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T6m tiit: Trong bai bao nay dé xuit mot giai phap tai ché chai nhua phé thai thanh soi
nhya sir dung trong cong nghé in 3D FDM. Qua trinh tai ché bit ddu bang viéc lam
sach chai nhya, sau d6 ga 1én hé théng kéo soi. Tai ddy, chai duoc cit thanh cac dai
nhura bang cum dao cit, r6i duge dua qua cum tao soi dé dinh hinh thanh soi in dat tiéu
chuén kich thudc. Trong qua trinh ché tao s¢i tir chai nhya tai ché, ba yéu té cong nghé
chinh: nhiét &6 nung, chiéu dai khuén va tdc do kéo dong vai tro then cht trong viée
quyét dinh chat lugng soi. Nghién ctru di ap dung phuong phéap quy hoach thye nghiém
Taguchi dé phéan tich mirc d6 anh hudng ciia cic théng sb nay dén do bén cua soi, tir
d6 xac dinh duoc t6 hop tham s6 t6i wu. Cudi cing, nhém nghién ctru da sir dung soi
in tao ra in thir nghiém mot sé san pham nhu: d6 trang tri, vat dung luu niém va mé
hinh hoc cu phuc vu giang day.

Tir khéa: FDM, in 3D, nhiét do, Taguchi, tai ché.

STUDY ON THE INFLUENCE OF TEMPERATURE, DRAWING VELOCITY AND NOZZLE
SIZE ON THE TENSILE STRENGTH OF 3D PRINTING FILAMENT FROM PET BOTTLES

Abstract: This paper proposes a solution for recycling waste plastic bottles into
filament suitable for Fused Deposition Modeling (FDM) 3D printing. The recycling
process begins with purification phase the plastic bottles, which are then mounted onto
a filament drawing system. In this system, the bottles are cut into plastic strips using a
cutting module, and subsequently fed through a filament-forming unit to produce
standardized 3D printing filament. The tensile strength of the filament is a critical
parameter that directly affects the mechanical performance of the final printed
products. During the filament production process from recycled plastic bottles, three
key technological factors: heating temperature, nozzle geometry, and drawing velocity
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play a decisive role in determining filament quality. The study employs the Taguchi

experimental design method to evaluate the influence of these parameters on filament

strength and to identify the optimal combination of process variables. Finally, the

research team used the produced filament to 3D print test products such as decorative

items, souvenirs, and educational models for teaching purposes.

Keywords: FDM, 3D printing, temperature , Taguchi, recycling.

1. PAT VAN DE

Su phat trién manh mé& cua cac
nganh khoa hoc va cong ngh¢ trong nhirng
nim gan day di gop phan thuc diy ting
trudng kinh té va ning cao chét lugng cude
song. Tuy nhién, song song véi tién trinh
do 1 su gia tang dang ké vé 6 nhiém moi
truong, dic biét 13 6 nhiém do chét thai
nhya. Nhya phé thai dang ndi 1én nhu mot
thach thirc toan ciu nghiém trong, véi khéi
lwong thai ra mdi truong mdi nam du dé
phu kin bé mat Trai Pat nhiéu lan. Theo
théng ké, khoang 13 triéu tan rac thai nhya
bi xa truc tiép ra dai dwong mdi nim trén
toan thé gioi [1]. Tai Viét Nam, van dé chét
thai nhya dang tré nén dang bao dong. S6
liéu tir B& Tai nguyén va Moi trudng cho
thdy méi nim, qudc gia ndy phat sinh
khoang 1,8 tridu tin rac thai nhwa, trong d6
tir 0,28 dén 0,73 triéu tan dugc d6 ra bién
[1]. Du vay, chi khoang 27% lugng chat
thai nay duoc thu hoi va tai ché boi cac t6
chirc va doanh nghiép. Phan 16n rac thai
nhya van dang duoc xir Iy bang phuong
phép chon 14p va dét, voi ty 16 tai ché chi
chiém khoang 10%. Xu huéng phat sinh
chit thai nhya tai Viét Nam dang gia ting
nhanh chong, tir 1,8 tri¢u tAn/nim vao nim
2014, 1én 2,0 tri¢u tin/nam vao nim 2016,
va dat khoang 3,27 tridu tAn/nim trong thoi
diém hién tai. Udc tinh, luong rac thai
nhua xa ra bién hang nim chiém gin 6%
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téng lugng thai toan cau. Trung binh mdi
hd gia dinh tai Viét Nam st dung khoang
lkg tai nilon moi thang. Riéng tai Ha Noi
va TP. Hd Chi Minh, khéi luong rac thai
nhya va tai nilon thai ra mdi ngay 1én dén
80 tn. Hién trang phén loai, thu gom, tai
ché va xir 1y chét thai nhya van con nhidu
bat cap. Réc thai nhua va tai nilon chiém
khoang 8-12% tong khdi lwong chit thai
rdn sinh hoat, tuy nhién chi khoang 11-
12% duoc xir 1y theo hudng tai ché. Phan
16n con lai van bi chon 14p, dét hodc thai
bo ra méi trudng, tiém an nguy co gay ra
tham hoa méi truong, dic biét 1a 6 nhiém
dai duong nghiém trong [1].

Hién nay, thanh phé Hai Phong
dang phai xir Iy khoang 2.000 tn chat thai
rin mdi ngay, trong d6 bao gom lugng Iém
rac thai nhya va thi nilon. Cy thé, chat thai
sinh hoat phat sinh tir khu vuc doé thi
chiém khoang 1.100 tin/ngay, trong khi
khu vuc néng thon phat sinh khoang 600
tAn/ngay [2]. Phan con lai 1a chat thai rin
tir cong nghié€p, ndéng nghi¢p, xay dung va
chit thai y té nguy hai. Khi luong réc thai
16n va da dang dang dat ra ap lyc nghiém
trong dbi v6i hé thong xir 1y, gdy anh
huong tiéu cuc dén moi truong va chét
lwong sdng ctia ngudi dan.

Tai Viét Nam néi chung va Hai
Phong néi riéng, cadc phuong phap xu ly
réc thai dang dwoc p dung bao gdm chon



14p hop vé sinh, d6t, va tai ché. Tuy nhién,
cac phuong an nay van chua giai quyét
triét d& dwoc van dé 6 nhiém moi trudng,
dic biét 1a 6 nhiém do rac thai nhya giy
ra. Trude thue trang d6, nhom nghién ciru
da dé xuat mot hudng tiép can moi: tai ché
chai nhua phé thai thanh sgi nhya phuc vu
cho cong nghé in 3D - mot linh vyuc dang
ngdy cang phat trién va img dung rong rii
trong san xuét hién dai.

2. TONG QUAN NGHIEN CUU

Cong nghé in 3D (AM) da ra doi va
phat trién tré thanh mot giai phap day hia
hen, tmg dung trong nhiéu linh vuc khac
nhau, tir san xuat cong nghiép cho dén y
té, giao duc va nghé thuét [3], [4]. Cac quy
trinh nay gitp ché tao nhanh chong cac
chi tiét may, cac cum chi tiét co cac chirc
ning khac nhau véi thoi gian thyc hién
ngin hon va giam chi phi nghién ciru va
phét trién [5], [6]. Pd bén cua cac san
pham in 3D phu thudc vao nhidu thong s6
khac nhau, nhung mgt trong nhiing thong
s6 anh huong rat 1én dén do bén san pham
d6 1a chat lwong cta chi in 3D.

Trudc thuc trang rac thai nhya ngay
cang trd thanh mot tham hoa ctia nhan loai,
viée tai ché céc chai nhya thanh nguyén
liéu déu vao cho cong nghé in 3D 1a mot
viéc lam hét sirc can thiét va co y nghia.
Nikam va cong su [7] dd kham pha kha
nang san xuét soi 3DP bén viing bang cach
tai ché chai Polyethylene terephthalate
(PET), str dung voi phun va khéi gia nhiét
c6 duong kinh 1,6 mm dé kiém soat nhiét
do chinh xac, dat dugc duong kinh sgi 1,65
mm ddng nhét va sir dung cong cu phén
tich phan tir hiru han (FEA) 1a SolidWorks
dé so sanh cac tinh chat co hoc véi vat lidu

axit polylactic (PLA) thong thuong. Céc
phét hién nay cung cp cai nhin mgi hon
vé viéc tai ché chai PET nhu 1a mot giai
phap thay thé 3DP than thién véi moi
truomg, giam rac thai nhya va thic diy tinh
bén viing trong AM.

Trong nghién ciu nay, phuong
phap quy hoach Taguchi da dugc sir dung
nham khao sat anh huong cua cc thong
s6 cong nghé nhu: Nhiét do dau kéo, kich
thude khuén va van toc kéo khi ché tao
soi in 3D 1a tir chai nhua tai ché. V&i muc
dich chinh 14 ting d6 bén cua soi in 3D
dugc tao ra, cac thi nghiém kéo sgi thuc
hién theo ba cip d cho mdi yéu tb thong
qua mang truc giao Taguchi L9 (3 * 3)[8].

Soi in 3D duoc tao ra tir bo tham s6
t6i wu da dugc sir dung dé in mot sb cac
san phim nhu: d6 lvu niém, vat trang tri
hay cac dung cu hoc tap va giang day. Két
qua cua nghién ciru m¢ ra mot hudng di
tiém nang cho viéc tai ché cac chai nhua
phé thai, mét trong nhitng ngudn gy 6
nhiém rac thai nhya hién nay.

3. VAT LIEU VA MO HINH THUC
NGHIEM

3.1. Vit liéu

Vit li¢u dugc str dung cho nghién ciru
nay la can nhya 5 lit ding ding nudc loc
lavie lam tir loai nhya PET (Polyethylene
Terephthalate) Hinh 1.

" Lol
iic\/ie l

Hinh 1. Can dung 51 nuoc Lavie
duweoe lam tie nha PET [7]
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3.2. Xay dung m6 hinh thyc nghiém

Cac chai nhya da qua su dung s€
dugc lam sach va séy kho trudce khi dua
vao hé thong ché tao chi in 3D. Chai nhya
phé thai sau khi g4 1én hé théng kéo soi,
qua cum dao cit dugc cit thanh dai nhua,
dai nhua vira cit s& dua qua ma kéo soi
tao thanh soi chi theo tiéu chuin

Hinh 2. Nhiét do cua qua trinh tao
soi in 3D ludn dugc giit 6n dinh nho bo
diéu khién nhiét d9. Puong kinh cua chi
in duoc thay déi nho kich thude cua
khuon kéo. Trong nghién ciru nay st dung
khuén c6 dudng kinh 16 kéo d = 1,75mm.

Thong s6 k¥ thuat ctia hé thong ché
tao chi in 3D tir chai nhua tai ché duoc
trinh bay trong Bang 1.

Bang 1. Théng sé ky thudt ciia hé thong ché tao chi in 3D tir chai nhiea tdi ché

Dic tinh kj thudt

Thong sé

Kich thuéc may: Dai x Rong x cao (mm)

666x226x150

Puong kinh s¢i kéo (nho nhét va 16n nhit)

Puong kinh nho nhit :1.73mm
Duong kinh 16n nhét : 1.75mm

Pong co tang cudn (cong suat, sO vong quay)

DC giam téc JGY370 (12V 45rpm)

Nhiét d6 gia nhiét 16n nhét (°C)

260

Téc do kéo soi (nho nhat, 16n nhit)

-Tbc d6 nho nhat (5mm/s)
-Tbe d6 16n nhat (1 1mm/s)

Loai chai nhya c6 thé kéo sgi

lavie, 7 Up, nudc khoang, tra xanh,...

Tang cudn San pham .
(Chi in 3D) [Bed | )
1 | ,
v
Cum gia X
nhiét X Chai nhyra
z & tai ché
Bang diéu
khién ] D N
i\ > &
AQq
: —

Hinh 2. Hé thcfng ché tao soi in 3D tir chai nhua tdi ché

Chi in 3D sau khi ché tao dugc
kiém tra d¢ bén bang phuong phap
thtr kéo. Gia tri luc kéo thu dugce nho
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can do lyc Hinh 3 3. Théong s ky thuat
cua cin do lgyc dugc trinh bay trong
Bang 2



Bdng 2. Théng s6 kj thudt cdn do e dién tir Crane scale

Diic tinh ky thuat Théng sb
Kich thuéc may: Dai x Rong x cao (mm) 2B8.5x7,9x3,5
Pon vi do KG,Lb, N
Khéi lwong can: 16n nhat/nho nhat 200kg/50g
Do chinh xac (%) 0,04
Man hinh hién thi L

Taguchi

(200°C) (220°C)

4. Quy hoach thuc nghiém theo méing truc giao

Muc dich ciia nghién ciru nay la diéu chinh cic
thong s6 dau vao dé kiém soat thong sé dau ra theo
mong mudn. Do d6, phuong phap Taguchi d3 duoc lua
chon str dung cho phép téi thiéu cac thi nghiém can thiét
dé nghién ctru anh huéng cua cac thong sb 1én mot dic
tinh dau ra va nhanh chong diéu chinh cic thong sé dau
vao tién dén t6i wu nhanh nhit gi4 tri dAu ra [8].

(240°C)

Hinh 4. Ba murc nhiét do thuc nghiém

Nghién ctru nay khao sat anh
huéng cua cac tham sé: Nhiét do dau
kéo (0C) Hinh 4, chiéu dai khuén kéo
(mm) Hinh 5 va van tbc kéo chi
(mm/s) Hinh 7 dén d6 bén cua chi in
3D lam tir chai nhua tai ché. Bo ba
théng s6 duoc lwa chon véi ba muec
gia tri khac nhau dugc cho trong
Bang 3. Ti 1¢é nhiéu S/N duoc lya

chon theo diéu kién lén hon thi tdt
hon (phuong trinh 1).
S/N =-10LoglO(MSD) (1)

2 ;.2 2
MSD —_ (y1+y2:'"+yn) (2)

Trong d6 MSD la dd léch binh
phuong trung binh so véi gia tri dich cua
dic tinh chét lugng; y1, y2...yn, n la két
qua do va sé thi nghiém tuong tmg.
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Hinh 7. Vin toc kéo thuc nghiém
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Bdng 3. Cdc tham sé céng nghé ding cho qui hoach thuc nghiém

Level
Parameters
1 2 3
A (T - Nhiét d6 (°C)) 200 220 240
B (V - Vién tbc kéo (mm/s)) 7 9 11
C (L -Chiéu dai khudn kéo (mm)) 12 16,5 21

Sau khi thiét lap diéu kién cho cac
thi nghiém twong tmg, nghién ctru da tién
hanh 9x3 = 27 thi nghiém (3 thi nghiém
cting mjt bd thong sé cong nghé ) Bang 3.
Tur do tim ra gia tri lyc kéo trung binh cua
9 muc thi nghiém da xay dung theo qui
hoach thyc nghiém Taguchi.

Qua trinh thuc nghiém do dd bén
kéo dugc thuc hién nhu sau: Trude tién
tién hanh ¢ dinh mot dau cua soi in, diu
con lai cia soi in dugc ndi véi mot dau
ctia cAn do luc dién tir Crane scale. Pau
con lai ciia can do lue dién tir dwoc két ndi

v6i may kéo, sau khi 1ip dit sin sang, may
kéo sé€ kéo tir tir soi nhua tdi khi dut, gia
tri lyre kéo 16n nhit s& duge cin do dién tir
luu lai.

Két qua thir kéo cho 9x3 = 27 méu
thi nghiém theo Taguchi L9 (3x3) dugc
trinh bay trong Bang 4. Anh huong cua
cac tham sé: Nhiét do (A(T)), van tdc
kéo (B(V)) va chiéu dai khuon (C(L))
dén do bén cua s¢i in 3D dugce tinh toan
va phéan tich phuong sai (Anova) nhu
trong Bang 5.

Hinh 8. Thuc nghiém thir kéo xdc dinh do bén cia chi in 3D

Bang 4. Két qua do va ty sé S/N theo L9

Px (N)
STT | A(T) | B(VY) C@L) x Miu | Miu Trung SIN
Mau 1 "
2 3 binh
1 1(200) | 1(7) 1(12) 280 250 271 267 48.5302
2 1(200) | 2(9) |2(16.5)| 288 284 298 290 49.2480
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Pk (N)
STT | A(T) | B(V) CL) Miu 1 Miu | Miu Trung SIN
2 3 binh
3 1(200) | 3(11) | 3(21) 236 240 232 236 47.4582
4 |12220) | 1(7) |2(16.5)| 350 378 358 362 51.1261
3 | 2220) | 2(9) 3(21) 380 390 388 386 51.7317
6 | 2(220) [ 3(11) 1(12) 246 259 272 259 48.2660
7 13240) | 1(7) 3(21) 358 354 362 358 SLAOFIT
8 13(240) | 2(9) 1(12) 340 354 | 350 348 50.8316
9 |3(240) | 3(11) |2(16.5)| 310 335 318 321 50.1301

Bang 5. ANOM and ANOVA table of data affecting the ductile fracture value

Average by Level Sum of Sum of Euniiibuion
Factor D.O.F | mean .
squares
2 3 . squares ()
A (D) 4841 | 50.39 50.68* 11216.9 2 5608.4 49.80
B(V) 50.26 | 50.60" 48.62 8208.2 2 4104.1 36.44
C (@) 49.21 | 50.18" 50.09 2342.9 2 1171.4 10.40
Error 754.9 2 377.4 3.35
Total 225229 8 100

Nghién ciru nay tién hanh xir Iy sé
liéu thyc nghiém bing phin mém
MINITAB16. Véi 3 théng sb nhiét do
dau kéo A(T), véan tdc kéo soi B(V) va
chiéu dai khuén C(L). Mdi mét thong
s0 s& ¢6 3 mirc tac dong nhu sau: Nhiét
d6 (200°C, 220°C, 240°C); Vin tdc kéo
(7 mm/s, 9mm/s, 11mm/s); Chiéu dai
khuoén (12 mm; 16,5mm; 21mm). Phan
mém nay cho phép lya chon quy hoach
Taguchi L9 (373) vdi 9 thi nghiém
(Bang 4) nhu 1a mét quy hoach chuén.
Phén tich phuong sai Anova (Bang 5)
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cho ta két qua nhu sau: Anh hudng cia
nhiét do t¢i do bén cua soi in 3D chiém
49,8%, anh huong cua van toc kéo 1a
36,44%, anh huéng cua chidu dai khuén
1a 10,4%. Cac yéu t giy nhidu khac
anh huong 3,35%. Két qua nay cho ta
théy anh huong cua nhiét do, van tde
kéo tdi do bén soi in 13 16n nhit (hai
thong s6 nay chiém toi 86,5%), tic 12
anh huéng cua thong sb con lai (C(L))
thap hon nhiéu. Piéu nay ciing hoan
toan dung véi 1y thuyét va kiém nghiém
trong thuc té.
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Hinh 9. Biéu d@o anh hwéng cia cdc tham sé téi do bén ciia soi in 3D

lam tir chai nhua tdi ché

Sau khi xay dung mdé phong theo
quy hoach Taguchi L9 (3°3), ta thu duoc
két qua (Hinh 9). Ung voi két qua nay
(theo cong thirc 2) xét theo cac yéu td don
Ié ta thiy rang: Gia tri nhiét do A(T) =
240°C; gi4 tri van téc kéo B(V) = 9mm/s
va gia tri chidu dai khuén C(L)=16.5mm
thi d bén cua s¢i in 3D 1am tir chai nhua
tai ché s& co gia tri 16n nhét. Do vy bd
thong sd lwa chon theo cac théng s6 A(T),
B(V) va C(L) dua ra (9 thong sb) la:
A3B2C2(240°C, 9mm/s, 16.5mm). Pay la
b thong s tdi wu nhét thu dugce tir 09 thi

nghiém xay dung theo qui hoach thuc
nghiém Taguchi.

Sau khi xac dinh bo tham sb tdi uu
nhit d& chi in 3D 1am tir chai nhua tai ché
c6 do bén cao nhat, nghién ctru da tién
hanh thye nghiém ché tao s¢i in 3D voi bo
tham s6 cong nghé t6i wu trén
(A3B2C2(240°C, 9mm/s, 16.5mm)). Két
qua thyc nghiém thir kéo mau sgi in dugc
trinh bay trong Bang 6. Két quéa cho thiy
bd tham s6 lwa chon tir qui hoach thyc
nghiém cho do bén 16n nhat nhu 1y thuyét
tinh toan.

Bang 6. Két qua khi kéo soi in 3D voi bg tham 6 161 wu duge chon

TC) | V(mm/s) | L(mm) P(N)

Hinh anh thuc nghiém

240 9 16.5 390

=
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. 5. Thye nghiém in mdt s san
pham tir s¢i in 3D lam tir chai nhya
tai che

Tir bo tham sb céng nghé tim duogc
0 Muc 4 trén, nhom nghién ctru da tao soi
in 3D tir chai nhwra tai ché va dung dé in

mot sé db luu niém, vét trang tri va mé
hinh giang day. Cac san pham dugc in trén
méy in 3D FDM ELEGOO NEPTUNE 3
PLUS, thong s6 k¥ thuit ciia may nhu
trong Bang 7. Nhiét d6 in 1a 250°C, nhiét

dd ban in 12 68°C.

Bdng 7. Thong s6 ki thudt ciia mdy in Elegoo Neptune 3 Plus

Tén San Phim

Elegoo Neptune 3 Plus

M3 Sin Phim:

E-M-NEPTUNE3PLUS

Phan mém Slicer:

Cura, PrusaSlicer, Simplify3D, Repetier-Host

Cong nghe¢:

FDM

Giao dién diéu khién:

Man hinh LCD

Keét noi:

In thé TF ngoai tuyén, in tric tuyén

Mai San Pham: E-M-NEPTUNE3PLUS
Kho In: 320X320X400(mm?)
Yéu céu ngudn: 100-240V 50/60Hz
Kich thudc may in: 533*517*638mm

Can nang: 14,2kg

Céc san pham duoc in tir chi in 3D ché tao tir chai nhya tai ché voi bd tham sb

toi vu da tim dwoc.

Hinh 10. Qud trinh in mgt s6 san pham dimg si in 3D lam tir chai nhya téi ché bang mdy in
FDM Elegoo Neptun Plus

Hinh 11. M6 hinh dién gio ding trong giang day mon Vit Iy
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Hinh 14. Chi tiét banh rdng dimg trong mé hinh bé truyén co khi
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Hinh 16. M{t 56 do trang tri

6. Két luan

Nghién ctu di tién hanh thuc
nghiém kéo soi in 3D tir chai nhua tai ché.
Xay dung quy hoach thuc nghiém
Taguchi L9 (373) qua trinh kéo sgi in 3D
v6i cac théng sb cong nghé: nhiét do
khuén, vén téc kéo, chiéu dai khuén thay
dbi da duoc tién hanh dé danh gia anh
huéng ctia cac tham s§ dau vao dén d bén
cua sgi in 3D. Két qua thuc nghiém va
phan tich s6 liéu da chi ra ring diéu kién
kéo soi in 3D: nhiét d6 kéo 240°C, van tc
kéo 9mm/s va chiéu dai khuén la 21mm
s& cho gia tri d6 bén soi in 1a 16n nhat P =
390N. Phan tich Anova cho thiy ring
trong ba tham s6 cong nghé A(T), B(V) va
C(L) thi tham sb A(T) va B(V) c6 anh
huéng 16n hon nhiéu so véi tham s con
lai C(L) t&i d6 bén soi in (86,5%). Nghién
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ciru da su dung soi in 3D dugc tao ra tr
chai nhua tai ché v&i bo tham s tdi wu dé
in mot s6 san phém trang tri, luu niém va
dung cu hoc tap cho chat lwong tdt, tinh
thim m§ cao.
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