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Analysis of the swimming of long and narrow animals 183

, -13}1a.nks are due to Professor James Gray for permitting the publication of
S 5, 7 and 12, which have not previously been published, and of figure 11,

h is taken from a paper to which reference is made in the text. I am also grateful
. for suggestions made in the course of the work.

REFERENCES

"us H. 1908 Z. f. Math. Phys. 56, 285.
q, J. 1905 J. Math. Puree eppl. 285.

dflfiejn, S. 1938 Modem developments in fluid dymzmics, p. 425. Oxford: Clarendon Press.
’ J, 19390. Proo. Roy. Soc. B, 128, 28.

J_ 1939!) J. Earp. Biol. 16, 9.

',. J_ 1946 J. Exp. Biol. 23, 101.
3’ J, 1949 J. Exp. Biol. 26, 354.
'5 L, V. 1914. Phil. Trans. A, 214, 373.
ad, A. R. 1918 Rep. Menwr. Aero. Res. O'omm., Lanai, no. 554.

]§}_ F. 3; Powell, 0. H. 1917 Rep. Menwr. Acre. Res. 0omm., Lond., no. 307.
; W. B. 1948 J. Ac-ro. Sci. 15, 49.
01-, Sir Geoffrey 1952 Proc. Roy. Soc. A, 211, 225.

m, A. 1928 Rep. Mano:-. Acre. Res. C'omm., Lentil, nos. 1176 and 1194.
ijtika, S. &. Aoi, T. 1951 Quart. J. Meek. App}. Math. 4, 401.
' J'.'M. 1949 J. Aero. Sci. 16, 41. '

 

I The effect of the temperature of preparation on the
mechanical properties and structure of gelatin films

BY E. Bsennunv AND C. MARTIN

The British Cotton Industry Research Association, Shirley Institute,
Didsbury, Manchester

‘(Communicated by so Eric Rideai, ER..6’.——Receieed 24 October 1951*

Read 28 _Febmce'y 1952—Reoised 16 April 1952)

[Plate 4]

recedes the formation of a continuous structure, and X—ray and other evidence indicates
that the molecular chains are in a disordered contracted state not far rernoved from their
flomiition in the sol. The high—temperature film is characterized by low strength and high

ooverable extension under conditions of high relative humidity. In the low-temperature
Preparation the greater degree of crystallization has partially extended the molecular chains,

(1 the unidirectional contraction of the film on drying has oriented them in the plane of the
- This filrn exhibits thermal contraction in hot methanol, and is stronger, but at high
'dity is much less extensible, than the high-temperature preparation.

the adhesives used for sizing rayon textile yarns, gelatin is the most common,
Probably more is known about its sizing and weaving behaviour than about

.-Of other adhesives. It is thus a reasonable sta.rting—point in a long-range
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134. E. Bradbury and C. ‘Martin

fundamental study, the ultimate aim of which is to relate the physical proper
of the size film to sizing and weaving behaviour. Although the literature abg '-

With accounts of work on gelatin in sol11tion and in the gel state, there are fa "

accounts of work on gelatin films, and none has been found dealing specified‘
with the eifects of the temperature of preparation on the mechanical propertiaa I
the films. ' ‘ 7‘

For the experiments described below, a commercial acid-processed skin ge]

was used. Its isoelectrie point was at pH 6-5, and a 5 ‘7, solution had a 131.16:
4-2. Films about 0-1 mm thick were prepared by evaporation of water from 5 0

solutions contained in shallow metal trays, and the conditions in which th-

evaporation took place were varied as described later. Test-pieces of appmximg
dimensions 5 cm >2. 6 mm were then cut, and conditioned in atmospheres of cod

trolled humidity and temperature before being submitted to tensile tests. F01-3119
tensile tests a rate of loading of about 25 Kg/cmzs was used. At least ten specimmj,

were tested from each sample, and the load—extension curves, tensile strength am

extension figures given later are means of these. -

JFFECT ON THE TENSILE PROPERTIES 0]!‘ THE TEMPERATURE OF PREPARATION H"
AND OF THE HUMIDITY DURING TESTING

Films were prepared by drying in atmospheres diflering in temperature 1;‘
having the same relative humidity as follows:

(ca) 20° C, 70 0/0 r.h.

((9) 60° C, 70 3/0 r.h. ._

The film (ca) too}; about four days to become sufficiently dry for removal fro"
the tray, whereas the film (.-5) reached this condition in about six hours. In
early stages of the drying of (6) the temperature in the drying film fell to 56°
owing to the rapid rate of evaporation. Thus a range of temperatures (56 to 60”
was covered during the drying, and this also applies, but over a wider range, 2
films dried at still h.igher temperatures described later.

 

 

TABLE 1. FILM PREPARATION TEMPERATURE AND THE AMBIENT HUMIDITY '-
DURING TESTING-J EFFECT ON TENSILE PROPERTIES

film

preparation tcnpgile strength BX‘lJBI'lSl.0I;. at break
teInpe1'a.ture testing ,_.i...§.iEfl1..}_.._ ../9 __..

(° C) 1-.h. (0/0) mean s.d. mean s.d.
20 45 910 48 1-9 0-2
56 to 60 45 854 ' 31 1'1 [}*1
20 55 832 52 2-2 0-3
56 to 60 55 585 3-3 1-5 0-1
20 i 65 646 59 3-7 0-7
55 to 60 35 350 22 1-7 0-2
20 75 418 29 10-2 1'7
56 to 60 75 172 36 46-1 5-5
20 85 1'70 38 238 3'3
56 to 60 85 81 11 129 20

[s.d. = standard deviation.)
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Mechaniwl properties and structure of‘ gelatin films 185

-11 types of film were conditioned and ‘subsequently tested under dflferent
" conditions covering a range from 45 to 85 % r.h. The mean figures for

fin;-ength and percentage extension at break are given in table 1, and the
xfiension curves in figures 1 and_ 2.

' _ 1200

 

 
 
 

 

900

600load(K.g}sq.eIn)
300
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' extension {%)

_ Goa: l. Load-extension curves at relative htirnidities of 45 to 65 %, indicated
' on the curves. 0, Film. (:5) dried at 20° C; -, film (D) dried at 56 to 60° C.
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"FIGURE 2. Load-extension curves at relative humidities of 75 and 85 %.
' Oendoasonfigure 1. -

seen flom the table that increasing the drying temperature from 20° C to
0° 0 -had a. profound eifeet on the tensile properties. At all humidities the
perature preparation (ca) was much stronger than the preparation (b), and
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186 ' E. Bradbury and C. Martin

up to 65 9/0 r.h. had also a greater extension at break. At 75 and 85 ‘yo r_h_
extension of the film (b) was much greater than that of the film (ti).

Up to 65 %T.h. (figure 1) the load-extension curves show no obvious yi ‘
point, and the extension at break was Very low for both types of film.

At '75 and 85 % r.h. (figure 2) the curves show an apparent yield point, be
which the extension per unit load is greater than in the initial part of the g
This extension is of a different order of magnitude from that obtained up __

65 % r.h., and increases rapidly with increasing humidity. An important paint"?
that, even when the film (b) had been extended to 130 % of its length, it rel;
in time to within a small percentage of its original length on removal of the 10
It is evident that, with the fairly high rate of loading used, there was little plug
flow during the extension of the film. '

The magnitude of the effect of humidity on the tensile properties is of ggnf
significance and deserves comment. The greater effect was shown by the '
temperature preparation. For an increase in relative humidity from 45 to 85$;
it suffered a fall in strength to approximately one-eighth of its initial value, W;
the extension at break was increased a hundred—fold. '

E‘

EFFECTS ON THE '1‘ENS.TLE PROPERTIES OF THE RATE AND DEGREE OF DRYINQ

In the previous experiment the results show that films (a)_ and (b) djjf'
considerably in mechanical properties. The cause was assumed to be the diff:
in preparation temperature, although related diflerences occurred in two ct
factors. These were the rate of drying, and the moisture content of the film w_'

equilibrium was attained with the moist atmosphere, which may be called
degree of drying. The possible independent contributions of these factors ‘tot
diflerence in mechanical properties could not be ignored. The experimen

TABLE 2. THE RATE or DRYING or THE rrciu, an-n THE AMBIENT HUMIDITY

nunmc nnrme: EFFECT on rnusitn PROPERTIES AT 65 '37, B..H’..

ambient conditions , tensile strength extension

- during film prep. *‘*PP"°"_““‘““’ {Kg,u"sq.ern} at break {%)
_ faclior temp. (°C} %r.li. d‘ry_mg mean sd. mean ad.
investigated ‘___.__-._.....__‘ period r__.._‘ ,___»_,

rate of drying 20 70 4- days 647 59 3'7 0'7
20 4-0 6 ll G42 42 3'6 0'4
60 70 24 h 348 23 2-0 0-3
60 '70 6 h 350 22 1-’? 0'2

ambient 20 70 — 647 59 3-7 0-1’
humidity of ' 20 ' --40 - — 650 35 3-9 0'5
preparation 60 - - 70 — 350 22 1-7 0-2

60 2e — 352 19 2-1 0-3

described below were carried out to provide a rough estimate of the magnitude
the effects of these complicating factors. In each experiment the films =
preparation were conditioned and tested at 65 % r.h.

The effect of rate of drying was investigated at both temperature levels (20 -'
60° C) by varying either the degree of ventilation or the atmospheric humi
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