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EDITORIAL 
Briti.h Industries Fair 

ON Monday nexttbe 20th inst. the Briti!'l.h Indm~tri{'~ 
Fair for dIe year 193.3 opens at Olympia and the 
Whitf' City in IJondon and at Castl~ Bromwich 

in Hirmingham and it. will he duly honoured by statf' 
n~jts by a number of djBtinguiBb!'d pf'ople amI h~' 
unofficial visits by fl much larger number of p('oplc 
WhORC' importance is derivrd from the fact that they 
aft" buyers of Bril,ish gOOdR. So far aR -"Vf' can judg'c 
from thE' official notic('s al)Qut the Fair and from the 
accounts of the exhibits furnished to us bv the exhibitors 
tbe Fair this year will be as full of inte~f'st and heltut:v 
as its many predecessoTR. Fain; of this sort are a 
novelty in Great Britain, and a very pleasant and 
useful noyelty too. They derive their inspiration and 
worId-widB importance in the main from the Depart­
ment of Overseas Trade but this department has heen 
noLly assistp.d, so far as Birmingham is concerned, 
by the energetic Birmingham Chamber of Commerce 
and so br as London is concerned bv the activity 
of s('vcral powerful organizations onc ·of which, the 
Association of British Chemical Manufacturers, if; 
particularly dear to the hearts of chemi._<;ts, for ·it has 
dont' much during the last sixteen years to promote 
the prosperity of the c11emical industry of this country. 
Those who visit the exhibits of chemical manufacturers 
a~d of manufacturers of chemical plant at the Fair 
wIll be greatly impressed by the many novel features 
t~at indicate our recent progress in both these indus­
tnes. The organization of these sections in the Fair 
has always been a- matter for sincere congratulation and 
the \'isitors to the Fair and the readers of this JOURNAL 

should be very grateful for the trouble taken on their 
behalf and for the zeal and skill that a.ccompanied 
such trouble. In fonner vears we used to thank and 
congratulate the Association of British Chemical 'Manu­
fact~ers in general and Mr. Woolcock in particular. 
DUrIng recent years gratitude should be equally displayed 
~o the A.~sociation in general and to Mr. Davidson Pratt 
ill particular. It is only our slavish adherence to 
precedent that prevents us from mentioning by name 
several distinguished Civil Servants whose labours 
have contributed 80 much to the usefulness of the 
Fair and the comfort of the visitors. 

Hydroqumone 
The camc-r;\ 1m,8 b\"l?-n l-l,O much an t"'\'tyd.~\'y }1(}\',gel",p,ion 

of mo."t of us that it is of DO litth' interest that the 
slogan ., you InesR the hutton and we do 1,he rest ,. i!3 
hecoming not only yenerable hut. what L'l more import~ 
ant, all~British in itK import. Thanh to the lahouro; 
of ~ir Herbert Jackson and his numeroUS as~ocin.teR 
in t,h(' firld of optical glass. the lpD.-:eR of our ('ameras no 
longer have t,o be supplied from abroad, whilst for some 
time film>; and emuhlions have beeu made in this 
(;ountr~': it wal5 only for some of t,he ingredient,.':) of the 
ucveloper that we haye had perforce to crOSf:l the scas. 
At thki vear'R Briti8h IndU3tries Fair there is shown 
at the s'tand of the Association of British Chemica.l 
)Ianufaeturers an exhibit, of hydroquinone to signify 
and commemorate the manufacture of this chemical 
for the first time in England. 'l'his i8 in accord with 
the practice of the Association of British Chemical 
Manufactmers, begun a.t the suggestion of th~ir Chai.r-. 
man of Council, to display each year t,he outstanding 
achievement in the production of neW chemicals. 
Hydroquinone is not one of the chemicals with a long 
and fascinating history. First prep.ared by ~.\tventou 
and Pelletier of quinine fame, and subsequently by 
'WOhJPf, it has been more of theoretical than of practical 
int.erest, especially in view of it.s relat.ion to quinone and 
the t.heories of quinoid structure and its bearing on 
colour formation. As a glucosjde it. is known as arbutin, 
and is widely distributed in plants, particularly in the 
pear and allied species, and in the heaths; it is a power­
ful antiseptic, though its precise function in plants is 
not known. Our moors and orchards may thus claim 
priority over the chemical ma.nufacturer in efiooting the 
synthesis; but once again coal tar has beaten the 
plant as a source of an industrial organic compound, and 
we would have it so, for it would be a sad thought were 
we to have to destroy the moors in order to obtain the 
material to develop our photographs. Few legislative 
measures designed ooth to protect and to develop 
industry have been attended with a greater measure of 
success than has the Safeguarding Act in its application 
to the. fine chemical industry. Wit.hin a few years there 
has developed out of • few firms who were hard pressed 
to hold their own in a. restricted range of products, 8 
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pow(:rlul iwlustry witl! world~wjd,~ ('onneXlOn:;, frpf'l,v 
('onllJ('tint; ill Ernpirt· and ()VerKea~ nla,rkds. The 
mIl"!' ()f Brit j,dl llladf~ produ('ti< i,'! now ti wldr OIll' ami 
liP""" ()IJl'~ are ('OTL<;tant h' heing added, 11:'( in t he iIl~tan(;e 
\\1' !lOW cite, It is undf-'r.'l10od that, tIlf' llydroqujnon(; 
mllrkd if! a. valuable one awountinf,( to £:30,000 pN 
Hunum; thi& in itself i:-; it 1'mbstantial it<'m to liyoid 
h,iyin/1 1,0 r:elld abroad to th(' detriment, of our purchasini-( 
jHnVN of mOI'{' vital n('cf'sl'itif's. TIH' ('hemical indllstr,Y 
ai'f()f{h, [tIl ('xl1111pk of t he advantages of Bcientifi(' and 
('(I-Ilpt'rati\'p dIor!. in t.lmt its progrcsR has heen 
acbicYf'il with thl' goodwin of tllt' ('ust(JnH'~' and not at. 
his (:xpensi'. 

Rubber Research 
It .'Wf'Jm, tll<!1 flu'n' i'l JJ J!mn' dangrr that the Rc,'.;earcl 

AssoeiatioTl (If British Hl1bher Ma.llufacturers will 
(,(lITW to all l'11d ill dw neur futun'. The A,-:sociatl0n 
wa'< founded in HHfl and hal'( 11 lllcmlwfsbip of eight.,"­
;.:ix iinnf;, /Jlll the pC'm,-isi()n ()f the neeesBury finttnct' 
11<1>-: Iweome very difficult during the la.st few Vearl'{. 
]{uh~)(-'r haR fan~n to H n'fY low price a.nd some ~ firms 
tind 1 hat it. ir-l. a hard::.;biv to pn)\'idp fUllds fot research; 
(It ill'r iirrn~ find it (,llnvcuiPllt to do dleir own research. 
und llL(Jugh they flX{' willing t.o cOlltfibut.(' to t.he co!:!t 
uf tIt{' Af::--oeial ion 1/ll'" f('pl 1 hal ::luch contributions 
~huuld lit' madl' on u ,~cll.lp propofiionate 'to the lllag~ 
lIitude of 11h' intpfPHt of the fum in the consumption of 
]'11 bIler .A ~dwmc has t hereiof!, heen devis('d for a 
11'\".\" of uUt' forty-fift.h of It penny per pound on an raw 
Tuhbe1" imported into this (·ountr.,". The majority of the 
firm . .., a'isisting tllf' Association fusour such a scheme 
but suUle firms do not. and legislation ~f'ems t.o hn the 
unty nwanR of achieving the d€'sired result. """'hether 
I"-w:'}J legislation ('itn hI' fftTcf~d through Parliament at 
t h~, pr(,f-Ient iime Rf't'Hls to he a littlf- douht.fu1. and it ha,<:. 
h~en n:preselltt'd to us tl18t thcrf> is no other possib1e 
way of keeping the ;\.Bsoeiatiun in existence. We are 
:H~an' tbat larg(' firm:' Iyho must maintain tl1('11" own 
rel--care}l orgnulliationc; sontetinws feel that their support 
oJ It j{{'s('ardl A}-Iso('iutioll ('ommon to r he wbole industry 
puts them In a delicate position. When directo;s 
fpt,1 t,hat their dutv to their shareholders conflicts with 
tlwir dut y lot be industry as a wbole they are hound 
10 giw t1te preference t·o t.heir own 5hare1lold~frs. On the 
orliN hand. therear(' many prohlems of l:t fundam€'ntal 
Hat nre that can be lUore economically and more expedi~ 
tious}y carried (Jut Lv thp industn' as a whole than hr 
i.my o~le unit, and it cannot be dm{ied that the Research 
AI--~ociation of British Ruhber ~lanllfact,urers has already 
don€' a grf'at UI>;1] of really "aluable work. It would 
bt' It pity jf it.s activit.ies came to an end or were greatly 
diminished, and the chemical industry as a whole is 
largely dependent 011 resea.rch of all1.inds for its pros¥ 
p€'fity. On th(' broudeHt grounds all chemists will 
d('sire that n'sf'arch shaH grow and :flourish; as we 
lack that knowledge of tll€' details of t.he organization 
311d financ~ of t his particular ASRociation that is neces~ 
sary to the formation of a sound judgment on any 
s('heme for its maintenance we can only hope that those 
who know the facts and are directly concerned with the 
great rubber industry wiJI b(' able to take the steps that 
promise to make that industry as successfU]~ and profit­
able, and scientific as is po8sihle, 

A NOTE ON THE VISCOSITY OF CELLULOS 
ACETATE SOLUTIONS 

By T. E. EWSON 

The formation of 8cetone~sol11ble cellulose 8cetat~ 
such as is used in the manufacture of " acetate silk, 
flv the aeetylation of cotton linters with acetic itnhy 
<lrirle in the presence of sulphuric acid and a diluen1 
e.g .. acetic acid) is a complex process. In the firs 
;;tage o·llulo:--w triaeetate iR formed, having an acetyl 
value of approximately 62.5% , That is to say, complet 
acetylation is effected, so far a:-l is practically possibh 
but the product is not free from combined sulphuri 
acid, and the eRfl.ential mechaniRm of the process iJl\TolvE 
thp formation of cellulose sulphates and interaction ( 
these ,vith acetic anhydride, reaction proceeding i 
thiR way until almost the whole of the hydroxyl group 
are acet.ylated. At the same time chain~fi.ssion oc('urs t 
an extent depending more on the temperature than 0] 

a.ny other single factor, In the second stage, water i 
added to the cellulose triacetate dispersion to decompos 
the excess of acetic anhydride (necessarily present t 
bring the first stage to eompletion) and in sufficien 
excess to form about 5% hy weight of the total solven; 
Sodium acetate may also be added to neutralize pal 
of the sulphuric acid. Under these conditions, at abou 
20° C., the triacetate slowly hydrolyzes. Combine 
sulphuric acid is very largely but not completel 
eliminated, and when the acetyl value haB fallen t 
about 5fi~'~ the product i~ precipitated, washed, an 
treated with very dilutp boiling 1:mlphuric acid (" stabilil 
ation "). All but traeeR of combined sulphuric ad 
are removed in this process Rnd further hydrolys: 
O(,CUff', reaction being stopped when the acetyl valu 
has reached, say, 54%" as determined by the so-calle 
chloroform plasticity test (the behaviour of the produ< 
in pure ehloroform being strjctly dependent on tl 
acetyl value). During the second main stage of tb 
manufacture (" hyJ.ratizing") there is then a 1088 ( 
a('etyl~radicles, elimination of sulphates, and furthe' 
some degree of chain~fission, Small temperature chang{; 
during acetylation and hydratizing have a. marke 
effect on the viscosity (in any solvent) of the product. 

It wi1l be evident from this description, that thel 
will be consid.erable practical difficulty in the way ( 
an attempt to show that the viscosity in acetonf!, f( 
example, of a secondary cellulose acetate bears all 
clear relation to the viscosity of the initial cellulose I 

determined by some simpler method of dispersion, f 

for example .in cuprammonium, Cellulose aceta; 
technologists have indeed long doubted whether the1 
is any such clear relation and it has only recently beE 
stated (Werner, Celluloschem., 1931. 12, 320; 1 
1932, 51, 302) that the viscosity of a solution of acet; 
cellulose has no relation to the viscosity of the cellulOl 
from which it has been prepared. It is however t~ 
purpose of this paper to bring evidence to the contrar; 

Disregarding the" association theory" of the COl 

stitution of cellulose and interpreting its behaviour a.loJJ 
t).~ lines of Haworth's chain-theory, it is clear tha.t tl 
viscosity of any dispersion of cellulose or cellulas 
derivative whatever must be related, however rem.ote~ 
to the average chain-size of the cellulose from which. 
was formed. It has recently been shown for enmp 
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In' Okada and Hayakawa (Cellulosechemie, 1931, 12, 
1~3) that the viscosity of cellulose nitrate in acetone 
l1.olution is related to that of the original cellulose in 
cuprammonium. In the formation of cpllulose acetate, 
particularly if the reaction is carr.ied as far as the form~ 
ation of the secondary or acetone-i5oluble acetate, the 
number of factors having an effect on the v1sC'osity of 
thl:' lutimate product are so many and so difficult to 
control, that thp relation to the viscosity (in. Ray, 
cuprammonium) of the cellulose used is likely t.v be 
entirely obscured. By measuring the viscosity howf>vcr 
at the primary or triacetatc stage a considerable 
ilimplification is effected, and by suitable choice of 
('ouditions it is possible to obtain easily reproducible 
\'i"cosity figures. These have Leen compared with 
tht' viscosities of t.he cellulose samples used when dis­
JH'l'f'ed under standard conditions by the xanthate 
process. The methods u~ed and the result.s obtained are 
(>lltlinen below. It was immaterial whether this method 
Of the cuprammonium method was used, and the viscose 
mf'thod was chosen on aecount of its simplicity, Kling 
ann Seger's procedure (P.p.-F.br., 1929,28,433) heing 
tollowed with slight but not material modifications. 
("onsiderable experience with the xanthate method 
11 l'{ shown that the results are very closely connected 
WI1 h thosE:' obtained by the cuprammonium viscosity 
l)ri)('es~. It should be stated that the acetate viscosity 

was devised as a routine method of analysis, 
control purposes in the manufacture of cellulose 

aCf>tate. 

ACETYLATION PROCESS FOR DETERMINIKG THE 

VISCOSITY OF CELLULOSE 

The sample of cotton linters is thoroughly mixed 
<lnd left for 24 hrs. in a box at room temperature for 
thE:' moisture content to become uniform. A portion 
i:-; then taken for a moisture estimation (loss of weight 
in 6 hrs. at 103° C. ± 2°), and the equivalent of 3 g. of 
Itry linters weighed into a 200-c.c. conical flask and 
rlehydrated during 48 hrs. in vacuo over sulphuric 
acid (Note 1). To 1000 g. of 8% Ac,O (in HAc) is added 
~ . 5 C.c. of concentrated H 2S04 (Note 2). Of this 
mixture 97 ±0'1 g. is added to the dry cotton, the 
flask corked and left for 23! hrs. in the thermostat at 
20' C. (Note 3). The flask is then removed and the 
('ontents made uniform, without coming into contact 
with the cork by shaking round. Rather more than the 
required amount is at once drawn into a viscometer, 
which is returned to the thermostat and the level 
adjusted. The viscometer is proteoted against the 
f'utry of moist air. After exactly 24 hrs. from the 
time the acetylation mixture was added, the time of 
flow is measured. The relative viscosity is given as 
the time of flow in seconds. 

In using this process all measurements were carried 
Qut in a British Engineering Standard Viscometer, 
Xu.4 size, with a castor oil time at 200 of 9 min. 15 secs. 

The density of the acetate solutions is 1-066 at 20°. 
.Vote 1. Moisture content.~Jt, is essential in the8e 

a('etylatioIlB for the cotton to have a fixed moisture 
('on.tent, as is shown by the fact that a sam pIe with a 
mOISture content of 2·7% had a time of flow of 193 sees., 
whilst with moisture content reduoed to 0'5% the time of 
How was iner.1i8ed to 260 •• es. The cotton must be dried 

at a low temperature, since drying at 1000 appears to 
close the capilla.ry entrances to t.he fibre. Whether or 
not this is the correct expla.nation, such cotton has a 
very slow ra.te of reaction, and the effect persists even 
after exposure to moist air; 80 that cotton for acetylation 
must never be exposed t.o high tempt'ratures. (It is 
interesting to compare this effect with the action on 
cotton of cold concentrated caustic alkali solutions 
which ha·;re a. profound inhibiting effect on acetylation.) 
By drying in. vacuo nt. room h'mperaturc OVer 
sulphuric acid the moisture is largely removed without 
the rate of reaction being lowered. In these experiments 
the moi"ture content was reduC'cd to about 0·7%, the 
weight of the cotton (3 g. when dry) being 3·02 ±0'OO5 g. 

Note 2. The acetyla.tion mixture.~(a) Shawinigan 
acetic acid (99'2-99'7% HAc) is distilled with 
K ZCrZ0 7,HzSO 4 and sufficient Ac:P to combine with 
the H 20 in the HAc, the distillate analysed and made 
up to 8~<} Ac20 by addition of t,he required weight of 
Ac20. The distillation serves to remove formic a(lid 
and other impurities. It is very necessary to use a 
pure acetylation mixture, as quite small amounts of 
impurities can completely upset the results if they arc 
able to react with the catalyst, whose concentrat.ion in 
the reaction mixture is only 0·45%, 

(b) The amount of H2S04 used admits of variation 
within ('ertain limits. The most favourablp. concen­
tration is such that the H~04 present is about one­
seventh of the weight of the cellulose. With between 
one-fifth and one-eleventh it has been found that 
acetylation will proceed normally at 200 C. Lower 
values have not been examined, but if the weight of 
sulphuric acid is raised to one-third of that of the 
cotton, insoluble sulpho-a.cetates are formed. Whatever 
amount is used must be added a.ccurately, as the 
following figures show, the standard method being used 
and the H2S04 content alone varied. 
Weight of catalyst (g.) 0-63 0·54 0·45 0-36 0-27 
Time of flow (Bees.) 183 250 368 579 737 

As small volumes of 1I2S04 caunot easily be measured 
out accurately, 2·5 C.c. is added to 1000 g. of the 8ijo 
anhydride. This volume of acetylation mixture suffices 
for as many acctylation~ as the analyst can couveniently 
start on one day and complete on the next. 

(c) The H2S04 and AczO in the acetylation mixture 
react slowly, probably to form acetyl-sulphuric acid, 
which differs from H 2S04 in its catalytic activity. It 
is in consequence impossible to make up a stook 
acetylation mixture. The catalyst is preferably added 
shortly before acetylation is carried out. The following 
figures show hoW' the apparent viscosity of a cotton 
sample varied with the age'of the acetylation mixture. 
Age .... . ... (days) 0 5 14 
Time of flow .... (sees.) 222 243 271 

This slow increase in apparent viscosity haa been 
found to continue for much longer periods-7 weeks 
in one set of experiments. This rate of change is not 
enough to introduce any difficulty in routine estimation, 
the error introduced at the end of 8 ills. being less 

. than the average experimental error. A fresh acetyl-
a.tion mixture must however be made up each day. 

(d) Each acetylation is carried out with "bout 2 g. 
of Ac~O in exCeBB of t.ge theoretical quantity. A slight 
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excess is ea.~ntial. The anhyd.ride content of the 
mixture requir .. ro b. accurately adjusted, as the 
viscosity varies rapidly with alteration in tWs factor. 
TIUls with 8'0% and 12'6% of Ac,O a sample had 
a time of flow of 138 and 240 sec •. respectively. U 
sufficient wa.ter is added to decompose the excess of 
anhydride after acetylation is complete, the second 
dispersion retains its enhanced viscosity 1 showing that 
we arc dealing with a true increase in the viscosity 
of the cellulose triaceta.te. and Dot an a.pparent increase 
due to alteracion in the composition of the sol\rent. 

(e) A convenient method for the estimation of 
ac,O,liAc or HAo-Ac,O mixtures is to .dd ahout 
.5 g. to all excess of 2N carbonate-free NaOH and back 

titrate with ~ H,SO" the N.OH being itseJ[ titrated 

against N H 2S04, Pl'o!erabJy measurements are carrjed 
out under oonstant temperature conditions, and if not, 
the 2N and N solutions must be COllected for change 
of volume with temperature. A burett.e calibrated for 
" given drainage period and readings to 0·01 c.c. aTe 
essential. Estimations of HAc should agre within 
0'03% and of Ac.O within 0·2%. 

Note 3. 1'emperature of .eaction.-With the standard 
conditions chose.n, acetylation is relatively slow. The 
temperatu.re of the reaction mixture ~ises grad.ually 
from 20' C. ro about 20· 8' C. and slowly faUs .gain. 
In general the rate of acetylation with sulphuric acid as 
catalyst is praot.icaUy zero below 150 C, and it becomes 
very rapid nlld uncontrolla.ble above SOD O. For the 
standard method 200 C. is chosen because the reaction 
completes itself without BUY sha.king or stirring within 
24 hrs. (making it suitable for routine work), and any 
jmpo.rt.D..nt, t.emperature oha,nge is avoided during tr8D.s­
:terence from r.eaction-flask to viscometer. 

Vueos. process for tUtcrmining the viscosity of cellulo8e. 
-The equivalent of 0·9 g.of dry catron is treated with 
10 C.c. of 17 · 5% NaOH at 20' C. for 2 hours, the ~xce8S 
nlkali r('..moved on n. sintered-glass fun.nel, and the 
sample pre,...,d out hetween filter papers until the 

Viscosit.yof cotton celluloso 
Viscose meti)oo 

'POiSC8 

8 
10·9 
16·7 
2() 
26'0 
27·5 
31 
31·5 
33 
39 ·4 
44 ·2 
56 
60 
70 
70 

Acetate metbod 
&-collds 

105 
130 
135,138 
t33,157 

1OO 
lOO 
187, 192 
100 
192 
219 
231 
243 
246. 250 
256 
2.}8 

weight is 3·1 ± 0·05 g. I t is transferred ro a 250-0.0. 
glas&-stoppered bottle and left for 6 ilours at 20' C. 
with 0·7 c.e. OS" after which 100 C.c. of 4% NaOH is 
added and the bottle I.ft without shaking fot 161 hollIS 
at 20' C. During the next 15 minutes the dispersion 
i. well mixed with the aid of a gl ... rod, tranaferred 

to a No.2 B.E.S.A. Viscometer, and the time of Jlo 
&t 20' C. measured exactly 17 hours after the addition 
the 4% NaOH. 

Th " A " ,. 3·7M . en pparent VJSCOSlty , = -n POIses 

w'here .A = time of ftow of viscose and 
B =time of flow of a.niline at 200 C. 

Viscosity estimations.-The yiscose and acetate vis· 
eosities as obtained by the methods described, of 11 
sampl .. , of cotton linter"_"'riginating from five diller.1lI 
commercial sources-are shown in the ta.ble in thi 
previous column. 

DISCUSSION OF RESULT~ 

Although the agreement is not ~verywhere exact 
the table revea.ls a. clear relationship between the tWI 

.ets of viscosity figure.. The only possible explanatiOl 
of this relat ionship i. that tile viscosity in both cn.., 
directly depends on th. degree to which th. cellulose il 
degraded, or the extent by which the average pa.rticle 
size is reduced, by the various physical and chemica 
trestInents through which the cotton linters passes i, 
prepa.ration. There is no reason therefore to suppes. 
tha.t cellulose ace.ta·te disper.s.joDs are in any wa.y anomfL 
lOllS. As v.rith any other cellulose dispersion. thl 
viscosity of the solution is directly related ro the degre 
of degradation of the cellulose from which it was pre 
pared. using the term" degradation" to mean hydrolytil 
fission of the ceUtuose chain. The effects of oxid.tim 
have not been studied. 

It will be noticed that the r.lation between the 'Viseos 
and acetate viscosities is not a. straight-line relation 
Between t he rop and bottom of tbe table the visco" 
viscosity has increased 9 times and the acetate ViBC08it~ 
only about 2i times. Tile reasoll for this is not clead: 
undersrood, but it is evidently connected with the lac 
that active. degradation is going on during the proces-~ 
used for estimating the viscosity and that this is greate 
in a.cetylation than in xanthatioll. In the acetylatiol 
method the viscosity a.t the time of measurement in th 
a.bove process falls at the rate of about 50/0 per hoUi 
But until more m known of the relation between patticl 
size and viscosity, & full explanation cannot be given. 

It .ilould be remarked that the r&te of acetylation 0 

all the samples of cotton linters examined was, so far a 
could be observoo visually) very much the same. If i 
were not so, no purpose would be se:rved by compann, 
th.e viscositiies Biter a given time ... in th.e above metho~ 
and. the ouly possible metllod of comparison would be 
measure the 'Viscosities at the point of complete acetyl. 
tion, a po.int by no means easy to determine at. al 
acell1'ately, without distorhing the aolution. In u~ 
this method for example for studying the effect on t~ 
viscosity of various so-called pre-treatment processes 1 

was necessary to carry out the viscosity measureJDe 
at the point of complete acetylation, as these prace 
in general greatly alter the rate of acetylation. 

The work described was carried out in 1929 in tb 
laboratories of the British Acetate Silk Corporatio 
Ltd., and the authot is indebted ro Dr. F. W. Stoy 
B.A., B.Sc., and to Mr. G. A. Edwards, B.A., B.Sc., i 
their interest in the work, and ro Mr. G. W. Cowdre. 
M.Sc., for carrying out the VlSC08e Vi8008ityestimatio 
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BRITISH VEGETABLE PARCHMENT MILLS, 
LID. 

It is now eighty years since vegetable parchment wa.s 
discovm:ed, lor it was in 1853 tltat nn Englishman, 
W. E. Gaine, found that by dipping a sheet of ordinary 
white paper into sulphuric acid and then washing in 
cold wate. it WRS changed t<> a tranalucent tougb 
roa te:rial resembling true parchment made from goat­
skin. Yet it is only during the la.st few years that this 
parchment bas been manufactured on an e:rlensive 
commercial scale in this country. This is surprising. 
for the non-porous propeny of such parchment makes 
it ideal for packing greasy foodstufls such as butter and 
lar~ moist materials Buch as sausages and ice-cream, 

and resinous material. This cellulO6O is received i.n the 
mill in the form of pulp, rabher like blotting psper, 
and this. is soa.ked in wa.ter and agitated in If beaters ' 
which disintegrate the fibrous aggregates so that on 
subsequent dilution a milky suspension of minute. fibres 
is obtained. A paper is then {ormod by allowing the 
suspension to run ou to one end of a travelling band of 
fine wire mesh in a special paper-nuuciug machine. The 
water drains through the mesh, nnd the fi bres Me 
deposited on it, being then partially d.ned by o.ir dtawn 
through the mesh, so merging to form a. sheet of plLper 
",hid1 is run ofI at the iuther end of the trAvell ing band, 
from whence it is ta.ken througb a series of 8team~heated 
drying oylinders ultimately to form a roll of paper 000-

.Aerial ~ oJ Nortnj{eet MilIA 

8Dd a hundred a.nd OTIe other artioles ranging from cocoa 
and casein to tobacco and chemicals, for which the 
prevention of the acce$ of air and moisture is essential. 
Y ct if this country ha. b"'D wdy in manufacturing 
vegetable parcbment, whilst every otber European 
country was producing it in appreciable qU~lltities, ~e 
CA.n perhaps congra.tulate oUTselves fOF h8.VUlg now ill 

the British V eg.t.bl~ Pa.rchm .• ut Mills at NQrthfi~et a 
urut of production whioh is as up-to-date and blgger 
than any other unit of its kind in the world. Recently 
we had the p1easute of going through these mills in 
COlUpany with Mr. James Strachan, mana.ger of the 
works, whose conne.uon with the paper industry goes 
back more th.an thirty years to a time when be was one 
of the three chemists employed in the industry, and we 
found the visit very interesting. 

The basic material from whiCh the vegetable parch­
ment is made is pure white cellulose, even more pure 
thllll that UJ!ed in the manufacture of amfic:ial silk; it 
is derived !rom wood pulp, espana grass, and other 
sources, and i. specially t.r.ated t", free it from lignin 

taining some 1.0,000 yards. This paper must he of the 
utmost purity, with complete freedom from mechanical 
fla.ws, in order that the next stage o( patchmentizing 
may proceed efficiently and witbout. hitch, and though 
soft and absorbent, this, paper mlLSt have sufficient 
strength to go through the parcltmentizer without 
damage. 

A roll of the paper is now transfeued to olle of the 
four parcbmcntizing machines, by which it is first of aU 
taken through a bath of strong sulphuric acid, which 
is or specially pure quality. free hom 3nenie, "Sinc~ much 
of the paper is eventually usod for food packaging. 
From the acid bath the paper pa .... through acid-proof 
roll.", which squeeze ont the excess acid. The paper is 
actually immersed in th.e acid only for a. second o'r two. 
the action of the acid being physical rather than chemical, 
causing the fibres to swell up and become geletinous 80 
·that they coa1esoe and in the passage through the rollera 
are firmly cemented together. From the roller. the 
,h .. t of parchmented paper is taken quickly through. 
series of water baths to remove all the excess acid, and 

B 4, 
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after the final traceR of acid have been removed by 
water I1prays, the parchment is dried by steam-heated 
rollers. In thir.; way a roll of vegetable parchment is 
o1tainpd which if'! three to four times as strong aR the 
original paprr, whib,t it if! now comph·t,ely proof against 
t,h£' p1t:,!Rage of water, air, and oil. The four machines 
in tbE' mill have a C'apacity of some 300 tons of parchment 
per week. 

In thiR acC'ount it has been pOfi~ible to give only a bare. 
uutlinr of the prUCf'BR, but considerable care and skin 
have to be exercised by the operatives on both Uw paper­
making and parchmentizing madJines to maintain the 
desirpd ~pe('d, ten.·don, ek. necessary to produce a 
uniform produet of specified wright. Some of the parch­
ment is taken t,o further HtageH to make it suitable for 
flpecial pUrpOR{'R: thu" f.l(lffiC is made more pliahle by 
washing with glycerin, :'lome may be glazed or waxed, 
impregnated with antiseptic material, or dyed to 
attradivf: Hhades. By far tIw greau>r part of the parch­
ment b, used however without further treatment for 
packinp; oily food~tuffs sueh a~ butter and lard, and for 
this reason t.he fact.ory i,q maintained in a state of spot­
l('.s~ deanliness that one mainly associau;" with food 
pro('e:'lHing works. Great care is taken in handlinp:, 
when the rollR of parchmrnt are Cllt int\) largn sheet-e., 
Ilach of whidt i:-; ('xamined for flaws, and then .. guillo­
tin('d " into smallf'f flhf'et.s ready for the packing trade. 
The work of the mill dops not stop at this point, for 
i·hese sheets may he folded in special mathines to 
ncsirrd :-;hILpe:o'l, or printed in bright colours with 
Gustomers' desigm,-a very attractive effeet being 
ohtained. Finally the RheetR arc packed, in cases for 
the home market, or in steel-bound uale8 for export. 

Chemists win be intere~ted to know that the staff 
of thf' mills includes, for process control and research, 
Heven chemists. In addition to the well-equipped 
laborat.ory, there is also a testing houRe in which the 
various gmdes ot parchnwnt are pC'riodically put through 
{~ver~T vari{'ty of tf~;.:t undN teBiliIe, folding, and t(~aring 
l'.train, to ensure that they ~\r(> up to standard. Vwre were 
interestl.'d tu h{';1.T frnm )1r. Rtra('han l"lomethl.ng of a 
eulogy of thf' Briti.<;h manufacturer. The original plant 
installed in the factory W<tC\ obtained from the Continent, 
hut recent additions 1-.0 the plant ha,Te been designed on 
the ."pot. and coust.ruct.ed throughout of British mate­
rials. Lead-covered wooden structures haye giYf'.n place 
to fllbber-lincd brickwork, unsati.-;factory tiled floors 
have heen replaced wHh really acid-proof brj('k, .and 
improvement~ in the pow\'r transmission and its opera­
tion 11ave made the newer parchmentizing marhine8 far 
more economical !Lnd produrtin> t.han those originally 
installt'd. 

CANADIAN MINING 
Until recently Canadian coke was ma.de exclusively 

from imported bituminouB coals, but tests ca.rried out in 
the Fuel Research Laboratories at Ottawa have demon­
strated the suitability of Canadia.n coal for the produc­
tion of a satisfa.ctory coke. Many plants are now using 

anadian coal exclusively for the production of gas and 
coke, while others, operating under niore difficult 
conditions, are using proportions, varying from 35~/o 
to 50%. 

SOCIETY OF CHEMICAL INDUSTRY 
OFFlCIAL NOTICES 

British Industries Fair. Members visiting the 
British Industries Fair at. Olympia which opens next 
Monday, Ff'bruary 20, are reminded that the Society's 
Stand Number is A.14 in the Chemical Section. 

The Stand will make an f'xcellent rendezvous while 
"Visiting the exnibits and it should be noted that t.he 
Society's telephone number at the Exhibition is Shep­
herds Bush 4745. The Society has no admission tickl2t8 
Lut cheap railway voucbers ~a.r be obtained from tlle 
General Secretary. 

MEMBERS ELECTED 
February to, 1933 

Aufenast, Frederick, The F.vel' Heady 00., lAd .. 
Hercules Place, Holloway, ~.7. Chemist. 

Davies, 'frefur, Bantam Products, Ltd., Bantam Works, 
Leeds, 12. Works manager. 

Dhingl'u, Das Ram (Dr.), ('/0 Lloyd:;; Rank, The Mall, 
Lahan', India. I .. ecturf'J' in F,C. Col]pge, I,ahare. 

Dove, Allan Burgess, ;H, Eno.t 19th Street, Hamilton, 
Ontario. Chemical engineer. 

Fraser, Hugh Rou\'ard, British Drug Houses, Ltd., 
Graham Str('ct, London, ~ ,1. R~''''{'arch dwmist. 

Gahe, A. Morgan, 27, Penvilia Road, Brynbyfryd, 
Swansea. li'uel technologi13t. 

Gordon, P. F. (Dr.) (restoration), 1'11(' Itayal Teclmi.eal 
College, Glasgow, C.l. Lecturer. 

Gosling, Frederick, Stirling Chemical "",corks, Strattord, 
London. g.15. Chief chemist. and works manager. 

Graham, David, The 'feluk Anson. Ca::-;h Chemists, Nv. 1, 
Anson Uoad, 'J'eluk An.,>on. F,)LS. CllC'mist anfl 
druggist, Pharmaceutical Society of Ul'cat Britain. 

Green, Fredf'rick (JordoH, ])iri ... iofl of Cbemif"tr:·. 
l'\ational Research Conn(,iI, Ottawa, Canada. Chemical 
engineer. 

Harrower, John (Dr.), ]2, Bf'hnont TcrruC'e, Murray­
field, Edinburgh, 12. R.esearch chemist, Morlon Sun. 
dour Fabrics, Ltd. 

H;lrt, Gerard, " Hillerest," Raddiffe ~ew Hoad, White~ 
field, uear ~1anche>,ter. Dyeworks chemist. 

Havhurst, William (restoration), 8, St .. lames's Chanl­
bel's, AC'cringtoll. Technical chemist. 

Holroyd, G. W, F., The Mllllicipnl 'l'('('hllical Collegt'. 
BlaC'kburn, IJancs. Head of ;.;\ciell('e. Department, 
Technical College. 

.h>usen) H. R. (restoration), c/o Messrs. Geo. Kemp. 
Ltd" 1\orth Circular Road, N.Vl.2. Technical 
chemist. 

Kurihara, Kanshi, The Cl'utrat Lauoratory, Routh Man­
churia Railway Co., Fushimi-Dai, l)airen, Manchuria. 
Superintendent of the Central Lal)oratory. 

r,educ, F. J., F .. J. Leduc and Associates, 354, 8t. 
Catherine East (Comer St. Denis), Montreal. Cnn­
sulting engineer. 

::\-Iatthj.~on, Arthur LlewellYll, Artlml' Bolden & SOllF. 
Ltd., BOl'desley Green Road, Birmingham. Varni~h 
and lacquer manufacturer. 

l\Iichellepi, C., P.O.B. 1480, Alexandria, EgYllt. ~\gri­
cultural expert. 

})ettett, Alfred Edward John, 44, Michelham Gnrdells, 
Strawberry Hill, Middlesex. Re"earch chemist. 

Queeny, Eo M. (restqration), Monsanto Chemical "rark~, 
St. Louis, U.S.A. President of above. 

Hwhards, Edwin Stuart, Ch~mistry Department, Wor.k­
ing Men's College .. Latrobe Street, Melbourne, Vle­
t{)l'ia, Aust.ralia. Hpad of ch('1nistry d('partnlPnt. 
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Riddell, George Low, The Printing Industry Research 
Association, St. Bl'ide Institute, London, E.C.4. 
Technical director. 

Simmonds, Vernon, South Suburban Gas Co., Lower 
Sydenham, S.E.26. Gas engine-er. 

~lJllt-h, Walter, North British Rubber Co., Lt.d., Cl1st.le 
':\Jills, Edinburgh, 3. Chemist. 

SutermeistE'r, Edwin, S. D. \VarnHl Co., Cumberland 
~[ins, Maine, U.S.A. Chief chemist. 

:O;wcE'ten, John Langhorne, 15, Hilgrove Road, N.W.6. 
RC'search chemist. 

T1ndale, Harold, The Australian Gus I,ight Co., Pitt, 
"Barlow and Parker Streets, Sydney, Aust.rnlia. 
(.leneraJ lllalWp;0l'. 

Y:dtOll, Paul AI('xander, Lynfielo, W. Cranmore. near 
.":;hepton Mallet, Sam. Techni("al ad,·i.::cr to Roads 
Recomtru('tion, Ltd" Bristol. 

Waller, M. E. M. (Mrs.), 68, Elgin Crescent, ·W.n. 
Chemist. 

Waddington, Arthu~' Hill, 23, Tarver Road, Harrow, 
Middl0sex. ChelllIst and bacteriologist. 

\\'::;~~~'il,~~~:<;li(~,;!~~~U;he~~!s2ity Road, 1,:dginlsion, Bir-

Whyatt, Gilbert H('nderson, Suffolk Chemical Co., Ltd" 
~;Jiff Quay, Ipswich, Suffolk. Uhemicul ('uginoer. 

\Yiley. Samuel W.! jun., Vice-President of Wlley &- Co., 
Inc.) <:/0 Wiley & Co., In('., Culrert and Read 'streets, 
Baltimore, U.S.A. Chemist tStudent of Ch<'mi<;try). 

FOOD GROUP 
The meeting of the Food Group of t.he Society at 

Hurlingt.on House on February 8 took the form of a 
discul;sion with the Institute of Metals on " The 
of Non-Ferrou~ Metals in the Food Indust.ry." 

1)1'. L. H. Lampitt., chairman of the Group, presided, 
u oJ extended a cordial welcome to the Institute of 
'fetal':!. Of tIle speakers ,vho ha.d promised to take 
},.lft in the discussion, Dr. Ulick R. Evans was unfortu­
llately prevented by illness from bemg present. Mr. 
I )onald McDonald was also unable to attend, but a 
p,'per by him was read. 

The discussion was opened with a joint paper by 
T N. 1tiorrif:, and J. 1\1. Bryan, of the Low-Temperature 
Hesparch Station, Cambridge. In the first part of this 
1I.lP{)1', which ,vas illustrated by a number of slides and 
photographs, Mr. Morris said: 

In con..<;idering the non-ferrous metals in connexion 
with the food industry let me first of all mention some 
I If the typical uses for which such metals are required. 
They are. required for heating-pans-usually stcam­
lileketed, autoclaves and evaporators, heating coils and 
~team nozzles, pipe lines and troughs, tanks, pumps 
;lnd taps, filling machines, mixing machines, moulds and 
"llt.tjng tables and cutting machines, centrifuge.'!, filters 
rmrl strainers and containers and wrapping materials for 
~torage and transport. The metals available are copper, 
,duminium and nickel as pure metals; then there are 
~l number of nickel and copper alloys such as monel 
:lletal, of nickel and chromium, german silvers, phosphor­
t)fonzes, brasses, various aluminium alloys and solders. 
_liso, since they usually contain between 20--30% of 
llon-ferrous metals, we are entitled to mention the 
sta~less steels, and, finally, we ha.ve to consider coatings 
~f tID or silver on copper, tin on iron, nickel and chrom­
Ium on copper or iron, and aluminium and zinc on iron. 

The food materials w-ith which these- metals will come 
in contact may contain organic acids such as citric, 
tartaric, malic, lactic, acetic and amino acids, fat-s, 
essential oils, amines, and 8alts of organic acids. Common 
salt and traces of otbpr inorganic salts may be present 
eit.her in neutral (lr arid solution and, occasionally, 
mineral acids and alkalis, ah,hough th('y may be 
r{'moved from the final product., may be used for certain 
processes. There may also he organic sulphur corow 
pounds. The contact between food and metal may be 
either short and int.ermittent or prolonged, air may be 
present or almost absent and the temvprature may be 
high or low. There is thus a very wide runge of condi­
tions which one cannot. hope to deal with in a. short 
paper. but which must be taken carefully into considera­
tion in choosing a metal for any part,icular process. In 
considering t.he usc of a metal we have, to put it briefly, 
10 concern ourselves with the phy~ical charftcters, the 
resistance t.o corroRion, the t.oxioity of the metal and its 
effect on the food. 

From the purely physical point of view it is found 
that. while a metal ljke tin has a Bomp-what limited use 
owing to its soft nat.ure, many of the other materials will 
serve for t IH' same type of plant; e.g. (',oppf'.r is very 
suitable for steam-jaekrted pu.n~, 0vaporators, auto­
claves and tanks, since it. is sufficiently strong for t.hese 
purposes and is easily worked. Aluminium, nickel, 
monel metal and stainless steel arc also used for similar 
purposes since each metal has spec;al features which 
may render it most, suitable for the product, to be 
handled. 

The same metals are available for evaporator tubes, 
condenser tubes, steam coils and pipe lines. :For steam 
nozzles, pump" and lIloving parts as in filling machines 
etc. we have phospbor-hronzes, braf'lsf'R and' duralumin 
and monel meta1. For st.rainers and even filter-press 
cloths we have woven fabrics of wire from coppnr and 
monel metal or other copper nickel aJJoys, and for cutting 
tables, cutting machinery et.c. we have stainless steel. 

Broadly speaking the metals just enumerated fall into 
two main groups from the point of view of corrosion: 

(a) Those which are protected from the action of 
acids, eit.her by their position in the electrochemical 
series, or by a high overvoltage of hydrogen' on their 
surface. Such are silver, copper, and tin, and perhaps 
nickel. 

(b) Those which owe their protection to a film of the 
oxide of the metal which i~ insoluble and impervioUB­
to acids. Such are chromium and aluminium. These 
metals have the power of imparting a similar protection 
to their alloys, hence the stainless steels and the 
aluminium alloys come into t.bis class. 

If we cOlliiider the metals frOID this standpoint We 
have a key to their behaviour with food products. 
There are of course special peculiarities outside such a. 
generalization with which we must deal later, but a 
clas..<;ification on the8e lines makes it plain that we must 
avoid conditIons in which copper or tin are in contact 
for any length of time with acid foods in the presence of 
air. 

Where the protection is due to a :film of oxide, as in 
. the second class, there is a greater tendency for the 

metal to break down under air-free conditions tha.n 
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when air 1:-. pl'c:-;cnt. 'fhis is ,..,een in an interesting way 
in SOHlI: IIf the flLuinless ::;teels and chromium-nickel 
aHoy and alt40 to some t~xtent with aluminium. Heating 
may n]"fJ 1'11W'W a breakdown f)f protection in acid 
HulutiOl):, and an oxide film may be penet,rated and 
destroyed by chlorine iom, lCttying thl> llndcrlyillf!: metal 
open 10 attack. 

I had almost placed nickel and its alloys in a third 
or tmn.>;itional elfJ:-\;-i bc1.wf'cn tll(' vOlPI' t,wo, bllt I tJJink 
it f:lhould TE'ally 1)(' clu:'lseo. , ... ith c'op},,,'r or tin. 1t has, 
hOWC\"t!f, lli" Mr. Bryan will show, a, ~reat*'r t,Cl1dCll(;Y to 
cOTfo:-;ion (If tIl{' hyurog(,IH:'Yotution type in the absence 
of Ul. than Cit}Wf fA tl,e,"<, meiuls, and it also t'l~l()WS a 
good df'a.l of t'of]'o,:.:inu b,Y cold ('itrie ili·id in tIw prpsence 
of oxygen, in whicll it diffi~rs from mrtal~ of the :-:.econd 
ela~:.;, viz., t.llOst~ J)l'ol.t'ct{'U by a film of oxide, Mone] 
metal, Oll the ot.her hfWd, !)eiluves more like copper, 
hut, in OUI' experience ~ufi'erl' ",lightly leM; than cappel' 
in citrie acid in thn ah-;{'ll(,C of air and abou1 the Bunte 

in it." })J·l!S('ll(·I'. Monel metal flJlpt'llfli tu 1)(' particularly 
resiKtant to hrme, and on I.hi;; ac(;ount is llsf'{i ~1 good deal 
iu marine construction, It sllould tilcrefofr he valuable 
wit,1t food,,,; containing salt, altlHlUgh I do not know how 
far it resi:-;t,-; acid hrines. 

As H'ganl;; other consideratiolls ill t,he H}wpe of special 
peeulittritin:-,. we call eonsiilt'r features H!:'Isociated with 
tJle amphoteric natnre of ('('[1ain of 01(' metab. Alumi­
nium Itwl tin readilr form Illum/unte." and, ",tannate.". 
ce~pcdj\'dy with tht:alkaliK, and thi.'> mean~ ill praetiee 
thnt tit('v lllllKt not iw cleaned with alkaline Holutions 
OJ' itlltlw~'d tn ('onw in ('ontart with alkaline hrine~. 
1't1i:-; i" ~('l'i()uH, e~peciaHy in till' milk iDlJ.uf'.try, be~llu"e, 
unlike .... tainl{,,.;,<.: ,,,;teel, Khidi is alw bigldy rf>commended 
for milk and iH ea"y to (,lNH1, tin and aluminium tend 
to become lilightl,v ('outed wit}! organi(' materialR 
whieh af(' HOlll('what diffi(,ult to remOYe and readily 
3Ct up h:V'tt'I'ia! contamination. The diiliculty lia,,, been 
(Jvercom('. ho"\,,~('n'r, with tin lly cleaning with It ,'\nlution 
of tri~Rodjum ph(l~l'hat{' ('ont.aining a little sodium 
(,hromale Hmi with alnminiUlll by ut"ing sodium carhonat.e 
~~ontll.illinu: ::,odium I'ili('ute. It ha~ abo 1eel) HllOwn that 
Htrong I'cfri).,[l'nlt,ing brinc:-> will not. <1tt.ack aluminium if 
they ('on fain sodium chromate. H the~e IH'f!('antiom 
Ul'P nL.":!I'J'w'd t~itbt'r of thesl' mf'tab is t'x('ellcnt for 
eoutaet witll milk ;)K, eV('1l if they :-<hotlltl be attacked 
::>lightly. thl'y impart no had fia\·our. Aluminium i:::; 
aI:-:u vel'~T u:-,,'ful for meat~, as it i~ f;tat{'d hy tieligmall 
,that it is prot{?('ted by fats and not ittta,ck{~d by milk or 
mea t coutaining fat, evrn in the presence of lactic acid 
{II' :,>alt. It is not f{'commended however, for strong 
Kolntion,<, of gelatin, whidl illny contain salt,1' but no 
fat.. ~it:kd and ('opper. on 1,he other ha,nd, are not 
attacked Ii)' alkil1i" in waphing hut are slightly attacked 
by stearic <1wl oleje aeius, and when pre~ent in traces, 
catalyze changes which bring about rancidity in fats. 
For this reason th(':::;e two metals and monel are not 
bighly fayoured for milk unless heavily tinned. 

\Vitb regard to toxicity, all the evidence points to 
t}w fact. that trace..'l of IDany of the heavy mt~tal~ aT(~-, 
if not essentin.l, at least benpficiul in metabolism, and 
that they are almost always present in plants and 
animals. The conclusion is that none of the metalS 
mentioned a8 being generally used is likely t.o do any 

harm when taken in the quantiti&'! in which they QCcur 

in foods prepared. in contact with them. 
""Ve come now to the consideration of the coa.ting 

metab viz" chromium, Dickel, silver, zinc, aluminium 
ahd t in. Either silver-plated copper or double-silvered 
cop'[lcr, or indeed FJolid¥silver steam coils or pans are 
ut;eful for contact \vith strong organic aeids. On the 
wholc it may Le said that silver is well worth considering. 
especially at. present, prices, where special corrosion 
trou ble~ exiRt, Zinc as a coating for iron is useful 
wher{' there is no contact with acid. It is not to l,e 
recommended for fruits or milk. Tin is by far thf> 
most important rrwtal for coating8 at presf'nt used in 
tb(' food indw:stry. Jts ehjef UB{' i" as a coating for mild 
steel in the manufacture uf t,inplate CRTIS, and for thi:~ 
purpo:'\e it hat:; at present no serious rival, at least among 
metals. Aluminium has heen t,ried for fish and is said to 
jll:~ve proved sati:;iactory for sardines in (IiI, but report'; 
\wrt' not so good \vith fish and tomato products especially 
'i\"hen Ralt was preRcnt. This material has, as :::;tat('d 
previowly, yet to prove iiReH. however, and meantime 
tin~plate holds t.he neld and is realJy an excellent malf'rial 
for many produuts. No effort Rhould he spared to 
impJ'oye the resistance of tin-plate to acid corrosion hy 
directing attention both to the tin-coating and the 
steel-hal'll' and bv attf'ntion to other matt erR which 
Mr. Bryan will pe~ha1'8 touch upon. 

The paper was continued by Mr. rr, N< Bryan, who 
said: 

The rCNearch on metals at the Low-Temperature 
Research 8t ation haR been mainlY concerned with the 
Kpoilag-e problern~ of the ca.nning "industry, pal'ticuhrly 
1ho~t' due to the corrosion of the tin-plate container. 
The aim has been to make a. Rystelllatic I".t.udy of the 
hcha"'-lour of tin, iron and the tin-steel couple towa.rds 
n. typical fruit acid, such u:-; citric acid, and to determine, 
as f:Ll' a,s possible, how 1 his is affected by the various 
factor~ likely to operate in en.nning practice. Sueh 
factor:;; are the. presence of air or oxidizing agents, 
inbihitors and accr-leratorR of corrosion, and other 
substances like sugar!'; which arc likely to be present 
in food;;, th(~ true aridity (If hydrogen-ion concentration, 
the rela1ive arcw, of tin and steel exposed in the couple, 
the nature of tIlt' steel base and the porosit.y of tlU' 
tin-coating. 

Most. (If the work so far has bet'll ca.rried our, with 
:-olutions of citric acid buffered with sodium citrate oyer 
th(' range pH 2,4 to pH 5·5 at 25° C., which represent6 
a warm storage temperature for cam;. The results 
under tflcse conditions have brought out points in 
connexion with the corrosion of tin and tin-plate which 
are of interest to food packers and manufacturer.". 
These may be briefly' enumerated as follows :-(1) It 
has been confirmed, as stated in the opening address, that 
tin suffers negligible attack by citric acid in the absence 
of air, but is severely attacked in its presenee, the 
amount of the corr08ion depending on the aIDount of 
oxygen present. 

(2) In the presence of air the attack was generally 
speaking most rapid at high acidity (low pH). 

(3) Tin is most readily attacked by oxidizing sub­
stances in solution, the amount of corrosion being 
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proportional to t,he concentra.tion of oxidizing materiaL 
ThE' hydrogen-ion concentration had an infhlcnce not 
only on the rate of atta('k of tin but a.t~o on the efficiencY 
(Jf 'the oxidi7.ing substance a~ a. corroding medium'. 
lnitially, t,he rat.e of attack is greatest at high acidity, 
hut ultimately there is slightly more corrosion at low 
rhan lit high acidity. Thil'l is due to the filet that the 
disr'olved tin remained entirely in the stannoU!~ condition 
:1"( low acidity, whereas at high acidity some of the 
,,,tannOU8 tin was oxidized to the stannic condition; 
consequently, for a limited constant amount of oxidizing 
lllaterial there WiH.: finally less corrosion at high than at 
low acidity, 

(4) Th(~~ ratl:' of corrosion of tin was greatlv increased 
L\' the- prespnce of a :.:alt-like ferrous citrate'in solution 
\\:hich could act aH an oxygen~arrier, This was 
!'s}lN·jall.y 80 at high acidity uut was noticeable over the 
who]e p.n-range studied. Possibly iron may also affect 
utiler metals in the t'oame way. 

(5) Abrasion of the 8urfac~ of the tin usuallv increased 
T llf' rate of corrosion. This increasc amounted to as 
llllWh as 32% with Borne of the sampleR. This is 
llllportani as apart from the action of abrasives in 
{\(,ilring away the tin coating, it indicates that they 
({etuall,v incrt'ase its HUBceptibilit.y to corrollion. It is in 
('ont mst, however, to the behaviour of metals like 
l:opper and monel metal which show decreased corrosion 
with a freshly-abraded bright surface. Hence it seems 
that there is an actual advantage in cleaning the Rurface 
ni Ihese metals with an abrasive. Moreover, Rince the 
t,U'UiSll on these metals is soluble they should always be 
hpt bright. Aluminium Rhowed a little increas(' in 
('orrosion when fn'\i:\hly abraded. 

RtudiPH of the bn-steeJ couple at different H-l0n con­
f'pntrations in the absence of air or wit.h ycry little 
air prescnt 8110"- that the rate of corroRion of the tin 
in('rea~es with decreaslllg: acidity while at tbe same time 
1 bf' rate of C'orrosion of the iron decreases. With 
increasing qnantities of air the position of maximum 
('ofl'oRion of t in gradually shifts until it becomes greatest 
at }ligh aeidity and, as the corrosion of the tin increases, 
it j,.. usua.l for the corrosion of the steel to show a corre­
c,ponding decrease. The hydrogen-ion concentration thUR 
ita,.. it veT.\" important influence on the corrosion .of the 
tin-iron couple a.nd no doubt this explains how it is 
i Itil.t ~light adjuRtments in the acidity of certain canned 
lrultt'( have a grf'at effect either, in increasing, or in 
dp('re(l,sing the rate of formation of hydrogen swells and 
I)f'l'forations. 
- . A further important factor in the behaviour of ,the 
tw-iron coupl{' is the effect of tin salts in inhibiting the 
acid corrosion of iron. It has been snown that 2 parts 
(If tin per million, as citrate in solution, are nearly 
sufficient to halve the rate of corrosion of steel by citric 
lL('iu, and there Seellli! little doubt that this is a powerful 
in~uence in increasing the resistance of tin-plate to 
aCHis. Certain organic inhibitors have a. similar 
effect and the addition of these is one line of attack 
t,owards reducing losses in canning. Other promising 
hnE's of attack lie in the direction of suitable improve­
ments in the steel base and in the tin coating. 

In our work on the effect of citric acid on a number 
of metals in t.he absence of air over a period of immersion 

of 28 days a.nd in tht, pre~E"nce of air over a period of 
immersion w!los 14 days. the 8i~mple8 of ~h('('t metal 
WerE' paninlly immersed in a 1 % solution of citric 
aciJ after being cleaned with beuz('ne and boiling 
alcohol. In most eases t.he cited of surface abrasion 
on the rate of corroflion ,,'-as 8t,uciied. The corrosion was 
studied at one temperature, viZ'., 2fi" C. 

Stainl('.'>R stecli'! 11.11 showed excellent; resist,lI,net:' in the 
presence of air whether the surfrtce had been freshly 
abraded or not. In the complete I1bi:\cnce of air, how­
ever, some (If the 8aInples corroded very badly aft.er they 
had been freshly ahraded. A sta.inlesH s1 eel of this type 
dot'f'o not, appear to have a very wide margin of safety 
and might prove very unrelia.ble uuder works conditions. 
A chromiurn-niekE'1 alloy eontaining little iron showed 
more corrosion in the abscm't' of air than in its presence 
but, in hoth ca..'!eB, the figures are very low and It would 
almost appear that thiR is a. Ycry promising mat,eriaL 
MOllel metal also showed vpry little corrosion in the 
abRence of air, but ahout the Rftme us copper in its 
presence, Nickel, like the chromium nickel alloy, 
<:orroded in the al,senc(' of air: unlike the alloy it 
showed a considerahle eurrm,lOIl in the presence of air. 
Copper gave good results in the a bsence of air. 
With tin) there was htde corrusion in the absence of 
air and consideraLle corrosl0n in itt'! prNlence. Tinned 
copper wa.s Rimilar to tin-if anyt,hing the presence of the 
copper reduced the corrosion of the tin l:llightly. Pure 
silver gave Rplendid results under both eondition~, It 
is interpsting, however, t.hat hoth dJ(~ silver-plated 
copper and the douhle metal silver (wt>lded to copper) 
have given a fair amount of corrosion of copper in the 
presence of air. 

)Vith aluminium the diiff'J'encf! het.ween air-free and 
air-present eonaitiono is less than with most of t.he other 
materials; both it and the AI-Mg alloy are excellent 
metals for a typical fruit. acid at this temperature. 
Fresh abrasion increased the corrosion a little but not 
very much and it is noteworthy that the so-called anodic­
ally oxidised material, which perhaps ha~ better resist,,:, 
ance to atmospheric conditions, .shows a greater loss in 
weight in acid solutions than any of the other specimens. 

Taking a genrml view of the results the outstanding 
features to remember are, first, the pnormous, effect of 
air in increasing the corrosion of nickel, copper and tin 
and their alloys and, second, the fact that air tends t,o 
be beneficial ""it,h the other group of metals, chromium} 
aluminium, etc, where the protection is due to a film 
of oxide. Thi._" particular research, however, only 
covers the effect of ! or 1 % solutions of citric acid 
at one temperature. 

In the next paper, Mr. N. D. Sylvester, of Messrs. 
.J. I,yons & Co .• Ltd., said: 

In laboratory corrosion. experiments consideration 
must be given to the contamination of the food by the 
dissolved metal and the destruction of the plant itself 
by corrosive action of the foo~. 

Among the f.ctom which can aHect the progress of 
corrosion the following ma.y be mentioned: (a) Temper­
ature. (b) Presence or absence of oxygen, or gases 
evolved by tbe food. (c) Relative motion between the 

. metal and the food. (d) Formation of films on the 
metal surface.-.-.either films which protect the metal from 
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when air i.s present. Thir! is iicen in an interesting way 
ill S0me of th<' Rt,ainles8 steels and chromium-nickel 
a.lloy and a.JKO to some extent with aluminium. Heat iug 
rna}: also caWiC a breakdown of protection in arid 
solutJOns nlld an oxide film may be penC'trated and 
destroyed by chlorine iom; leaving the underlying metal 
open to ltttack. 

1 had almo::;t placed nickel and its alloy.-; in a third 
(If trflw.:itionaJ daBS hf'tween tJl(' otlwr two, hut I think 
it, ... }wllld rel~J}y 1)(' du,.;!'ed with (,0111'('1' Of tin. It 118.~. 
however, n.'> Mr. Bryan will "how, Ii greatn tend('ncy to 
eOffo",ion of the hydrugpn-evulution type in the abl:'cnce 
of air than either of thes(: llletab, IHId it ul~(l :shows It 

good ueul of cOrr{)~iUll by {'old ('it-ric tl,cid in the pre~ence 
of oxygen, in which it Jiffcrr-; hom lllf'talH of the second 
cla~tl, viz., tilosp prot{'cted hy u iilm of oxide. l\[onel 
ro(~t,ill. on tht' ot.JH'r h.LJld, IJ('IHlYt".., more like ('opper, 
but in our experif'n~(' sutler.'i :.;lighdy le~s than copper 
iIi ritri~ acid in "the absent'e of air and about tlu: f;ame 
in it.'1 pre.<.,mlf'('. Mond metal uppNlr:.; to bi' particularly 
fCtl.i,.,tant to hrim'. and on tllitl tl,Cl'ount is used a good deal 
in murilw cOlltltrnctioll, It. should therefore 1)(' 'vtl,hmb1e 
",,"hit foodt-i ('ontaining Halt, although I do not kuow how 
far it resil'lt;; acid hrincH. 

Atl regnnb other eOIl>lideratlon.'i in t.Il{' Rhapf' of spf'cial 
peculiuritietl, w(' ('un ('olltlider features assoriated with 
tile amfJJlOie6c J)}ltlJre of cp.rtllill of tl)(' metid . ..,. Alumi­
nium and tin readily form aluminates and tlhmnateR 
respectively with the l:Llkali~. and thi~ nwan~ in pmctiee 
th}lt tlwv mW-it nut 11(, ('If'l1ncd with alkaline s()ll1tion~ 
ur ;"1l\()\,,~'('d to ('(In\(' in con1,"1<'l. 'with ullmlinp hrlnp:,\. 
Thi:-i is seriow;, e.,;p«eially in the ulilk intiuf'.trv, Lecauf;c, 
ImJik(' sktinJe,",<: stf'I)!, wl~jdj i.'i also Jlighly rf'c~mmend{~d 
for lllilk and i-; ea"Y t(l dl'l1n, t,in and aluminium tend 
to hecnml' ~1if!htl~' ('oilted ,,-ith organi(' materials 
Wllich :tre t;umewha1 difficult to r~move and rt'lidily 
.set up Ll'tC'tl'rial ('Ollt.a.mina.1ion. The difficulty ha~ been 
O\'CrUOlH(', huwl'\'PI", v .. -ith tin 1y cleaning with a sulutioll 
{.If tri-sodiuIn pho~phat(' containing a little r'odium 
chromate Mid with aluminium by )1.'iing sodium carbonate 
c()nt~lining t'()(liulH t'ili{'ate, liLa" alt'o 1ef'n shown that 
fitrong f{,frigerating brine~ will not attaek aluminium if 
tilt'}'" c(!utain .sodium ('hromat~. If tht>i<t, preel:l.utious 
are Oh:-NYl'd either of thek('. metab is excellent for 
contact vnth milk a", even if they "hould be attuck('{l 
",lightly, they impart no had fta"your. Aluminium is 
.al",Cl very llJ:,dlll 101' mefltB, as lt j" sta.t{,rl by BeHgman 
that. it il:'\ protedeu hy futf:> and not attacked by milk or 
meat containing fat, eyen in the prekcllce of lact.ic aeid 
or I<~lt. It is not tf'commendt:'d however, for ,r.;trong 
solutHHlti of f!:elatin, whidl may contain salts but no 
fat. ~i{'k{'l and ('opper, on the other hand, are not 
attacked by alkali:.: in washing but a.re ~lip;htly attackcd 
by stearic and uleic 11.cids, and when prespnt in traces, 
catalyze ehan~ek whieh hring about rancidity in fats. 
For thi8 reason tlH'sl; two metals and monel are not 
111ghly favoured flJr milk unless heavilv tinned. 

With regard to toxicit)", an the evidence points to 
the fact that traces of ma.ny of the hea:vy metals are, 
if llot eR~ential) at least heneficial in metabolj~m, and 
that they are almol'\t always present in plants and 
animals. The conclusjon is that none of the metal~ 
mentioned as being generally used is likely to do any 

harm when taken in the quantities in which they OCcur 
in foods prepared in contact w~th th.em. 

1\~c come now to tbe considera.tIOn of the coatin'" 
metam viz., chromium, nickel, silver, zinc, alutniniu; 
and tin. Either silver-plated copper or double-silverell 
copper, or indeed solid-silver steam coils or pans ar(" 
lIsdul for contact with strong organic acids. On t.he 
whole it maY he said that silver is well worth considering, 
especiaIIy ~t present prices, wIlere special corrosion 
rmuhJ('s pxi'lt. Zine as a coat,ing for iron is useful 
wh~I'e there i~ no eontact with acid. It L<; not t.o l,e 
n~('ommfinu.ed for fruits or milk. Tin is bv far tIlt' 
mu~t import:mt .Uletal for coatings at present user! in 
the food indut;try, It:' chief us(' i~ as a ('oating for mild 
stepl in thc manufacture of tinplatp CaIL"l. and for thi:~ 
purpo:-:e it ha::; :1t present no ::;erioUB rival, at least alliong 
metab. Aluminium has bef'n tried for fi,.,h and is said. to 
have proycd sat isiactory for sardines in oil, but. reports 
'were nnt so good with fish and tomato products especial1y 
"dlPD salt W!l.<; prf'.sent. ThiB material haR, aR statf'o 
preyiously, y~:t to prove itf.lclf. bowever, and meantirrH' 
t.in-pia1e hold:;; the field a.nd is really an excellent", material 
fur many products. No effort ,.;;hould be spared to 
ilDJlWW the resistance of tin-plat.e to aeid eorroRion hy 
directing attent.ion both to tbe tin-coating and tJH~ 
stee1-1Ja,se and jyy att('ntioll to OtJl('I' matters wbich 
)Ir. Bryan ",;·ill pp'rhaps touch upon. 

The paper ,"vas ('ontinuf'd by :,'\11'. T. N. Bryan, \vho 
said: 

The research on metab at the Low-Temperature 
ResNtreh Station has beeD mainly cOllcemed witb the 
sTloilage problem}, of the, canning ~industry, pa.rticularly 
t,hose due to t.he corroSlOn of the tin-plate container. 
The a.im has been to Illake a systemMlc study of tlw 
behaviour of tin, iron and t.he tin-steel couple towards 
a typical fruit acid, such as citric acid, and to determine, 
as far as possible, how this is affected bv the various 
faefort-. likely to operH.te in cannjng p;actice. Such 
~ac~o:s are the presence of air or oxidizing agents, 
mh,bItors and accelf'fa1ors of corrot:;ion, and other 
~uhs1,arl(,cs like sug~r~ which are likeJy tube present 
III food~, the true aCIdIty or hydrogen-ion cuncentration, 
the relative arca~ of tin and steel exposed in the couple, 
t~e nat~re of the gtee1 ba~e and the porosity of the 
tIll-coat mg. 

Most of the work so far bas heen carried out with 
solutions of citric aeid buffered with sodium citrate oyer 
the range jiH 2·4 to pH 5·5 at 25° e., which representt-l 
a warm storage temperature for cans. The results 
under :,hese, conditions ~ave brought out points in 
cODDexH~n WIth the corrOSlOn of tin and tin-plate which 
are of mt,eI'est to food paekers and manufacturers. 
These may be briefly enumerated as follows :·-(1) It 
~as been confir?I~d\ as stated in the opening addre.ss, that 
tIll suffers neghglLle attack hy citric acid in the absence 
of air, but. is severely attacked in its presence, the 
amount of the corrosion depending on the amount of 
oxygen present. 

(2) .In the pres~nce o~ air the attack was gene.fally 
speaking IDost rapJd at Illgh acidity (low pH). 

P} Tin i.e IDost readily attacked by oxidizing sub­
stances ill solutIOn, the amount of corrosion being 
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proportional to the concentration of oxidizing material. 
The hydrogen-ion concentration had an influence not 
onhT on the rate of attack of tin but also on the efficiency 
ot 'the oxidizing substance aR a corroding mediulll. 
Init.ially, the rare of attack is grea.test at high acidity, 
lJUr ultimately there is slightly more corrosion at low 
t han at high acidity. Thi" is due to the fact that the 
di:,<solved tin remained entirely in the stannous condition 
ar low acidity, whereas at high acidity some of the 
f,tannous tin was oxidized to the stannic condition: 
('.onsequently, for a limited constant amount, of oxidizin~ 
material then' was finally less corrosion at high than at, 
low acidity. 

(4) The rate of corrosion of tin was great.ly increased 
hy the presence of a salt-like ferrous citrate 'in solution 
which could act a::. an oxygen-carrier. Thi~ was 
('spec-ially so at high acidity but was notieeahle ovpr the 
whole pwrange studied. PosRibly iron may also affect. 
other metals in the same way. 

(5) Abrasion of the surface of the tin usually increaRcd 
t he rate of corrosion. This increase amouuted to as 
ll111ch as 32~/o with some of the saroplee:. This is 
ullportant as apart from the action of abrasives in 
wf'aring away the tin coating, it indicates that they 
artually increase its susceptibility t,o corroRion. It i" in 
('(mtrast, however, to the behavjour of meta.ls like 
eopJ!er and monel metal which show decrelLsed corrosion 
with a freshly-abraded bright surface. Hence it seems 
i hat there is an actual adyantage in cleaning the surface 
(li t })ese metal"! with 3.D abrasive. Moreover. since the 
tarni,'!b on these metals is soluble thev should" always be 
hpt bright. Aluminium showed a' little increase in 
{,IJrrosion when freshly abraded. 

,S-wdies of the tin-steel couple at difIe1'ent H -ion can­
('{'ntrations in the absence of air or with verv little 
all' present show that the rate of corrosion of the tin 
incl'ea1,l;Pfl with decreasing acidity while at the same time 
the l'iite of corrosion of the iron decreases. With 
iunea.sing quantities of air the position of maximum 
corrOi,ion of tin gradually shifts until it becomes greatest 
at high acidity and, as the corrosion of the tin increases, 
ir i ... usual for the corrosion of the steel to show I;t corre~ 
"ponding decrease. The hydrogen-ion concentration thus 
}\)\:-, a yery important influence on the corrosion Qf the 
tin-iron couple and no doubt this explains how it iR 
rhat t:light adjustment.s in the acidity of certain canned 
iruitt-l have a great effeet either, in increasing, or in 
df~l'l'easing the rate of formation of hydrogen swells and 
IJ'-'riorations. 

A further import,ant factor in the behaviour of the 
ril:-iron couple is the effect of tin salts in inhibiting the 
,WId corrosion of iron. It has been shown that 2 parts 
"j . tin per million, as citrate in solution, are nearly 
8u~cient to halve the rate of corrosion of steel by citric 
and, and there seems little doubt that this is a powerful 
inf.l uence in increasing the resistance of tin ~pla.te . to 
;wlds. Certain organic inhibitors have a slmliar 
dfect and the addition of these is one line of attack 
t~)\\'ards reducing losses in canning. Other promising 
bIles of attack lie in the direction of suitable improve­
ments in the steel base and in the tin coating. 

In our work on the effect of citric acid on a number 
of metals in the absence of air over a period of immersion 

of 28 days and in thE" p~8ence of air OYer a period of 
immersion was 14 days. the sa.mples of sheet metal 
were partially immersed in a 1 % solution of citric 
acid after being cleall("d with b("uzene and boiling 
alcohoL In most eases the effect of surface abrasion 
all the rate of corrosion Was studied. The corrosion was 
st.udied at, one temperatur{'. viz.) 25" C. 

Stainless steels all showed exceUent, resistance in the 
presence of air whether the surface had heen freshly 
abraded or not. In the complete absence of air, how­
ever, some of the samples corroded very badly after they 
had been freshl.v abradpd. A stainleRs steel of this type 
does not. appeal' 10 have a very wide margin of safety 
and might prove very unreliable under works conditions. 
A rhromium-nickel ILlloy eontaining little iron showed 
morc corrosion in the almenec of air t.han in its presence 
hut, in hoth eases, the figures are very low and it would 
aimoflt appear that t.his is a. very promising material. 
l\lonel meta.l also show(·d Yery little corrosion in the 
ausenee of ILir, but. about. th~', Flame as copper in its 
presence. Nickel, like the chromium nickel alloy, 
corroded in the absencp, of air: unlike t.he alloy it 
:-:;howed It eonsiderahle corroRion in the preMnce of air. 
Copper gave good rCi'lUlt~ in the absence of air. 
With tin, there was lit.11{' corrosion in the absence of 
air and cOllsiderable corros;on in it,'-j presenco. Tinned 
copper was f<imiIa-r to tin-if an yt.hing the preRerwc of the 
copper reduced the corrosion of t.he tin slightly. Pure 
silver gave splendid results undet both eonditiom.. It 
i"l interesting, however, that. both tht> silver-plated 
copper and the douhle metal silver (welued to copper) 
have given a fair amount of corrosion of ('opper in the 
-presence of air. 

With aluminium the difference vet ween air-free and 
air-present condition!; is less than with most of the other 
mat.erials; both it a.nd the AI-Mg alloy are excellent 
metals for a typical fruit acid at this temperat.ure. 
Fresh abrasion increased the corrosion a little hIlt not 
very much and it is noteworthy that the so-called anodic­
ally oxidised material, which perhaps has better resist­
ancc to atmospheric eouditions, shows a greater loss in 
weight in acid solutions than any of the other specimens. 

Taking a general view of the results the outstanding 
features to remember are, first, the enormOlL<; effect of 
air in increasing the corrosion of nickel, copper and tin 
and their alloys and, second, the fact that air tendR to 
be beneficial "'ith the other group of metals, chromium~ 
aluminium, etc. where the protection is due to a film 
of oxide. This particular research, however, only 
covers the effect of ! or 1 % solutions of citric acid 
at one temperature. 

In the next paper, Mr. N. D. Sylvester, of Messrs. 
J. Lyons & Co., Ltd., said: 

In laboratory corrosion _experiments consideration 
must be given to the contamination of the food by the 
dissolved metal and the destruction of the plant itself 
by corrosive action of the food. 

Among the factors which can affect the progress of 
corrosion the following may be mentioned: (a) Temper­
ature. (b) Pl'esence or absence of oxygen, or gases 
evolved by the food. (cJ Relative motion between the 
metal and the food. (d) Formation of films on the 
metal surface..-either films whicb PfOtect the metal from. 
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furt}wt corrosioD or tho."IC which prevent undue con­
lamination of the f(J()(l. 

It ix ohviou:<.ly nf'C(~fH,ary, therefore, that the a.ctual 
practi(:aJ eonditiollR under which the meta.l is to be used 
must be simulated, as far as L" possible in all laboratory 
(:{Jrrot--ion 1ests, RIld the> exactitude with which factory 
f;unditionK can be feprodut{'d in laboratory experiments 
Jl1fW·1y det(~rmineB their sphere of usefumess. 

Th(' many metal,.., which may he used in the food 
induBtrv and the numcnnu; foods with which they 
mlty h; hnm,ght into contaej, make this qucBtion a w~r).' 
{'xtenfli\'e on('. As would lw supposed, the measurement 
of the ('01TOslOn of metals by foods has received a 
('(mRiderabl(~ amount of attention, and there is a fairly 
extem;iv{' literature on the .subject,. Nevertheless, each 
separate investigation must, 1ll' Lased on a. com;ideration 
of the actual working conditions, and the importance 
of this is wen JIJustratpd by tilt, USP of nichl for certain 
dairy equipment. . 

AIJ ordiual'.v bhoratofY tf'F,t, in which nickel i.'! panjaHy 
inllnerst,d in hot milk, would show t.Ilt' diRsolut.ion of a 
T(,Jativcly large amount of metal, and nickel bcha1;"eS 
similarly in practice under conditions inYolYing a{:ration 
ai high 1('mperaturCl'I,. It haR been found however, 
that nickel is It RuitlLble metal for the construction of 
!';urface prcllf'at {'rs in t J\(' continuous paf'teUTization of 
milk, and that only a minute amount of mrtallif'. 
contamination occurs. On the other hand, much more 
niekel is dissolved if 111i.s metal is used for the surface 
eoo]cn-l. The ('xpl3,nation is that in the first. case cold 
milk ('Onl('." into contact with hot metal and a protectivE' 
film of prolein ~mhRtalwes is formed on the metal Rurface, 
prote(~ting it from the action of thf) milk. In the second 
caRC, the hot milk comes into contact with eold metal 
and 1)0 protective film is formed. 

As an example of the complete investigation of a 
practical {'orrl)~ion vrolll(,nl, a paper by "McKay, Fraser, 
ilnd Searle (Amer. J.lISt., Min. and Met. Engineers, 
Tech. Pub. So. 1£l2) may he mentioned. The work was 
N"rri(~d out for the International Nickel Co., on the 
TrRiHtancf of njekel and monel metal to corrosion bv 
milk. Thl~ paper is divided into three sections~: 
(1) Laboratory testR. (2) Plant experiments. (3) Dis­
('u88ion and conclusions. In the laboratory, metal 
~p('eimen::; were exposed to the action of milk in glass 
bottles, under varying conditions of agitation, aeration, 
and temperature. Tests were run at low temperaturefl, 
a.t room temperatures, and at pa8tcurizing tempera-tures, 
and the influence of aeration was studied at these 
different temperatures. Variations in the milk itself 
were considered, and differences were observed between 
summer and winter milks. The influence of a.cid 
eOl1centration and the effects of the various milk 
constituents were also investiga.ted, 

As the consequence of the information which these 
laboratory tests provided, plant experiments were 
undertaken, as the result of which data were obtained 
which were more accurate than those furnished by the 
laboratory corrosion tests, and the relative corrodibility 
of nickel and monel metal at all parts of t.be dairy 
equipment was detennined. The protective film .n 
protein on surface p;eheaters (which has already been 

mentioned) was discovered in these plant test.s, and 
had not been predicted by the laboratory tests. 

It was found in practice that the actual contamina­
tion of the milk by i he entire use of nickel equipment 
was very mudl less than would have been predicted 
by a consideration of the results of the plant tests. The 
latter tests measured the corrosion of the metal, and 
not the contamination of the milk. The discrepancy is 
due to 1 he formation of films on t.he metal surfaces of 
the equipment, wIllch contain a large percentage (in 
one instance 97%) of the products of corrosion. Th('~e 
fllms an\ of COUCSf', removed when the plant is cleaned. 

The interpretation of the results of laboratory experi­
ments calIs for consideration of the following factors :~ 
(1) Loss in weight of the test specimen; (2) Vigu"l 
examination of the test specimen; (3) Determination 
of the m('tallic contamination of the food; (4) Toxi('it~T 
of the di.«solved metals; (5) Effect on the appearanc'e, 
flavour, etc. of the food. The last three are olrviow.:1r 
of Imrticular interest in food corrosion experiments. ' 

The loss in weight, of the specimen is a ufleful detf'f­
mination in so fa.r that it may give a direct compari::;on 
between two metals examined under identical conditiom 
~pro·vided that the nature of the corrosion is the same 
for Loth met.als. Visual examination of the speCimf'llS 
is, therefore, necessary to enable us to decide the­
significance of the loss-in-weight figures. If pitting hal' 
occurred in one specimen but not in the other, it is 
obvious that weight comparisons are practically useless. 
In some corrosion tests an increase in weight is observed~ 
and this is oft,en the case with aluminium and its alloys. 
The products of corrosion are tenacious and canno1 "be 
removed by scrubbing: they are sometimes embedded 
in pits. In such cases the corrosion products may be 
removed by chemical means, such as immersion for a 
short time in cold 5% nitric acid, When this is neces~ 
sary it is obvious that the contamination of the food 
is not measured by the total amount of the corrosion. 
The determination of the amounts of dissolved metals 
in the food is t.herefore an important factor in corrosion 
experiments, and the methods which have been 
suggest~d for these determinations are so nUlllerou~ 
tha.t selection becomes a difficult matt,er for those who 
have had no previous experience. 

In our laboratories we use the following methods: 
Lead is determined colorimetrically as the sulphide after 
reduction of iron with sodium metabisulphite and con­
version to ferrocyanide. Tin is determined by the usual 
method in which the metal is separated as sulphide, and 
finally titrated with standard iodine. Copper is deter­
mined colorimetrically with potassium ferrocya.nide, 
after removal of iron etc. by precipitation with 
ammonia.. Nickel is determined colorimetrically with 
a-benzil dioxime. Iron is determined calorimet.rically 
with potassium ferrocyanide. Aluminium is deter­
mined by measuring the colour intensity of the lake 
formed with aurintricarboxylic acid. Zinc is det,er­
mined by direet titration with standard potassium 
Ierrocyanide solution aHer it has been separated from 
interfering metals. The question of the toxicity of the 
Ws.solved metals must of COUl'Se be taken into acoount, 
a.nd for equal amounts of contamination, the lesa toxic 
metal must be preferred. Apart from the question of 
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toxicity, the effect of amall amounts of dissolved metal 
on the appearanc~~ flavour and keeping qualities of the 
food must also be given due consideration. 

The effect of copper on the keeping qualiti{'s of milk. 
and its tendency to develop a tallowy flavour, is well 
known. Iron shows a similar but less marked influence, 
while nickel is stated to be wit.hout effect. Copper in 
minute amounts exercises a marked influence on t hp 
keeping qualities of fats and fatty materials. 

In the case of coffee, the presence of a few parts per 
willion of dissolved metal can readily be detect,ed in the 
flavour, and we haye found that ail expert taster can 
differentiate coffee which has been made in contact 
with stainless stepl, a.nd which showed no chemically 
detectable metaHic contamination. The presence of 
small amounts of aluminium has a definite effect on the 
colour of tt:~a and coffee, presumabJy because it forms 
coloured lakes with t.he tannins present. The presence 
of smaH amounts of iron will affect, adversely the colour 
of hoiled sugar. 

l~abn-:'3.tory corrosion tests hayc at times been V(lxy 
unkindly criticised, but they ca.n provide much u:-;eful 
information if due consideration is given to all the 
factors involved, and pro"'l..jded too mllch ifI not expected 
from simple tests. 

Mr. Sylvester's paper concluded with a description of 
apparatus used in the laboratory to determine corrosion, 
and a number of interesting slides and graphs were shown 
to illustrate the apparat,us and the results obtained. 

Prof. C. H. Desch then Raid that although the metaIs in 
general use did not have any toxic effect, it would be 
intpresting to know, in view of the known bactericidal 
effect, of metallic copper in contact with solutions, even 
when no dissolution could be detected b:y chemical 
tests, whether any destructive effect on the important 
constituf'uts of food present only in infinitesimal quan~ 
tities could be ohHerved. The result obtained by Mr. 
Bryan, according to which the chemical attack on copper 
and roonel metal was actually reduced by fine abrasion, 
was very difficult to understand, and it would be interest­
ing to know whether such results could be repeated, or 
whether the effect was merely due to the removal of 
some surface accelerator of corrosion. How far adul~ 
temtion was of importance at the present day. he did 
not know, but in connexion with the usual test for 
the (',hemical resistance of stainless steel cutlery, which 
consists in allowing a drop of vinegar to evaporate to 
dryness on a blade, he had found a cheap vinegar on 
sale which was quite capable of perforating a steel blade. 
The protective action of colloids was highly important. 

A paper was then read on behalf of Mr. Donald 
!flcDonald, in which he outlined the Use of silver in the 
food and allied industries. This application of silver 
was comparatively recent, dating from the fall in price 
which had taken place between 1920 and 1930. Its 
principal use was in the vinegar and pickle-boiling 
~ndustry, and there was an increasing application in the 
lam and confectionery trades. Quite large 'Vessels had 
been lined with silver sheet and mixing gear could be 
c~v~red in the same way. It was also employed for the 
d.lStIllation of hydrochloric acid and of essences and e88e·n~ 
tlaloils. The paper was illustrated with several intere.t~ 
lUg slides showing "arioui) plant oonstructf'd of silver. 

In the di.<cussion which followed, Mr. A. E. Hamblin 
said that the tallowy flavour of miJk had also been shown 
to be produced by direct, sunlight. It would be interCl<t­
ing to knoW' if sunlight or urtificial light had any effed 
in corrosion tests, and also the effects of ld.cquers on tin 
plates. Mr. Mark Bagod pointed out that the problems 
of the i('e-cream industry were Rimilar to those for milk 
plant. The effeet of washing compounds W'a~ important 
in an industry where cleanliness was a prime necessity, 
and in this connexion aluminium presented many 
difficulties. Nickel~chromium steel alloys showed the 
greatest resistanee to washing compound!:'! containing _ 
active chlorine, and t,he..<;(' apppa:red to hf' t}H~ most 
suita.ble metals available at present. Mr. J, W, Black, 
in referring to Mr. Morris's remarkH on th{' ,oJuitability 
of aluminium for many foodstuffs in the prel'{'nec of 
fat, stated that he had used an aluminium pan for mnny 
years for the prl."paration of geJatin, and the pan waH in 
as good condition as ever. It was neeeRsary to pa y 
continU{)UR attention to Heouring and polishing the pan. 
Mr. D. M. Freeland remarked that a point) not touched 
upon was the corrosion in plant due to the use of gas 
for heating. Both plant and flues eonveying the 
products of comblUltion were affect.ed, and the problem 
was one deserving the serious attention of met.aUurgigt,l". 
Dr. R. Seligman said that aluminium, if suitably cared 
for, could be used Huccessfully for boiling solutions 
('.ontaining gelatin, hut had given trouble where used 
for the pans in wbieh gelatin was allowed to ~et and in 
which no circulation cou1d occur, so that what Was 
assumed to be oxygen I)itting took placE'. The reduction 
of corrosion by surface abrasion of aluminium he thongllt 
to be due entirely to the removal of corrosion pI'oduct~ 
which, by harbouring dirt and in other ways, tended to 
promote corrOf;ion. With rega.rd to the greater re~i,"lt­
ance found by Messrs. Morris and Bryan in copper 
surfaceR which had been abraded, he must warn them 
against generalizing from their observations. In some 
cafies, at any rate, the reverse held true. It had been 
shown for instance, by the late Mr. Chaston ChapmanJ 

that bright copper surfaces exerted a mOTe seriom! 
effect on the vitality of yeast tha.n surfaces which had 
been allowed to become dull. a.nd this fact was not recog­
nized in brewing. Prof. Desch had referred to the 
bactericidal effect of minute traces of copper; another 
metal with the same property was silver, which waf:) 
said to be oligodynamically active, and was actually 
being used for destroying bacteria in beer, under the 
combined influence of metal and heat. Personally he 
felt that the same result could be obtained by heat 
alone. He thought a general warning should be given 
against the general use of stainless steels in contact with 
brine. Under certain conditions their corrosion was 
rapid and serious. Whilst the discussion had been 
proceeding he had been ·wondering if food chemists 
and metallurgists could help one another in the solution 
of many difficult probleIDll, only a small proportion 
of which had been raised that evening. 

At the conclusion of the meeting, Messrs. Morris and 
Bryan commented briefly on the discussion, and a vote 
of thanks to the chairlMn, Dr. Lampitt, and all the 
speakers, waS moved by Mr. S, L. Archbutt, chairman 
of the London Local Section of the Institute of Metals. 
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BRITISH ASSOCIATION OF CHENUSTS 
A Jwt.-pf)t suppcr ilnd .smo.kI'T waf> held at the Stork 

Hotel, (-lut'pn's Rquar,~, Liverpool, 011 ,\Vedm'sday, 
}'"IJruary 1, Htl:{, at 6.45 p.m. Then' was an exeel1('nt 
atlendaw'{' of m('mb(~rs a.nd friends who were aftPTwards 
ellt('rtain(~d bv Mr. 'Voodward and" Bill." )lr. H. P. 
~ljJlt()Jl, ),lr.l:. Wild, :Mr. Casson, and others contribut.ed 
mUi-iieal and other items to the programme. 

~lr: ~;. B. \Voodley, gem~ral s~cretary, Bpoke upon the 
ad lVltH_'fj and continu('d progress of the Association, 
emphllsizing tlw valuc (If m('mb(,l'Bhir; and the bDn{lfits 
v) 1w ohtained thrOlJgh th(, Appointments BUf('IUI Rnd 
1,}1(' Legal Aid and lnsllrance Departments. Mention was 
also made of th(' improv('u industrial outlook and the 
int:n·H.sing numl)!>f ()f aVllointments which are becoming 
avui}able at r(ltvfOrlahl~, salaries. .Mr. 'Woodley comp1i~ 
nH'llted thl' I,jvprpoo} Rpct,]on on the excf'l]r'nt work 
it was .doing, aud.1 hr. SUe('('8S with wllich itA J)ropaganda 
eampalgn waR mp('tmg. 

Prof. E. C. C. Baly, C.B.E., F.R.B., pr('sident, in 
addressing the> mt'mhers stated tluit he was w~ry pruud 
uf t1f' high honour vf having helm elected president of 
the ASRociation fur this year. and that 8inc(' he was a 
lU('mber of t.hl..' Livl'fpool F;ection this was also an honour 
to the 8eetion. Continuing, Prof. Balystat,ed that therf' 
wal' It splendid opportunity l){'t(m~ th(, Association since 
its activitit-'8 w(,re 80 llf'c{'ssarr t{) tlw welfarf' of the 
proft'~ionnl clwmist. as a]] lUust ultimately take up 
membl.'rship. 

Aft('r an app('al by thp chairm:Hl of the t;petion. 11r. 
H. 1'. Minton, H {'ollc('tioll on behalf of the Sppcial Aid 
fuud was made. The sum collected wa.s over £S. On 
lwhaJf pi'tIll' trl'aSUTl'r the general Bf'f'retilJ',Y t}lankcd 
nll'mberR for thi . ., gt'nt'TOU8 support. 

MINERALOGICAL SOCIETY 
A m('ding of the Mim'ralogical Society waR hehl on 

.Tanuary 26, with ~lr John S. Flett. prf:'sid('nt, in the 
chair. 

Thi.' following pnper!' were rend: '. Meteorie irons and 
c\iliclI-glns::-; from thf' meteoril{' crater:;; of Henbun­
(Central AURt.ralia) and -vrabar (Arabia)," by Dr. 1.1. ,t. 
Sprncer. rrhr materials from t.hf'sc two rec{'ntly 
di:--('oven'd o('f'urrl.'nc('S throw much light on the forma­
tion of mdeorit{, craters. Such Criltcr8 are not merely 
dents madc on dIP earth'l'- surh.ee hy the p{~rcn&"io~ 
of larg(' nwteorit('.s; they are eXJllosion craters due to 
t.hf' sudden vaporization of part of the material, both 
of th~' nH'tPoritc and of the earth, in t-hp intense heat 
den:'}of!f>d 115- the impact. The meteoric iron from these, 
two JOCJllitif's j . ..; of f'xact]y the same type, namely .9 

lJwdillID o('talH'drite containing 7 '3°~) of nickel. At 
,"Vabar a 2;) lb. IDaf\S and a lew small fragments of iron 
were collected; but at Henbury thousands of masses of 
iron arc scatt('r('d around the craters. 

Silica-gla,"i~, which i.., of rare OCCUl'rence in nature, 
f'hOWR a remarkable development at Wabar. A snow­
white, highly vesicular glass was formed by the fusion of 
th(' clean desert sand; and bombs of this material 
shot out from the craters were coated with a thin skin 
of black glass tree from bubble. and contBining iron and' 
_:_1~_1 :_ ... L ______ ~ ... : ___ !_ ... 1.. ___ '- __ -=_ ! __ _ 

" Garnet in the DartmooT granite: its petroge 
significan('e," by Dr. A. Brammall and Mr. S. Brace 
Sevf'nteen occurrences prove to be manganif€ 
almandineR containing 3% to 22% of MnO. Two or J 

var1pties may occur in a single band-specimen of 
granite. The mOTe manganiferous varietie-,\l. (70/0 N 
arr reRtrietE'd to the tor~horizon8; the les~ manganife 
varieties Qecur (a) below these horizons, (b) in sl 
contaminat.ed facies of the granite, and (c) in xenol 
llOmfelsed shale. 

"The identity of muttramite and psittacinite 
cupriferous descloizite (euprodescloizitc);' by Mr, :F 
Bannister (with chenlical analyses by Mr. M. H. B 
Osfillation, I .. aue, and rotation photographs show 
de.scioizitE' has an orthorhombic unit-ceH with e1 
a = 6 '05, b = 9 '39, c = 7 'vHA, and space-group ( 
The unit-ccll contains 4 PbZn(VO.) (OH). Pm 
photographs of descloizite, cuprodescloizite, mottraI] 
and psitt.acinit.c from the tvpe localities are iden1 
with each other, " 

SOCIETY OF PUBUC ANALYSTS AND 1 
FOOD GROUP: JOINT MEETING 

.A joint meeting of thn Socit'ty of Puhlic Anal 
with the Food Group of the Society of Chemical Indu; 
was held on Wednesday, February 1, at the Bat 
Hall, \Vimpole St.reet, W., by kind permission of 
Royal Society of Medicine. rl'he president of the SOC] 

of Public Analyst'l, Mr. F. W. Arnaud, was in the CD 
Certificate.':> werr read for the first time in hvou 

A. T. S. Babb, S. H. Cakebrcad, H. Phillips, and 
D, Raymond. The following were ~lected meml 
of the Society of Puulic AnaJysts: C. K. Boundy, R. 
Callow, M. K Catt-Camfield, .J. Dewar, C. W. H. 
H. H. Jones, F. L. Okell. 

The president extended a welcome to t.he meml 
of the Food Group of the Society of Chemicallndm 
and opened. the discussion fin "Changes taking pl 
during thf' Storage of Fruits.~' flrRt outlining the Cfi1 

of the British farmf'r to produce sound fruit. 
Dr. L. II, Lampitt (chairman of the Food Grol 

reiel'1.'ing to the methodt' of preserving soft in 
pointed out that the jelling power of soft fruits 
reduced or destroyed by freezing. Preservation 
lemon juice by t.he action of cold was effected provi4 
t.hat not too much essential oil Was present, but 
procesR waS ineffective for orange juice. 

Dr. }IJzer Griffiths, discw;siIlg the technique of 
pre-cooljng and transport of fruit, gave a descript 
of the plant and refrigerating trucks used in South Afr 
He also gave an account of the apparatus used 
measuring the moisture at the optimum storage tempI; 
ture and the relatioI1Hhip between the temperature li 

a.tmospheric moist-ure, and discussed the laWB govern 
evaporation from surfaces. 

Mr. H. Williams called attention to the effect of 
e8.l'bOll dioxide produc9d by apples on the developUl! 
of "brown heart." For apples in cold storage the b 
results were obtained by causing the air to cixcul 
so ~ to remove carbon dioxide and prevent moistl 
~_",","1:_~ ~ ...... }.,,~ <">T • ....f ..... " -p,..-...J> ..... nl;n ... ""'0.<> nnt. DQ!u:>ni 



CHEMISTRY AND INDUSTRY 140 

in temperate climates. Mr. T. Rf:'..ndle Aaid that fruit 
kept in Gold storage had not the fl.avour of the original 
fruit. A method that would enaLle 80ft fruits to be 
kept until they were out. of season bad yet t-o be dedsed. 
Mr. A. Samson said that. storage of soft fruit in carbon 
dioxide was useltlss. Freezing in 30% syrup was the 
mOf:;t effective method of preservation, but exposure 
of the frozen fruit to the air caused oxidative change.s 
which destroyed the flavour. Oranges could not be 
prec;er~ed under conditi~ns suitable ~or.apples. Storage 
in an mert gas, such as carbon dioxIde, hydrogen or 
nitrogen, or in a vacuum. was ineffectua1. Messrs. A. 
~lrH'e, T. )lcLachlall, BarrH, Coynp and }( R. Steph{'n."I 
abo (;ontribnted to aU int-NCRting diflcnfl~ion. 

OBITUARY 
PROF. C. M. THOMPSON 

By the death of Claude Metford Thompson on 
January' 4 the Society has lost a distinguished memher 
of nearly 50 years' standing. 

Thompson was born of Quaker parentage in Bridg­
watpr in 1855 and in due course studiect at Uniycrsity 
College, London, then Trinity College, Cambridge, where 
hI:' graduat.f'd M.A., and later with Claisen at Bonn. In 
1881 he was awarded a D.Se. by London University and 
ifJ 1883 wa.-: appointed firAt Professor of Chemistry 
in the then newly-formed University College of South 
\Vait'~ and .Monmouthshire at Cardiff under Principal 
Yiriamu Jones. This post h(\ held until 1921, when he 
retired and WaE< elected Emeritus Professor. He also 
represented the University of Cambridge on the Court of 
Gm:t:>I'J)ors of the "Cniversity of 'Vale!). The College 
which developed 80 well and the University both owed 
much to his administrative ability, Round judgment, and 
wise counsel 8S a member of its Sena.te, a.lso to his 
teaehmg skilL 

If, as Plato says, '. Science is true judgment .in con­
junetion with reason" Thompson was well awarded a 
doctorate therein; his wise counsel was constantly in 
request and always freely at the disposal of others. 
lIe was a man of simplicity of charader and wide 
eulture, fun of ripe experience and erudition; well read, 
well travelled, kindly and conrteous, an example of a 
scholarly gentleman of the more spaeious days which 
have paRsed. Few can now have the leisure t·o acquire 
so wide a store of learning, both ancient and modern. 
The writer well remembers the charm of eveningR spent 
~t his honsi':' and the wide sympathies and interests shown 
ln his conversation. He was the author of several 
paperR on organi.c subjects in the early eighties, bnt 
hili later scientific investigations centred chiefly round 
geological problems, the chemistry of the rare earths 
and their industrial application. He was an ardent 
climber and long a member of the Alpine Club, also 
(lne af the British members: of the Swiss Alpine Club, 
an enthusiastic gardener and an active member of the 
Cardiff Naturalists' Society. 

Thompson joined the Society of Chemical Industry 
in 1885, but an early attempt to .start a section in 
South Wales did IIOt mature, mainly owing to geo­
graphical difficulti... In 1917, however, the BriBtol· 

and South Wale),! section was fonned, Thompson being 
on itf'l eommittee, w meh met in Bri~tol; me-etings were 
also hf'ld in Cardiff and in 1919 it waH possible to form a 
~eparate South Wales Section of which Tbompson was 
first ehairman, and on the eommitree of which he 
served for many yf'arl~. lIe wa~ always h1feat1y intf'..I'~ 
ested in the local ehemieal industry and frequently 
helped it much by sound knowledge and judgment. 
By his paR8ing at the ripe age of 77 ycarg t.he Section 
ha~ suffered :~ grt'"at loss, for ThompHon was a man uot 
casily replaced and one who will he much mis~pd by his 
friends. H. l<~. Cox 

CORRESPONDENCE 
THE HYPOCm.ORITfS AS DISINFECTANTS 

8IR,·-An arti(·le in CHEMISTRY ANn hml18TRY of 
Jannar)" 27 gavfl an exce]]Mt. dt~,-I('Tipti()n of tho manu­
fad-ure and properties of hypoehloritos and their nse al'l 
disinfectants, particularl.y in ('oJlllcxion with Ioodiltuffs. 

It. is not our jutE'ntion to qucRtioll the facts ~tated wit,h 
regard to tIll' applicat.ion of hypuehlorites, but the tahle 
of germicidal values, re>produeed from Thorpe'fIt Dic­
tionary of Applied Chemistry, iH calculated, in our 
opinion, to give a wrong imprt"Rl:'lion of the tYPCR of 
disinfectants available to-day for general disinfectant 
purposeH. 

'Vith your permission we :--ho111d like to reprodu('~ 
part of thic; tahle, and to ('omment on the Riileal-\VaJk{~r 
('oeffieient,s c1aimed: 

AWmt 

Creflylie acid (l'ommerdal) 
Hypochloritf'f; (ealcuJatf'(l (Ill HVl1jjahle 

chlorine) 
~h·r{'uric chlorid(' 
Pota&lillm pernlllllgallllil' 

Germicidal vab)(' 
:1·7 

146---220 
4OQ...-3r:.40 

42 

Mercuric chlo-ride.-The germiddul valuf>!>; quoted are 
ent,ireIy misleading, and were probably determined in the 
days before it was realized t.hat the small quantity of 
HgClz carried over to the subculture tubes had an· 
inhibitory effect on the test organism (E. typlw.nl..~). 
When thi'3 is correct,€'d by the additjon of (NH4)t''' to the 
suhculture tuhes, the Rideal-Walker coefficient becomes 
about 23, The extremely poisonous nature of mercuric 
chloride is the strongest argument against its use. 

Hypochl~rites.--It will be noticed that the values 
quoted are" calculated on available chlorine,') and as 
the latter rarely exceeds .12t(~{) in commercial solutious 
the values given [':hould be rlivided by eigl1t, thus giving: 
coefficients of 18-27. 

Coal Tar Disitlfectants.-Cresylic acid is the only 
disinfectant agent mentioned that bears any -relation to 
the modern coal~tar disinfe.ctants. These are noW' made 
with coefficients quite as high as the corrected value for 
hypochlorites quoted abuve, and for general disinfectant 
purposes pOSS~88 decided advantages over other t.ypes of 
disinfectants. Organic matter is almost invariably 
present during disinfection, and under thf'.8e con­
ditions hypochloritee, permanganates, an,d mercuric 
chloride suffer a serious reduetion in their germicidal 
valnes. 
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The following table gives the Rideal-Walker coeffi­
ci(>ntf: obt,aincd jn the pre.Il.enre of orga,Die matter; 

Hypoehlorif,( Goal-tar 
Dilut'nt solutiull KMnO, fluid 

Wid(:r 21-0 50·(} 14-0 
Urille 0·9 0·8 12-S 
F'" ,l:ierum l-(i 17·(} 13-5 
1(;(, Muein I·] 3·0 13,0 
r}u I'ept,one O·~ 1·:1 13'5 
] (~.(\ Ca:-;cin 0-3 1·7 13,0 
IU() Udatin (1.4- 7-5 14·;') 
lGo :Blood 0·6 6·2 13·1) 

Coal-tar fiuidR of mueh higher coefficient than that 
used in these tcstH can Ill' ohtained, hut the tahle Herves 
to show tht' sllpcriority of this class of disinfedant in 
the IJfcstmce of organic matter. }'or this rea::.;on it may 
fairly be claimed that coal-tar disinfectants are the most 
suitt~ble for gener~t1 disinfection purposes. 

] am, Sir, etc., 
For ,h;YRS' SANITARY rmfPOT1XDS Co., I.lTT>., 

JAl::l. GIBSOK, 

London, E. 13 Chief Chemist 
Feb. 10, HI33 

PERSONAL AND OTHER ITEMS 
We r(~gret to announ(_'e the deat.h on February 12 of 

Sir ,J. Arthur Thomson, LL.D., J~llleritus Professor of 
Nat!lml Ifisiurr jn the Vnivorsi1 r of Aberaeen, W}1O 

I\-U:'; well known Ufl a writer and l~cturer on biological 
sul1jl,eto'l and the relation of seif'n('c and n>ligion. 

,,~(' d('pply regret to learn of the deat.h in December 
lat4 of Mr. C'. A. R. Macintvl"f'. "tho Was well-known 
to member:.; of the Sorirty ~ in' Canada. and some in 
England, as tl1(' ~on of Dr. A. "f!~. 3laeilltyrc of the 
Ottawn ~edioll. "Alrx" Mueintyre was ]lot quite 
t.wtmty-eight ypal'.c, old at the timE' of hi" death, but he 
ilad e3tabli~h{'u a reput.ation a:-; one of the most promising 
young mrn in Canada in the advertjzing .field. During 
t.he Imperial Economic Conference at Ottawa last year 
.he gave VNy useful aH~ist.ance to Dr. E. F, Armstrong, 
Mr. J. Davitl-;on Pratt. and other dp]eg:ltes to the 
Conference'. Hc Waf', universally popular, and possessed 
something of the same energy that hu1' mude his father 
one of Can,td,l '::; must noted scientists. 

Sir Robert Hadfield has OCf',U elected an honorary 
member of the Academv of Science of the U.S.S.R. 
in recognit ion of his seI'\~ices to me1 allurgica.l research. 

SIr J)avid :Milne-1Varr;;OIl, gonrning director of thc 
Gas Light & Coke Co., haR joined. the board of the 
!:-l,ontll~E:1f>t('rn Gas Corporation, of which he will be 
chairman. New directors of t.lll' Corporation include 
)Ir. Henry Woodall and Mr. W. R. Foot, whilst Mr. 
G. M. Gill'is retiring from tbe board t.o become consulting 
engineer. 

We regret to announce the death on February- 7 of 
Mr. Arthur V. Hunt, a member of the Society since 1900. 
Mr. Hunt, who was a native of Manchester, was manager 
of the chemiC'sL-s d"'partment of Lever Brothers, Port 
Runlight, with whom he bad been employed for the last 
twenty-nine years. 

We regret to learn of the death recently of Mr. G. lI'. 
Bucha.nan, chemical engineer and chief technologist 

of the American Cya.namid Co. Mr. Buchanan did 
considerable work on t.he chemistry of cyanamide and 
cyamides, plastics and resins, and flotation reagents, 
and held a large number of American and foreign patents. 

Mr. J. W. Cuthbertson, M.Sc. has been appointed 
assistant lecturer in metallurgy in the Universit.y of 
Manchc:;;t.er, the appointmrnt to date from September 29, 
1933. 

,\\ir e rc_gret to learn of the death on February 9 of 
Dr. John Watts, of Merton College, Oxford_ Dr. Watts 
wat:\ associated with the University for 55 years, and was 
a v{'ry 8u('ces:o;ful tutor of many generations of chemi~try 
students. In hiE early yeats he was personally acquainted 
with Faraday and was for seyeral years assistant to 
Prof. Gelling. He died at the age of 89 in t.he rooms 
11(' bad oc('upied in 11erton for more than 50 years. 

Mr. A. 0haston Chapman, F.R.S., 1eft estate of gross 
value £16,571, with net personalty £15,075. 

Sir IJugald Clerk, K.ll.E., F.R.S., D.Se., the consulting 
rnginl"er, who died in November last., left estate of the 
groH~ value £54.,412, wit.h net personalty £41,005. He 
f,cqueat.hed substantial amounts to the Institution of 
Civil EngineeJ'I", the Royal Society, the Royal Institutjon, 
the Institute of Mechanical Engineers, and the Univer­
sities of Glasgow, Leeds, St. Andrews, Manchester, and 
Liverpool. 

Trade Marks Law 
The President of the Board of Trade has appointed 

a Committ.ee to report upon the desirability or otherwise 
of changes in the existing law and practice relating to 
trade marks. The chairman is Viscount G08chen, and 
other members of the committee inC'lude Mr. J. E. 
James, secretary to Imperial Chemical Industries, Ltd., 
and Mr. C. ll. L. Tennyson, secretary of the Dunlop 
Rubber Company and a member of the Council of the 
Federation of British Industries. 

Fuel Oil from Coal 
According to the Financial Times, a cont,mct for a 

year·, bulk supply of oil has been placed by the 
Admiralty with Low Temperature Carbonisa.tion, Ltd. 
Thf' order follows exhaustive trials of the fuel by H,M.S. 
"Westminster," which indicate that it extends the cruising 
range as compared with ordinary petroleum oil. It 
is stated that the oil is to be supplied at a price which 
compares favourably wit.h the standard price for first­
class bunker petroleum oil. 

Vitamin .. A CObcentratioll 

A further step t.owards the isolation of pure vitamin-A 
i~ indicated in a recent communication to Nature from 
Dr. F. H. Carr and William Newell. Several workers 
have believed that the highest concentrations of vitamin­
A they were able to obtain were almost pure, but the 
latest work in the B.D.H. laboratory shows a very 
marked increase in concent.ration. Thu.s the antimony 
trichloride blue value for the purest vitamin-A obtained 
by Heilbron and his colleagues was 65,000. but Carr 
and Newell have obtained a fraction boiling between 
136' C. and 137' C., which has a figure of 78,000, and the 
be"I:e1. that the BU bstance is a purer vitamin than any 
hitherto deBCribed is confirmed by Bpectroscopic .figurea, 



F .. h.l',193::1 CHEMISTRY AND INDUSTRY 147 

This substance shows no optical activity in alcoholic 
~olution, whilst analysis shows C = 83·5% and H = 
10 ·6%, which are in excellent agrE'ement with the formula 
('2JiSOO suggested by Karrer. An idea of the concen­
iration of this product can be gauged from t.he fact 
rhat the Carr-Price value is 13,000 times that of the 
('od-liver oil of the B.P. 1932. 

Bakelite Impregnation of Fouil Bones 

In a recent issue of N at'IJre attention is drawn to a 
I"t'ry interesting use for Bakelite suggest.ed ill 8 paper 
(Museums Journal, May, 1932) by Nichols and Orr of 
die Field Museum of Natural History in Chicago. The 
preservation of fossil bones found ill the more reCf'llt 
geological strata has always been something of a problem 
for collectors and curators, exposure to air causing the 
l~ones quickly to crumble. A number of materials, 
iueluding paraffin wax and shellac, have been llsed for 
impregnating such bones, but a more satisfactory 
method has now been developed with Bakelite. Broken 
l)(llles a"!'~ cemented with a mixture of plaster of Paris 
,ma dextrin, and then lowered into a tank of Bakelite 
made sufficiently fluid by the addit.ion of a. thinner. The 
bones are then allowed to dry and the surface cleaned. 
If a spfcially st.rong surface is required the bones are 
baked at a temperature of about 2080 F. 

World Power Conference 

A sectional meeting of the "''' orld Power Confprence 
1" being held this year in Scandinavia, and technical 
:-essiom; will be held in Stockholm from June 28 to 
Julv 4. li'orms of application for membership will 1)(, 
available shortly, and may he oLtained from the British 
Xarional Committee of the Conference, 63, Lincoln's Inn 
ViE-Ids, London, 'V.C.2. The following British papers 
ha\'e been announced: "A Survey of Industrial 
Electricu,l Power Supply in Great. Britain," by H.Hobson, 
F. Forrest, and C. D. Taite; "Long Distance Gas 
Transmission in Engla.nd," by Dr. E. 'V. Smith, C.B.E. ; 
.. The British Coal SUIVey," by Dr. F. S. Sinn.tt, M.B.E., 
and H. E. Witton; "Some Notes on English Diesel­
Electric Practice," by A. E. L. Charlton, M.P.; "British 
"1Iarinc Oil Engines/' by I. V. Robinson; "Electric 
R{'sista.nce Furnaces," "High Frequency Induction 
Furnaces," and" The Handling of Urban and Suburban 
Passenger Traffic by Railway, Electric Traction, Tram­
ways and Motor Omnibuses" (authors not yet an­
nOl~nced). 

RayoD Test Case 

AlIOdation of British Chemical Maaufacturen 
The Association of British Chemical Manuiacturers 

recently iss\led its official directory" British Chemicals 
and their Manufacturers" for the year 1933. It con­
tains in English, French, Spanish, It.alian, portuguese, 
aud German a list of the members of the Association, & 

classified list of British chemicals, a list of proprietary 
and trade names, and the nece88'ary indexes. It retains 
its familiar form and appearancE'. Two or three names 
have disappeared from the list of IDp.mbers and a few neW 
firms have been added, Messrs. William Edge & Sons, 
Ltd., Keeling & Walker, Ltd., Refiners, Ltd., Scottish 
Chemical Co., Ltd., John & E. Stur~e, Ltd., Synthite, 
Ltd., and Whey Products, Ltd. The book has 24 pages 
more than the previous volume~ an indication that 
many more chemical products are now manufactured 
here. 
Duddell Medal 

The Duddell Medal of the Physical Society has been 
m\"arded fo Wolfgang Gaedc, director of t.he Physical 
Institute at Karlsruhe. Thit; is the tenth Jl,ward of the 
Duddell Medal, which is given for impC'Tt,unt contri­
butions to the adnmcement of knowledge by the 
invention of scientific instruments, or the discovery 
of material~ used in their const.ruction. Prof. Gaede is 
well known as the inventor of a number of high vacuum 
pumps by means of which many important invest.igations 
have been carried out. 
Canadian Mining 

In the action brQught by British Celanese, Ltd. 
,1gaillBt Courtaulds, Ltd. for infringement of its patents 
in the manufacture of rayon, judgment has been gi:en 
bv Mr. Justice Clauson for the defendants. In the actIOn, 
\\~hieh was brought in November, 1932, and lasted ~or 
:35 days, British Celanese claimed an injunction restra.m­
iug Courta.ulds, Ltd. from infringing patents relatmg 
10 the form and solidification of films composed of a 
{:{·llulose derivative, the twisting and simultaneous 
winding into a thread of a number o~ filaments, .and ~he 
production of silk of a desired quality and unifOl'Illlty 
of the desired denier. The counter-claim by Courta111ds 
that the patents were invalid and should be revoked. 
was allowed ... 

According to the Toronto correspondent of the 
Financial Times (Montreal) the laboratory at the 
radium refining plant of Eldorado Gold Mines, Ltd., 
established some months back at Port Hope, Ontario, 
is already in operation and the concentrat.ing depart­
ment is likely to be working almost immediately. Sulph­
ate of radium if:! sold to the hospitals, being placed in 
platinum containers enclosed in lead. Bromide of 
radium (soluble in water) is the form in which the pro­
duct is sold for ordinary commercial use. It was stated 
recently by Mr. L. L. Bolton, Assistant Deputy Minister 
of Mines at Ottawa that the chemists of the Dominion 
Department of Mines have succeeded in concentrating 
the radium from one part in ten million to one part in 
100,000. The concentrate js virtually free from all other 
impurities except barium and representa 95% of 
the radium present in the original are. Already over 
4()(x) grammes of this ra.(liUID-barium compound, all 
ready for the refinery, ha~ been concentrated by chemistft 
of the Dominion Department of Mines and it is confi­
dently" expected that early this year several grammes of 
radium from Canadian sources will be available for 1l8e 
in the radium emanation plant shortly to be installed at 
Toronto University. 

Indian Notes 
Paper pulp. A rod mill has heen erected in the experi­

mental factory of the Paper Pulp section at Dema 
Dun Forest Research Institute for carrying out investi­
gations on short fibred materials used in the manufac­
ture of paper. Some of these materials have previously 
been the subject of experiment, but had not been found 
satisfactory for bleached paper.. In the light of recent 
technical development, economical and profitable uses 
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mit\' 1lOW l,e found for them. In addition to grasses 
{'ertaJll pulp w()oli'l from the HimaJayas are heing tested, 
and if thf'~e testA are successful, the manufacture of 
me<:hanieal pulp from /'onifcn" with tJw a..<;,'3ifltance of 
tJlC f,lect.ric power Hupplied hy the Mundi Hydro­
Elcetrie ;")cheme, mny hecome a commercial propoflition 
jn tJH~ neaT future. EucalyptllH wood from South India is 
al~(J heing w~cd in the experiment/so 

Imhan Road Tar.-Dllf' to tllC depTf'88ion ~veral 
(',oh-nvpn plants in India have hm~n clos{·d down, v.,·ith 
thf' J'('fHllt that work on the o(\v(,lopnwnt of th(, h:---­
productA ha~ Jwen arrested. Experiments draling with 
the r('('OV('TV of road tar had so far lldvan('ed as to yield 
a :r('allysflti~factorytar ('omparable with English roa~l tar, 
but unfortnnnt,('Iv thr lark of demand for hard coke 
haR rnmpf'llfJo th; dOFling of t}H' plants. 

World Peh'oJeum Congress 
'I'llI' V\i ol'ld l\~tr()h~um Congrc'sH, which is organizE'd 

hy tJle ln~tit'lltion of P"trol('uITl 1't-'chnologists is to be 
held this year at tlw Imperial (,ollew~, SOUt.1-1 l{c'JlKington, 
from Thu!'sday, .Tuly ~o t,() 'l'uPHday .Jul.\! 2f). A pl'e­
Jimina!':"" outlin(> (If tht' suhjf'cts to lJ{' dealt wit,h sllOWS 

that in the en~in('ering and clwmical seet,ion,:; snbjeett' 
win hi' disf'tHIS{'d ,"'He}) a,.., drilling. productioll, gus und oil 
collcdioll ~Lnd trpatment, hyufogcniz(Ltion, "olv('nt 
extraction, fuelR fur high :'\peed Dicf'd engint~s, knoek­
ratinp: of Di(;sd flwls. and ,..,nJety in Iannt. A,number of 
papers Willllbo 1w ])f('s('ntl'o on Ruhjl"ct .. eonm'('tcci with 
standardization. liemiJer,,,hjp of the C;ongress if; open 
fo all inkn'sted J)('r."on.'l at, ;] [(If' of lOs. AUlOngst 
arr:w~I'mt'nt .... which havt· hf't'll made for the conference 
are a priv(1h.' YlE'W (If th(' Int.ernational Oil Industries 
Exhihition, an exhihitll)ll of fi1m.>::, illust,rating thl' petro­
If'um incluF-try, and a uinn('r to foreign delegates. 

Gennan ChflJllical Plant Exhibition 
In acC'ordan('(' with the wi~h('s of plant and equjpment 

manufacturers exhibitillg at the ehemical plaut exhibi­
tion " AclH_>ma vn .. to he held in Cologne this year 
it ha.<; been finally decided to hold the exhibition duri.ng 
the w('ek )lay 18 to 27. The exhihition of the German 
Society for Ruhher ludustri('s. "bieh was t,o have been 
held ill ('onjunction with the Achema VII, will take place 
indf!pendpntly in Cologne. 

Platinum. in U.S.A. 
A pamphlf,t recent ly issued by the United States 

Burf'<LU of Mincl"> sta1 es 1 hat Amerit'a produced 885 oz. 
of platinum in 1931. The value of platinu!1l Hlet.>tls 
imported waR S:3,1)31,071, as compared with $5/~36,492 
in the pn)yi01l8 yrar. Of t,be total saler:. during thf> 
year, chemica.l indul:'try absorbed 111% for catalysts 
and laboratory- ~qulpment, and 25% was taken' up 
by the elf'ctrieal mdustr;.', tIw remaindf'f being mainly 
divided hetw('t'JJ dental prcparatiOllf' and jewellery. 

Metallurgical Research at Pittsburgh 
A new programme of re8ea,l'C h which is to he: com­

menced shortly by thf' Bureau of Met,alJurgical Research 
at the Carnegie Institute of Technology, Pittsburgh, 
will include work on the 8egre~ation of ferrit.e and 
cement.ite, studies on precipitation from solid 8o}utio~ 
and age hardening and the detection of internal stresses 
by X-rays. 

REVIEWS 
CHAPTERS IN MODERN INORGANIC AND THEORETIC_!: 

OHEUISTRY. By E. S. Hedges, D,Sc., M.Sc. 
Ph.D., Pp. vii + 279. London: Edward Amolc 
& 00., 1932. 12s. 6d. 

It is hardly fair or encouraging to the author of 1:1 

useful book to complain that he has not treated hli: 
subject as fully as might be wished, and the critic w~o, 
having acquired something good, complaiM only of It-l: 
size merely exposes himself to the accusation of greed. 
Nevertheless one hopes that in a future edition it may be 
found possible to extend some of the chapters without 
largely increasing the price of the book. N()bod~ 
would suppose that modern inorganic and theoretica. 
chemistry ean be adequately outlined in a volume 01 
lekS than three bundred pages; on the other hand, 
honours students of chemistry, for whom the book is 
primarily intended, ca.n scarcely obtain a sufficient 
conception of the modern position of, for example, thE 
chemistry of the rare earths, or of intermetallic com· 
pounus, from five pages of description, or of progress in 
radioactivity from little more. Not every subject ie 
80 summarily discussed; tlJe impression Jeft by tht' 
chapters OD) say, corrosion and on colloids, brief as they 
are, is more satisfying. "''''ith this reservation, the book can 
bc rf'commended unhesitatingly as a resume and a guide 
t,o further reading, A short ehapter on the periodicity 
of the blements is followpd by a disCllssiun, at ratheI 
greater length, of aUotropy, in~luding a summary of the 
prosf'nt position of work on tbe iniluence of intensive 
drying on physical properties. There are three rather 
more descriptive chapters, devoted respectively to thf' 
properties and reaetion8 of some of the less common 
elements .. to the general properties and separation of thE' 
rare earths, and to the new clements rhenium and 
hafnium. Complex ions and co-ordination compounds 
and the phenomena of radioactivity are dealt w:ith 
brieRy: the structure of the atom, isotopes, atomic 
weights, and valency receive rather more detailed 
treatment. Chapt-er eleven discusses the structure of 
crystals, whils.t the following chapter is devoted to a 
consideration of some inmganic catalytic reactions. In 
this section, as elsewhere, the emphasis which the authol 
la.ys on the undesirability of differentiating betweeI 
"inorganic" and" physical" chemistry is joined bJ 
a similar insistence on the inter~relationship betweet 
" pure" and "applied" science. A short chapter 
on inteTwet-allic compounds is followed by valuable 
summaries of work on corrOBion and on inorganic 
colloids. A. A. E. 

DIE METALLSEIFEN. By Dr. H. J. Braun. Pp. viii 
+ 83. Leipzig: O. Spamer, 1932. Paper, 7 rm. ; 
bound, 8,50 rm. 

This is the first time, So far as we know, that the 
metallic soaps have had a text-book to theIl1Selves: 
their growing importance in industry merits this distinc~ 
tiOD. The term is applied to the non-alkali salts of t~e 
higher fatty acids, wax and l:esin acids and the naphtheDlc 
acids, and includes the whole range of metals. In this 
book, after a few introductory pages, the soaps of e&eh 
metal are described separately in alphabetical ordeI, 
so that reference is facile. 
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The metallic soaps may be liquid, as zinc oleate, pasty 
[ike lead oleate, or hard and porous, as, for example, 
cll.dmium stearate, or may assume any intermediate 
state: in practice their successful use depends largely 
on their colloidal condition. Their waterproofing value, 
fpr example, is due to their capacity for absorbing water. 
Thi,ir uses in industf\~ are too numerous to b(' enumerated 
here; they are set ~out in connexion with each of the 
metals, The description in each caSe is full where the 
~lOap has technical importance, and there are numerous 
references to the originallit.t'rature collected together at 
thf' end of the book. The soaps which are only of 
tll1:'ore6caJ interest, such as those of the TaTe earths and 
the platinum metals, are merely llllted. In any case 
their price puts them out of consideration, though no 
one can say to-day when a particular Bubstance, however 
rare, will become of technical importance. Most atten­
tion is naturally paid to the aluminium, lead, calcium, 
copper, magnesium, and manganeae soaps. The book 
should be of considerable value to all thot3c who use this 
('laos of material, particularly since the information it 
contains has hitherto been widely Bcatt,ered. E, F. A. 

ATOMIC REACTIONS. By M. Polanyi. l'p, 63. JJon­
don: Williams & Norgate, Ltd" 1932. 6,. 

"?rofessor Polanyi's ingeniouB and spectacular 
researches have played such an important part in the 
development of modern chemical theo!)" that a dear 
and concise account of his work, such aB he bas given 
us in this little book, constitutes a very desirable 
addition to the cnemist's library. A brief account of 
t,he application of the theory of Heitler and London to 
the calctllation of energies of activation is followed by 
t,wo sections in which experiments with atomic sodium 
are descril)ed, and the most important results an, 
conveni~ntly t.abulated. An interesting parallel is 
drawn betwe{~n these processes and certain comparable 
ionic reactionR and it seems reasonable to expect that 
this may lead to further progress in the theory of 
chemical reaction in solution. The matter suffers: 
slightly from being too highly compressed, but on the 
whole it is a VCIT readable book, although ratber dear 
at 6s. 

COMPANY NEWS 
BOOTS PURE DRUG CO. 

It is reported that the Tobacco Securities Trust has 
J1urd)a~ed 200,000 of the 1,125,000 ordinary shares of 
B\lots Pun' Drug Co .. held by the United Drug Co. ?f 
America. The price paid is stated to have been ill 

tilt' neighbourhood of £6 128. as against the I~ondon 
f!lwtation of £7 ]01;. 

SOUTH METROPOUTAN GAS CO., LTD. 

The ordinary general meeting of the company was 
fwld on Wedriesday, February 8, with the .PresideJ~.t, 
Dr. Charles Carpenter, in the chair. The finanmal 
rf>8ults of the year's working were given in CHEM, .&. ~ND. 
of February 10. In his address, Dr. Carpenter cntlcI.Zed 
the present position regarding price control of coal, 
e:xercised with the authority of the Coal Mines Act, 

1930, by which ('oal could not be bought by p:asworks 
on the open market; thus other industrial users, such 
aR iron and steel makers, were charged at a much lower 
price. Dr. Carpenter said that a hig demand had devel­
oped for .. Coalit,e," but a. BUlVrising feature was that 
the demand was from t be Jeu ufJluent, llBf'TS of domestjc 
fuels. At present it. did not pay, hut the engineering 
staff WllS dir{'cting its efforts to s('e how far the defects 
could ue oVercome. The cOlllpany was also pushing 
on with the improvement of dOIDl'8tic coke, Tat for 
road making waR a developing bU1IlneRs: the qualities 
necd('d being mu('h hetter undf'rstood 1 han Home yenrs 
ago. Ammonia Wlt,'l .1 definite 108,';. 

BORAX CONSOUDATED 
The directors of the com.pany arc again unable to 

recommend payment of dividendti for the year ended 
September :~O, 1932, all the preferred ordinary and 
deferred ordinary shares. 

SOUTH SUBURBAN GAS CO. 

'l'he net profit of the company for 1932 was £113,674, 
as compared with £109,510 in 1931. A final dividend 
of 3% it; recommended on the ordinary shares, bringing 
the total for the year to 6%, as against a dividend of 
61% in 1931. Sales of gas during the year showed only 
a very 81ig~t reduction from the previouB year. 

Tbe company is promoting a Bill in the present BeBSion 
of Parliament to remedy certain inequalities of cost of 
supply that have arisen as a result of the growth of the 
company's limits of operation, The company is at 
present required to supply gas throughout its area. at a 
uniform cost, and it is now stat.ed that the differences in 
the cost of snpl)lying consumers in different \larta of the 
area are so pronounced that it is no longer expedient 
or equitable for the price to remain at a uniform figure, 
It is proposed to make a slight reduction in the basio 
price for supply within the metropolitan area and to 
increase the price outside the t:Iorea from ld. to 2!d. per 
thermo Discussions between the company's represen­
tatives and the London County Council with regard to 
certain details are still continuing. 

I.G. FARBENINDUSTR!£ 

According to the report of the company for the final 
quarter of 1932 the signs of an econo~c r~vjval which 
were anticipated at the end of the prevIOUS quarter have 
on t.he whole continued, notwithstanding complications 
in foreign trade relations. Business in dyestuffs and 
auxiliary products continue to improve_in .Europ~,. and 
the improvement in the market for artrfiClal fertIlizers 
was maintained, especially in the home market. The 
quarter showed further progress in chemicals, although 
at a slow rate, and the rayon turnover was at the same 
1e\"e1 as the previouB quarter, being a. little higher than 
in the same period in 1931. The favourable points in 
the report indicat~further improvements. in _the dyeing 
industry and fertllizer trade, and It IS SIgnificant that 
during this quarter, and in the time which has since 
elapsed, the trust has been able to incre..., its .tafi by 
.• bout 5000 men: 



OHEMISTRY AND INDUSTRY F~b. 17. 193~ 

MARKET REPORT 
This Market Report ;$ compiled from special inforw1tion 

received from the manufacturers concerned. 

a.bRence of exhaust f'moke or smell at all speeds ~n:d 
loads. The use- of various metals in this engine is 1,1 
interest; the cylinder head is of nickel iron, the cylindn 
block and crankcase is cast in one unit of an aluminiuhl 
aUo.'r, and connecting rods are drop-forgings of nickd­
steel, hushed with hronze at the small ends and whitp 
metal at· the hig ends. Other leaflets deal with til, 
well-kno\\-'l1 "Tan-Gyro" centrifugal pllmps, such a~ 
are u.'leu for doeks, drainage and sewage schemes l bucket 
and plunger wen pumps) Tangye power presses, and the 
Tan11:ye garage equipment--of which a -very extensin 
range now exists. 

l/nl(,~8 olherw£sl!" elated, the priclM quoted below cover fa;r 
quanti-tiM ~t and 1taked at aellera' works. 

'1'b~ folJowjng alteraHollB jn prict"B are l'E.'!ported Binoe tbe 
pubJication of the last Market Report (ef. CBElf. &. IND., 
F"h. ;~, ]93:3, p. lOB). 

TAR PRODUCTS 
~ aphtha .-Solvent 90 /160, Is. 5d.-ls. 6d. per gal. 

Solvent 95/160, Is. 7d.-lA. Bd. per gal. Solvent 
90jJ90, lld.-h. 2d. per gal. 

GENERAL NOTES 
Official Trade Intelligence 

The Department of Overseas Tra,dc (Development and 
[ntelligen"ej, 35, Old Queen Street, London, S,W,I, 
ha~ received. the following inquhies for British goods. 
British firms may obtaill further information by apply­
ing to th(, j)Gpartment and stating the specific number. 
Be~'lium: Arhelc,"1 of .synthetic resin, bakelit-e, ok. 
(221). .JamaiNf: Paint, varnish, white lea.d, luhricllting 
"il, (214), 

A Laboratory Emulsifier 
Chcmist,N wllO J'f'quire to make in the laboratory small 

(Jltant.ities of (,Inu1:iiun.'l will be interested to hear that an 
inexpensive emul14ifier is manufactuf('d byMessrf'. Quality 
ProductH, Ltd, of Hydr, CllC,hire, Recently, by the 
('1)urtet-lV of Dr. Karl :fildwards of the Ormond Labora.­
torics, we had an opportunity of seeing one of these­
machines in use. The two phases of an emulsion 
of water HUrl white oj} were first mixed and thPD pOllred 
into the hopper of the machine, and were then con­
~'I'rted into an emulsion hy the simple procef's of raising 
and lowering successively a handle, similar to an ordinary 
p~lmp handle. This handle actuat-es a reciprocat.ing 
plunger, whirh force" the two phases past a non-return 
valve and through a very fine orifice, the resulting 
emul:-liou exuding into a beaker placed below. The 
emulsifier OCCUpif'B Vf'fy little spacr and ('an he scre'wNI 
down to a laboratory hench. 

NiclO$ilal 
An jntcresting publication recently issued by the 

Mond Nickel Co" Ltd" Thames HOllse, Millbank, S,W,1, 
deals with the heat-rescisting nickel-chromium-silicon 
east iron which is manufactured under the name" Niero­
tlilal.'· The particular feature of this material is the 
presence in the austenitic cast iron of a much higher 
('.onwnt than mmal of silicon. The chromium which is 
present La» a stabilizing effect on the high-si1ic()D austen­
ite and improves materially the heat-resisting properties 
of the matrix, with a refining influence on the graphite 
structure. Useful informat.ion is given III this brochure 
rega.rding the properties of "Nicrosilal" of varying 
composition and a number of applications of the alloy 
in engineering practic{' an' illustrated. 

ran,.".., Ltd, 
A new series of attractive lea.flets has recently been 

is"ued by the engifieering firm Tangyes, Ltd, One of 
the most interesting of them deals with the Tangye VM 
Type Diesel transport engine, which clai11l8 complete 

PUBUCATJONS RECEIVED 
IhwoR'r ON ECONOMIC CONDITIONS IN ECUADOR, SJl;PTEM­

BEn, I!J32. By R. M. Kohan. Department of Over­
"<"as Trude. No. 535. Pp. 44. Londol'l: H.M. 
Stationery Offi<;e, 1933. Is. 6d. 

'YATER POLLUTION RESEARCH. SUMMARY OJ!' CmtREN'r 

LITERATURE. VOL. VI, No. 1. JANUARY, 193~{. AB­
HTRACTS Nos. 1-120. Department of Scientific a.nd 
Judustrial Research. Pp. 36. London: H.)L 
Stationery Office, 1933. 2s. 

Ox TIl¥. MeCIIANISM OF OXIDATION. By H. 'Vielalld. 
Pp. x + 124. New Haven: Yale University Press: 
London: H. Milford, Oxford University Press, 19,32. 
$2)\0, 15s, 6d, 

DEn CHEMIE-INGENIEUR. Edited by A. "Ellcken and )0[. 
.Jacob. VOL.], PART I. HYDRODYNAMISCHE MATERIAL­

BEWEGUNG: \VAll:llF:SCHUTZ UND "rARMEAUSTAUSCH. 

By M. ,Jakob :Ind S. Erk. Pp. xix + 539. Leipzig· 
_,lkademi:<:che VerIagsges., 193;). Paper, 52 m.; hounl"!, 
54 ID. 

MrNERAL INDUSTRY OF THE BRITISH EMPIRE AND FOREIGf.. 

COUNTRIES. BORATES. 2nd ed. 1920----1932. Imperial 
]nstitute. Pp. 44. London: H.M. Stationery Offil'€' 
1938, 9d, 

MUltE-BASEN-INDICATOREN. By Dr. 1. M. Kolthoff o.n(l 
Dr, H. Fischgold. Pp. xi + 416. Berlin: .1. 
P-pring€r, 1932. Paper, 18.60 rm.; bound, 19.80 rro. 

ZOOLOGIE RIOLOG£QUE. By E. Rabaud. PART II. L£!! 
PHENOMENES DE NUTRITION. Pp, 224---476. Pari-,: 
Ganthier-Villars et Cie, 1933. 50 fr. 

BTl<:REOCUE~nE : EINE ZUSA1UlENFASSUNG DIm ERGBII-

NUISJ.?, GnCNDI,AGEN UND PROBLEME. Edited by K. 
Freudenberg and others. No.6. Pp. 799--958. 
Leipzig Rnd Vienna! Franz Deuticke, 1933. 18 nt. 

COLLOID ASPECTS OF TEXtILE MATERIALS AND RELATflJl 

TOPICS. Faraday Society Diwussion, September, 1982. 
Pp. 368. London: Faraday Society) 1932. ISs. 6d. 

REPORT 01" THE DEPARTM.ENT OF INDUSTRIES, MADRAR, FOJl 
THE YEAR ENDING M.UtCH, 1932. Pp. 71. Madra .. : 
Government Press, 1932. 8 annas. 

REPORT of THE FOREST PRODUCTS RESEA1'CH BOARD FOR 

1931. Department of Scientific and Industrial Be 
:::earch. Pp. vii + 51. London: H.M. Stationer: 
Office, 1932, 3s, 6d, 

HANDBUCR DER BIOLOG£SCHEN ARBEITSMETRODEN. Edii;e( 
bv Prof. E. Abdel"hald~n. DIE METRODEN DER DIE1'­

sl'NTHEsE. By K. Alder. AsT. 1, CHEMISCHJil. METH(1 
DEN, TEII, 2, 2. HXLFTE, HEJI'T 9 (SOHLUSS). LIEF}' 
iuNG 400. Pp. 3079-3291. Berlin: Urban !-. 
Schlt--ar7.enberg, 1933. ]3.50 rm. 
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