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Tém tit: Hién nay tinh trang 6 nhidm rac thai nhwa da, dang tré thanh mot trong nhirng thach
thirc 16n ma cac qudc gia trén thé gidi ndi chung va Viét Nam noi riéng dang phai ddi mat.
Trong bai bao nay trinh bay mét giai phap tai ché cac loai chai nhya phé thai thanh soi chi in
3D dung lam nguyén li€u dau vao cho qua trinh in cac vat phém lwu niém, d6 choi, vat trang
tri,... Chai nhua phé thai sau khi lam sach ga 1én h¢ théng kéo sgi, qua cum dao cat duoce cét
thanh dai nhya, dai nhua vira cét sé dua qua ma kéo sgi tao thanh soi chi theo ti€u chuan.
Nhiét d6 cua qua trinh tao soi in 3D ludn duge giit 6n dinh nhd bd diéu khién nhiét do. Qua
qua trinh tinh toan va thyc nghiém cho théy d% bén cua soi in 3D do nhom nghién ctlru tao ra
cao hon mot s vat liéu in ¢6 trén thi trrong ma gia thanh lai ré hon, co6 nhiéu vu diém hon.

Tir khoa: Chai nhua, in 3D, thiét ké, tai ché, nhiét do.

RESEARCH ON DESIGN AND MANUFACTURE A SYSTEM FOR RECYCLING PLASTIC WASTE
INTO 3D PRINTING FILAMENTS

Abstract: Nowadays, plastic waste pollution has become one of the major challenges that
countries in the world in general and Vietnam in particular are facing. In this paper, we
present a solution to recycle waste plastic bottles into 3D printing filaments used as input
materials for the printing process of souvenirs, toys, decorative objects.... After being cleaned,
waste plastic bottles are placed on the spinning system, through the cutter cluster, cut into
plastic strips. The newly cut plastic strips will be passed through and spun to form standard
filaments. The temperature of the 3D printing filaments creation process is always kept stable
thanks to the temperature controller. Through experiments, it has been shown that the
durability of the 3D printing filaments created by the research team is higher than some
printing materials on the market but the price is cheaper and has many advantages.

Keywords: Plastic bottles, 3D printing, design, recycling, temperature.

1. DPAT VAN PE ngay cang nhiéu rac thai nhua dwoc dua ra
) ngoai moi truong mdi ngay. Réac thai nhya
dang trd thanh mdt trong nhiing thach thirc 16n
ma cac qudc gia dang phai di mat. Mdi nam,
lwong chat thai nhya do con ngudi théi ra trén

Ngay nay, do sy phét trién cia cac
nganh khoa hoc cong ngh¢ cang ngay manh
mé di d6i véi su phat trién d6 thi méi truong
ngay cang 6 nhiém nghiém trong, dic biét 1a
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pham vi toan céu di dé phu kin 4 1an dién tich
bé mat trai dét, trong do6 co6 13 tri¢u tan chat
thai nhya duoc d6 ra dai duong [1]. O Viét
Nam, thyc trang rac thai nhya cling dang gay
nhiéu lo ngai. Theo s6 licu théng ké tr BO Tai
nguyén va Moi truong, mdi ndm tai Viét Nam
c6 khoang 1,8 tri€u tn rac thai nhua thai ra
mdi truong, 0,28 triéu dén 0,73 triéu tin trong
s6 d6 bi thai ra bién [1]. Tuy nhién, chi 27%
trong s6 d6 duge tai ché, tan dung boi cac co
s0, doanh nghiép. Diéu dang noi 1a viéc xir Iy
va tai ché rac thai nhua con nhiéu han ché khi
¢6 dén 90% rac thai nhya dwoc xir 1y theo cach
chon, lép, ddt va chi o 10% con lai 1a dugc tai
ché. Viét Nam dang d6i mat véi nhiéu nguy co
tir rac thai nhya. Lugng rac thai nhya gia tang
nhanh chéng, nam 2014 khoang 1,8 tri€u
tAn/nam, nam 2016 khoang 2,0 triéu tAn/nam
va hién nay khoang 3,27 triéu tin/nam duoc
tao ra tai Viét Nam. Khdi luong rac thai nhya
d6 ra bién mdi ndm khoang 0,28 - 0,73 triéu
tAn/ndm (chiém gan 6% tong lugng rac thai
nhua x4 ra bién cua thé gi6i). Tai Viét Nam,
binh quan mdi ho gia dinh str dung khoang 1kg
thii nilon/thang, riéng hai thanh phé 16n 1a Ha
N6i va Thanh phé H6 Chi Minh, trung binh
mdi ngay thai ra moi trudng khoang 80 tan rc
thai nhya va tdi nilon. Phan loai, thu hdi, tai
ché va xur 1y rac thai nhya con han ché. Luong
chat thai nhya va tai nilon & Viét Nam chiém
khoang 8-12% chat thai ran sinh hoat. Nhung
chi co khoang 11-12% ) lugng chét thai nhura,
tii nilon dugc xu ly, tai ché, s6 con lai chu yéu
1a chon lap, @6t va thai ra ngoai méi trudng.
Day co6 thé dan dén tham hoa moi truong, dic
biét 6 nhiém dai duong [1].

Hién nay tai Hai Phong phai xu ly
khoang 2000 tan rac thai mdi ngay bao gdm
nhya va nilong. Trong do, rac thai do thi la
khoang 1.100 tan, rac thai & khu vuc nong
thon 1a khoang 600 tin con lai 13 chat thai ran
cong nghiép, néng nghiép, xay dung, chat
thai y té nguy hai dat dén mutrc bao dong, lam
hai dén méi trudng va cude séng xung quanh
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moi nguoi.

Viée xu ly rac thai tai Viét Nam noi
chung va Hai Phong noi riéng da dugc thuc
hién bang nhiéu cach nhu: chon lap, dét, tai
ché,... nhung van chua hoan toan xtr 1y dugc
van d& 6 nhi®m do réc thai tao ra, dic biét la
rac thai nhua. Dé gbp mot phan vao viée xir
1y rac thai nhya, nhom nghién ctr da dua ra
giai phép tai ché cac chai nhya thanh soi in
3D dung trong cong nghé in 3D dang kha
phat trién hién nay.

2. TONG QUAN NGHIEN CUU

Cong ngh¢ in 3D (AM) da ra doi va
phat trién tro thanh mot giai phap day hua
hen, ng dung trong nhiéu linh vuc khac
nhau, tir san xuét cong nghiép cho dén y té,
gido duc va ngh¢ thuat [2,3]. Cac quy trinh
nay gitip ché tao nhanh chong cac chi tiét
may, cac cum chi tiét co cac chirc nang khac
nhau véi thoi gian thuc hién ngan hon va
giam chi phi nghién ctru va phat trién [4,5].
Nikam va cong sy [5] da kham phé kha nang
san xuét sgi 3DP bén viing bang cach tai ché
chai Polyethylene terephthalate (PET), st
dung voi phun va khdi gia nhiét c6 duong
kinh 1,6 mm dé kiém soat nhiét do chinh xac,
dat dugc duong kinh sgi 1,65 mm déng nhat
va sir dung cong cu phan tich phan tir hitu han
(FEA) 1a SolidWorks dé so sanh cac tinh chét
co hoc véi vat lidu axit polylactic (PLA)
thong thudng. Cac phat hién nay cung cép cai
nhin méi hon vé viéc tai ché chai PET nhu la
mot giai phap thay thé 3DP than thién voi
mdi truong, giam rac thai nhwa va thuc day
tinh bén viing trong AM.

Trong bai bdo nay, nhom tac gia da
nghién ctru thiét ké hé théng tai ché chai
nhya da qua stir dung nhu: cac chai nudce loc,
nudc ngot, cac can dung dau an, xang,...
thanh s¢i in 3D, mot nguyén li¢u st dung cho
cong ngh¢ in 3D dang dugc tng dung trong
nhiéu linh virc cia cude séng hién nay.



3. THIET KE HE THONG TAI CHE RAC THAI NHUA

3.1. Céu triic ciia hé thong tai ché rac thai nhya

* Cau tao hé thdng tai ché: Gom 2 phan chinh: Co cdu chip hanh va hé thong diéu

khién Hinh I

Phan digu khién

Phan chap hanh

Chai nhua
-Téc do

-Nhiét dg

Wy

Churong trinh digu khién

Pau gia nhiét , dong co

Bigu

khign

bang
tay

Cac co cau digu khign

Tin higu Man Hinh

Thanh pham

Hinh 1. So do khéi hé thong tdi ché rdc thai nhira

3.2. So' d0 dong va nguyén 1y hoat
dong ciia may

Trudc tién chai nhua duoc 1?ip trén
thanh d& sd 1; khi di qua cym dao cit s6 2 &
cat chai nhya thai cac dai nhua sb 3 sau d6
dugc dua qua cym gia nhiét sb 4, tai cum gia
nhi¢t do c6 nhiét d§ cao (khoang 200 do C)
nén dai nhwa s& bi lam néng va chuyén tur
trang thai cliing sang trang thai déo, nho luc
kéo quald ma & dau cum gia nhiét nén s€ tao
hinh thanh sg¢i chi nhya dang tron s 4, ngay
khi ra khoi ddu 10 ma, mudn soi chi nhyua
nhanh dong cung lai thi can ha nhanh nhiét
do xuéng, o day h¢ théng c6 st dung thém
mot quat hat nho dé thuc hién viéc nay. Sau
khi so1 chi nhua dwoc tao thanh sé dugce cudon

vao tang cudn ddy s6 6. Toan bd chuyén dong
cua hé théng duogc thyc hién nhd dong co
dién 12V s6 8.

Trong qué trinh hoat dong cua hé
théng, su On dinh cua nhiét d6 tai cum gia
nhiét s& quyét dinh dén ning sudt va chat
lugng cua vat li€u in 3D, tai cum gia nhiét co6
lép mot cam bién do nhiét do va thong qua
mach diéu khién Arduino ta hoan toan c6 thé
kiém soat duoc nhiét do tai day. Tuy theo
mdi loai vat liéu nhua khac nhau va kich
thudce soi chi in 3D khac nhau ma hé thong
lam viéc véi van tde khac nhau, su thay doi
tdc do nay co thé thuc hién bang viéc thay
d6i téc do cua dong co thong qua nam diéu
chinh ¢ bang diéu khién.
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Hinh 2. So' do déng hé thong tdi ché rdc thai nhia thanh chi in 3D

3.3. Thiét ké khung may

Yéu cu cia may 1a phai co két ciu
vitng chic, bén, dep. Dé dap ung dugc nhu
cau vitng chic va can dbi gia thanh vat liéu
khi thiét ké, nén chon nguyén vat li¢u ché tao
khung may 1a nhém. Khung may dugc thiét
ké 1a cac thanh nhom dinh hinh c6 kich thudc
20x20mm va 20x40mm. Ban may phai da do

cing virng va chiu dugc trong lugng cia cac
thiét bi khi dat trén n6. Dé dap tmg yéu cau
trén va gid ca hop ly trong nghién cuu da
chon vat liéu cho ban may 13 gb ép . Pam bao
duge d6 bén va do clng viing trong qua trinh
lam viéc cua cac thiét bi. Ban may c6 kich
thudc chiéu dai x rong x day: 666 x 226 x
8(mm). Hinh 3

Hinh 3. Két cdu khung va ban mdy

3.4. Lwa chon b truyén banh ring
va dong co cho hé thong tang cuon

Can cu vao lyc kéo thuc nghiém
(160N), nhom da lua chon bo truyén banh
ring gdm céc banh ring c6 théng s6 nhu sau:
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Z1=20rang, Z2 =30 rang, Z3 = 13 rang, Z4
= 65 rang
Ty s6 truyén = Z4/73*72/71 = 5%1.5="1.5
— Vay khi dong co quay dugc 7.5
vong thi banh rang Z4 quay dugc 1 vong



Hinh 4. B truyén banh ring

* Khoang céch truc

+ Khoang cach 0102 = rl+r2 =
1/2*m(Z1+Z72) = 1/2*2(20+30) = 50(mm)

+ Khoang cach 0203 = r2+13 =
1/2*m(Z2+Z4) = 1/2*2(30+65) = 95(mm)

+ Cong suit dong co qua giam toc: P =
84(w)

+ Momen xo0dn truc dong co

T = P*9.55n = 84*9.55/45prm =
17.8(Nm)

+ Luc kéo khi thanh soi

Luc kéo sgi =175(N)—17.5(kg)

—Chon déng co chiu tai >17.5(Kg).
Trong nghién ctru chon dong co DC gidm toc
JGY370 High Torque Self-Lock DC Geared
Motor. Thong so6 k¥ thuat cia dong co dugce
trinh bay trong Bang 1.

Bang 1. Thong s6 k§ thuat ciia dong co JGY370

Théng s6 Gia tri
bién ap (V) 12-24
Ty 1é giam toc 1/40
Cong suat (W) 80-100
Trong lugng (g) 475
Téc d6 (Vong/phit) 90
Kich thudc dong co (mm) 57x38
Puong kinh truc dong co 2
(mm)

Cum tang cubn dé kéo va cudn soi in 3D
sau khi tao hinh dugc thiét ké gom: gbi d&, vong
bi 608zz, thanh ti ren va ecu (d8mm x1.25),
tang cudn soi in 3D. Thiét ké cum tang cudn chi
duoc trinh bay trong Hinh 5.

Hinh 5. Cum cuén chi in 3D sau khi dwoc tao
hinh

3.5. Thiét ké cum gia nhiét

Cum gia nhiét c6 vai tro rit quan trong
trong qua trinh tao hinh sgi in 3D tir chai
nhua tai ché. Yéu cau cia cum gia nhi¢t can
c6 dai nhiét d6 16m, sy on dinh cao va can duy
tri dugc nhiing murc nhi¢t 6n dinh khi gia
cong cho ting loai nhya khéc nhau.

Két ciu cum gia nhiét gém: Khoi
nhom gia nhiét, khuén tao hinh kich thudc
soi in 3D, @b ga khdi nhom nhiét Hinh 6.

Hinh 6. Hinh anh thiét ké cum gia nhiét
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4. HE THONG PIEU KHIEN HE

Cum cét thyc hién nhiém vu cét cac ; . |
THONG TAI CHE CHAI NHUA

chai nhya thanh cac dai nhya dé tao nguon

nguyén liéu dau vao cap cho cum gia nhiét THANH SQT CHI IN 3D
thuc hién viéc tao hinh. Tuy theo dudng 4.1. Lya chon bo mach diéu khién
kinh sgi chi in 3D khac nhau ma d6 rong Trong nghién cru nay, nhom nghién

hep cua cac dai nhya duge cum cét tao ra  ciu dd su dung bo mach Arduino nano
1a khac nhau. Két cdu cum cit gdm dao cit, (Hinh 9) 1am vi diéu khién cho hé thong.
cit giéi han kich thudce, cum gia d& dé gitr
chai nhya Hinh 7.

Hinh 9. Arduino nano
4.2. Mach ngudn ha ap

Trong nghién cuu su dung mach
ngudn ha ap LM2596 Hinh 10, mach ha ap
nay nhé gon c6 kha nang giam ap tu 30V
xuéng 1.5V ma van dat hiéu suét cao
) o (92%). Thich hop cho cac ung dung chia
Hinh 7. Hinh dnh cum cat dwoc thiét ké nguf)n, ha ap, Cép cho cac thiét bi nhu
camera, motor, robot,...

Sau khi thiét ké tirng bo phén cua hé
théng tai ché chai nhya thanh soi in 3D
nhom nghién ciru tién hanh t6 hop lap ghép
tao thanh hé thong hoan thién nhu trong
Hinh 8.

Hinh 10. Mach ha ap LM2596

4.3. Man hinh text LCD va modun I12C
Nghién ctru st dung man hinh text
Hinh 8 Thiét ké tong thé hé thdng tdi ché chai LCD1602 sur dung driver HD44780, c6

nhya thanh chi in 3D kha nang hién thi 2 dong v&i moi dong 16
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ky tu, man hinh c¢6 d6 bén cao, rat pho
bién, nhiéu code miu va d& sir dung. Man
hinh giup hién thi nhiét do hién tai cua
cum gia nhiét va nhiét 6 cai dat. Piéu nay
gitip qua trinh hoat dong cua hé thdng
dugc kiém soat tot hon.

_Cathode {GND)

Hinh 11. Man hinh LCD 1602

Modun I12C Hinh 11 c¢6 nhiém vu
chuyén ddi giao tiép cho man hinh LCD
giup hién thi thong tin 1én man hinh LCD
mot cach dé dang. Ngoai ra c6 thé diéu
chinh dugc d6 tuong phan nhd bién tro
trén modun.

16 chin két ndi LCD

J umller dén

mimn hinh
— LEDbio Bigu chinh d§

Nisba  biteiviy gl i o

Hinh 12 Mach 12C

4.4. Day do nhiét do

Nghién cttu st dung day do nhiét
kiéu K TP-01. Hinh 13 1a day do nhiét do
cap nhiét kiéu K -Type K. La ddy do nhiét
d0 duoc lam tir 2 loai vat liéu khac nhau
han dinh mot dau (thuong 1a hop kim kim
loai) dugc han dinh mot dau, khi nhiét do
thay d6i tao ra dién ap (mv) ty 1 voi chénh
h nhiét do giita hai dau cua cip day dan.
Day do nay c6 dai do tir -30°C dén 260°C.
Day do nhié¢t c6 nhi¢m vy thu nhan tin hiéu
tai vi tri ddu gia nhiét va dua vé bo diéu
khién trung tam.

Hinh 13. Ddy do nhiét dp Type K TP-01

4.5. So' @6 ddu noi cac thiét bi ciia bd
diéu khién nhiét do

Sau khi thiét ké va lva chon céc thiét
bi cho hé théng, nhom nghién ctru di xay
dung 1én so d6 dau ndi nhu trinh bay trong
Hinh 14

Hinh 13. So @6 ddu noi hé thong gia nhiét ciia
hé théng tdi ché chai nhua thanh chi in 3D
5. KET QUA VA THAO LUAN

Hé théng tai ché chai nhua thanh soi
in 3D duoc tién hanh ché tao cac chi tiét,
lép rap va cai dat hoat dong tai xuong thuc
hanh Truong Pai hoc Hai Phong. Két qua
dugc may thuc t& nhw Hinh 14. Qua mat thoi
gian sir dung may hoat dong tot, dam bao
cac yéu cau thiét ké dé ra. Thong s6 ky
thuat ctia may duoc trinh bay trong bang 2
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Hinh 14.. Cdc san phcfm soi in 3D dwoc lam twr
chai nhya tdi ché (a- tir chai lavie, b-tir chai 7
Up loai to, c-tir chai nwoc khoang man)

Sau khi hé théng duoc ché tao hoan
thién, nhom nghién ctru thyce hién van hanh
dé khao sat dd chinh xac cua hé théng )
voi thiét ké. Kiém tra hoat dong cua hé
théng tai ché chai nhua thanh soi in 3D sau
doé gia cong mot s6 loai chai nhya khéc
nhau. San pham ciia qua trinh lam viéc ctia
hé théng da chirng minh do tin cay cua hé
thng da thiét ké va ché tao Hinh 15.

Hinh 14. H¢ héng tai ché chai nhua thanh chi in
3D sau khi dwoc che tao hoan thién

Bang 2. Thong so k§ thuat ciia may

Ddc tinh ky thudt

Théng so

Kich thudec may: Dai x Rong x cao (mm)

666x226x150

Puong kinh soi kéo (nho nhét va 16n nhét)

Puong kinh nhé nhit :1.73mm

Puong kinh 16n nhat : 1.75mm

bong co tang cudn (cong suat, s6 vong quay)

DC giam toc JGY370 (12V 45rpm)

Nhiét do gia nhiét 16n nhat (°C) 260
. . . -Tc d6 nho nhat (Smm/s)
Toc do kéo s¢i (nho nhat, 16n nhat) , ,
-Toc d¢ 16n nhat (1 1mm/s)

Loai chai nhua c6 thé kéo soi

lavie, 7 Up, nudc khoang, tra xanh,...
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Bing 3. So sanh két qua thwe nghiém thir kéo kiém tra d9 bén ciia 3 loai s¢i in

STT Loai nhua Lye (l;e;) dut Hinh anh két qua
1 PLA 59
2 PETG 90
3 PET (tu lam) 290

Sau khi kéo thanh cong soi in 3D lam
tir chai nhua tai ché (v6i thong s6 cong nghé:
Nhiét do kéo 200°C, van tdc kéo 9mm/s va
do dai khuon kéo 1a 16,5mm), nhom nghién

N

350
300
250
200
150
100

50

PLA

PETG

clru da tién hanh thuc nghiém thir kéo kiém
tra d6 bén cua soi in 3D do nghién ctru ché
tao va cung véi 2 loai sgi in c6 trén thi
truong, két qua thé hién trong Bang 3

PET (tw lan)

Hinh 15. Biéu do so sanh dé bén ciia soi in 3D tu ldm véi hai logi ¢é san trén thi truong
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Tir két qua thye nghiém va qua biéu do
Hinh 15 ta thiy do bén cia soi do nhom
nghién curu tao ra cao hon 3 lan (PETG) hoac
gan 5 1an (PLA). Theo tinh toan gia thanh dé
tao ra soi con ré hon nhiéu so véi gia thi
trudng cua hai loai sgi in trén. Diéu nay cho
thdy tinh wu viét cia soi in 3D do nhom
nghién ctru tao ra.

6. KET LUAN

Nghién ciru di x4y dung dugc so d6
nguyén 1y hoat dong cua hé thong tai ché
chai nhya thanh chi in 3D. Thiét ké ké cau
va ché tao thanh cong hé thdng theo thiét
ké d3 xay dyng. Tién hanh van hanh thu
nghiém cho thiy hé thong hoat dong tét,
da tai ché thanh cong chi in 3D tir chai
nhya tai ché. Qua thir nghiém d6 bén cua
soi in 3D 1am tir chai nhya tai ché do hé
théng tao ra so vi hai loai chi in phd bién
trén thi truong cho théy su vuot troi vé do
bén cua chi in do nghién ctru tao ra. Diéu
nay cho thdy do tin cdy cta hé théng tai
ché chai nhyua thanh chi in 3D.
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