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Kiyohatu Qciwara : Studies on the Constitution of Cocoon silk

On the Difference of the Denaturation of the Liquid Silk
in the Silk-Gland to be Caused by Heating
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Table 1.The relation between the time (t) which
terminate the potentiality to become the fiber in
the heating of liquid sitk and the degree of its
temperature(T),

Temperature Time (1943) Time (1947)
Te ;Iog.T j t(m) l Jog.t | t(m) i log. t
20| 1.301|  427] 2.630] 427 2.630
30| 1.477 125 | 2,098 125 | 2.098
40| 1.602 50 | 1.699 50 1.699
50 | 1.699 20 | 1.301 20 1.301
60| 1.778 6| 0.778 6 0.778
70| 1.845 4| 0.602 4 0.602
80| 1.903 1| 0.0 10
90 | 1.954| 0.5 |—1.639 -
95| 1.991| 0.33 [~1.522| 0.33 —1.522
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fog t=9.011~4.645 log Tverven {1947)

ElDine B bR L 30° 22 20° o455 o ki
Tl R R, 12550 42750038 Bitiz, - (RIS
VL o TRIE TR % o o] Jllﬂﬁwr AL TS,

& MPE AN RS b0 B IR F 4 I

Mfﬂk SRR GO B & HithE 1‘91’5:{ L T MEALBRE L o

L CHMELEE D 1 13 5 IV B R L Tolé o
Table 2, Terminative time of the potentiality
to become the fiber,

Non— Treated onThe deffere-
Tempetatu- treatment | 00 Sec. it [nce hetween
re. (C) minu A) aftar heating the A and B

mntt. minu. (B) | minu.
[
40 50 | 150 100
|
50 20 54 34
] 60 6 10 » 4
[V D 3 4 1 1
‘ sec. © sec. sec.
80 - ‘ 80 . 120 40
T 90 ’ 0m). 60 : 30
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IIL(DH v—mmmm LTk D R oM I ER RE
TRHOT 3 WO RR X o TER L fNHebgie J:
=k ‘I‘ﬂl‘\hffﬂffﬂl‘/}s ML, PR T @ 2 BERSE O
GOWEL BT 570 THES 5 DL kool
1o (a0 o D 7. 1 M 1 5 b R T e o L D R Y
Rlninotee (% IFAALRIA LI-HERM R 1EM G T
W< RS LR B o L VR L ZE
Bineone SR @R TR e Gl (e 2 B S
s KT B B & D VIRIIE L A 1155 & & Bt
S50% ML D o BRI Lo 23y
LT\ I3 Bl bl -7 el 5 g (b imik~ %
el R 3 5 iR o S M BT S — IR S
TEHTHLHS LHLDHOTHD, Lo

(i) iHe & NI o ‘

RO RN SR 1T 5 & LR ISR
T LR HRIINEE ko TN s Fdkns
2, HhofE iR T LIRS D O Tk
Vs &8 2 TR ERE o e LR 1 1A 5 NE 2 otz o0
Tl Do BUENEATEE @ Bas il o i o S v e
ARG R U A D Fed SR A~ Fe Bl 0 /L O
PS40, 385 ~0, 4125, iifﬁﬂﬁﬂmlr:p'c 0. 1155~0, 12255;
Thyota M oS 0. 1195 & U THI o
Ll

. Table 3, The generation of Nij in the terminative time of potentiality to become the fiber,

Temperature mg/cc of NHj in minnte, (1943) ‘ mg/ce of NHj in minnte 94N
Te log. T NEg x 105CW) 1ogNE(W) ’ NEs% 10°CW) - | log NHs(W)d
0| 147 2.09 0.301 o155 |- 0.000
40 1.602 4.00 0. 602 3301 | 0531
50 | 1.699 9.40 0973 | 580 | 0766
60 1.778 18.10 1.257 160260 ~1.200
70 1.845 32.00 1510 . 35,110 | 1.545
80 1.903 58.20 ©1.765 93:250 1. 969
% | 1954 | 99.80 1.991 ' 191.000 2,981
98 1.991 141.00 2143 | C270.000 | 2,414
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Table 4, Relation between the properties of cocoon silk and temperature in the cocooning roem

STr— Temp. (C) | :
R 30 36 40
- elongation . } ’
T Stress g/d Elonpation9g| Stress g/d  Elongation %5 Stress g/d | Elogation%s

Layers of cocoon ..l R B R B

Outer layer 100 (Kai) 3.438 19.84 2.912 | 16.43 2652, 15.11

Middie layer 300 (Kai) 3.152 14.96 2.914 ’ 15.39 2.796 13- 16

Inner layer . 550 (Kai) 3.182 1447 2-624‘} 11.14 2.216 9.39
W+ LR o IE65% ) TaPR 2.33d

S MR U A — X~ Gl
W 0O R 6525
WLREARRNE 30K 3.37d, 36 2.65d,

(ii) 0 R 2oL LB 4 ORMEE O LML

"Table 5. Relation between of the properties of cocoon silk and relative humidity in the cocooning room.

= R.H. 23
65 95
Stress,
elongation l
Stress g/d Elongation % Sterss g/d i Elongation 95
Layers of cocoon . L Lk ;1‘ -
|
Outer layer 100 (Kai) 3.438 19.84 | 3.162 20.22
Middle layer  330:(Kai) 3.152 14.96 1 3.128 16.45
Inner fayer 550 (Kai) 3.183 14. 47 2.643 1414
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3.37d, 959 3.3 d,
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Table 1, The evaporating velocity of moisture in the silk substance: ‘
g;j %g The elapsing time in ofter stretched (minuté) (}gf;li:‘;c Egght
'g' a. §.§ Trems e ‘ ‘ o of of
=) 0 5 015 0 30 | 40 | 60 ] 120 180 | 740 300 sample | sample
T & ] O
e o e 1 et i KON
5399'}92 waverg) O B ] 0 046 | o.ormj ) [0 1040 107). 1097[} 01097:00403
9, of decreasi } I o :
0 41 of |25 | 95 1 97. 8l .
of moijsture .
Xﬁ:ﬁ{:\t “‘d“x oF 1 100 | 69 3 '56 00| 30. 66]2‘% rml 2685 I
” Ratio "qfé)m"‘“‘““, 73.15 6. 27’ 52, 05; ‘12 7306, 3 : |
T e e
%1 lation of waverca 0 001 0-02/0- 031] 0-038] 0'047| 0.049 _ ’ | l 0.049] 00275
g 45 of dccrnasmg { [
A % motsture of 209 408 63.3 777 960 w00 | | | |
e Weight index of : ! ‘ !
& sample (%9 100, 86.92 73.85| 59.47) 50.32] 38. 56 M | !
Ratio % )‘“"‘“‘““‘ 64.5 58.64) 5133 39.56, 28-57 678 o I | l
i \'A’L‘xpihi’:"éyf'hvﬁbo'— ] T N
i of awiter ) 01 0-006 0-019 0.031] 0037 0.0440.0455, " | 0.0455] 0.0265
| % of decressing | g 13,17 41~8% 6.2 814 95 w0 | | | |
10 vt Ve e g .’ ‘» . ot oo
;’Xr;‘g}:‘ T 0| 100, 9142 7288 55,71 7114 37,14 350 |
Ratio of mOBHue | o5, 61.71 51.96 37.17 2424 576 o | |
VVclght of evapn-] | | ! I i .
rarton o warar () 0 0-007] 0.022] 0.0340-0366] 0038 0 B | o 939}»”‘“(»)"."9}“1&
2% of dscrsiog | g 18.41 57.8 80.6 96.3 100 | | |
15 | \Woisht in S
‘ :a‘];‘g}f indes o | 100 84.53 61.68) 46.61 3402 | ] |
iRatio of moisture ! : i f
: et o | 73-07 63.88) 53.33 222220 | 9.000 | | g |
’ Weight of evapo- ' ! i ‘ ‘
| latton of water | 0] 0-0180-0317) 0:0420.047 o 0-0447, 0.0235
7 % of cio;;;asmg R ! i
(_3; of moisture 0 348 91.0 940 100 o
5 B - : - - oo ; T
=E&| Weight index of ‘ ! i | |
o ;‘X;‘gﬁ‘ “}Sg;“ © 100( 83.7 53.4\ 38. Si 34.3 .
T ; I | !
Ratio o ROt 65,45 59.0 3371 103 0 .
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9% of decreasing [ S ; ol )
s B o | | e | s o649 2 100 |
! “Weight index of \ ‘ ‘ S A I
] sample (94 100 69-09) 0.0 27.8725.63 2515 |
& |Ratio (%ﬁ)m"is‘“re 74.84 | 6196 | 58.08 0) f
o 22 : ‘ *‘ s S TR A
< Weight of evapo- ol i f I \ a0
& | leation of swarer tgy _00-01680-03380- 05180- 06850-0745 | ooms 0 0345
& 2 esing | g 0.0 .q] 686 913 100 | |
S| 5 | Weight indox of | g oo 21] 46-61) 31,65 ""'7>'
O | |samole (g i 100 8532 6972 52.21) 46-61] 31.65) .
D[R or Ot 6834 62.00  54.6] 40.51] 1585 ] |
o S I C S M R | Lo Y s
N et war | 0/ 0:015] 0.030.045 | 0.053 | 0.03 0-022
9% of desreasing 0 2461 4922 73.8 . | - 100) | (
10 " A " S L ST N : e n bt =
g oy | 100 7945 589 460 [ 3010 |
Ratlo 0 MOS0y ) 2.06 48.83 2149 | 0 f
Weight of cvapo- i { I [ [ e i -
ration of ater coy| | 00-00970.02170.0307 ,J9;Q3371,4 [ 0.03371‘ 0-015
% of decreasing : ;
of moisture OI 28'71 64',41 91-0l jwwl(,)(), ‘
B gy ingex o100 80.1] 55.44] 42.15 | 50
Ratio o moisture| g9, 19 61.53) 4b44 16,66 | 0
‘Weight of evapo-| i i ] i T T ‘
. m;ion,o‘fi water () 0|0-0115|0-0365!0.0465 0'05710'0575 . 0.0575 0,0;;55
% of decreasing ’ i l I
: of 17.7 60.3 77.0] 94.2| 100
)| _of moisture | O BT T L I
5 lgﬁfﬁif 1?%2? o 100L86a14f56-02]33-95 31.32) 30.72 [ ;“ : ]
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Table 2. The evaporating moisture in unit surface aréa of silk substance.
a ?:? Water The elapsing time (minute) c?\rzfrtgf:y of
B S:TT“‘ :;g:}‘tl;“j R I tems i | ' evaporating
G Vi 5115 130 | 40 | 6 | 120 | 180 | 240| 300 | moistuce
Ll A e | _ Per, m. (mg)
0 ‘ T.E. (ind) l ‘ ‘ 1. 50 0- 66 l 0.31) 0. 05 0. 048
|t 001097) E, perfem® (mg) | | 07271 7 ]| 0,362 0.254 0.044{ 0-048  0.366
g'| | T.E, 2:00] 1.00] 0.73( 0.70] 0.45] 0.033 ‘
I 0.049] L. per/om? 1.28] 0.767 0. 58], 0.58 0.378 0.028 0. 400
2 10 ‘ | T.E 1,20 1.30 0.80] 0. 60[ 0.35 0.25
8 0-0455| E. per/em? 0.29:0.418) 0. 28 0,222] 0. 133] 0.010 0. 378
&115] | T.E, 1400 1.50] 0.73 0.26° 0,07 ‘ l
0.038 E. per/m? 0. 442 0.532] 0. 339.0. 132/ 0. 035 0. 630
35 [ | TVE, 2,200 -2.07) 0.72] 0.27. 1 | } ]
e GLD 000447 E, perfem® 1), 273 0.258/ 0.105 0.043 | f S P R e
o ] T.E, ’ ; 1.70 0. 50! 0. 44 ’ 0.04. 0,03 )
N 0. 1235 B, per/em? L 1.01 0. 306 0. 361 0.041! 0. 032 0. 401
Qg 5 ’ o TVE, ; 3 20 1.70 1.201 | 0.32 ! [ ~
,wmg 0. 0745 L. per/on? 1. ? 0.91] 0. 69 o019 - | | 1. 24
=Ty TR ‘ 3407 1507 1007060 | l |
&g 0083 B perjem | 0, 9‘% 8 0.395 0.2 || ' U 132
R 115 | TR, 3o 0. 60 0. 30 ; ‘ l 1 '
1] 0.0337, B per/em? L 061 0.29] 0. 149] 0. 079) N S T 0.84
35 | | T.E, 3,100 2,507 0. 66/ 0. 60, 0. 25, ‘ ‘ | ' '
s CIP\ 0.0575] E. Dcr/ﬂnl 0. 9& 0,23 0,075 0. 069! 0. 022 1 T | 44
i TE. 'I‘otal quant:ty of thL evaporating moistyre,
I, Du/ e The quantity of the evapotating moisture per em? of the surface area of the silk subq
tance, o
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Table 3. o X )

o fr; p Tha silk by artficial stretching (A) Ordinary cocoon silk B
¥R g —— ‘

& 8« ' iDia. of wet silk) Dia.of dry silk | Dia, of dry silk ]05 @) Qia, of wet Dia, -of dry
. . a. =4 (mm) (mm) Dia. of wet hllk el silk ‘(#) silk (w)
§ 5 0.7 0. 38 54.5 358 | 19.4

| 10 0.80 0. 41 512 35.8 | 18.3
g 15 0.42 . 0.21 50.0 35.8 | . 17.9
g lc.ip) 0. 60 0.30 | 50.0 35.8 179
R e 0.98 0.53 54.3 35.8 | 19.3
g 10 0.70 038 54.8 35.8 S 19.6
8 15 0.78 0-42 54.0- 358 | 19.2
2 B i 0.74 - 0.36 48. 5 35.8 | 17. 4
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Table 4,
JD= Drying: time’Dryin;z time\ -Rat:m of
Class [ f“ tra-| OF artificial| of ordinarycross seet-
ass. |0 hs lm- stretching | cocoon. silkional dren
j‘c ed silke (m) (m)  |of Aand B
g1 s 120 6 |1
] 10 120 5.4 2.63 .,
8 1 60 5.15 2.03
g | 35 40 2.4 515
3 ‘ ,
%&Q 5 60 2.2 B 1
4 8 10 40 2.02 | L fi-?.
BN 40 1.83 2.28
i 5, 35 40 1.93 460
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Summary.

Part 1
From the writer’s experiments on the relation

between the heating of liquid sillk and genereation

" of NHy, the following results could be obtained,

1, By heating, liquid silk in the silk gland of
the silk worm (Bomb, Mori) deercases its po-
tentiality to become a fiber, But when he treats
it with a dilute acetic acid solutien after heating,
the potentiality to become afiber recovers alittle.

2, Liquid silk generates NFg by heating, There
is the following reclation between the amount of
generation of NHj in the unit time and the heat—
ing temperature, »

W=aTs

when W=weight of NH; to generate per
minute,
T =heating temperatire,
a, b=constant,

In his experiments, when the temperature was

from 23to30°% and the refative humidity was 9094

while the silk worm built its cocoon, the amount

. of the generation of NHj was from 7.4 to 13.83 2

of that amount of NHjz which was generated till
the termination of the potentiality to bhecome a
fiber in 30°,

3. The heating not ohly generates NHy, but alsa
deteriorates the quality of the produced fiber,

In case of cocooning of the silk worm in the.
high temperature and the high refative humidity,
the stress and elongation of the cocoon silk become
weaker and its nature change; that is to .say, the
silk fiber converts itself from negative into positive

ion account of those condition, This is due to the.
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fact that the combining power of fibrojn particies
becomes weaker and the properties of the silk fiber
become alkaline,

Therefore when the cocoon and the cocoon fiber
are treated in the high temperature, a chemical
regction can be presumed to. take plee, especially

conspicuously when much moisture exists,
Part J|
From the w iter’s experiments on the drying velo+
city of liquid silk taken out from the silk worm,

the following results could be obtained,

-1, The larger the multiple of ‘stretching is,. the

" more rapidiy the évaporating velocity of the mois~

ture in the silk fiber heécomes,

2. The above fact can be surmised to be caused
by the decrease of the moisture content and the
casier translatiou of the mwisture in the stiucture
of .the sill fiber,

3, From the above experiment, the time of
drying up and stabilization of the gencrated cocoon
silk fiber has become § minutes in maximum, and
2 minutes in minimum, in case of the cosooning
of the matured silk worm,

(Laboratory of Filature Materials, TFaculty of
Textile and Sericulture, ‘Shinshu Universityf)



