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TOM TAT

Soi in 3D CF/PAG dwoc tao ra tir su két hop gitta nhua polyamide 6 (pa6) cia BASF va sgi
cacbon cua hang Toray (Nhdt Ban), voi kich thuoc dwoi 300um. Nghién cieu nay tap trung vao
viéc t6i wu diéu kién ché tao va sir dung CF/PAG6 trong diéu kién khao sat. Cac thong s6 ky thudt
quan trong nhu do bén kéo va do bén uon da dwoc do dac dé danh gia hiéu sudt co hoc trong cac
diéu kién ché tao soi in. Nghién cuu da xac dinh rcfng soi in 3D CF/PAG6 dat dé bén co tinh tot
nhat khi sir dung nhiét @ trén néng chay la 270 °C, toc dé quay truc vit la 50 vong/phiit va toc do
kéo soi la 5 cm/s. Trong diéu kién khdo sat, san phcfm in ¢6 do bén kéo cao nhdt khi mdt dé dién
day la 50%, kiéu dién day dong tam (concentric), s6 16p thanh 2 va do day 16p 0,1 mm.

Tir khéa: In 3D; Vét liéu composite; Nhya polyamide 6; Soi cacbon.
1. MO PAU

Cong ngh¢ in 3D Fused Deposition Modeling (FDM) da tr¢ thanh mot phan quan trong va
khong thé thiéu trong cong nghiép hién dai va cong dong sang tao. Pugc ra doi vao nhitng nam
dau thé ky 21, FDM d nhanh chong thu hat sy cha y cta nhiéu nganh cong nghiép nhd vao kha
ning tao ra cac san phim phirc tap, da dang vé6i chi phi thdp va kha nang tuy chinh cao [1, 2].
Vai trd cua cong nghé in 3D FDM khong chi gi6i han trong viéc san xuat nguyén mau va mo
hinh, ma con mé rong ra nhiéu linh vuc khac nhau nhu y té [3-5], gido duc[1], cong nghiép hang
khong va khong gian [6], nghé thudt [6], va dac biét la trong qua trinh ché tao cac linh kién va
san pham cudi cung [7]. Kha ning x@y dung tung 16p cua vat liéu, thuong la nhya dac biét, giap
FDM tr¢ thanh cong ngh€ in 3D pho bién va hiéu qua trong viéc san xut hang loat san pham c6
dd phuc tap cao va chi tiét nho. Ngoai ra, FDM con mang lai sy linh hoat trong qua trinh thiét
ké va san xuat, giup giam thoi gian va chi phi so voi cac phuong phap truyén théng. Didu nay
thuc day su d6i mdi va sang tao, 1am cho FDM tré thanh mot cong cu manh me trong tay cac ky
su, nha thiét ké va doanh nghiép. Qua dé, bai viét nay sé& di sau vao kham pha cac khia canh cua
cong nghé in 3D FDM, tur ché tao soi in 3D dén qua trinh in 3D FDM dé hiéu rd hon vé kha
nang ung dung ctia cong nghé nay.

Vit liéu duoc st dung cho cdng nghé in 3D FDM trong bao cdo nay la vat li€u composite trén
nén polyamide 6 bt soi carbon, 1a mot loai vat liéu co nhitng ddc tinh dac biét nhu do bén co hoc
cao, trong lwong nhe, kha ning chong mai mon va khang hoa chat,... c6 cac tinh chét tét hon so
v0i cac vat liéu phé bién hién nay dugc sir dung trén thi truong nhu soi PLA, ABS hay 1a polyamide
6. Hién nay, trén thi trudng c6 nhiéu san pham thwong mai hoa ciia vat liéu dang nay nhur sgi Onyx
(Markforged) [8], Nylonx (Matterhacker) [9], CarbonX (3Dxtech) [10]... Tuy nhién, & Viét Nam
hién chua c6 san phdm hay nghién ctru ndo lién quan dén vat liéu nay. Soi in 3D trén nén nhwa
polyamide 6 va soi cacbon (CF/PA6) trong bdo cdo nay dugc tac gia nghién ctru t6i wu quy trinh
ché tao va quy trinh sir dung dé in ché tao mau.

2. THUC NGHIEM
2.1. Nguyén vét liéu

- Nhya PA6 nguyén sinh cua hang Basf- Ptrc (ma hiéu B33L) nhiét d0 néng chay 220 °C(x 2
°C), ty trong 1.12 g/cm? (+ 0.02 g/cm?), nhiét dd phan huy 438 °C (x5 °C);
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- Soi cacbon hang Toray (Nhat Ban) c6 duong kinh soi Sum, ty trong 1a 1,75 g/cm?® (+ 0.03
g/cm?®) voi ham lugng cacbon > 99%, chiéu dai sgi < 300 um.
2.2. Ché tao s¢i in 3D

Vit liéu compozit duoc ché tao théng qua phuong phap tron nong chay, trong do, hén hop
PA6/sqi 9acbon (theo ty 1€ thanh phan khoi luwong 75/~25) duoc xac dinh chinh xac va tron co hoc
bang thiét bi tron trudc 1<hi gia cong véi phu gia. Méu duoc dua vao thiét bi tron 2 truc vit cua
hang Coperion, vdi chuoi cai dat qhiét do du;’qc diéu chinh theo thlﬁ: tu sau: 230, 240, 250, 260,
270, 270, 260, 250, 245, 240 °C. Tiép theo, mau dgqc lam mat va cat tl}émh cac hat. Nhiing hat nay
sau d6 duoc bao quan trong tui hit chan khong dé dam bao khong bi &m. Quy trinh nay giap duy
tri c}}ét luwgng va tinh dong déu qﬁa vat liéu compozit, dong thoi ddm bao rang céc dac tinh co hoc
va cau truc cua n6 dugc duy tri 6n dinh.

Hat trude khi duoc tién hanh kéo soi can phai sdy ¢ 80 °C trong 4h dé loai bo hoi 4m. Sau d6
dugc cudn thanh sgi c6 duong kinh 1.75 mm bang thiét bi kéo va cuon (hinh 1).

MOTOR PHIEUNAPLIEU tRycviT  pONG HO NHIET CUON SO1

<

Hinh 1. Thiét bi kéo soi.

Soi in 3D CF/PA6 dugc sir dung dé toi wu cac thong s6 do trén thiét b in 3D ender s1-pro véi
nhiét d6 in cta dau in c6 thé cho phép 1én dén 300 °C.

Dé khao sat anh huong cua cac thong s6 dén co tinh ctia san pham, tic gia da thir nghiém trén
su thay ddi cua cac théng sb sau:

- Mat do dién day (Infill density): Thay di ti 1& dién day twong tmg véi 3 gid tri: 10%,
30%, 50%.

- Kiéu dién day (Infill pattern): Thay doi twong tng véi cac kiéu dong tam (Concentric), Tam
giac (Triangle).

- S6 16p thanh in (Wall thickness): Thay di tuong tmg véi cc gié tri 1a 2; 3; 4.

- Chiéu cao 16p in (Layer height): 0,1 mm; 0,2 mm.

Bing 1. Théng so cdc truong hop thir nghiém d¢ bén kéo.

Théng s6 Gia tri thay doi
Mat d6 dién day (%) 10, 30, 50
Kiéu dién day DPdng tam, Tam giac
Do day thanh 2,3,4
Chiéu cao I6p in (mm) 0,1; 0,2

Cac thong sd trén duoc ldy tir cac thong s6 ctia phan mem Creality slicer trong qua trinh xac
1ap thong sb in. Tién hanh nghién ctru dbi voi timg thong s6, moi truong hop dugce xéac 1ap béng
cach thay d6i mot thong sd véi mot gia tri cu thé theo gia tri thay d6i ctia bang thong sb. Cac mirc
gia tri thay ddi cua cac thong s6 duoc lua chon dua trén cac két qua nghién clru trong va ngoai
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nude, tiy thude vao thong sd ki thuat may in, ciing nhu mirc d6 thong dung va quan trong cuia cac
thong s6 do, ngoai ra con mét 1y do khach quan nita 1a thoi gian nghién ciru c6 han nén tac gia chi
chon cac mirc pho bién nhat, cac nghién ctru sau c6 thé mé rong pham vi nghién ctiru dé ket qua
danh gia chinh xac va khach quan hon.

Thong s6 mau in theo mau A1 tiéu chuan ISO 527 (hinh 2).

12.5 i ~
J ¥

Hinh 2. Théng s6 madu in thit.
Mau sau khi in xong dugc xac dinh do bén kéo bang thiét bi kéo dut (hinh 3).

Hinh 3. Thuec nghiém kéo san phdam sau in 3D.

2.3. Phuong phap nghién ctru

Céc tinh chat co 1y ciia vt liu soi in CF/PA6 nhur do bén kéo dirt dugc xac dinh bang thiét bj
Zwick 72.5 (buc) theq tiéu chuan ASTM D638 va d6 bén udn duogc xac dinh bang thiét bi
Shimazdu theo ti€éu chuan ASTM D790 tai vién Ky thuat Nhiét doi.

Do bén kéo ctia mau in 3D duoc xéac dinh béng thiét bi Tensile Technologies B theo tiéu chuén
ISO 527 tai vién Hoa hoc — Vat liéu.

Chi s chay dugc do trén thiét bi MI4 (GOTTFERT) tai vién K§ Thuét nhiét d6i theo tiéu chuan
ISO 1133 theo phuong phap A véi ché d§ do: nhiét d¢ thay doi tir 220 dén 290, 230 °C, qua can
2,16 kg.

3. KET QUA VA THAO LUAN
3.1. T6i wu héa qua trinh kéo sgi in 3D
3.1.1. Anh hwéng ciia nhiét dg va chi sé chdy dén qud trinh tao vit liéu CFIPAG

Chi sb chay c6 thé tac dong dén kha ning phan tan va thim wdt soi carbon. Néu chi sé chay
qua thp, nhya c6 thé kho nong chay, lam giam kha nang thim wot cua soi carbon. Nguoc lai, chi
sO chay cao c6 thé tao ra chat nhya qua 16ng, c6 thé dan dén sy di chuyén khong mong muon cua

soi trong qua trinh san xuit va giam kha ning két dinh giira chit nhya va soi.Su thim udt tét 1a
yeu t0 quan trong d€ tao ra két dinh manh mé giira s¢i va nhya, giam nguy co xuat hién cac khe
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nut va ting d6 bén cua vat liéu. Vat liéu compozit v6i nén nhua 1a nhia PA6 v6i soi gia cudng
cacbon c6 chi s chay thay ddi 16n theo nhiét do gia cong vét li¢u. Chi ) chay cua vat liéu dugc
thir nghiém & cac nhiét do 1an luot 1a tir 220 °C dén 290 °C véi khdi luong qua nang duoc ¢b dinh
6 2,16 kg (bang 2).

Bdng 2. Anh huong cua nhiét do tron nong chay dén dé bén kéo vdt liéu.

STT | Nhiét do tron, °C | Chi sé chay, g/10 phit | Do bén kéo, MPa
1 220 2.6 56.3
2 230 3.2 59.4
3 240 4.7 62.9
4 250 8.7 70.7
5 260 13.5 72.2
6 270 14.2 83.8
7 280 15.1 76.3
8 290 16.3 67.7

Tir két qua do duogc cho thiy khi gia ting nhiét d6 tron nong chay, chi s6 chay c6 su gia ting.
Khi chi s0 chay dat gia tri 14.2 g/10 phut twong Gng véi nhiét do tron nong chay 1a 270 °C d¢ bén
kéo cua vat li€u tang va dat gid tri 16n nhat 1a 83.8 MPa, sau do, khi nhiét d¢ tang 1én do bén kéo
lai giam xuong. Piéu nay co6 thé dugc giai thich bdi khi chi sO chay qua cao lam giam kha nang
két dinh ctia nhya PA6 véi sgi cacbon, ngoai ra qua trinh néng chay roi dong ran cua vat li€u lién
quan dén qua trinh tai tao cau tric vat li€u, vdi nhiét @6 270 °C lam ting kha nang thiy phan cta
polyamide, lam mach phan tir ngan lai dan dén tang chi so chay, dong thoi giam tinh chat co hoc.
3.1.2. Anh huong cia téc dé quay truc vit dén quda trinh tao vit liégu CFIPAG

Trén co so nhiét d6 tron 1a 270 °C da duoc khao sat & phﬁn trén, thay d6i tdc do tron truc vit dé
khao sat anh huong thoi gian tron dén vat liéu (bang 3).

Bing 3. Anh huong cia toc dg truc vit dén tinh chat vat liéu.

Téc dd truc vit, vong/phit | Pd bén kéo, MPa | P§ bén uén, MPa
10 66.2 113.3
30 69.5 118.7
50 78.5 126.5
70 73.9 123.3
100 71.6 120.2

Téc d6 truc vit anh hudng dén qué trinh compound luu lai trong xi lanh trude khi duge tryc vit
dun ra ngoai. Véi téc do vong quay cua tryc vit khac nhau két qua co tinh (d6 bén kéo dut va do
bén udn) khac nhau. Véi toc do truc vit tir 10-50 vong/phit khi ting toc do truc vit, tinh chét co 1y
ctia vat liéu thu dugc tang 1én voi tbe do 50 vong/phiit tinh chét co 1y dat gia tri cao nhat (d6 bén
kéo dut 1a 78.5 MPa, do bén udn 1a 126.5 MPa), v6i toc do quay 16n hon 50 vong/phut, tinh chat
co 1y cta vat lidu suy giam. Diu nay c6 thé giai thich bai véi tde do 50 vong/phit qua trinh nong
chay cung thoi gian néng chay cua vat lidu trong xy lanh dugc tdi wu, voi téc dd nhoé hon 50
vong/phut thi thoi gian cua vét liéu trong xy lanh 16n hon dan dén qua trinh phan hiy mét phan
nhya nén PA6 dan dén 1am suy giam tinh chat vat liéu, con véi tdc do 16n hon 50 vong/phut thi
thoi gian gia nhiét ctia vat lidu trong xy lanh con thap, din dén qua trinh phan tan s¢i cacbon chua
dugc ddng déu nén 1am suy giam tinh chét vat liéu.

3.1.3. Anh huong toc do kéo dén qua trinh kéo spi CF/PA6

Téc d6 kéo anh huong dén kich thudc dudng kinh sgi, néu tée do kéo qua cham thi dudng kinh

soi s& 16n, toc do kéo qua cao thi duong kinh sgi s€ nho. Véi yéu cau kich thudc duong kinh soi
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2 1.75 mm (phu hop v6i kich thuéc tiéu chuan ddi voi thiét bi b in 3D) thi vai toe do 5 cm/s cho
két qua toi uu (bang 4).
Bdng 4. Anh huong cua téc do kéo soi dén kich thude va tinh chat soi.

Toc d9 kéo, cm/s | Pwong kinh soi, mm
1 2,42
2 2,33
3 2,06
4 1,77
5 1,75

Véi diéu kién thiét bi nghién ciru, soi in 3D CF/PAG6 ¢6 tinh chat téi wu khi nhiét 6 tron nong
chay 1a 270 °C, toc do quay truc vit 1a 50 vong/phut va toc d6 kéo sgi 1a 5 cm/s.
3.2. Anh huéng ciia cac thong sé cong nghé dén qua trinh in ddi véi vt liéu CF/PA6
3.2.1.Anh hwéng ciia mat do dién day va kiéu dién day

Trudng hop nay thong s mat d6 dién day duoc thay ddi trong khi giir nguyén céc gia tri con lai.

Khi ting mat do dién day tir 10% - 30% - 50% cho thiy kha ning chiu ng suét ctia mau thir
cling tang theo tuong tmg (hinh 4a). D§ bén kéo ctia mau in ting 8% khi mét do dien day téng tur
10% 1én 30%, va tang 5% khi mét do dién day tang tr 30% lén 50%. Khi chon mét do dién day,
tuy theo do bén mong muon cua san pham ma ta c6 thé lya chon mat do sao cho phu hgp, mat do
dién day cang 16n thi d6 bén kéo clia mau in cang 16n, tuy nhién, viéc chon gia tri qua 16n cho
thong so nay s€ anh hudng rat 16n dén thoi gian in cling nhu vat li¢u in.

14.55
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T
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Hinh 4. Anh huéng ciia mdt dé dién day (a) va kiéu dién day (b) dén dé bén mau in.

Trong phﬁn mém in Creality Slicer c6 nhiéu kiéu dién déy cho ta Iyra chon va viéc lira kiéu chay
cling s€ anh hudng dén d6 bén kéo ctia san pham vi s€ anh huong dén két cau bén trong ciia mau
in. Vigc thir nghiém doi v6i céc ki€u chay khic nhau s€ xac dinh dugc ki€u chay nén dugc vu tién
st dung dé dam bao dd bén kéo cuia mau.

Khi thay d6i kiéu dién day va so sanh véi trudng hop co ban 1a kiéu chay concentric duge mic
dinh trong phan mém. Kiéu chay dong tam tao ra san pham c6 do bén kéo cao nhat 14,55 MPa,
cao hon 20% so v&i truong hop tam giac (hinh 4b).

3.2.2. Anh hudng ciia s6 16p thanh va dg day 6p in ciia mau

S6 16p thanh thang dung s anh huong dén d6 cung viing cua mﬁu trong qua trinh in va thim
my sau khi qua trinh in két thic, truong hop cua théng sb nay, ta tlen hanh tang dan sb 16p thanh
mau in, cy thé 1a: 2, 3 va 4 16p dé khao sat anh hudng ciia thong s6 nay déi voi do bén ctia mau in.
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Két qua thu dugc, s6 16p cang ting d6 bén kéo cang giam, tir 2 16p 1én 3 16p do bén kéo giam 6%,
tir 3 16p 1én 4 16p d6 bén kéo giam 9% (hinh 5a). Khi chon s6 16p thanh ta nén chon s 16p thanh vat
in thap nhat dé chi tiét dat do bén kéo tot hon. Tuy nhién, can can nhic k¥ vi khi d6, mau in d& sinh
ra cac khuyét tat nhu 16 1i ti hay d6 min khong cao gy anh huéng dén thim my cta mau.

14.76

14.55

15.54

D6 bén kéo, MPa
D6 bén kéo, MPa
o
:

3 02

$6 16p thanh D6 day Iép, mm
(@) (b)

Hinh 5. Anh Jueong ciia 6 16p thanh (a) va dé day I6p in (b) dén dg bén mau in.

O trudng hop nay, tién hanh thay dbi gid trj cua do day 16p in va gitr nguyén cac thong s6 con lai
theo mic dinh ctia phin mém dé thay duoc tac dong cuia thong sé nay dbi véi do bén kéo ctia mau
in. Khi thay ddi d6 day 16p in ta thdy d6 bén kéo giam dan khi do day ting tir 0,1 — 0,2 (mm) (hinh
5b). Tuy nhién chénh léch trong trudng hop nay 1a khong 16n. Thong sd niy anh hudng khong dang
ké cho do bén kéo cta mau in. Khi chon d6 day 16p in ta nén chon thip, béi vi d6 day 16p in nho, bé
mat mau in s& min hon, khoang ho gitta cac 16p in s€ nhod hon, két dinh cao hon, két ciu viing do lién
két chit hon, tuy vay, viéc chon thong s6 nay thip dong nghia thoi gian in 1au hon.

Dbi v6i qua trinh in 3D soi in CF/PA6 bang phwong phap FDM, ta co thé rat ra mdi lién hé va
tac dong cua timg thong s6 dbi véi do bén kéo cua san pham in 3D. M6t s6 thong sb c6 anh huong,
tac dong rat 16n dbi v6i do bén kéo cua san pham, s6 con lai ¢6 anh hudng khong dang ké, cu thé
la: PG dién ddy: do dién day cang cao thi do bén kéo cang cao, tuy nhién, can can nhac khi lya
chon gié tri dé dam bao thoi gian in; Kiéu dién ddy.' nén chon 1a Conentric dé chi tiét dat do bén
kéo tot hon; S6 [6p thanh: nén chon sb 16p thanh vat in thap nhat dé chi tiét dat d6 bén kéo tdt hon.
Tuy nhién, can cin nhic k¥ vi khi d6, mau in dé sinh ra cac khuyét tat nhu 18 li ti hay d6 min khong
cao gy anh huong dén thim my ctia mau; Chiéu cao I6p in:nén chon thap dé dam bao d¢ bén kéo
cho san pham 14 tot nhét. Tuy nhién, viéc lwa chon thong s ti wu trong qua trinh 4p dung thuc té
can quan tdm dén cac yéu td khac nhu: chi phi, thoi gian in, tinh chat mirc d6 quan trong cua san
pham dé tir d6 ta chon thong sb cong nghé cho phu hop.

4. KET LUAN

Dbi v6i qua trinh kéo soi in 3D CF/PA6 soi thanh pham CF/PA6 c6 d6 bén co tinh tot nhat khi
cac thong s6 cong ngh¢ cua qua trinh ché tao vat liéu: nhiét d6 tron noéng chay 1a 270 °C, toe do
quay truc vit 1a 50 vong/phut va tbc do kéo soi 1a 5 cmis.

Péi véi mau in 3D dé trong diéu kién khao sat, san phém c6 do bén kéo cao nhit khi mat do
dién diy 50%, kiéu dién diy dong tam, sb 16p thanh 2 va d6 day 16p 0,1 mm.

Léi cam on: Nhom tac gia cam on sw tai tro vé kinh phi dé tai S6 KH&CN Ha Néi “Nghién ciru ché tao

vdt liéu compozit trén‘né‘n {(f hop Polyamide 6, soi cacbon va mét s6 phu gia vmg dung trong céng nghé in
3D compozit”, hop dong so 19/2021/HP-SKHCN ngay 28 thang 7 nam 2021.
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ABSTRACT
Research to optimize fiber manufacturing and 3D printing for CF/PA6 materials

Research and manufacturing of 3D printing fibers using polyamide 6 (PA6) polyamide
and short carbon fibers are conducted, and these fibers are utilized for printing samples.
The study involves the utilization of BASF's 6 polyamide and Toray's (Japan) carbon fiber
with a length of less than 300um to produce 3D printed fibers. The mechanical properties
of various fiber processing conditions are assessed by measuring tensile strength and
bending strength. The tensile strength of 3D printing fibers is determined by analyzing
printing samples, which allows for the evaluation of mechanical properties under various
printing settings. The optimal conditions for achieving the highest strength in CF/PA6 3D
printing fibers are a melting temperature of 270 °C, a screw speed of 50 rpm, and a pull
speed of 5 cm/s. The optimal conditions for 3D printing in survey settings involve achieving
the maximum pull resistance by using an infill density of 50%, a concentric pattern, a wall
thickness of 2 layers, and a layer height of 0.1 mm.

Keywords: 3D printing; Composite material; Polyamide 6; Carbon fiber.

Tap chi Nghién ciru KH&CN qudn su, 94 (2024), 55-61

61


https://www.3dxtech.com/product/carbonx-pa6-cf/

