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ABSTRACT

This research studies the impact of moisture on the mechanical properties of 3D printed
specimens from Nylon 6 (PAB6). Nylon filaments were left in lab conditions for 5 different time
periods prior to printing to absorb varied moisture levels. As the exposure time of the
filaments in the lab atmosphere increased from 7 days to 35 days, higher amounts of
moisture were absorbed by the nylon filaments [1]. After each exposure time period, the
nylon filaments were printed to fabricate test specimens for evaluating tensile strength and
impact resistance. The experimental results indicated that the exposure time of the filaments
to ambient air affected the ultimate tensile strength and impact resistance of the test
specimens. As the exposure time increased from 7 days to 35 days, the ultimate tensile
strength and impact resistance progressively decreased. This suggests that as the nylon
filaments were left in ambient lab conditions for longer periods, from 7 days to 35 days, they
absorbed more moisture. The moisture absorption resulted in a 43.1% decrease in ultimate
tensile strength, and a 29.2% decrease in impact resistance.

KEYWORDS: 3D Printing Technology, Nylon 6, Moisture, Mechanical Properties

1. UNw

walulagn1siun 3 46 Lﬂuﬂﬁamﬂiuhﬁ‘lummﬁmwmﬁmﬁaf&q (Additive
Manufacturing, AM) G‘fialuﬂagﬁuﬁmﬂfa:J'NLLwi%mUIumﬂqmm%mw walulagnng
AW 3 U6 ﬂ'\‘immsnLﬁam”a@;ﬁwwﬁmﬂﬁumuwﬁmﬂ%mﬂ 2] Bnvisesdinafialunsnaad
ANna8dnel naluladnsmun 3 4@ ﬁﬁagiuﬁﬁ]qﬂu anaat9gw inalulad SLS
(Selective Laser Sintering) L1 alulad FDM (Fused Deposition Modeling) walulad SLA
(Stereolithography) wazinalulad LOM (Laminated Object Manufacturing) v uaw ‘%0
e lwladl FDM (Fused Deposition Modeling) 1wnitsinafianfifnisleiuegnsunsnans an
vanalulad FoM sadunaluladfildanuioussfauiadiiuiasdeduadon Garinlw
LﬂuLﬁﬂIuIaﬁﬁI%ﬁ’uashmws'%mﬂﬁq@ [3] weiaend lsnaumsitinalulad FOM wuussuy
Lﬂ@mﬁﬁuaziwuwﬁmm‘l.uﬂaqﬁuifu fAguiiTymlwdesasanutuludivesdunaadn
S'fi\‘iLﬁuwmaﬁﬂifummsn@@%’umwu%ﬂﬁ ANIALALLEUNANRAN L AwaRazaInarinliian
waadnifiaanuisnisauararhliguawnisunaaasuazifadymidudszdniam

FINaUaITwIU 3 96 [4] dnnsaawamaludszinalnadansasiiduemeasoudu lag

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




54 Kasem Bundit Engineering Journal Vol.14 No.1 January-April 2024

A A o o ¢ 4 &

{ ~ A t::l o s o Qs a aa
afpazanuIusuANTIafsanaad 73-75 Lﬂaﬁsﬁu@? [5] DIRIFIAYRIRIUNITNUN 3 UG

o—

2 3

ffa aamlﬁi’a@;ag’luamwﬁuﬁaLm:mm%uﬁmm:awagjl,awa

o A A & An & A o A o A Aa o >

m@;ﬂlﬂmmwuw 3 16 wudunanglditanltrausiauin atidw LFWNAIRAN PLA,

) v Fd v a 1
ABS, PETG, FLEX (TPU), CPE, Nylon (PA), HIPS uaz PVA LIudu Gaidunaiadnudaz
UrznnnazlwrNLANLANE1IN mnﬁaﬂLé’uwmaﬁniﬁgﬂﬂi:l,nwﬁ'umm:"ﬁaﬂlﬁ%umuﬁ
NUWoaNUHWAN A NaulaNdadn1g [6] IuaIu184MBIAINTINNFBIN1TANNUDILT
a 2 L% A L Qs 1 di o a (xg :

AIN LADED BRZNWAINITOU Q’L‘nmmmman’[maeﬂuaamwammwuwmugmﬂmmm
3 16 iNaaaulandanudaInstnan it la Iy mmetaoIn e o DL FWNaIRANNNNN LN
wazaa ludauiugaanusuainlueinmaldadsildswauazauti@niinasesiuinu
RAINNITNUNGIELEW L E a WA AN TLURuuLL auaziunIaauaaIaAfan 1ta1n
Twdaw 3 Taduuuy [7] 1w11muﬁmﬁ‘u%umuﬂ@aaumﬁmnmaﬂuﬁmm‘"&@ﬂudau
mmm@ﬂ%’ﬂﬁﬂﬁmﬂndﬂ‘imm‘n@aauﬁvl@i”mﬂmiﬁuﬁmﬂfaq PLA [8] waz laRauiaun
ﬁﬂmﬁdmmé'&lﬁuﬁﬂ%ﬂuLﬁﬂmzwj’mwmLl,azm’m%umaavludauﬁgﬂLLﬁﬁa"lﬂugTauﬁ
AIUANaINd 40 AIFLTALTER LWAZAMNTWTFUNNTN 80% Liluszaziianuane1anuwaan bl

' & ' e o - S o & o o ' A X
WU Luavl,uaaugmmmvl,ﬂugauLflmwznmmumuﬂﬂ%mmmﬂumLauvl,uaamwmu
Y . @ o A ° o a ' Aa & a &L
GALLTUNY [1] muam‘lugﬂ‘n 1 LLazmﬂmtauwmamn"l,uaauﬂumnmu"l,ﬂwuwmugﬂ
T ANNTaRINNIIRAYN IR NTULRaALa TR T T Ao an YN TR T UITWANIN

aa s d'

aanmumm;ms:mnﬂaqmmﬂ muamlugﬂqn 2

-m

Moisture= -Tf’,-l— x 100%
0

my: mass of moistened filament

m:. mass of dried filament

Moisture content (wt.%)
wJ

0 ¥ w
0 24 48 72
Dwelling Time ()

sl 1 aslanadwiisuiuszaziaanzeslwaeniignuans3luganazn [1]

Faculty of Engineering, Kasem Bundit University Research Article



3F2NSSUATSINUUUTUNQ Uﬁ 14 QU_Uﬁ: 1 uNsIAU-IVYIYU 2567 55

[

s 2 W3suiiiauwein 3 86 NEnsdrnidunaafndianuzwgs (n) Zwewi
=
Y

a a

'y Py T 4 N
ANMNTEI (D) %m’mﬁgnmugﬂmmﬁuwmamn

£ a_ 4
gnmugﬂmme’fuwmamnﬁ

A a a8
NAANNTHRA

mﬂﬂfymLﬁmﬁ'umw%uﬁﬁufaqvludauﬁaumiﬁugﬂﬁaUmsﬁuw’ 3 86 N9
ﬂmz;ﬁ{i’ﬂﬁmwuaulaﬁazﬁwmsﬁﬂmLﬁuL@‘iuﬁawamz‘nmlaamw%uﬁﬁwwiaauﬂa
NINATaIFWIRG luAaw 6 Afenutulugisnawesmisudanusnmwuadenlugiona
f19n 1 Lﬁimﬂuummﬂﬁﬁu;ﬁ’ﬁ luﬂﬁsﬁﬂﬁulmﬁauﬁnLéfuwmaaﬂmﬁmﬁugﬂgmm

w =)

i@

2. Jaq aunsal waznszuinmsiae
2.1 i’aqﬁ‘l%‘l%miﬁnuﬁﬁ'ﬂ

lunﬁﬁnmﬁlﬁﬁufmﬂud 8 6 n38 Polyamide 6 (PA6) 141a 1.75 Jadluasln
miifugﬂ‘*ﬁmmmaau @Tal,l,amslugﬂﬁ 3 uazidwiag uaauluamuzuisflautdnimnanaas

AIANTNN 1

=} v a 1
sUN 3 dwwanaanluaon 6

UnA2IUI9Y ACU:IAINSSUANAQS UHI3NYIAYINBUULIAQ




55 Kasem Bundit Engineering Journal Vol.14 No.1 January-April 2024

A13199 1 auﬁamanamaatﬁu’faqluéa% 6 [9]

Property Typical Value
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Main factors Responses

Material placed at the atmosphere and room temperature Characteristics of 3D-Printed Specimens

7 Days —P

14 Days ——— P
21Days ———» FDM —————3 Mechanical properties
28 Days Process Tensile Strength

Impact Strength

Printing parameter

35 Days >

- Nozzle diameter 0.4 mm

- Layer height 0.2 mm

- Infill Density 100 %

- Printing Temperature 245 °C
- Build Plate Temperature 55°C
- Print Speed 60 mm/s
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Nozzle diameter [mm] 0.4
Layer height [mm] 0.2
Infill Density [%] 100
Printing Temperature [°C] 245
Build Plate Temperature [°C] 55
Print Speed [mm/s] 60
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Pooled StDev = 1.616
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Source DF Adj SS Adj MS F - value P - value
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R-sq = 96.33%, R-sq(adj) = 95.60%, R-sq(predict) = 94.27%
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Interval Plot of Ultimate Tensile Strength
95% Cl for the Mean

50

30

25

7 du 14 3u 1 3u 8 3u 35 3u

]
~

[] ¥
E‘ijﬁ 12 ns’mluams:ﬂmmwm\luaawngnﬂaaﬂﬁalﬂuamnuﬁmmﬂﬁ'm ey

NUAIAIINAIUNTBLIIA GRG (9

Power Curve for One-way ANOVA
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Residual Plots for Ultimate tensile Strength
Mormal Probability Plot Versus Fits
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35U 15 WSauiauanBmen 1S YR SD2ITRITMNATIUIINUIINITZUNN (AT%LR)
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5 13.04 12.28 11.18 10.51 9.31
1y 13.01 12.09 11.41 10.39 9.21
Pooled StDev = 0.178
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Source DF Adj SS Adj MS F - value P - value
humidity 4 43.5180 10.8795 0.000
340.54
Error 20 0.6390 0.0319
Total 24 44 1570
R-sq = 98.55%, R-sq(adj) = 98.26%, R-sq(predict) = 97.74%

Interval Plot of Impact Strength
95% Cl for the Mean
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Power Curve for One-way ANOVA

Sample
Size
e 2

L]
Assumptions

o 005
StDev 0178
# Levels L

067

Power

04

02

0.0 T T T T T T T
0.0 05 10 15 20 25 30 35

Maximum Difference

3UN117  BWIAA08NUANZENNITNATDVAINITTUUIINIZUND

Residual Plots for Impact Strength
Normal Probability Plot Versus Fits
® 04
-
o [ L]
. . . .
g = 3 0 —. ———————— L — : -
& ,-§ [] L -
. . .
10 - o - . . .
Tos -0 il o 04 ] 0 1 i 1
Residual Fittad Value

31118 @AY (Residual) 2a9TBYAFIRIUAIAMINATHNIBUTIAIFIFN

mngﬂﬁ 18 NINTIIROLNNINTZNBUULLINLIIUNA (Normal Probability Plot) gl

Vo o ' o ' a a A9 » A
ABINFEIUANAIINNNANIINARAIAIANNGIUNIWULTINTZUNA LU LA RIRALUNG LR LA L T
Lﬁu"l,éﬁﬁﬁagamumnﬁﬂwaawamauﬁmiﬂizmﬂ@T’JLLuuﬂna qmaoﬁi’m@ﬂﬁ’wuummﬁm
v o A v o a A . o ' % '
aanwiuwi lituiduiduass Un@ luamen Versus Fits ANITINYAUN § NUIAVET 0 Uaz

Versus Order iminzansealaglidduuvle 9 usasihdeyaidulamudaanasiasdu

NIFDG

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 14 QU_Uf_'i 1 UNSIAU-IVVIYU 2567 /’g

4. aylwan1ie
mﬂwamimaaowudnﬁ‘i']mmzﬂznm‘ﬁ'faqgnﬂﬁiaﬂﬁavlfi’l,uama:mimmﬂﬁaoﬁwa
@ia@hmmﬁmmumoﬁag\mmaﬁa@; LﬁaLﬁmhmmwmm?ifa@mﬂﬂdaU?Tqvlﬂuam’az
UITENNARB93N 7 10 L 35 'Tuaiawa’[ﬁmmmﬁwumuu‘ioﬁagoqma@]aamuﬁ'm”u Tagd
T2HLIRT 7 T lﬁmmwﬁmmuujaﬁagaqﬂa%i'ﬁ' 49.17 firdudea1sdadiuas 498
AININNINTI9I2 82981 D% LaZIZBZIIaT 35 T4 lﬁﬁwmm@ﬁummmﬁw"hqm%i'ﬁ' 27.97
fndudomadaswas lusuaianudunuusinszunn wuiniaiuswinszoziaad
’S'a@mﬂﬂéiaﬂﬁavlﬂuam’s:mm’m’mﬁaamn 7 7% 0% 35 10 genalrdranud wnn
LTINTEUNNAARIANNES UL T WAL Fefiszuziaan 7 70 Ifdranuduniuusanszunn
WINNIT95202 8 A% lapfiszoziian 7 S lﬁmm’mﬁ’mmmmmumngaﬁ;magji‘ﬁ' 13.01
fAULNAT DITAININNINTI9TZHLLIRNEW WAZITZEZLI8N 35 T3 IHAIAINEIUNTIN
LLiamszﬂ@‘i'\q@a%iﬁi 9.21 H1AULUAT ﬁfuuamdwLfial,é'mwa']aﬁn"l,udaugnﬂﬁiaU?Tavlﬂu
§N1ITUTILINARDI91N 7 10 LD W 35 T ﬁ'fl,ﬁl,a"uwmaaﬂ@@{m'nu%uwﬁﬂﬁﬁu
wmaaﬂﬁmmﬁugqﬁu [1] SnarinlAauiin19muaAN NI UNIBLTIRIANRS 43.1% WA

AMUA BN WU IINTZUNNDVAITUNUNAROUNARS 29.2% AUTIAL

5.  AalAkaLby
L IN19INIIeda lllwauiaa AITENEINANTENUG AN HHENIINIININTDITUIN
NARDULNNLAN LT AMNREIURILAZAIAINARIANLARD BT DIVUIATIINW LAZRINITONN
= a 5 21' = U o a di A v a 1 ::i
Lmeamiﬂﬂma'«aﬂﬂiau"LﬂIﬁ’luﬂWiﬂﬂwwLama@gw@au 9 BIDLFUNWARAN LU BULNIAN
InaiAgann

References

[11 Haijun G, Michael R, Zezheng W, Lianjun W. Impact of moisture absorption on 3D
printing nylon filament. Solid Freeform Fabrication 2022: Proceedings of the 33rd Annual
International Solid Freeform Fabrication Symposium — An Additive Manufacturing
Conference; 2022 Jul 25-27; Austin, Texas USA. Austin: The University of Texas at
Austin; 2022. p.16-22.

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




ﬂ” Kasem Bundit Engineering Journal Vol.14 No.1 January-April 2024

(2]

(3]

(4]

(3]

6]

(7]

(8]

(9]

(10]

(1]

(12]

Jiang S, Liao G, Xu D, Liu F, Li W, Cheng Y, et al. Mechanical properties analysis of
polyetherimide parts fabricated by fused deposition modeling. High Perform Polymers
2019;31(1):97-106.

El Magri A, El Mabrouk K, Vaudreuil S, Chibane H, Touhami ME. Optimization of printing
parameters for improvement of mechanical and thermal performances of 3D printed
poly (ether ketone) parts. Journal of Applied Polymer Science 2020;137(37):49087.
Valerga AP, Batista M, Salguero J, Girot F. Influence of PLA filament conditions on
characteristics of FDM parts. Materials. 2018;11(8):1322.

Thai Meteorological Department. Climate of Thailand [Online]. 2022 [cited 2023 Mar 5].
Available from: https://www.tmd.go.th/info. (In Thai)

Nattawat. How to select 3D filament for 3D printer [Online]. 2018 [cited 2023 Mar 5].
Available from: https://www.siamreprap.com/2020/01/how-to-select-3d-filament-for-3d-
printer/#nylon-filament. (In Thai)

Monson L, Braunwarth M, Extrand CW. Moisture absorption by various polyamides and
their associated dimensional changes. Journal of Applied Polymer Science 2008;107:
355-63.

Banjo AD, Agrawal V, Auad ML, Celestine AN. Moisture-induced changes in the
mechanical behavior of 3D printed polymers. Composites Part C: Open Access 2022;7:
100243.

Polymaker. Technical Data Sheet [Online]. 2023 [cited 2023 Mar 5]. Available from:
https://polymaker.com/product/polymide-pa6-cf/

ASTM International. D638 — 10. Standard test method for tensile properties of plastics.
[Online]. 2020 [cited 2023 Mar 5]. Available from:
https://edisciplinas.usp.br/pluginfile.php/4839427/mod_resource/content/4/D638.120796
2-1.pdf

International Organization for Standardization. ISO 179-1:2000. Plastics - determination
of charpy impact properties - part 1: non-instrumented impact test. Geneva, Switzerland:
ISO; 2000.

Bonada J, Pastor M, Buj-Corral I. Influence of infill pattern on the elastic mechanical

properties of fused filament fabrication (FFF) parts through experimental tests and

numerical analyses. Materials 2021;14(18):5459.

Faculty of Engineering, Kasem Bundit University Research Article




3F2NSSUATSINUUUTUNQ Uﬁ 14 QU_Uf_'i 1 UNSIAU-IVVIYU 2567 ﬂ]

ﬂiz@@l%tﬁﬂ%ﬂ‘ﬂﬂ’)"l&l

s v & A 6 ° o a [
E}.ﬂt]‘.ls}'g:] DWUNINENI E]’H]’]iilﬂi:‘ﬂ”l‘ﬂaﬂgﬁliﬂﬂ,LZQﬂQﬂii&IﬂﬁE.W]S
aﬂ’ﬂ’]’jﬁ’lﬂii&@@]ﬁﬁ‘ﬂﬂ’ﬁ m&ﬁ“nmﬁ'ﬂmﬂiﬂaﬁswmmaﬁmm N
INIANY 055-515900 E-mail: t.ukrit@edu.rmutl.ac.th

Interested Field: Productivity Improvement and Design of Experiments

N']‘[‘W'ﬁ ﬁu”l‘d mmsﬁﬂs:a‘imé’ngmﬂm:’imﬂsmmam‘ ®1UN
3?[’)7’]53“@'6]&’]%7']’15 wm’i*nmé’mwaiulaﬁswmﬂaﬁmm fn
In3AnY 083-8760479 E-mail: mnf.impe@gmail.com

Interested Field: Advanced Manufacturing Technology

a6 3lsasawinnaa mmsﬂ‘ﬂs:a‘imé’ﬂgj@ﬁﬂmfamﬂﬁumam%
§2U1IAINTINGATINNNT VAINLRUNA LU TNIAEIUUT O7N
In3AnY 055-515900 E-mail: kibuya@gmail.com

Interested Field: Productivity Improvement and Design of Experiments

Article History:

Received: January 11, 2024
Revised: April 7, 2024
Accepted: April 19, 2024

UnA2IUI9Y ACUI3AINSSUANAQOS UK13NY1AYINBUUIUAQ




