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of the nitric acid present in Buchmann filtrates,
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point. The study was made to determine the minimum
amount of base necessary to prevent the appearance
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THE POTUNTIOMETRIC TITHATION OF FILTRATES s """_""]

FROK '[!, BACHMANN PROCESU
. CONFIDENTIAL

ABSTRACT

The details of the study which led to tiie use of the glasc electrode
for acdjusting the acidity of Bachmann filtrates previous to distillation are
presented. Titration data for various synthetic mbxtures are given. Tnese
dat: indicated that by adjusting the pH of the solutions-to about 2.0 with

concentrated amnoniun hydroxide, the nitric acid should be converted to

ammonium nitrete anc thus be retained in the distillation residue. In
practice, several Bachma::m £1ltrates were adjusted to various hydrogen ion
concentrations and then distilled. In most cases where tlic pH wis 2,0 or
above, the ferrouc sulfate tust was neg;five anc the phenoldisulfonic’acid
test indicated less than 100 rpm., of nitrate ion in '1,he distiilates from
these solutions. 'vﬂxén the pil wis lowered to 1.8 the ferrous .éulrata test
was still negative but the phenoldisulfonic acid test indicated asore than

100 ppu. of nitrste ior ir the distillate.

~

DISCUSSION

_In recovering the acetic scid from filtrates obtained in the Bachmunn

proccss for the ;;reparation of RDX, it i« impdrt&mt for the amount of

nitrate ion in the distillate to be very low, preferably less than 100 ppm.
Distillation of the diluted fiitrates without furtiier treatment does not

give a satisfactory distillate. Bachmann titruted the filtrate to the end

point of thylmolsulfonphthalein (Thymol klue; ph ringe, - 1.2 to 2.8) und
found that t‘,heurerrous_ sulfate test on the distillute wee negative, The
ciifficulty in ugsing this indicator led to the use of the glaés electrode.

_ Potentiometric titrations, with toncentrated :mmonium hydroxide,werc

: - hexamethylenotetranine-water, and
run on synthetic mixtures of nitric acid—dcutic acid,/ hexamethylcnetetramine

dinitrate—BO% acetic acid, s:lmilarly solid ammonium nitrate was used to

ntitmten 33% acetic acid. The results of all these detemmm
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l';m:'lm 2.0 not enough free nitric acid was present to appear in

the distillate. This was found to work satisfactorily in practice. A

‘series of Bachmann.filtrates, adjusted to a pH of 2.0 or above, with con-
centrated ammonium hydroxide and then distilled, showed less thun 100 ppm.
of nitrate ion (phenoldisulfonic acid test) in the distillate. Lowe;ing
the pd to 1.8 increased the amount of nitrate ion in the distillate‘to

above 100 ppm.
Wh;le the results of these studies have been comaunxcated orelly to.

other rescarch groups. in this Section, inquiries regarding the details -of
the procedure cause wsto presant a complete report at this time. Tue
technigues’ described herein have been satisfactorily demonstrated at the

University of Toronto by repcating the titration of a synthetic ccetic acid-

nitric acid solution and a typical RDX filtrute diluted to 30¥ acetic acid.

The advuntages of using the glass electrode rather than an indicator
include, a) ease of operation, b) relative frecdon from observational errofs,
and ¢) the possibility of adjﬁating an entirs batch to the desired pY

onec operation.

It may be noted here that this titration procedure in its present i'orm
" 18 not considered a quantifutiVe methoé for the determination of nitric
acid in acctic acid solutions, but simply a convenient meons of adjusting
the acidity or Backmann filtrates to prevent'nitrutc’ion contamination of

the acetic acid recovered by distillation,

EXPERTMINTAL

1. Apparstus and Procedurc used for the Potcntiometric Titrations.

A Beckmann pH meter, Model G, (National Technical Labor:itories,

Pasadena, Culifornia, sold by the Fisner Sciontific Company) wrie used for

the potenflomctric titration studies réported hervin, The titrations were

carried out in large becakers using an external shielded giass electrode

4 o




+~  CONFIDENTIAL

(4919-V3) und & sealed calomel clectrode (4919-V5). The pote'n'tiometer was
first adjusted 3o that it rc;ad = pH of 4.00 vhen the electrodes were immersed
in a buffer mixure of that.pH (Harleco, pH refercnce solytion No.l,
potassium hydrogen phthalate, pH = 4.00 £ 0.01 at 259C., prepared by the
ilartmann-Leddon Company, Philadclphia, Pennsylvanic and supplied by the

Fisher Scientific Company, Pittsburgh, Pcnnsylvania).

The electrodes ;vere placed in the solution to b titrited and con-
centrated ammonium hydro:dde was added from a buret;.e > with mechanical
stirring. Any changes in the tomperature of th: solution ciuring the course
of the titration were corrected by adjusting the tewperature compcensator
on the tpptentiometer.- As z gcneral practice t;w rvedings wor  taken one to
two minutes after adding ‘each milliliter of basc. However, as tie desired
end point was apprc;nched this time waz inereased, since in certain czses
it was noticed that as the scidity decreisel the readings "drifted! for

several minutes after the addition of the ammonium hydroxide before becoming

constant, A five minute period of stirring with no change in reu@‘iing was

-

considered a satisfactory end-point for tne ond of the titration.

II. Potentiometric Titration of Synthctic Mixtures.

A€ Nitric Acid-Acetic Acid.

A sample of 60 ml. glacial acetic acid was diluted to 200 ml. with

distilled water to give a 30% acetic #cid solution by volume. The pH of this

T e

solution was 1.71. On adding 10 ml, of 70% nitric acid the acidity increased

to such an exteat that the pH could not be read on the instrument used. This

" mixture was titrated witii concentrated ammonium hydroxide (Ammonia Assay
s , | 7 .
= 28%). The date are summarized in Table 1., and shown graphically in

Figurc 1.
From Figure 1 it can be sebn that there is 2 rapid increase in pH per

ml. of ammonium hydroxide over the pH range 0.5 to 3.5 with the mid-point

of the inflection in the curve lying at = pH of about 2.0. cmmmA‘_
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oz T CONFIDERTIAD
were obtained over the pH runge 0,0 to 7.5 corrcesoonding to the scuilve-
lence point of acetic acid., Siuece in the titrution of acid wixtures, the
stronger acid shwuld be neutrulized first, the first ian.Lec'tion da tho
curve is due to the neutralization of nitric sacid. A caleniation of the
mnoht of amoniun& hydro)d.dc'req\droa to neutralizc the nitric ccid in-

dicated tiat 10.66 ml., of amnonium hydroxide is rejquired for tha complete

neut;'alization of the nitric acid added. This corresponds to a pH ov

about 1.2,

Avmonium hydroxide mi. =~ 10X lehe 3 0,70 » 17,03 _ 145 g6 m1,

62 x 0,90 x 0,28
B. iiexamethylenetetramine Dinitrate - Water.

To 180 ml. of distilled water 20 £. of hexamcthylenotetraaine
dinitrazte was added. The so'.!.ution was titrated with concentrated amronium
hydroxide. The data for duplicate determinations aré given in Table 1
and showﬁ graphically in Figure 2,

The curve obtained by plotting the data from each determinition

shows two inflections., This "inriicatea' in a praliminary way that the

"aitric acid" is neutralized in two stepz, | 7 .c:—-.lcul_a.t:lun st.ows tiat 5.1 ml,
ant_i 10,2 nal. c‘:f concentrated ammoniur hydroxide Aarc required for aalf and
complete neutralization of the "nitric gedd" respeetively. It wili be
noticed that these points f:.Il very close tc the inflections in the curve;
the first reflection occurs; <_3var ~ pd range of 1.5 te 'I,.S ana the second
over the range of 6.0 to £.5. Thasse pil rangges correspond roughly L. the
ranges determined (Figurd 1) for the neutrzlization of mixturcs of nitric

and acetic acids,

C. Hewxethylcnetutramine Dinitrato - 30%'Acetic Acid,

To 180 ml. of 30% acetic acid, 29 g. or liexumethylenotoetranine

dinitrate wis added. The solutijon was titrated with concentrated amonium

‘nydx"oxidc. The data arc given in Table i =und siown graphically in tigure 3.
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From Figure 3, it can be seen that the inflection in the curve
lies close to the equivaient point for neutrelizing nalf of the "nitric
acid". This agrees well with the dat:z obtained when the titration ié
carried out in water solution (Fizure 2). No bresk in the curve is
found for the rcmaining "nitric acid" when the titration i wade in 307
acetic acid. This may indicate that the mononitrate (?) of hexamethylene-
tetraaine is an acid having a'ntrnngth equal to or slightly less than

acetic acid.

D. The Addition of Ammonium Nitrate to 33% Acctic Acid.

To 30 ml. of glacial acetic 2cid in a 100 ml.'VOluuatric flask,
water wis added to bring tho solution up to volwne, The pH of the solutdon
was determined., A éotai of 10 g. of cmmonium nitrate was added to the |
acetic acid solution in 1 g. portions; tho . pH wae determined after each

addition. The duta are shown in Table 2,

7 TABLE 2
THE EFFECT OF ADDING AMMONIUM NITRATE TO 33% ACETIC ACID
Ammonium

Nitrate
S Y-

HEHRHRRPR PR

[ ] L ] [ ] .
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The data in Table 2 show that the presence of 10% ammonium nitrate

in the titration mixturc would have little or no e¢ffect on the titration,




=
E. Swmary.
The results may be summarized briefly as follows -

l. Nitric acid may be titrated in acetic acid solution with
concentrated ammonium hydroxide to become essentislly aummonium
nitrate at a pH of 1.0 to 3.5.

2. In water solution hemcﬂhylénétetmmine dinitrate appeoars
to.behave as « dibasic acid, one halt of' the acid being
neutralized-at a pH of 2.0 to M0, the remainder Beim
neutralizod at « pH of 6.5 to 8.0.

; In acetic acid solution, one half of the acid in hexa-
methylenetetremine dinitrate is neutralized at a pi! of
1.0 to 2,5, the rem:-xinder shows no bLreak in the curve at

its equivaleno puint ! -

Ammonium nitrate, up to 108, has little or no effett on

the pH of 33% acetic acid.
The above results indicate that the use of the glass
. _electrdde is satisfactory for méasur.ing the end point of
the neutralization of nitric acid in 30% acetic acid solution.
III. Potentiomatricl Titration of Bachmenn Filtrates.
A. Complete Titration Curve for a Bachmann Filtrate.

A 100 ml. sample (104.5 g.) of filtrate, from a Bachmann RDX
preparation run according to dirvetions V-61, was titrated with concen-
trated smmonium hydroxide. The results are given in Table 3 and shown
graphically in Figure 4. As in the c;xrvos previously presented in connec-
tion with the study of synthetic mixtures, the curve for a Bachmann
filbrate shows an inflection over the pH runge 1.0-3.0. The mid—point;
of the inflection lies very close to a pH of 2,0. The calculated ecuiva-

lence point based on a nitron nitrate deturmination lies at a pH of 2.8.

This is in line with the¢ faets that the nitron method detémines total
co

na-.—-snn-...‘.,u_!.. . Ry




TABLE 3
COMPLETE POTENTIOMETRIC TITRATION OF A BACHMANN FILTRATE

i CONFIDENTIAL s
:
l
; WITH CONCENTRATED AMMONIUM HYDROXIDE

The aliquot used for titration was taken from PSC Run No. 3, made
according to Bachmann's Directions V-5L: Volume - 100 5id. (104.5 g.)

Ammonium " Ammonium - Anmaonium - Ammoni um
Hydroxide Hydroxide Hydroxide Hydroxide

—e . B ma . @l WL —ml. = _pH

0.36 3.89 40.0
0078 3.98 g hloo
1.40 4,02 42.0
2,32 4,10 4245
2.63 4.18 43.0
2.86 be20
2.99 4e31
3.12 4e39
3.21 L4
3.3 4450
3.40 Le3h
3.48 461
3.58 4.68
3.69 La73
3.79 14.80
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nitrate including both of the nitrate groups in hexamethylenetetr.mine

=9

P P P ..

dinitrute whereac only one is neutralized at thie pH in acetic acid
solution. The second inflection in the curve occurs over the ph range
6.2 to 6,0 with the niid'-point lying close to pH 7.3. This corresponds
very closcly td the acld=bage equivalence polnt of the solution ac
deteruained by ordinary titration with sodiw:s hydroxide using phenol-

phthalein as tnoe indicator.

B. ltie Usa of pH Measurcoments in: the Recovery of Acetic Acid from

Pachmann Filtrates,

Bacrmmann filtretos wer.: wljusted to vﬁrioua hydrogan ion con=
centrations, then distillcd, «ni nitrete toste wers rado on ©he it
tillates. " The titr-tion 'd:z‘f,:; ~ud e pesults of the nitrate tesic are
given in Table 4, Typicul itl.-at'io:'-. curves are shown am figure A,  The
percent. zcetic acid recovered in the different ring haz hecn reported
before (ieport Serisl No. 182, frow Tie Pormsyivania Stote C;)].legr':).

C. S wry.

¥rom an examinaticn of the date presented in Tablees  and 4 and

showa in Pigures 4 and 5 it sy be soun that =
1. The prictical results check the prodicticns made on the
bHasis of the results oblained with symthetic mixtures.

The pk of the original diluted filtrates oz deteradned on

aliquots frowm the sauc or differcnt runs ugroe surprivingly

well. The . resuitc frow ftuns CU=3-PSC-L 2nd 5 where Loso
aitric acid win used are sidfted do the right Jircction.
The order of aamiltud: of the voluwae oi’ azoniun avaraside
required 1o uijast the filtr-tes to 2 givea pH, whun i

amount of filtrale used i cunsidered, ic tie sume jo most

CuBiS,

* - " N,
3 L e & e apn
- ':.‘ w T t "“
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It can be scen that in the titration of a sevies of fil-
trutes from different runs the inflection in the curves
appears over cssentially the sume pH range in all cases,
and very closely approximates that determineu using ;
synthetic mixtures. (1.0 to 2.5)s

With the exception of two of the early runs, when the pH

of the filtrat: was 2.0 or above the ferrous sulfitc test
in the distillates from the filtrutes, was negati%e and
the phenoldisulionic acid test indicated definitely less
than 100 ppnt of nitrate ion. On -adjusting the pH of a fil-

trate to 1.8 more nitrate ion was found in the distillate,
RECOMMVENDATICNS

On the basis of .the data presented it is feasible to use the glass
electrode for titrating Bachmann filtrates for the purpose of preventing
nitrate ion contamination of the distillate, in the process for the

recovery of acetic acid. It is recommended that the pH of the filtrates

be adjusted to not less than 2.0,
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