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Abstract

One way of appling 3D printing to garments is through the combination of 3D
polymer filaments in textile fabrics. it is essential to understand the interface
between the polymer and the 3D composite fabric in order to enhance the
adhesion strength between the polymers and the peeling strength between the
fabric and the polymer. In this study, the adhesion of composite printed
specimens using a combination of fabric and polymers for 3D printing was
investigated, and also the change in adhesion was investigated after the
composite fabric printed with polymers was subjected to constant pressure.
Through this process, the aims to help develop and utilize 3D printing textures
by providing basic data to enhance durability of 3D printing composite fabrics.
The measure of the peeling strength of the composite fabric prepared by
printing on a fabric using PLA, TPU, Nylon polymer was obtained as follows;
TPU polymer for 3D printing showed significantly higher peel strength than
polymers of composite fabric using PLA and Nylon polymer. In the case of TPU
polymer, the adhesive was crosslinked because of the reaction between
polyurethane and water on the surface of the fabric, thus increasing the
adhesion. It could be observed that the adhesion between the polymer and the
fiber is determined more by the mechanical effect rather than by its chemical
composition. To achieve efficient bonding of the fibers, it is possible to modify
the fiber surface mechanically and chemically, and consider the deposition
process in terms of temperature, pressure and build density.
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Table 1. Properties of the Applied Woven Textiles
Wom e vamtpe | Telhedt | Midnes | we | T
(threads/inch?)
1 Cotton 30'S Spun yarn Plain 0.27 113 76x70
2 Cotton 60'S Spun yarn Plain 0.17 77 105x94
3 Silk Filament yarn Plain 0.12 54 154104
4 Wool Spun yarn Plain 0.22 103 74x71
5 Rayon Filament yarn Plain 0.10 60 135x85
6 Acrylic Spun yamn Plain 0.23 102 77%72
7 Acetate Filament yarn Plain 0.11 64 110x70
8 Polyester Filament yarn Plain 0.08 65 100x82
9 Nylon Filament yarn Plain 0.10 59 75x100

*)ASTM D3775-17e1

Standard Test Method for End (Warp) and Pick (Filling) Count of Woven Fabrics
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Table 2. Image of the Woven Fabric

Woven Fabric Materials Image of Woven Fabric Woven Fabric Materials Image of Woven Fabric
Cotton 30’S Acrylic
D5mMm
, N e
Cotton 60°S Acetate hy 134;. . |
Wl A
|
Silk Polyester
Wool Nylon
Rayon
Table 3. Filament Properties
T @ e Diameter Density Glass Transition Temperature Melting Point
(mm) (g/cm®) Q) ()
PLA 1.75 1.25 £ 0.05 58~60 150~160
TPU 1.75 1.22 -41.8 190~220
Nylon 1.75 1.15 40 215
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Table 4. 3D Printing Conditions with Various Filaments

Type of Filament TemP-(?é)NOZﬂe Temp. of(ﬁ(:e)ating Bed Prin'zirrr:gr;1r1 /S;))eed |(,:2|)|
PLA 225 70 20 2
TPU 250 70 20 i
Nylon 230 70 40 50

Polymer alone
(grab area)

Woven

Polymer+woven 10mm
70mm

70mm

Figure 1. Schematic lllustration of Printing/Cutting Pattern for Peel Test Samples Formation

Figure 2 . Actual Sample of 3D Polymer Composite Fabric Printed on Fabric
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T7F Easitt. T2y ofd7Ez] ol Hrksly] SRt ®E
st ®# A e gitkMalengier, Hertleer, Van
Langenhove & Cardon, 2017). E=2]4 382 AgdA+Narula
et al, 2018)E vFFOE ASTM D51709] what Q1AR7]
Tester (UK)E ©]&sto] S4ot4irt.
180° olA  3Dz=eY EHEe] AEiiEs
30mm/min, I HHE 10mmz FAA BFHE T
S o] i 9 7P =& 1071 53] BHoeR Brlet
At (Figure 3, Figure 4).
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0.45

03 \\‘

Figure 3. Photograph of a Tensile Tester
with 180° Delamination Sample in Place
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100 150 200 250

Displacement, mm

Figure 4. Highest 10 Peak Load Circles in a Displacement Load Curve
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Table 5. Maximum Adhesion Forces Fnax of FDM Prints on Different Woven Fabrics (kgf)
Specimen Cg;c)tlc;n Cg;c)tlcsm Silk Wool Rayon Acrylic | Polyester | Acetate Nylon
PLA 0.0216 0.1883 0.0039 0.0186 0.0056 0.0093 0.006 0.0182 0.1003
TPU 0.2568 0.3846 1.3545 0.0749 0.3278 0.1664 0.2919 0.1727 0.1549
Nylon 0.0348 0.0324 0.0259 0.02 0.0181 0.0697 0.0148 0.0184 0.0737

= Fabric®:"~

g P71 IEHCIAE A

Figure 5, State of TPU Polymer Infiltrated into Fabric
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Cotton 30's Sik Wool Polyester Acetate

rI=k]

Cotton 60's Rayon Acrylic

Woven fabrics

PLA Polymer B TPU polymer & NYLON polymer

Figure 6. Adhesion Force of Woven Fabrics according to Polymer Type (kgf)

Figure 7. Chemical Composition of Silk

MNylon

B

W2 HRAY &4l A FFE =E 4 IHHRyu o RS vhefele a4z Z8St Aoz Helth

& Park, 2014), (Figure 8). TPUS} m&-&E<Q] AMdo] F5 3D ZHEE Nylon TEAFS] 39 UUE ZE] =Y
gt B57IER el TPUZF AMRE 749 33t =St B3 3DEFAES] vieAdEe] 7MY £2 AR UeH
Ad 7tng olFo=A FEe 7= dele] He Nylon#2tet L& A2 & o dihadas 24k &
AoR AtrHEth T 22 ol ARARt FRAE 9 24% 5o] A HAUZ ZidEE Egoim|Eoth
of TPUXEAFE ZRIY 3 3DERREY] veidee 71 E 2EE UYE 62E9 oMo =old AEE &
W2 $AE Holx Qlth ol ¥R Ae #Ho| 4254 dstA wEHA P35 9 224 29} sheads fls
9l Keratinz2 & &lojglo] olaet x7} &} vEH NSt HEHO] S AN HE o] Fof
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~0O0—C—HN—R—NH—C—NH—NH—C— HN—R— NH— C— O— polyether —

I I I
e, 0 0

hard segment soft segment

I
0

Figure 8. Chemical Composition of Polyurethane

Ak, a2 B2d Al wEda A A A%t Table 6= @47 A% 3DZYUY EH2lze] Tejdzd
AR of7lol] W53 gt 3] & RS HolA] 2% 2 A5 dehdd. FA9] F¢ dAeE] MR $o
£ gtk ol 2.5% 71k Btk ol dat el oJsf RAt

HAE 304-9] A< PLA. TPU, Nylon 8BS e o Art Frkstal AEZEa 3DIEALS] STt EolEW
3 3DEAES HEdEe] o EAEY] Heiteo] A SR Eg FAZE Sk 2oz Heldh FA9] H¢
Hg Hlud BE 49t £35S HAF ol WES] Aol o) AAHor AXe Auch A F 4.9% %
A zof o5t Q487 WAL wiAEE S0 A Fria T 745k o= Kim, Kim, Kim, Kim and Lee(2017)
ol ofal FAEe g & A= HRItk Korger et ol Az FAo| w2 3D HAEA B4 B4 A}
al.2016)°f] oJaHA o]yst mH o] 2/l Hr} W ¥ dAe] SO AaFAt Aachs BdE Eithe A2
e FATo RN FHES Fol1 A o WAE BY Tpep Ax|ghe. 2euh At o] ofs Almo] Zo] oftt
< &4 Ee £ 59 AAR Q) I5Ado] HH, o] doldle 5 Feio dF Wi UsHth  PLATEARS]
of wet AE BHY 84 9 AR BY oUA9 R4 785 Aol ofsll 5ol doluwA] Algo] 7Ptz U5
o] AT Shylrh. BRI HAo] IF 2 A 4 el 4ol Bk
A2Ao] A%k oiH F& mHAS Eo=A Fa g
ol ol A= Fe & Aor FAH 2) EAzgle] o 3D=Y EAZo| kel

TEZe} ZETR] AZHE ko|y] QA= mH Q) Figure 99} Figure 102 Z+ 3DZ&g & PLA. TPU,
E AEET By 3 Ad a4Ed, S4EY 52 Nylon 825 A& ¢lo] =Y g 3DEFHE 5 o2
S 4 == 287 (functional group)E 7HALL Qlofof & ERME] wedee] uls] wlwA 45 o] vk
Edl, EgjolaEt 22 4448 A5 A #29 oAt g Hoj & HAE 3049 YURE A& X A &
g Wt opUet & nEARN] S8Hgo] glo] = £ Hlwe 23S vehd Zoloh UdE ZEo| PLATEAL
gS Hol7] FEth olF FHEs] ffste] #4171(-0OH), £ ndget 3DEFAES Aeotile BT dAe AEc
7I2H47](>C=0), 7}2E47](-RCOOH)71¢} 22 =4 dAe] & "ol oS & 4 Ytk o w2
7] =94E Eol7] 9%t Edk=nt A9 53 22 xHAY Tof ofele R RN Fkt ool ofs vEATE A
£ 5ol 294 9 35k AgE /2 4 S Aol foll ATshe HHo] Srislal Bapztel $8o] JsiA A
Korger et al.(2016)= E2jo|AH o] olitabgts Eet gl Aol wet o] oS A0R AmE:
zup A2lE ol PLAVEAeE AE 2+ & A=E 241 wAET U2 nf TPUTEAS ZEet 3DEE
& ol AvE HArh olgx Az WY e A E9| o] 71} =2 & Kol qltt. £3] TPUE
2 BAAS A go=a HEEe P AIF 4 Qlok 2uE TP HAES Ay UARHE] el =7

2o £271 o A UEkTh ol WA WAL B
2. Qaj2|of| mE 3pZ2IEl 2520 Hia|zta Q4n 22 et RHEA B Eejedete] i B
719ke] B2, sistd whgo@ Q3 w2 S Hole

1) EAee] wE 3D=AY BFAE] FA-FA =l Ao= A=t
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Table 6. Weight and Thickness of 3D Polymer Composite Fabric by Heat Treatment

3D Filament
PLA TPU Nylon
Division Before Heat After Heat Before Heat After Heat Before Heat After Heat
Treatment Treatment Treatment Treatment Treatment Treatment
‘ cotton 460.2 462.8 446.8 4583 3706 3973
Weight 30's
(g /mZ)
Nylon 406.4 416.6 400.9 401.4 348.3 355.0
ngf;” 1.73 1.62 153 1.46 153 144
Thickness
(mm) Nylon 1.54 149 1.45 1.40 1.55 1.46
16
14
1.2
1
- 0.8
[1-]
8
0.6
' PLA NYLOM
Polymer Type
6 Before Heat Treatment _ Cotton 30's Il After Heat Treatment _Cotton 30's
Figure 9. Peel Strength of 3D Printing Composite Fabric according to Heat Treatment, Cotton 30's Fabric
v. 28 Afeh A FEA A1) Aefmolag ofsfohs
Zdasith o2 ¢8| PLA, TPU, Nylono] 1EAS
o] 3DuAY HAS HEste W F AL A% sl A2 Zadsie] Az 2R uge
220 3DIRA FHIEE Agshs Aoty fAstAA ST A vhaat Atk
5 s BEA we DEERERs 1Az 3D ZUYE TPUREA] A9 PLA, Nylon I8
e 9 A3 mRAZ sEEe ko7 SiHE Aed EaHEel uegenn @4s we uegEg
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PolymerType

7 Before Heat Treatment _ Nylon Fabric g After Heat Treatment _ Nylon Fabric

Figure 10. Peel Strength of 3D Printing Composite Fabric based on Heat Treatment, Nylon Fabric

Bgth ol 9% A wEel £E7h M B TPE o e AE0] muY T Ade dv 98 vlag di
P 2e5e] ol A4l Aok TEAS] WAl  UUE ABo] PLATEAS TAYF DRYAEL A2
Zoigol weh wHEo] Wold WAEol Tolg Ao Skt B dxe Aurt @xe F uege] Forug
Az, S8 TPUSH T2 A4 A9 AW e ¥ 4 Uk B LESH S AT DTS oplokn
MRS Bar ot AnBe] WerlS WAAelel  TRAVL 4ed] ATE WAL FeRA BAe)
Asjelo] ob AWTER Ao BAZo] FolS & & $o] YeiA BAYHo| ROl A0 AmEch

Sl Tt 2 B fels sk GRAR 9 2
TPUZEAS Z2Y ¢ 3DBFASE 1 9o vegel o BY P viol uzA 3 Aze] Ewel e 2
le) :ll u [e) (?1

T =
< B ol Frol H¢ o] 4449 Keratinko E/o] JFe wAch
z %

2 Hollo] olfgt L&t AE IEARe] HERE 2150 Hoh 28291 Has fleiAe 7143, 3
i 9424 2Rt Aog Algddh AZE 3049 7 WS Fol AR EZHe sk 2 o, odE &k
$ PLA, TPU, Nylon X-EAE =Y 3 3DEIE]E9 T SHoAN HAANYE AEFCEN 2HE FH mAf
dedEo] vlud RE 943t 55 HojErh ol W HPE Aedd HaEs A g & Qs Ao
AR WAL B @A xR QIR HHEA So] & At Tk

ol FFS T+ ALE HRth EjoaEet T2 454
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