so the yield was much
{f’g”}o_a low for commercial use.

,,, _j £ & check on the columm a solution of potassium per=
fixaﬁzzste in 12 ¥ sulfuric acid was tried, resulting in com-

;wVQ@IQial yields. Hence the low efficiency was not ecaused

. by any defect in the column. _
. Table I lists the results obtained. The percent wn-
ed persulfste listed in the last column was the amount

 1;§&und in the residue after the completion of a rum. This
::;éi?esva meésﬁre of the amount of available exygen lost through
f;;é@gggpasiﬁiqn. All yields were based upon the amount of
 ;i§§xéu1fa$e originally introduced.

. D. Effect of Acid Conmcentration. It was quite definite

“fi,an inérease in acid comcentrati®n increased the yield.

‘”]Eé?d@ubt this was due to both the'lowering of the wvapor
/']sﬁre of water and thne removal of water through the
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TABLE IX

E:t‘fact of Temperature and Pressure on Yield
of Hydrogen Peroxide in Flash Column

Yo. Selution '.'Eenp Press. % Yield % unchanged

i C. wmm, Hg. Persulfate
1 EH,HES80, sat. w. (NH,),8,0 8o 25 10.6

g Same ss 1 el2B20% g0 40 8.4 B

B 2134 52 9.2 49,6
4 - 80 60 9.7

6 - 8¢ 160  13.3

R - so 100 13.5 ¥

8 - 8¢ 120  12.4 13.9

8 b 90 100 8.4 18.5

X0 b 70 60 11.2 40,9

X ne&rly sat. w. ( faszea g0 22 59.6

12 Same as 11 20 25 56.9

14 - 95 20 53.4

15 e a8 23 5l.2

16 - 95 4 37.0

18 - 100 23 37.8

18 - 110 30 26.8

# No heat on flask.
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&,_vhyﬁratiqn of the sulfuric @cid. As the wvapor preaaure gf
k'“:i?ihydrosen peroxide is much less than that of water, it was
i;ijgggasﬁary to remove the water or lower ite vapor pressure
47 &#§&§hat the hydrogen peroxide could distill over,

E. Bffect of Pressure

T e. With the saturated ammonium
 v°j§$id sulfate solution, increase of pressure up to 100 mn.
fi;&af’mareﬁry inoreased the yield. At pressures above 100 mm.
t;ha yield decreased. However, with the saturated ammonium
/ §¢g1d sulfate solutions made 12 E”‘itﬁ~3“1f“ri° scid the
:ffﬁﬁiéid inereased with decrease of pressure. It was to be
_ exected that the yield would increase with decrease of
li;¥§§§35ure, for by that means the quantity of hydrogen per=
. mide decomposing would be decreassd, The umazpected be-

~ff“§ﬁx§qr of runs 1 to 10 was inexplicable, There was only

f {§fkery slight increase with a great increase in pressure,
1729iﬁdi@&tiﬂg th&t-in this case the yield was quite insensi-
“ftive to pressure. But for runs 1I to 19 a very slight de-

,_ffsreaae in pressure increased the yield appreeiabiy; This

yould indicate that the latter were the more accurate deter-

mingtions, and due to their high yields, by far the mare
rtinent aneg in this study.
A%t any presgure an incresse

af tempera&nre up to QQ C. increased the xield&g but ahove

"ft the yield decreased. This temperature, most likely,
the threshold temperature above’which rapid deeomﬁoaiiion

‘l,ﬂxeggnzﬁeraxide ccours to decrease the yield.
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» Run ’! was made with the residue in the flask cold -
iny the column was heata.‘d.‘ This was made in order to de=~
temine whether any hydrogen peroxide came from the distile
j Mien of the undecomposed persulfate in the flask. A com-
Wison with run 6 shows that no hydrogen peroxide was real-
imd from that source.

It was feared that some of the loss of persulfate was
as.usad by the exidation of ammonix te nitrates or nitrites.
:jf Emfaver, a gorticm of the distillate when tested with "nite
i mn“ failed to indicate even & trace of nitrate.
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II¥. BATCH DISTILLATION

» it was observed that solutians of gersﬁ$£8$s; on stane
iwéiﬁg over 24 hours, evolved oxygen. Upon titriticn of the
;iaalutian, it was found that 95% of the available oxygen was
:fin the form of hyﬁrogen,perux&ﬁ&. if such was the case,
jlthﬁ persulfa&e, on atand;ng, !ag hydrolx:a& to hydrogen

krFQIQXIQG as followss

NH <0-8050  HOH B-0
f > * —> 28H;~0-S0,-0H +  °*
HH, ~0-80,-0 HOH ' H-0

!Q&is might sccount for the instability of persulfate sol-
igﬁ&ians en sfanding through the éecampaﬁitian.ef hydrogen
 ﬁ§ruxide. Upan running a time conversion study, it was
yﬁfghhd.thax at the end of 12 hours the hydrolysis reached
: i£s peak, and that no appreciable loss in available exygen
 £63£ #1&¢8. From 12 to 24 Eﬁ&rs the pereent\eqnwersian
ﬁgkéyed the same, but there was a slight loss in xv&ilﬁhle
féﬁwgan. Hence, if a freshly prepared solution of smmonium
fﬁgrsalfa&e were allowed to age for 12 hours and then dis=-
7£illed under reduced pressure, the yield passibly'wamld equal
or be greater than that obtained in the flash column. At
;ﬁ&é same time a complicated, umwieldy piece of squ;ymeﬁt
fﬁaﬁid be eliminated. '

. Table XIIX lists the results of this invcatigs&ian.

;@p ordinary Claisen flask, heated by an electric furnace
min Part II, A, was connected to an all glass, upright,
fﬁﬁﬁral condensor. At the end of the condensor was attached
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TABLE XII

. Y¥ield eof Hydrogen Peroxide on Batch Distillatien

- Ne. Solution % Yield
1 Sat. HH,HSO, 12N w. Hy80, immediately
o after & t%elyaia - DTed
& Same as 1, 12 hr. age 69.5
& ea 1; 24 hr. agea éﬁ.?
8 Seme ss 4; 12 nr. sse 61.3
o Sat. m“es% 21X w. g‘,s% - 39.2
fmxng slevsly inte n2t Sesidus 16.5
g 143 Same as 93 feeding rapidly ©BGeb
31 Same as 2; slow distillation over

4 hrs. 38.2

Note: In all these runs, pressure was 6-10 mm. Hg.
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ff@s modified Gerhart equipment for taking fractienaq In
_this case the vacuum was provided by & “Hyvac® eil pump.
‘Reasoming from the results obtained with the flash column,
?ﬁﬁé*iaueet p@essure obtainable was used. A 75 ml. portion ,
{ef the persulfate solution was added to the flask and boiled
frapidly'until the first trace of white 80, fumaa ware vise
»}i§13~ At this peint steady ebullition ceased and violent
féﬁﬁying set in. The whole time consumed for a distillatien
;gweraged 30 minutes.,

. As is indicated in Table III, the yields were slightly
ﬁbetﬁar than those obtained in the flash caluma, and they
fincrﬁased with acid concentration up to 15 N sulfuric acid

{bafore beginning to decrease. Allowing the solutions to

7age,frqm,12 to 24 hours also improved the yield slightly.
:£u no csse was any axéilable oxygen found in the residue.
. It was thought that feedine the persulfate solution
ginto the hot residue of a previous run might simulate the
‘eonditions of & flash distillation. But the results of

?r&ns 12 and 13 indicate that the hot solutien deeqapased

o peroxide before it was evolved. Run 14 indicated that

ir&gid distillation was necessary in order to p&ewent axw

;txﬁme losses through deeamneaitxen,
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CONCENIRATION OF HYDROGEN PEROXIDE IN DISTILLATE

The volume of distillate &eer&&aed with incresse in
7@@1& coneentration in all cases, being 40 ml. for the sat-
urated ammonium mcid sulfate solution, 30 ml. for saturated
iamm&nium acid sulfate made 12 N with sulfuric acid, and 20
{@15 for all those exceeding 12 N acid. The concentration
: af peroxide inereased in each csse, beinz 0.2 to 0.3% by
‘weight for the first, 0.5 to 0.8% for the second, and 0.6
 £§ 0.8% for the last. The small distillate and the small
euncentration of peroxide eliminated zll possibilities of
iﬁﬁking fractions. Even upon doing so, no change in con-
;gggtraxion,could be detected over the whole range of dise
‘tillation.

ﬁ ~ The necessity for obtaining such low concentrations
‘was quite obvious when it was found that the persulfate
f&ulutzena, when nearly saturated, comtained but 2 grams of
‘ﬁérsulfate per 75 ml., This is equivalent to approximately
 g;3’grams of hydrogen peroxide. Hence, even with a 100%
f&%éld on distillation and the same volumes of distillate,
fﬁﬁe concentration of the resulting solﬁtian wauld contain
gﬁﬁf 1.0% to 1.5% of hydrogen peroxide, by weight. At pre=
%?3‘ there seems no way of inaraaaiﬁg thé cén@entma&ian of
f#ﬁﬁaxide. If the volume of distillate is decreased by
 »§ing more sulfuric acid the yield is reduced; if the sol~

i&ﬁ.ia glggtrg?g;gﬁ.lauger the current efficiency drops
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:apidly'and the persulfate precipitates; and if the current

concentration is reduced the volume of the eleetrolyzing

tank becomes too great for convenience.
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CONCLUSIONS

A comparison of Tables X, II, and III shows that for
iﬁ&&ﬁ overall efficiency é4solutian.@f saturated ammonium acid
~sulfate made 12 N with sulfuric acid should be used either
in a flash column or for rapid vacuum distillation. The
_optimum conditions for flash distillation were found to be
&t & pressure of 20 mm. of mereury or lower, and & column
temperature of 9a° C.

: ” The disadv&nﬁage of low concentraiion of peroxide is
not as great as it may asppear, for irm all commercial in-
‘stallations a redistillation is necessary, Opposed to this
?gme the advantages of greater overall efficiency, no loss
'infpiatinnm;cr raw materials, greaster flexibility, and con-
’ﬁiﬂuity if the flassh colwmn is used or semi—eOntiﬁnity for
Jkixch[diatillatién, By using batch distillation the come
;ﬁiicaxed expemsive eguipment mow used m&y be completely
]eliman&ted and replaced by simple, inexpensive apgﬁxstna.
;@haa the overall cost for the production of hydrogen per=

‘oxide can be greatly reduced.
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SUMMARY

Saturated ammonium sulfate with varying proportions of
m;;lfuric acid were submitted to electrolysis to form the
fipiérasulfate , and subsequently decomposed through vacuum dis-
%éill&tien to form hydrogen peroxide in érder to determine
uﬁz&ther the overall efficiency of hydrogen peroxide formation
@é&ﬁd be improved. A saturated s‘aluﬁian of ammonium acid
mxlfa,te made }2 N with sulfuric ascid was found to give the
best overall efficiency in the flash column and & slightly
v;;grge;ter yield through rapid vacuuk distillation. The ad-

varntsges of this process over the ones now in use ares
(1)} no loss in platinums;
(2} no loss in raw materisls;
(3) it can be made continuous or semi-contimuous;
(4) sdded flexibility of eperation.
, The enly disadvantage encountered was the low concen-
'ﬁr&tian of the produced hydrogen peroxide solution.
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