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Fig. 1. A method of making snow specimens for sintering test.
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Fig. 2. Increase of Young’s modulus and decrease of internal friction

of snow specimens with the lapse of sintering days.
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Fig. 3. Photomicrograph of ice particles made of by
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Fig. 4. (A) Thin section of snow specimen immediately after stuffing.

(B} The ice bonds of the same specimen drawn by tracing.
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Fig. 5. (A) Thin section of snow specimen sintered at —3.0°C for 6 days.

(B) The network of ice-bond of the same specimen.
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Fig. 6. Enlarged photomicrograph of the portion W-X.Y-Z
enclosed by dotted line in Fig. 5.
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Table I. Numerical data for size distribution curves of
ice bond sintered at —3°C.
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Lapse of time No.ic(;f é)(])aﬁg;ved Obtsl‘fil;{:s(jic:t;{:g of No. giricfmlgonds Mode
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» 4 days 353 22.4 1575 ’ 80 #
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» 15 days 343 34.0 1010 | 130 #
” 34 days 245 24,0 1008 150 &
% first day -12°c
30p afrer 3days

afrer 7days

»N
i
v

afrer 32 days

S

afrer 6/ days

Frequency
S W

5t
035 40 o0 30 100 120 140 160 180 200 220 240 260 280 300 320 340
1ce bond growth M
Fig. 8. The change of size distribution curves of ice bond with
the lapse of sintering days. (at —12.0°C)
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Fig. 9. The change of size distribution curves of ice bond with
the lapse of sintering days. (at —35.0°C)
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Table 1L Numerical data for size distribution curves of
ice bond sintered at —12°C.

Observed area of | .
Lapse of time No. of observed thin section No. of ice l;onds Mode
ice bonds (mm2) per cm
first day 459 275 1670 30 4
after 3 days 394 220 1790 s
» 7 days 349 275 1270 90 ¢
» 13 days 407 27.5 1480 105 4
» 32 days 372 33.0 1127 130 &
» 61 days 390 50.0 780 150 &
Table III. - Numerical data for size distribution curves of
ice bond sintered at —35°C.
Observed area of .
i . . No. of observed . - No. of ice bonds
Lapse-of time ice bonds thu(lmsrc;:lg)non per cm? Mode
first day 593 17.2 3300 . 204
* after 6 days 513 . 18,5 2780 35 u
» 13 days 366 18.5 1980 40 u
w22 days 280 14.5 1930 50 ¢
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Fig. 11. Logarithmic plots for ice bond growth and sintering time.
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Fig. 21. Neck growth between pure and impure ice spheres at
~4.0°C for 30 minutes.

A, D and E containe 0.27 M NH/F, B and C are pure ice.
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Fig. 22. An ice sphere sintered to a plane ice surface.
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Résumé

It is a well-know fact that deposited snow undergoes a remarkable change in its
mechanical properties as the ice-bonds grow between snow particles (“sintering”). In
order to reveal the causal relation underlying this fact, the following experimental
studies were carried out in a low-temperature laboratory. A powder snow made by
crushing snow blocks was stuffed into a wooden frame. (see Fig. 1). The specimens for
sintering test were cut out from this snow compact, and kept at different temperatures
—3.0C, —12.0°C and —35.0°C, each for a long period. Young's modulus and internal
friction of the specimens were measured by flexure vibration method at intervals of
one or two days, and at the same time growth of ice-bonds between sintered ice particles
was observed statistically by making use of anilin technique for preparing thin sections.
A close relation between the change of sintered specimen in its mechanical properties
and the ice-bond growth was found, as illustrated in Fig. 2 and Fig. 10.

From this kind of experiment, however, it proved very difficult to obtain authentic
information as to the sintering mechanism because of complex shapes and geometrical
configuration of snow particles. To take a farther step in this direction, we prepared
small ice spheres ranging from 50 to 5004 in radius by freezing water droplets in
liquid air, and measured the growth rate of the ice-bond at various temperatures and
environments. The resuits seem to indicate that in air environment saturated with
respect to ice the sintering between small ice spheres below 100 # in radius occurs mainly
through volume diffusion, while that between larger ice spheres (R>>100 x) mainly through
surface diffusion (see Figs. 15, 16, 17 Plate I and Table 1V). In the case of kerosene
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environment (Fig. 19 and Plate II), the situation is very similar to the case of saturated
air; only, the growth velocity of ice-bond is much lower. Thus it has been confirmed
that the ice-bonding takes place even when the transport through vapor phase is com-
pletely excluded. The fine structure of ice-bond was investigated by thin section method.

The results are shown in Plates ITI~VII.



BED Ice-Bonding & % 7z 5 Wik, WEEEOZLM, 75 6 ok DR HSMC v 5 PI% 35

Explanation of Plates

Pl. 1. Successive ice-bonding between ice spheres in the air saturated with respect to ice {at —5.0°C).
I immediately after contact. '
2 after 18 min.
3 after 33 min.
4 after 64 min.

Pl 11. Successive ice-honding between ice spheres in the environment of kerosene (at —3.5°C).
5 after 35 min.
6 after 64 min.
7 after 191 min.
8 after 279 min.
9 after 426 min.

o after [369 min.

PL IIL.
11 Thin section of pure ice spheres sintered at —4.0°C for 19 hours and 30 minutes.
12 Photomicrograph of the same specimen interposed between crossed polaroids.
13 Thin section of ice-bond between pure ice spheres sintered at —4.0°C for 41 hours. a—-c—b
shows a grain boundary displaced during sintering process.
12 Thin section of ice-bond between pure ice spheres sintered at —4.0°C for 41 hours. a-h

shows a straight grain boundary in neck.

PL 1V.

15 Thin section of ice-bond between impure ice spheres containing 0.05M NH,F as an im-
purity sintered at —4.0°C for 4! hours.

16 Thin section of ice-bond between pure ice (right) and impure ice (left) sphere sintered at
—4.0°C for 18 hours. Impure ice sphere contains 0.05 M NH,F.

17 Thin section of ice-bond between impure ice spheres containing 0.05M NH,F. Sintered

) at —4.0°C for 41 hours.
18 Thin section of pure ice sphere sintered onto plane ice surface at —4.0°C for 41 hours,

Pl V.

19 Thin section of pure -ice sphere sintered to pure plane ice surface at —4.0°C for 3 hours.

20 Thin section of pure ice sphere sintered to pure plane ice surface. Small air voids -are
flowing from ice sphere to plane ice through neck. (—4.0°C, 41 hours)

21 Thin section of ice mass which flowed out from ice sphere to plane ice surface. (—4.0°C,
41 hours). a—c-b shows a grain boundary displaced during sintering process.

Pl. VI
22 and 23 Thin section of impure ice sphere containing 1% NH,F sintered to pure plane ice
surface at —4.0°C for 19 hours and 30 minutes. - There is no mass flow from sphere
to plane ice surface.
24 Lattice reorientation of lower part of impure ice sphere containing 125 NH,F (taken with

crossed polaroid).
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Pl. VII. Thin sections of pure ice spheres. sintered to impure ice plane containing 0.05M NH,F
(at —4.0°C, for 45 hours).
25 and 27 show ice mass with air voids that flowed out from sphere to plane surface. a-b
represents the front of the mass that flowed. .
26 and 28 photographs taken with crossed polaroid show that crystallographic orientation of

the masses turned out the same as that of plane ice.
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