Investigation of the damping properties of polylactic &
structures
Litauszki K., Kmetty A.

This accepted author manuscript is copyrighted and pub
here by agreement between Elsevier and MTA. The defir
subsequently published in [Polymer Testing, 103, 2021,
10.1016/j.polymertestirjg.RVXilabdd vnder license CC-BY.



dx.doi.org/10.1016/j.polymertesting.2021.107347
http://www.tcpdf.org

3RO\PHU 7THVWLQJ

LSEVIER

=0

'POLYMER
TESTING

journal homepage: www.elsevier.com/locate/polytest
} R T
!
$ % & ( } IHHHH !
! # $ % + !
) * + # * * , *
& , * _( *
) ,
S) * * / ) 1012
( * * )
, 3 ) 4
) *
5 )
* ) 62202 7
.3 ( 8(+ - .
* ) (
(+ , 69:8;9: 92:892:(+ 8¢ )
;9:869:(+ 8¢ ) (+ 8(
79 (+
* ®92 7
B=, 4 62 622227
+ 4 ? 89, 7 <
T , 7 F 4
* 5 0=, € ) 02 222 1%, <
*
e, % ")
-&> 0% *
* .8 * ) ">
, > * 4 -D2D7 ., &>
* O_u _r.r
FES - * 5 4
0006&,
@9=, < &> 4 07
u) * *
* 4 A2 @ 07?0,
! . & ( " $ > ' ¥ ¢ b g
, ?, 70000 + 7 )
' + D -, s
E88 , 802,020B8F, ,6260,02;?@;
0B 6260G 67? 6260G 02 ' 6260
$YDLODEOH RQOLQH 6HSWHPEHU
< 7KH $XWKRUV 3XEOLVKHG E\ (OVHYLHU /WG 7KLV LV DQ RSHQ DFFHVV DUWLFO

KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ QF QG


mailto:kmetty@pt.bme.hu
www.sciencedirect.com/science/journal/01429418
https://www.elsevier.com/locate/polytest
https://doi.org/10.1016/j.polymertesting.2021.107347
https://doi.org/10.1016/j.polymertesting.2021.107347

) 0o $ ) 3RO\PHU 7HVWLQJ
4 o -
4 * 4
. ( 5 4 ) 07 $6,9 * * 689! *
7 97 02 7, * ) - " b, , 4 *
* =g 4 * / ,
1=< * *
-, - 1222 " L
) * 4 , , 5 * 09980B280;980128
- ' 0121, * * 222 /
* 4 4 F @ * * A2 ,
- 4 *1@2
4 * < - . 8=, * 2. @ 8 * * 2.A 8 ,# *
4 .- * . ( ( =
* - $ 31 069 +" -7 $ o
4 * AR B ( @9 A ,
3% 4 V=S
)
4 , ) ’ $ -
’ /) B 1 * ( ' " ( 8(+ * ) * )
] * -20,6 81@,B \ > ®e ) )
* P 5) ' . 68 8& @@, .
* 0;280;980;980A280A280A280A980A980128012801:
’ ) * ok 92 , *
1 % * * * ) * *
* 5 '(
) ( (+ % $ 31 069 +
) . 3 A2! B ( @9 A |, ( 8
& ,3" ‘ ( *(+ (+ .
* & * > s 3 6,61 (
5 "
., #) * '
(
07 * , *,
4 -4
* i ) * 4 *, . #
* 4 * . C ) *
* ) 4 "4 -0.
8 * -6?26 1., * *
) * %7 C' ") ,
(+ - 1) « , * 002 * 2,0
: -0.
. # *
$ ( * @276& 622?2& @2B2& *
-# 3 c'.( * 0,0 @,? 06,2 , *
0= | ( 0,6°@0 18 =, 02 4 *
( BY -@2?6&. |BB22?&., * , 5
( * o0& 9A * * ,
60, 3
| BA22 > ) s C
* I 7 -1 .3 ) "> ' LR
260¢< ) * * J"% J'> B?A2
"S'x 29 0 6 @ A * oo, -J L * 02 H,
3 ( 8(+ * 5) *
, (F , *
, 3 /% + 10622 * -J"% 0622 J . J ,
+'$ - ¥ I . 02680 87
66, ( * 62228&, ( .
) * ;9869 92892 698;9 * : ( 8(+3 -8 *
022: (+ , K6222 - -C' .. ,
* , * 26221 * 18
* 2B * o 3
%0S. "4 -6, * 1 <J8



022:

ok 2:
-1738
3

%S, 3

s

< % S

-022)

5

%0S

%05

3RO\PHU 7HVWLQJ



y ! 0 $ ) 3RO\PHU 7HVWLQJ

* * 07
&'l -0 18 9
7 0 . 7 L L * 69
- - = = — — = 62 , 3 4 07 022 7 -
! ! J8 ! ! J8 : :
, &>
0,@:M "$ B2 02@ ?22,; 0B17?9,0 ?2:,A 0,9 * 4 * 5
0,@:MA * : 9A 1; 20,1 0BA 29,0 ?A,1 ?.B . .
@,?:M "$ B2 00@ 69,; 0@A 09@ 69,; 6:, 2,0
@,?:MA * : 9B 029 69,9 o@B 096 6;,1 22,1 6,; ) *
06,2:M "$ 99 2,2 2,2 2,2 2,2 91 09! 69! ?9!, 3 4
06,2:MA * : 99 2,2 2,2 2,2 2,2 022 7 -* 02 ,
Vo 0 0 -
3
092 * # $ Y-
* J -# 7 (o
* .3
092 >
J s 4 * * 022
4 * 4 * ) *
’ - A ’ ons
* 0,% ,0
&
4 ,
3 * * / ]
& 5
5 &> 4
* , 3 ,
) 0 _n @282& * , t
. . 3 A2 *
&> KA22 -# x| & * 2,27 2,2
c ., * * 29 * > ;
* i * * 02 ! (
B2
) ) * 3 )
62 , 3 o2 AT *
* 9 1,2 * -0 AT
* 2! 092! * '8 !
4 07 +
0.5
_ 1 0.5 wt% —_ 0.5 1 0.5 wt%
E 04 + 1 wt% > 0.4 T 1 wt%
2 1 2 wt% 2 1 2 wt%
03 + 1
Al — 4 wWt% g 037 4Wt%
021 — 8 Wt% o021
& 7 & 0
S 01 =014
! e ]
0.0 } + } i T T t 0.0 — } } ' } : ;
0 50 100 150 200 250 0 50 100 150 200 250
Cell size [pm] Cell size [pm]
a) b)
0.5
- il 0.5 wt%
50.4 T 1 wt%
S 0s ] —2wtk
ES I 4 wt%
é 0.2 'j —8 Wt%
Eo.l T
0.0 e e

0 50 100 150 200 250
Cellsize [pm]

<)



/ 0 %) 3RO\PHU 7THVWLQJ
1.4 L &> . W
( C ( = 0682: * ">
12 T 2e-cg -
\g; L4 - e 2%  2,9%* 0* 6* @* A-*
p— 1.0 \ ‘\\N\ : : : . . :
% .“\ -9 " 691, > ( 6@;B 0@10 00@B  006; A06
=) “o. o T-t020. > 9 Al @.: ;B @.B
= 0.8 < ; | 9A,; 9A,9 9:,1 9;,? 9:.B
"E‘ \\ > L.
2 0.6 B > 6,BA 6,@B 0,12 0,@0 0,6
%) S
a ‘\\\g
0.4 - o -1.4% @2B2& * A * "> -2,®20 8
0,
0.2 0 -4.3% .
-0 -12.0% '
0.0
0 1 2 3 4 5 6 7 8
EMS content [wt%] * *
06,2
( ) *
*$ ,.,6 ' * )
( * ">t , '
( * @ ,26
-06,2% ,,6 & . $ * o ( *
4 L8 ) -(H . 221
( * -0,@:
$ ,.,6 & 5 , , (H *
( * & / , o+ &> *
4 *062-B2 0;=x<
& ( -®2 ., * ) -
99, @, A ( * & * * A@,14 ,
6,A ( * & ALB 1 4 ,
& ( * ) - H"
) ) ( & H
( * *g , ! 02:
, o+ 7= < &@, 6
( * ) .t
! ) * 0
012!, 6227& 0B2
@276& @2B2& * 6?@@ ( 67?@@ ( - 6?2?BO0@22 7.+
, > ) @2B2& 62,
* .3 3 5 * &>
$ .2 ‘ vs
, * * -$x ,,@ *
, 3
( * 06,2 * ) 5 5

6!8




( * _
4 |-, 69
-69.
-f021!., 3
) % 5
c 4
) G s . @
4 x
4 @< + $ , @
6@;B >( 9,; >( -6,

fo2!

0,@0: -@276&.

)
/
5 N
*
169 1
-9”;
)

. @,

?:

-622?&.

&

3RO\PHU 7HVWLQJ

. 06,2: H®2B2&.



3RO\PHU 7HVWLQJ

06,2:

/ 0o $ )
0.3 L 12
=o= 14% 39.8 Hz —o= 1.4% 63 Hz
o 4.3% ,.\ 0 43% /.\
025 | o 2o% 7 N\ 10 o
/ } \ -—0e= 120% 7\
(@)
= 02 ) \ = 8 / \
E ’ \ E / \
2.0.15 / \ S 6 \
o o a / \
E 0.1 / \\ % 4 / \
0.05 2 7
0 0&————.————-‘——————————8
0 2 4 6 8 0 2 4 6 8
EMS content [wt% | EMS content [wt% |
a) b)
5 ( 0,@: -@2?76&. @,?: -622?&s&
-t . ?1,A 7 B? ., - 69
10000[ 1 10000
1000 $ 3o s Esse I roe 1000 [ree e e ieess
= —
E 100 £ 100
= -e--5°C = -e-5°C
&= 50C ; 5°C
10 15°C 10 15°C
25°C 25°C
-e-35°C -e-35°C
1 1
1 10 100 0.1 10 1000
Frequency [Hz] Frequency [Hz]
a) b)
. ( 6 * >
- 69,
( 6 x>
-1.,69
* ) ,
-92;2 ! Q6. &> -t
4 , *
* s &
$ , 9 * 5 8" 5 -, B 7
- 8. 4 0
7 022 7 , 3 "> 5 8 * *
& , 5 ) )
5 "H
£§xE, 7 * 227 ?21,A 7 B? 7 4 *
v $ , 9 - *
6& ( * 06,2¢

100000

-@2B2&.



> (+ 8¢ . ;9869 * :

3RO\PHU 7HVWLQJ

& ("

* 02,A162,6@8B

.. 92892 * ¢ . 698;9 * : * A x>
4 * 07 022 7 F *
, 3 ' 69 79 (C
, 3 1 69 ( (C , 3
$ ..
* s 3 * (C ) * 1
$ A,$ A * @u:, * N %5
* 2 6 @
A * "> * > ( 8 &(" s
) 4 « -
2,B6Z 222 7 , * )
, (C 029 * N
) 027 2,79, * ( * 7&(" (
T&(",
- - - 02 * 7&(" - Q02 (
)
7&(" , 3
4 & @,?
* , 5 , 3 * 5
* 4 (
, > * * .3 (+ *
, 1)
6AR6?@, 3 )
(+
E . $ * , (+ * 69 92
e, + ( * 022: (+ ,
* 8
( 8 ( 8(cC ( 8(" , $ .1 (+
8 L * ;9: ( 869: (+
5 7 * *
(6~ > 6,l=< ) (+ 869: ( * (
( 8 (C , * * 0 -2,;@02,0;@. -$ , 1.,
69 92 ;2 * (C ( * , TE< H# 7E<
&> * % * <=, 92: ( 892: (+
) (C * 2= * )
* ( s , /* (
( * (C , 802 7<tE ?,? 802 101620B 2.1x<
* (C s 3
10000 6 —
o= 1
:1000 ﬂ\‘*~“ ! 05 /\
o0 —_—
E \\ %ﬁz 030 /\
% 100 Y io A
% ?E‘ 2 —0%PBAT 100%PLA
2 10 = 25%PBAT 75%PLA
= 4 —50%PBAT 50%PLA
—75%PBAT 25%PLA
1 % 100%PBAT_0%PLA
0 25 50 75 100 1 10 100
PBAT content [wt% ] Frequency [Hz]
a) b)

1( ( (+ . 5 07 (+

92:

26 <7&("

;9 *

(c



y ! 0o $ ) 3RO\PHU 7HVWLQJ

Y/

(+ 2,99 & *
1.4 . ) ( *
s (+ * s 7 *
1.2 7 i (+ * ( (+
5 @ ( 8(+
X,
— 1.0 Ra , ( 8(+ -;9869:. * 4
= S ) ( (+
2 0.8 S B>t <@®, 3 90209 62 22 * : (+ * ( *
&D \\\\'\\'\r * ( 8(+
£ 0.6 ST ey ’ (+ @=, <
= < 5 ) *<@n,
= — % =100%PLA_0%PBAT ~X .
g 04 | - -2s0pBAT 75%PLA (
— % = 50%PBAT 50%PLA ( 8(+
0.2 - % = 75%PBAT 25%PLA 3
100%PBAT_0%PLA &> $ ,0p ) * *
0.0 ( .3 A*: 5
0 1 2 3 4 5 6 7 8 9 B,2A, (+ A * o
EMS content [wt%] > A998
& ( (+ "> 4 !
&> ,$ , 02 * 5 s
$ , 02 5 .
(+ , * 5 )
(+ ( , ) '
&
( . (82 X s © 4 &>
4 , 022: (+ ) 4 s
* * @.,;; . )
22: -7 .
0 ( 2, @A, 2,82 222 7 .3
@, 92: ( * 92 ¢ 8(+ ’
(+ * 0,20., (+ ( .
$ .1,
4
3 * 6 @ At ’ . .
| BA22 > 2 @B: . $ ;9 022 * : (+
2,229 €+ A o $ - 003 (+ 8(

"5 5 4 .022: ( .59 ( 869: (+
92: ( 892: (+ . 69: ( 8:9: (+ . 022 (+ s l.; 69



3RO\PHU 7HVWLQJ

;9 (+ <1=(, &> ( E I & >
E ( 1 + , 0111
) <022, $ o 1,7, P N, ( *
* « . , -6260. 1B
<00%, | UON &, &, >, & $ E !
7% 7 T > > : '
620,1
* 0 Oo# (62 7?2 # * # ") <o6-=, . >, 7, Fo(C - -
( > ( ( 3 #*J , 6200
<0?%, L L, L, L, N ) (
# ) & $ 8 F ( 92 -6221.
J + 7 2B1R:29
. ’ * # <0@= J , (
0, _ - . ) E
& X % 5 #H (MOB 0 620B 2206., | . AB -6200020266
# & <09=, o o ! C F
% 5 # $7 0?6@B6, * 5
F>" # & $ - (6262 . ( ( 66 -622;,. @?B . .
" # ,+>" " # <0B= ( , J, o, : Y >
, /)5 ! , , 0B -62M612AB1
#& % 5 > <04, +  H ( c .
, ' & 620B
<0A=, I, N Yo> I H, e« |
5 (.« 00 -6201. ?2B
" <01=, !, # 3 & + 6227& @2?6&
@2B2& # 3 [ > ># 99?7@9 6201
| G 09?29
: <62=, + 0 . $ "H &, H . & I > %
G G
G * ") « , 0@ -6262. B2B
G * * <60=, ") - oo
E'("$ 6201 ! (" H
, 6201 90
<66= 'S Tl)$ o+ 10622 + '$ *
& 62,07
# $ % <6?= 7 F !
- L L ( . > . " | B? -®201. 6;2
. 5 <6@= % J, + J,>, " F > >+
|
/ J, L > R L 69 -620@. 62;@
* <69=, , ' > , N CH, > o ( ( *
' "H
« . , B? -620@2BLA
& " ( <6B=Z, 7, He / > & $
3 o+ 8 ( 6201, , 01
3 . L7 | <6;=H, ( "AS &> .
) ' 4 Q" ,( ,J!' B -6R02.0
# " & , | BA22 >' s <B6A=, # &, ' (,J,! >, > 1,7 ( -
E J, o+ > 069 -6:
?22;?B
&% % ) & %% + <61%,P, >2 > L, J v, 0 4 3.1, L.$, (
! 8 - (Cc8(
' E88 L + 2?2 -6207? @@ B; ’
802,02088F, ,626,0,02,7@, <227, N >, N N, K J, > L, 3 P, &
- .8 *
# . 1% 6 J, (. , 6B -629%. ?9B@
) <?0=, N L, & J,> 7,N L, 3
1% 6
*g 4 5 - (& 0@B &6XM;. 6
<?6#, > & 1J, ( - 7, > ! ( -
! . E L+, > , O
-6201. ?2B2
$ <?7=, J, ( o 7, L, 7 &
8 ) .
<0= ; o ; . : ( ( ?22 -6200; 092
(T+HB(+ (o e 8368 ! ) )
Q@@ @A
<6=H, , ' I, & / G ( ’ <7gi , ; l>A szeloA ) . (
( , > ," ,B@ -6262. A0 T s o '
<?=, : & - * ( 8(+ + 020
06 -6262. @B? , ,
<@g),!, ! &, ( ( H2 ¢ & 6202 A@BRO ,
N Y 6262 <?B=, # : 7, " F Lo+, ( (,3,1 >0, 7
<9= > + !, ' > ( (+ ( (+
' ' ' ' c " * "o (.3, 12 -68@@6°20
( 0@ 6262 022 <2, & +, (, 3 I, 3 J,J ( (+ ( E
B ot ! e s, T ( 8(+ (& ' 0@ @A0A. @0
4+ P  #P C' 6227 <TAS ’ & ! )
<;=%, + H >, o+ s o> , % >,
- ( + s s, ( . ( N N . ., A -620A, OlB|2 , . ‘
$ 4 ! I 6209 <?i= #/'>)' >t “ &, (+ 8
' |
<AF, ( (!' 7,> (.] > ezoE (G » B, -620R;E0B1

, 02 -6@82. 0



;@

-6 2ABA.

i1

<@O0= #

<@6=

3RO\PHU 7HVWLQJ

.7 (,J,!

8(+"'
-62DB? ?0;
( P +

620C



