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This study was conducted to investigate the effect of heat treating
environment (Ar gas or air) on the structure of X42Cr13 stainless steel
printed using filament 3D printing technology. X42Cr13 steel samples
after filament 3D printing were heat treated at 600 °C (for 150 minutes)
in an environment of Ar gas or air. Analytical equipment including an
X-ray inspection device, digital optical microscope, X-ray
diffractometer, and scanning electron microscope (SEM) with energy
dispersive spectroscopy (EDS) were used to investigate the change in
the microstructure of the filament 3D-printed X42Cr13 steel after heat
treating in different environments. Results show that heat treating in the
air environment more effectively removes organic binders from the
filament 3D-printed sample than heat treating in Ar gas. However, heat
treating in air is more susceptible to oxidation (forming Fe,O3) than
treatment in Ar gas. Research shows that thermal post-treatment (heat
treating) technology is essential to remove organic binders in printed
objects made by the filament 3D printing technology.
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Cong ngh¢ in 3D day
Thép X42Cr13

Xt 1y nhiét

Maoi truong khi Ar
Mbi trudng khong khi

Nghién ctru nay duoc tién hanh nham khao sat anh huong cia moi
truong xir 1y nhiét (trong khi Ar hodc trong khong khi) dén t6 chuc cua
thép khong gi X42Crl13 dugc in bang cong nghé in 3D day. Cac mau
thép X42Cr13 sau khi in 3D day s& dugc Xt 1y nhiét nung & 600 °C
(trong 150 phut) trong moi truong khi Ar hodc méi truong khong khi.
Cac thiét bi phan tich gom thiét bi chup anh tia X, kinh hién vi quang
hoc k¥ thuat sb, nhiéu xa tia X, kinh hién vi dién tir quét (SEM) kém
theo phé phan tan ning lwong (EDS) duoc sir dung dé nghién ctu su
thay ddi to chire thép khi xtr Iy & cic moi truong khac nhau. Két qua
nghién cttu cho thiy xir Iy nhiét trong méi truong khong khi thi viéc
loai b6 chét két dinh trong thanh phan day in 3D s& triét dé hon so vdi
viéc Xxir Iy nhiét trong moi truong Ar. Tuy nhién, x{r 1y nhiét trong moi
truong khong khi dé gy oxi hoa (tao thanh Fe,O3) hon so véi xir 1y
trong moi truong Ar. Nghién ciru cho thiy cong nghé hau xir 1y nhiét
(1) 1a rat can thiét dé loai bo cac chat két dinh trong cac vét in duoc ché
tao bang cong nghé in 3D day.
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1. Gioi thigu

Cong ngh¢ in 3D da c6 nhing bude tién vuot bac vé mit cong nghé va ¢o nhiéu Gng dung
thuc té. Cong nghé nay cho phép tao mau nhanh va in cic san pham ¢6 hinh dang phtc tap. Qua
trinh in nhanh c6 thé rit ngan thoi gian tir y tuong dén san pham thyc té. Pidc biét c6 thé tuy
chinh kich thudc, hinh dang san pham vi ¢6 thé loai bé khau lam khuén [1] - [4]. Phén 16n vat
liéu in 3D co thé duogc chia thanh 2 nhom chinh 1a polyme va kim loai. Cac polyme, ching han
nhu nhua, c6 nhiéu dang khéc nhau va tinh chit da dang khién chiung dugc st dung cho nhiéu
mg dung [5] — [12]. Khong giéng nhu polyme dugc st dung & nhiéu dang khac nhau (soi rén,
bot, nhya), in 3D kim loai hau nhu chi sir dung dang bot trong cong nghé néng chay giudng bot
PBF (Powder Bed Fusion) [1]. Cac bién thé chinh trong cong nghé PBF kim loai dén tir viéc sir
dung cac nguon nang luong khac nhau (laser hoac chum tia dién tir) nén may in 3D dé in vat liéu
kim loai c6 gid thanh rat cao.

Mat khac, gan ddy cong nghé san xuét in 3D (boi dip) md hinh hoa sy lang dong hop nhat FDM
(Fused Deposition Modehng) sir dung day (so1) kim loai nén polyme c6 thé mang lai giai phép thay
thé vé mat kinh t& voi gia thanh thip hon nhiéu dé ché tao cc bd phan kim loai c¢6 hinh hoc phirc
tap so voi phuong phap PBF. Loi ich chinh ciia phuong phap nay 14 chi can c6 day kim loai nén
polyme 1a d& dang in trén cac dong may in 3D day nhua thong thudng. Vit liéu in cling rt da dang
nhu thép khong gi 316L va 174PH; thép dung cu 420, A2, H11, M300; si€u hop kim: IN718; hop
kim Ti6Al4V, Cu; kim loai cirng WCCo10; va gdm st trén co s& Al,Os, ZrO, [13] — [16]....

Tuy nhién, nhugc diém cta phuong phap in nay 1 vat miu sau in c6 ban chét 1a vat lidu kim
loai nén polyme nén can nghién ciru cach loai bo cac chét két dinh hay vat liéu nén polyme d6. Do
vdy, nghién ctru nay s& huéng dén khao sat anh hudng ctia méi truong xir Iy nhiét (u trong khi Ar
hodc trong khong khi) dén t6 chirc cia thép khong gi X42Cr13 dugc in bang cong nghé in 3D day.

2. Phuong phap nghién ciru

Cac miu in dugc in bang may in diy cua hiang PT+A Powder Technologies and Additives
(Cong hoa Lién bang Puc). May in ctia hiang PT+A nguyén la mdt may in day chuyén dung,
Renkforce RF2000V2 Dual, thuong dugce sir dung dé in cac loai diy polymer va di dugc cong ty
PT+A phat trién va chinh dbi dé phu hop cho in cac loai day chuyén biét. Cong ty PT+A da cai
tién thiét ké hé théng dau in méi dé co thé toi wu héa qua trinh kéo va in cac loai day kim loai va
sir do cong ty cung cip. Hé théng dau in da duoc cip bang sang ché nay cho phép kéo soi day in
mém ma khong 1am hong bé mit day. Ngoai ra, hai quat phu da dugc lap dat thém dé gitp cho
viée lam mat cac bo phén in. H¢ thong dau in kép dugce lap dit cho phép in cac bd phan da vat
lidu dé tao ra cac san pham méi co cac tinh chat vat liéu khac nhau. My in c6 cac thong s6 ky
thuat nhur sau theo dé xuét ctia hang PT+A [17]:

» Kich thudc budng in: 170 mm x 290 mm x 185 mm (chiéu rong x chiéu siu x chiéu cao)

= Puong kinh cia day in: 1,75 hoac 2,85 mm

= Pudng kinh cta dau in: 0,4 hoic 0,6 mm

= Nhiét d6 dau in: 140 — 150 °C

» Tdc do in: tdi da 50 mm/s

= Chiéu day ciia 16p in: 0,05 mm — 0,3 mm

Cho nghién ciru ndy miu in dugc in bang day (c6 duong kinh 2,85 mm) trén co sé vat ligu
thép X42Cr13 (twong dwong v6i mac thép khong gi AISI420). Nhiét do dau in 1a 140 °C. Pudng
kinh cua dau in 12 0,6 mm. Téc d6 in 1a 25 mm/s. Chiéu day cua 16p in 14 0,1 mm. Nhitng thong
s6 in nay da duogc td1 rru hoa tai phong in 3D cia Khoa Khoa hoc ung dung va Co dién tir thude
Dai hoc Khoa hoc Ung dung Munich dya trén nhirng thong s6 di dwoc hing PT+A d& xuit.

Céc miu in duge thyc hién qua trinh loai bo chat két dinh (vat liéu polyme theo bi quyét cua
nha san xuat) theo quy trinh khuyén nghi ctia nha san xuat nhu sau: ngdm trong acetone & nhiét
d0 42 °C trong khoang thoi gian 4 gio.
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Sau d6, cac mau nghién ctru s& dugc xir Iy nhiét trong 10 éng (tbc d6 nang nhiét 20 °C/1 phat,
ngudi ciing 16) ¢ 2 ché do:

- X1r ly nhiét & 600 °C trong 150 phut v&i mdi truong khi Ar.

- Xt ly nhiét ¢ 600 °C trong 150 phut vi moi truong khong khi.

Sy thay dbi to chirc va cdu tric ciia cac mau nghién ctru ¢ cac giai doan xir Iy khac nhau dugc
nghién ctru bang cach sir dung cac thiét bi phan tich nhu: chup anh tia X (XTH 320, Nikon), kinh
hién vi k¥ thuat s (VHX-7000, Keyence), thiét bi nhiéu xa tia X (AERIS, Panalytical), hién vi
dién tir quét SEM keém theo pho ké phén tén ning lugng EDS (JSM-6500F, JEOL).

@
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Hinh 1. Ma~u phan tich ¢ trang thai cung cdp (vira méi in) (a) anh chup tia X, (b) dnh hién vi quang hoc ky
thudt 6, (c) va (d) anh hién vi dién tir va ket qua phan tich EDS, (e) anh hién vi dién tir quét SEM chup bé
mdt mau va (f) phé nhiéu xa tia X
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3. Két qua va ban luin
3.1. Mdu ¢ trang thdi vira mdi in

Hinh 1 thé hién cac két qua phan tich cua mau & trang thai vira méi in xong (trang thai cung
cap) Anh chup tia X (hinh 1. a) cho thdy miu c6 cac du'orng in song song ¢ vung gilta ciia mau
in, duong in giita cac 16p thi dan chéo nhau mdt goc 90°. Ria bao quanh ctia mau la 3 duong vong
in déng tAm. Khi chyp anh mau bang kinh hién vi k¥ thuat s6 ¢ d6 phéng dai 100 1an (hinh 1.b)
cho thay cac dudng in c6 bé rong khoang 0,5 mm tuwong ng véi kich thuéc dau in cua may in
3D. Giira cac dudng in con t6n tai cac k& hd nho ching to cac vét in ddy chua két dinh voi nhau
hoan toan. Két qua phan tich EDS (hinh 1.c va d) & cac hat dang cau tron trén bé mit vét in cho
thdy chi yéu ton tai cac nguyén td Fe, Cr, Si va Mn 1a cac nguyén t6 hoa hoc dic trung cua dong
thép X42Cr13. Nguyén té C xuét hién nhiéu trong két qua phan tich 1a do anh huéng cua vat li¢u
polyme két dinh cac hat thép X42Cr13. Pt 14 do qua trinh chuén bi mau dé chup anh SEM. Hinh
1.e 12 anh hién vi dién tir quét chup trén bé mit ctia mau in cho thay co cac hat (cac hat bot thép
X42Cr13) c6 kich thuée trung binh < 10 um dugc lién két voi nhau bang cac chat két dinh. Két
qué phan tich nhiéu xa tia X (hinh 1.f) cho thay cdt hat thép X42Cr13 cha yéu c6 thanh phan pha
la ferit/mactensit va austenit. DAy 14 to chirc pha dic trung cia thép khong gi X42Cr13 khi ngudi
nhanh trong qua trinh ché tao bot in.

250.00m|

(d)
Hinh 2. Mdu phén tich ¢ trang thai sau khi ngam trong acetone o nhiét do 42 O’C trong khoang thoi gian
4 gio (a) anh hién vi quang hoc ky thudt so, (c-e) anh hién vi dién tir va ket qua phan tich EDS

3.2. Mdu ¢ trang thdi sau khi ngdm acetone

Hinh 2 thé hién cac két qua phan tich clia mau & trang thai sau khi ngdm mau trong acetone &
nhiét d6 42 °C trong khoang thoi gian 4 gio theo khuyén nghi ciia nha san xuat dy in. Anh miu
chup bang kinh hién vi k¥ thuat s6 & d6 phong dai 100 1an (hinh 2.a) va anh hién vi dién tir quét
SEM & d6 phong dai 500 Ian (hinh 2.b) cho thdy cac hinh dang cac dudng in va hinh thai bé mat
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mAu in hau nhu khong thay d6i so v6i mau ¢ trang thai cung cip sau in ban diu. Chi yéu nhan
thiy bé mit mﬁu xudt hién nhiéu 16 rdng hon c6 thé 1a do qua trinh hoa tan cac chit két dinh sau
khi ngam méu trong acetone. Két qua phan tich EDS (hinh 2.c va d) ¢ trén bé miat mau ciing cho
thdy hau nhu khong c6 sy bién ddi so véi mau & trang thai trude khi ngdm trong acetone.

3.3. Mdu ¢ trang thdi xir Iy nhiét trong moi truwong Ar

Hinh 3 thé hién cac két qua phan tich clia mau ¢ trang thai sau khi xir Iy nhiét & 600 °C/150
phat trong méi trudong khi Ar. Anh mau chyp bang kinh hién vi ky thuét sb & d6 phong dai 100
lan (hinh 3.a) va anh hién vi dién tir quét SEM & do phong dai 500 lan (hinh 3. .b) cho thdy cac
hinh dang cac dudng in hiu nhu khong thay ddi so véi mau & trang thai cung cép ciing nhu sau
khi ngdm trong acetone nhung céc hat kim loai rdi rac va cac vat liéu polyme khong con thiy
xuét hién ching té chiing da bi phan hily nhiéu. Két qua phan tich EDS (hinh 3.c) & trén bé mat
mAu ciing cho thiy lwong cacbon di giam ching t6 polyme da bi phan huy phin nao. Ngoai ra,
c6 su xuat hién mot lwong nho oxy. Két qua phan tich nhiéu xa tia X (hinh 3.d) cho thdy xuét
hién pha Fe,O;, chiing t6 bé mit mau di bi oxi héa nhe. Co thé nguyén nhan 1a miu trudc khi
dura vao 10 xtr 1y nhiét di hit am va ton du mot lugng nhét dinh khong khi bén trong cau triic x6p
ctia mau nén gy ra hién tugng oxi hoa. T chirc pha cta thép chuyén vé trang thai can bang voi
pha chu yeu la ferlt do xu ly nhlet 0 nhi¢t do cao va th01 glan dai (600 °C/150 phut)

(b)
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=
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Hinh 3. Méu phan tich ¢ trang thai sau khi xir Iy nhiét o 600 °C/150 phut trong moi truong khi Ar
(a) anh hien vi quang hoc ky thudt so, (b) anh hién vi dién tir quét SEM, (c) ket qua phan tich EDS
va (d) pho nhiéu xa tia X

3.4. Mdu ¢ trang thdi xir Iy nhiét trong moi truwong khong khi

Hinh 4 thé hién cac két qua phan tich ciia mu & trang thai sau khi xir Iy nhiét & 600 °C/150
phut trong méi trudng khong khi. Day 1a ving nhiét d6 phan huy cua hau hét cac loai vat liéu
polyme [18]. Anh mau chup bang kinh hién vi ky thuét s6 & d6 phong dai 100 lan (hinh 4a) cho
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thiy bé mit mau xin mau hon c6 thé do hién tuong oxi hoa manh trong khong khi va anh hién vi
dién tir quét SEM & do phong dai 500 1an (hinh 4b) cho thdy cac hat thép X42Cr13 dang cau véi
nhiéu 18 x6p c6 thé do cac chat két dinh ton du va nén vat liéu polyme trong déy in da bi dbt
chay. Két qua phén tich EDS (hinh 4c) & trén bé mat mau ciing cho thay thanh phan cacbon da
giam di manh va thanh phan oxy di ting 1én dang ké. Két qua phan tich nhidu xa tia X (hinh 4d)
cho thiy su xuit hién pha Fe,03 v6i cuong do cac dinh nhidu xa ting 1én rd rét so v6i mau xir ly
trong moi truong Ar, chiing to bé mat mau d3 bi oxi hoa manh. Nhu vay viéc xur ly nhiét trong
mdi trudong khong khi gitp loai bo cac chét két dinh ciing nhu nén vat liéu polyme cua day in tot
hon nhung ciing 1am oxi h6a mau in manh hon. Tuong ty nhu viéc xir 1y nhiét trong moi trudng
khi Ar, t6 chirc pha cia thép chuyén vé trang thai cin bang véi pha cha yéu 1a pha ferit do xir Iy
nhiét & nhiét do cao va thoi gian dai (600 °C/150 phut).

Electron Image 1
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Hinh 4. Mdu phaén tich 6 trang thai sau khi xir Iy nhiét o 600 °C/150 phit trong moi truong khong khi (a)
anh hién vi quang hoc ky thudt s6, (b) anh hién vi dién tir quét SEM, (c) két qua phan tich EDS va (d) pho
nhiéu xa tia X

4. Két luan

Anh hudng ciia mdi truong xir 1y nhiét (trong khi Ar hodc trong khong khi) dén té chiic ctia
thép khong gi X42Crl13 in bang cong nghé in 3D diy duoc khao sat trong nghién ctru nay. Mot s6
két luan dugc rat ra nhu sau:

- MAu in ban dau c6 dang 16p voi cac duong in co bé rong khoang 0,5 mm v&i cac hat thép
X42Cr13 két dinh véi nhau bang chat két dinh (vat liéu polyme).

- Sau khi ngdm mau trong acetone & nhiét do 42 °C trong khoang thoi gian 4 gid theo khuyén
nghi ctia nha san xuét day in cho thay hinh dang cac dudng in va hinh thai bé mit mau in hau nhu
khong thay ddi so voi mau & trang thai cung cép sau in ban ddu. Mau xuat hién thém nhiéu 156 xp
do chét két dinh bi loai bo sau khi ngam trong acetone.
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- Mau sau khi xtr Iy nhiét & 600 °C/150 phut trong méi trudng khi Ar ciing cho thay hau nhur
khong c6 su bién doi so voi mau & cac trang thai trude xtr Iy nhiét ngoai trir bé mit mau di bi oxi
hoa nhe.

- Sau khi xur ly nhiét ¢ 600 °C/150 phut trong moi truong khong khi giup loai bo cac chat két
dinh ciling nhu nén vat li€u polyme cla day 1 in t6t hon nhung ciing 1am oxi héa mau in manh hon
s0 v6i méi truong khi Ar. Mau trd nén rat xOp nén dé co thé Umg dung trong linh vyuc can do bén
va kha nang chiu tai thi khuyén nghi nén dugc xir 1y tiép vi du bang cong nghé ép thiéu két.

Loi cam on

bé tai ndy duoc thuc hién dudi sy hd tro kinh phi cia Bo Gido duc va Dao tao, ma s6 dé tai:
B2024.BKA.15.
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