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Moisture Sorption of Propylene-Ethylene Random
Copolymer Fiber Containing Collagen Powder

Tetsuya Takahashi*

Abstract

The melt spinning at 1800m/min for propylene—ethylene random copolymer (hereafter “R-PP”) mixed with
collagen powder became possible by adding a proper quantity of maleic anhydride ethlene copolymer. Moisture
regains of produced fibers containing 10wt% collagen powder (hereafter “C/PP fiber") were 0.7% and 2.4% at 35%
RH and 95%RH, respectively. It was found that the absorbed water vapor was equivalent to the 73% of
saturated moisture of collagen powder mixed in the fiber. It is concluded here that the C/PP fiber has a good
moisture respiratory function. The bare collagen particles on the surface of C/PP fiber were not observed by
SEM inspection. One of the reasons why the mixed collagen powder absorbs water vapor effectively may be the
high water vaper transmission rate of thin R-PP layers covering over the collagen particles. The degree of gloss
for C/PP fibers arranged parallel was smaller than that for R-PP fibers, and the friction coefficient for the former
was larger than that of the latter.
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Table 1 Chemical structure of amino acid and content of functional group.

Fimaeianal Erou Chemical structure of substiuent Content
Eroup Amino acid residue (mol.” g)
Aspartic acid —CH,COOH
Carboxy! grou . . o
(—{)005) & Glutamic acid —CH,CH,COOH 1.2x10°°
+end
Lys ine —CHchchchzNHz
/NH
pmi Arginine —-CHZCHZCHZNH(‘\ :
ino group NH 8
(—NH,) 2 0.9%10

Hydroxylysine

Hydroxylated structure
of Lysine

+end
Serine —CH,0H
/CH2 Estimated content
. _ stimated conten
Hydroxy| group Thresn e CH\ is smaller than that
(—0OH) of carboxy! and

Tyrosine —CH, @-OH amino group.

etc.
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Fig.1 Time dependence of moisture regain of
collagen powder at 30°C. (A) After being
vacuum~—dried at 80°C for 24hrs, collagen
powder was subjected to the moisture
regain measurement in a chamber held at
30°C and 95%RH for 120min, (B) then
transferred into another room adjusted to
be at 30°C and 35%RH.
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Fig. 2 Relationship between equilibrium regain
and relative humidity in a chamber held
at 20°C for 24hrs.
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Table 2 Results of the mixing of collagen with various synthetic polymers.

Sample R-PP

E-MA-MAH

LDPE H-PP

Mixing state * Poor dispersion

* Good

* Bad dispersion * Bad dispersion

Table 3 Results of the mixing state for different type extruder in containg collagen powder.

Nixing temp (°C) 150 160

170 180 190 200

Co-rotating

Twin-screw extruder ©i0reh loading

* Good

“A little
tharma i—degradation

+ Fair thermal-

* Good degradation

- Good

+ Bad dispersion

Single-screw extruder D OveTIEreSSlCe

‘« Bad dispersion

* Bad dispersion

* Bad dispersion
with a iittle
thermal-degradation

* Bad dispersion
with fair thermal-
degradation

< Bad dispersion

PRI THBREBE L. REBEDERTRELS
BRES B > - E-MAH KL T, a5 -4 %
REIOWLRIRIM L TRREIT-7-. ZOEBEES3
IKRY. BER 7 ) 2 —HEERWESIC,
160°C~200CDO I N TOEREBETHHEICH VL THEHK
RBROBHE LT, —F, EACREE28#R 7 ) 2 —#
HiBg T, 160°C~180°C DREFHFE THEIREEIZ L
BRI TH 7. 2L, GREEOESE S,
ICTRAEMMEELEV D ICEEE— % — 1B
HEvhrb, WMHEARETH 1. F1, 190°C~
200CTIRBMBILL, FEBIED, REAMSRE L1,
DT LR, BRTORBERICHE UL, R
BHEET 2 ERUSBROPER L2 EEL S
39 —fuc, RIHEEER282 7 ) 2 — S
3, Bz 7 ) 2 —HHBICHEXTESENSE W
LEBHIShTWA, RIAEREL 28R ) 2 —#
HEBEGER LT hE, 25 -7 URiF2A8RES
FHRICH—BETACENTERVWC L bbh -
12,
PULEo#RL D, SEEAFHIC2 5~ URF
Y- EEBIR], BRESTFE L CE-
MAH 2R L, »oBHEEHOSVELREE 2
TR ) 2 —HHEEECT, 160~180°CoBEE
BTRETILNENS B L tsbhr 7. 1, B
SEEETOCR, 35— vBXEBR%EBL
BRI FREILESEELTLE Y, Bt o#s
AT ENRETHE L bbb ot T E
B, KRESALKETHERBESETSE, 354

YAFORBENHBES WP T (LB IHEEI LN
520~21).

3.2.2 BRHR

E-MAH a5 - ¥ VK% 0~20wt%ZRmL,
BARUEFEL. M3, 20EREERT. 35
=7V OERMNEZ10wt% 0 520wt ic w4 &,
BAMSREERET L. Cocerd, 25—+
BRBZELEETOLTVA S, ETROHLBETH
MBELRT - bDEEZ SRS, 7, E-
MAH B£D b DHEOBAUMNEL, 35-4 v
Z2LBEMUTOVRWVIEA T S B A% HE 1330
m/mnBBEIEEFE>TVW . FOER,
FUoBERERMULCEBEOERIR, 25—4 8%
DEMBEL 0~10wt% Tid124um IBE, 15wt% T
2130um, 20wt% Ti3138um &, HERAVL LD L
POVERES (RAG IO A

BRULARESTBHOERELT, 354>

a5 —

p— 35 : 140
i ‘1 l 4
50 r— 30 r_'—O% —
f‘é H
S
e . .
Swl- 225 130
e £
5 i T
e 220 f’— EY
2 0 3 v 1Y
£ a 5
& £15 120 §
€ @ fay
3 -
E 20 — €
g E 10
(]
wk- =
5 110
0 - 0
0 0 5 10 15 20

Collagen powder Content (wt9%)

Fig. 3 Spinnability of E-MAH, collagen-powder
blends as a function of collagen content.
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Table 4 The water vapor transmission rate of Film (about 20uzm)
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225 8.0
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Fig. 4 Relationship between blend ratio of E-
MAH_ “R-PP and spinnability of polymer
blends containing collagen powder (10wt
%).
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Fig. 5 Time dependence of moisture regain of
synthetic fibers at 30°C. (A) After being
vacuum-dried at 80°C for 24hrs, collagen
powder was subjected to the moisture
regain measurement in a chamber held at
30°C and 95%RH for 120min, then
transferred into another room adjusted to
be at 30°C and 35%RH.
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Fig. 6 Scanning electron micrographs of fibers prepared from (A) R-PP containing 10wt%
of collagen (% 500), (B} R-PP containing 10wt% of collagen (x2,000), (C) pure R-PP

{x500), (D) pure R-PP (2,000)
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Fig. 7 Relationship between the water vapor
transmission rate and the thickness of
films made of R-PP(@) and E-MAH(O).
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Fig. 8 Relationship between gloss intensity of
fibers measured in parallel to fiber axis
and receiving angle.
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Fig. 9 Relationship between gloss intensity of
fibers measured in perpendicular to fiber
axis and receiving angle.
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Table 5 The coefficient of friction for different fibers.

C/PP Fiber _ .
(containing col lagen) R-PP Fiber H-PP Fiber
Coefficient of
Static friction 0. 66 0.57 0.43
Coefficient of
Dynamic friction 0.35 0.28 0.24
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Fig. 10 Knitted fabric made of R-PP
containing collagen.
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Fibers dyed with a reactive dyestuff.

Fig. 11
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(A)R-PP fiber containing collagen; (B)H-PP fiber.
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