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Til E CO~[POSITION OF THE ACID FLOWING FROM 
TilE THOMSON DISPLACEMENT APPARATUS FOR 

THE MANUFACTURE OF GUNCOTTON. 

BY GEOROE W. MACDONALD, M.SC. 

Tho details and method of working the Thomson ap· 
pamtus for the manufacture of guncotton have been fully 
,k3lt with by Colonel Sir Frederic L. Nathan in a paper 
,.-d before the Society (see this J. , 1909, 177). For the 
pu rposo of following the results to be quoted it is, conse· 
'Iu ~ntly, only necessary to state briefly, that the cotton 
.... Ie is immersed iI1 the mixture of sulphurio acid and 
rIltrio Aoid contained in shallow earthenware pans provided 
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wi tb " stop·cock at the· lowest point. When nitration 
loo romploto, at the end of 2! hours, this cock is opened, 
an,l. AA the acid slowly mns away, the water runs in on 
VIp nt nn oquivalent rate, and the acid is thus completely 
,Ii._ placed from the guncotton. At the Dartford Guncotton 
I\" ,rk, of Messrs. Gurtis's & Harvey, Ltd., the course of 
Ih, di' placemont has been followed by analysing samples 
.. / ar i,1 which were drawn, at fairly frequent intervals, as 
" .. placoment proceeded. The results are given in the 
'"Uowing table :-

Time 

revivified, and allowed to flow to the storage tank holding 
the acid which is to be denitrated and concentrated. The 
interesting point is brought out thllt sulphuric acid is 
displaced at a relatively much more rapid rat e than 
nitric acid, and that, for a short time durin~ displace. 
ment, the percentage of . nitric ac,id actually rIses in the 
jjj! jill!l MI~ : M IHI IljifJII\H"'~Hm Hi lflll<Y. jlllrllBps be SU!!, 
gested that the guncotton fibre has 1\ selective adsorption 
for nitric acid, or that a labile nitrat.e has gradually broken 
up. The nitrating acid in use at the time that the experi. 
ments were carried out had a composition suitable for 
the preparation of guncotton intended for the manufacture 
of cordite. Quite similar results, as regards the course 
of the displacement, have also been obtained where the 
acids used were intonded for the manufacture of cellulose 
nitrate of a high nitrogen content, and a high solubility 
in ether.alcohol, and further, a low nitrogen content and 
total solubility in ether·alcohol. These acids have higher 
nitric acid and water contents than the acid used for the 
manufacture of cordite guncotton. Readings were also 
taken of the temperature of the acid mnning off during 
displacement. Table n. gives these results, and, in addition, 
the specific gravities. It will be seen that the rise of 
the temperature is very regular_bout 1° C. every 15 
minutes during the first 150 minutes of displacement. 
From this point a rise of 3'5 C. takes place during the 
next 15 minutes, after whioh the . temperature remains 
oonstant. 

Tlme' from 
commencement Temrr;rature Speclfie 

of disOiacement. C. gravity. 
Mina.) 

5 12·5 1-782 
15 14·0 1·781 
30 16·0 1·780 
45 17·0 1 ·778 
60 17'5 . 1·777 
75 19·0 1·776 
90 20·0 1'775 

105 20·5 1·774 
120 21·0 1·774 
135 22·0 1·774 
150 23·0 1-760 
155 24 ·0 1'74 
160 26'7 1-688 
165 26·5 1·542 
170 26·5 1-300 
173 26 ·5 Hoo 

From the detailed results we have the following data per 
get of 4 panR :-Beventy·eightper cent. of the acid collected 
to be dealt with in the factory was revivified. The ratio of 
nitrating acid to cotton waste Was 34·37 to 1. The rate 

Deta lls. 
occupied In Weight of Collected Speciflo Sulphurlo Nltrlo Nitrous Water. 

Orl(1 nal aold as UB ed for nltratlng i 
\ r ',1 collected for r eviviflcatlon . . 

\ ,,·1 to be denitr 
«nlt, ted .• , .. • 

ated and con· ........ .. ... 

\ r»! running to w Gste to dral n . 

collecting 
acid. (Mina.) 

~ 

145 

{ 
25 

8 
3 
3 
7 
7 

45 

acid. between 
sp. grs. 

2750 lb. -
(collected) 
2033 lb . - to 1·76 

324 
" 1-76 to 1·7 

86 
" 1-7 to 1·6 

35 
" 1·6 to 1·5 

33 1·5 to 1·4 " 83 
" 1·4 toH 

71 
" H to 1·0 

680 " . until free 

gravity. aoid. acid. acid. 

1·79 70·84 21 ·26 0 ·53 7·37 

1·778 72·93 17'57 If 0·56 8 '94 
1·757 71 '55 16'46 0 ·56 11-43 
1·68 61-03 18 ·26 0 ·45 10·36 
1-57 51 '56 18·86 i' 0·31 20 ·27 
1·47 42 ·22 17·99 0 ·24 30'66 
1-236 21-04 11 '83 • 0·16 66·07 
1·050 4·24 3'~1 ' 0 ·15 92·0 
1·006 0 ·48 0 '44 0·10 98·98 { from acid. 

in F, ~tlr~ 1 the percentage amounta of sulphurio acid, 
... d' "':Id, and \vater, are plotted against the specifio 
" , \ ,l ' O' ij of. the samples of acid, commencing with the 
'.' \hn ~ IIcld iteelf. In Figure 2 they are plotted against 

. III minutes, beginning from the point where the ' 
.. .. i "'RM shut off from the storage tank for Boid w be 

.. - -- -------

of flow of the acid to be revivificd was about 14 lb . 
per minute. The loss consisted of, approximately. 
6 lb. of sulphuric aoid and 5 lb. of nitric acid , (0'4 per 
oent. of the acid originally used), or only about 0·08 lb . 
total loss of both acids per lb. of guncotton produoed. 
The lI.tIlotiJ1t of Aoid to be denitrated and concentrated 
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was 4'121b, per lb. of gunootton produced. The amount 
of wat&' consumed during the whole of the dispis,oement 
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was about half a gallon per lb. of gunootton produoed. 
My thanks are due to the Directors of Measrs. Curtis's & 
Harvey, Ltd., for permiSSion to publish th~se results. 

DISCUSSION. 

Dr. ROBT. ROBEIi1-soN said that on acoount of the 
importp,nce of t·he quantity of acid in the firs t boiling of 
gunootton, any informatioll Buch has had been brought for
ward regnrding the mechanism of the Thomson displacement 
process was of Interest. 

As regards the significanoe of the phenomenon, it seemed 
that the table might oontain the data for deciding if 
hydrolysis of a higher nitrate of cellulose had taken place, 
for Benl and Klaye (Zeit. f. d. g. Sch.-u. Spreng, 2, 403) 
had found that, when tbey transferred highly nitrated 
cellulose to an acid bath capable of produoing a nitro
cellulose of a lower degree of Ilitmtion only, a denitmtion 
of the former resulted. 

He had not found that nitric or sulpllUric acids of 
decinormRI strength were markedly adsorbed by nitro
cellulose, although alkali of this strength could be adsorbed. 
Haussermann (Zeit. f. d . g. Sch.-u. Spreng., 3,121) had shown 
that with stronger nitric acid, the first stage in the nitra
tion of cel\u\cse was most probably the formation of an 
adsorption compound. As gunootton was not fully 
nitrated, there existed the possibility of its adsorption 
of nitric acid, and the matter might be settled by determin
ing t.he affect of the addition of guncotton on the composi
tion of mixed acids of the various strengths given in tho 
table. 

Mr. JAg. M. THoMsoN said the author stated tha.t 
0·08 lb. of acid per lb. of guncotton ran to waste; and 
that agreed very well with the results th",y found at 
Waltham Abbey, though t.hey allowed 0'12 lb. of acid 
lost per lb. of guncotton. Objectors to the process found 
that the nitrio acid rose when the displacement reached 
a point close to where the water jc!ned the acid. They 
came to the conolusion that the guncott.on was highly 
nitmted at the beginning, and that when the water layer . 
mixed to some extent with the strong acids the guncotton . 
Hetilitilt; tl ll: IUHlHe14: I tj.iIUH: t~l!th; lflllHt .IlliiE!tHiS Bllfl:H\.~ i 
but till expcrIm~nrs eu to nle poncluAlOn tllut tne .OIS-

placement process gave a better stability than the ordina.ry 
Jlroces9. That had · been shown _ very definitply by 
))r. Robertson; and they had founu t.he same thing at 
WI~ltham Abbey in doing Bome experiments. The nitric acid 
did rise thore too, but as mauy scemed to be afraid of the 
ijtabili~y tho¥. concludcd Ilaturally to draw v~ry 1i~~le 
I.\UOlltlOJI ~() It-., At. the fil'~t he Wll~ almost afraId to O!H. 

p1e.ce the older process altogether and adopt the new one 
but. being assured that the stability of the product waM 
excellent, they adopted the displacement process and it 
had turned out quite satisfactorily. With regard to 
adsorption of nitric acid by guncotton, that waR quite 
a new theory to him; but it was quite possible that both 
conjectUl'es might be correct. At -any rate ·it was quite 
certain that there was a de-nitrification of the guncotton 
when the acids became reQuced in strength. As Dr. 
Robertson had pointd out, if highly nitrified guncotton 
was immersod in We!LKer acid the nitrogen content was 
reduced, this would to some extent explain the inorease 
of · llitrio acid at a oertain level in the W!Lste !Lcid which 
came away. 

Dr. W. R. E. HODOKINSONS!Lid, \vlth regard to. adsorption, 
that something of the kind undoubtedly took place between 
gunootton and bonzenoid (partially llitrated 01' not) 
substances when njtrated togethl'r. The figures obtained 
on analysis and general behaviour of the products pointed 
to it very distinctly. 

Mr. E. HATSCHEK said a.s fa~ aB the adsorption theory 
went, if there was adsorption it was absolutely abnormal 
adsorption phenomenon. All normal adsorption proceeded 
according to the same exponential formula, and the curves 
would more or less approRch an equilateral hyperbola. 
Unless a small part only of the curvo was drawn to a scale 
which did not. shew its nature there was nothing of that 
sort here. He had also used, not indeed gunootton, 
but acetic acid collodion gel in aosorption experiments to 
a considerable extent, and had found that the adsorption 
always proceeded normnllyand that the descenc :ing curvos, 
which were here straight lines, were invariably in the 
~hape of an equilateral hyperbola. 

Mr. G. W. MAODONALD in reply, said Dr. Robertson 
had already referred to the question of th!l ,york of H ausscr
mann. Both Knecht and Haussormann had shown the 
existence of labile nitrates of cellulose under the 
following oondition~ :-On immersing collulose in dilute 
nitric aoid, removing the adherent acid first by 
pressure and finally by' exposing in vacuo over freshly 
burnt lime, a cellnlose nitrate of about 7 per cent. nitrogen 
was produced. On immersion in water, nitric acid was 
liberated, thus pointing to the breaking up of a- labile 
nitrate and the production of a stable nitrate containing 
a lower percentage of nitrogen. The symmetrical natur~ 
of the curves for water and ~ulphuric /lcid appeared to 
show, conclusively, that there was no adsorption of sulph
uric acid by the guncotton fibre. Thore was probablv 
a. oonsiderable breaking up of the cellulose nitrat e which 
cRused an increa.se of nitn c aoid in the mixed acids. He 
had had considerable experience with nitrating centri
fugals before Mpssrs. Curtis's & Harvey introduced tho 
Thomson system. A brief comparison of some of the 
points of the two systems might be of interest. When 
u8ing nitrating centrifugRIs the ratio of mixed acids to 
oellulose was at least 60 to I, and if a circulating system 
was employed a very constant composition of the nitrating 
acid was thus obtained. The total time of contact 
of t he cellulose and acid was less than one hour, alld the 
nitrogen content of the cordite guncotton produced, 
when using an acid of the same composition as in the 
displacement process, was frop 13·1 to 13·2 per cent., 
and was thus quite appreciRteiy higher than the nitrogen 
content of displacement cotto which averaged praotically 
) ~ per cent. Every pound of guncotton from the nit.rating 
centrifugal carried away ~ith ' it, at Ipa"~, one pound of 
adherent acid, which was lost by drowping the guncotton 
in a very large volume of ,vator. This loss of acid was 
equivalentr-takit;lg thp. market ~r)ce of s lllfhUriG ah~l 
Hitfl8 il8i~=~8 .lI: HI:1H~ £8 H(lF £SH If ~1If18BH!l ! IWflf!l-lPr.rI, 
Consequently, III tlie qu estion <! economy the process · 
introduced by Messrs. Thomsoll offered a very considerable 
advantage, since it brought down this 108s to a,bout one
tenth of the abovo all)oullt. One point advanced against 
the system was the considerable amount of dilute acid 
which had to be dealt with by donitration ami concell
tration, but this expense was more than coun te rhalallced 
by the ot-her eoollomios intro<iuceq: 
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