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TOM TAT
Phan tan hop kim long bang ly tam két hop khi cao dp la métphu"ongphdp twong doi méi dé

sdan xudt bot in 3D kim logi. Ban chdt cia phwong phdp nay la sir dung mot dia ly tam tao phdn
tan so cap nham lam tang nang lwong bé mdt riéng cho kim logi long. O cuéi giai doan phan tan
so cap kim logi long sé co dang mot mang mong hinh nén, sau dé tiép tuc dwoc phdn tan bang cdc
tia khi dong tam dé tao ra cdc giot hinh cau co kich thudc nho hon. Bot kim logi ché tao bang
phuong phdp nay sé co kich thudc nho min va han ché duwgc hat vé tinh (cac hat nho bam trén bé
mdt hat 16m) nho giam dwoe heu lwong khi quan trong buong phén tan. Trong nghién ciru nay, cdc
khao sat thuc nghiém dwoc tién hanh trén hop kim nhom mac AlSiioMg. Bot kim logi sau khi ché
tao duoc khao sat cdc chi tiéu ky thudt twong trng doi véi bot in 3D kim loai nhu thanh phdn hoa
hoc, phdn bé ¢& hat, cdu tric hinh thdi hoc,... Cac két qua khao sat da xac dinh dwoc anh huong
ciia cdc théng sé hinh hoc va cong nghé ciia qud trinh phdn tan, bao gom lwu lwong kim logi Iong,
do qua nhiét cua kim logi long va mot vai thong $6 két cau khac cia thiét bi.
Tir khéa: In 3D; Bot kim loai; AlSiioMg; Thiét bi phan tan.

1. MO PAU

Sy phat trién ctia khoa hoc cong nghé thuong kéo theo nhiing yéu ciu ngay cang khat khe doi
voi vat li€u st dung. Mot vi du dién hinh 1a cong nghé in 3D. Hién nay, tr¢ ngai chinh cta viéc
trién khai rong rai cong nghé nay vao san xuét chinh 1a gia thanh bot kim loai — nguyén liéu dau
cho in 3D 1a rat cao, do ching phai dap {ung céc chi tiéu ky thuét hét sirc nghiém ngat: 1. C& hat
tap trung cao vdi kich thudce hat tir 10 dén 150 um; 2. Bién dang hat hinh cau; 3. Thanh phan héa
hoc xac dinh [1, 2]. Giai phap cho van dé nay 1a lam chu cong nghé ché tao bot in 3D kim loai.
Theo cong trinh [2-4, 14], trén 90% bot kim loai phuc vu cho muyc dich in 3D dugc ché tao ban
phuong phap phan tan hop kim 16ng voi tac nhan phan tan 1a khi tro, luc ly tim hodc cac bién thé
cua hai phuong phap trén. Trong nghién ctru nay, ly tdm va khi cao ap dugce két hop sir dung. Pay
1a phuong phép ché tao bot kim loai con twong ddi mai, tuy nhién da thé hién tinh ludng dung cao,
cho phép ché tao dugc bot cua cac vat lidu co ban chit khac nhau, bao gom ca cac vat liéu co do
nhét cao, stic ciang bé mat thap hodc mat do thap [3, 4],... Ban chat ctua phuong phép nay la s
dung mét dia quay ly tdm tao phén tan so cap cho kim loai long nham lam ting ning lugng bé mit
riéng cua ching. Kim loai 1ong & cubi giai doan phén tan so cap theo quan tinh s& di chuyén dén
khu vuc 1am viéc ctia khi phan tan, tiép tuc bi phan tan bdi cac dong khi ¢ trang thai dong lugng
va 4p sut cao (phan tan thtr cAp). Mic du cong nghé phén tan hop kim néng chay di duoc st dung
trong san xuat bot kim loai tir nhimg nam 60, viéc nghién ciru qua trinh chuyén dong va phan tan
cac dong kim loai ¢ nhiét d cao, dong thoi xay dung mdi quan hé giita cac thong sé hinh hoc cia
thiét bi va cac thong sO cong ngh¢ cua qua trinh phan tan voi cac dac tinh cta bot kim loai tao
thanh van 1a mot vin dé cap thiét, dugc nghién ciru cho dén hién nay [1, 2, 10, 11].

2. THUC NGHIEM
2.1. Nguyén liéu va héa chét
Nghién ctru st dung hop kim nhém méac AlSiieMg do Vién Khoa hoc va Cong nghé Mo - Luyén
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kim/Bo Cong thuong cung cip. Thanh phan hoa hoc ctia hgp kim nhom AlSiioMg dugc trinh bay
trén bang 1.

Bing 1. Thanh phan hod hoc ciia hop kim nhém AlSiioMg.

Si Fe Cu Mn Mg Cr Ni Zn
Ave, % | 9,9811 | 0,5273 | 0,0276 | 0,3495 | 0,3772 | 0,0473 0,0483 0,0988

Ti Bi Co Ga Sn Pb Be Al
Ave, % | 0,1202 | 0,0378 | 0,0415 | 0,0297 | 0,0449 | 0,0870 0,0500 | 87,8774

Khi phén tan st dung trong cac nghién ctru 1a khi Argon tinh khiét 99,999% dugc ban sin dudi
dang binh nén dung tich 40 L, &p suat 150 bar.
2.2. Thiét bi ché tao
Qua t’rinh phan tan hop kim long dugc thyc hién trén thiét’bj ché tao bdt in 3D kim loai st dung
ly tam két hgp khi cao ap do nhom tac gia tu nghién ctru, ché tao (hinh 1).
Phéu himg kim loai long ‘
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Hinh 1. So d6 cong nghé va hinh anh thuc 1é cua thiét bi ché tao bét in 3D kim loai.
Céc thong s k¥ thuat ciia thiét bi dugc trinh bay tai bang 2.
Bdng 2. Bj thong 56 kY thudt cua thiét bi ché tao bét in 3D kim logi.

Théng s6 ky thuat Mikc
Thé tich 16 nung, lit 2
Do chan khong tdi da, mm Hg - 600
Nhiét d6 lam viéc ctia 10 nung, °C 300 + 1100
Ap suat khi phén tan, atm, khong nho hon 24
Luu lugng khi phan tan, m*/phut ~0,95

2.3. Cic thong s6 thuc nghiém

Trong‘nghién curu nay cac tham s6 thuc nghiém cua qua trinh ché tao bot kim loai dugc khao
sat bao gom:

- Nhiét dj phan tan. Theo céc s6 li¢u cong bd trén cong trinh [1, 2, 5], nhiét do phén tan s& 1on
hon nhiét do nong chay cua kim loai tir 100 dén 200 °C. B6i véi hop kim nhom mac AlSiioMg ¢
nhiét d6 nong chay 1a 590 °C, dai nhiét d6 phan tan s€ khao sat trong khoang tir 700 dén 900 °C.

- Luu lwong kim logi I6ng. Thong sO nay s& dugc diéu chinh thong qua viéc thay doi duong
kinh trong ctia 6ng dan kim loai 16ng d véi gid tri 1an Iuot 1a 3 mm, 4 mm, 5 mm, 6 mm va 7 mm;

- Khodng cdch h tir mdt trén ciia dia quay ly tam dén mat thodt khi cia béc phun (hinh 2).
Khoang cach h phu hop sé gitp kim loai l6ng sau khi phén tan so cap s¢ di chuyen dén vi tri dong
ning cua khi phan tan 16n nhét, giup ting hidu qua cua phén tan tht cdp. Theo két qua mo phong
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dd cong bd tai cong trinh [9] cuia nhom tac gia, khoang cach h tir 1 dén 1,5 cm s& cho hiéu qua
phan tan tot nhat. Trong nghién clru nay, cac khao sat thuc nghiém s€ dugc ti€n hanh voéi khoang
cach hlan lugt1a 0,5; 1; 1,5; 2 va 3 cm.

I

Hinh 2. Minh hoa thong s6 hinh hoc ctia thiét bi san xudt bét kim loai.
Trong tat ca cac thi nghiém, toc do quay cua dia ly tm 1a 15 000 vong/phit, ap suét va luu

luong khi phén tan lan luot 12 24 atm va 0,95 m3/phut. Tiéu chi danh gia anh huong cua cac thong
sO nay 1a cdu triic hinh thai hoc, thanh phan ¢& hat va hiéu sudt qua trinh phén tan bot kim loai.

2.4. Phwong phap nghién ciru tinh chét bt kim loai

- CAu trac hinh thai hat kim loai: X4c dinh bing phuong phéap kinh hién vi dién tir quét SEM
(Scanning Electron Microscope) theo tiéu chuan I'OCT 25849-83.

- Kich thudc va phéan b phan b ¢& hat: Xac dinh bang 2 phuong phap: Phuong phap do khong
truc tiép trén bo sang tiéu chuan theo GOST 18318-94 va phuong phap do truc tiép trén thiét b
phan tich c¢& hat dua trén hién tugng tan xa Laser (LSD) theo ti€u chuin ASTM D4464-15;

Ngoai ra, thanh phén héa hoc ciia bot kim loai AlSiioMg dugce xac dinh theo tiéu chuan ASTM
E1621-21 bang phuong phap quang pho huynh quang tia X (XRF).

2.5. Phuong phap ché tao miu

Quy trinh ché tao bot nhom mac AlSi;oMg duoc tién hanh véi cac bude chinh nhur sau:

- Néu chay kim logi: Hop kim nhém mac AlSiioMg duoc nau chay hoan toan & nhiét do khao
sat (tu 700 dén 900 °C). Thoi gian giir nhiét tinh tir khi dat nhiét 1a 20 phut;

- Chudn bi thiét bj: bong tat ca cac van, lam kin thiét bi. Hat chan khong, loai bo khong khi
khoi thiét bi. Bom khi Ar dién day thiét bi. Bat dong co (gan vé6i dia quay ly tam), tbc do quay
15 000 vong/phut Bat hé thong gia nhiét duong dng dan kim loai 16ng. M& cac van tai dau ra cia
cac cyclone, dong thoi ting luu luong khi tro vao budng phan tan;

- Phan tan kzm loai ldng: Rot ‘kim loai 16ng vao phéu. Dudi tac dung cua trong luc, kim loai
long chay theo 6ng dan xudng budng phan tan, bi phan tan bai luc ly tim do dia quay giy ra, sau
do tiép tuc bi phan tan boi cé}c dong khi tro, tao thanh cac giot kim loai 1ong. Tai khoang lam mat,
cac giot kim loai 16ng nay k&t tinh, tao thanh bot kim loai vai kich thudc va hinh dang xac dinh.

- Phan loqi va d‘o'lgg 201 bot kim logi: Bot kim loai ché tao ra dugc phan loai theo ¢& hat thong
qua b0 sang ti€u chuan tai day thiét bi va dugc bao quan trong cac hop kin.

3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia nhiét do kim loai 1ong

Anh hudng cua nhiét d6 dugc khao sat trude ti€n thong qua cAu trac hinh thai hoc ctia bot kim
loai thu dwoc sau san xuit. Cac thong sb khac cta qua trinh phan tan: Luu lwong kim loai 16ng
0,25 kg/phUt, khoang cach tir mat trén cuia dia quay ly tim dén mit thoat khi ciia béc phunh=1,5
cm. Két qua chyp anh SEM bot kim loai thu dugc ¢ cac nhiét d6 phan tan khac nhau duoc trinh
bay trén hinh 3.
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(b)
Hinh 3. Anh SEM bét kim loai thu dwoc & cdc nhiét do phan tan khac nhau.

T anh SEM tai hinh 3, nhan théy ¢ nhiét do 700 °C kim loai 16ng c¢6 dd nhdt cao, sau khi rot
vao phéu, kim loai 16ng khong chay xudng dng dan kim loai 1ong, dan dén hién tuong phan tan
khong xay ra duge (hinh 3a). O nhiét d6 (770 + 830) °C bot kim loai thu duoc ¢6 dang hinh que
v6i chiéu dai 1én dén 2 mm. Nguyén nhén c6 thé do & dai nhiét d6 nay, kim loai I6ng c6 do nhot
va stic cang bé mit 16n, kim loai 16ng bi dong tu va két tinh trudc khi duge phan tan va cau hoa
dudi tac dung cua suc cang bé mit. Khi tang nhiét do kim loai 1ong, bién dang hat kim loai thu
dugc c6 xu huéng cu hoa dan. O nhiét do 900 °C khoang 99% bot kim loai kich thudc hat nhod
hon 100 pm c6 bién dang hinh cau (hinh 3c). Nhiét d6 nay cua kim loai 16ng s& dugc sir dung trong
cac nghién ctru tiép theo.

3.2. Anh huéng cia hru lwong kim loai 16ng

Céc diéu kién khac ctia qué trinh phan tan gdm: Nhiét d6 kim loai 1ong khi phan tan 900 °C;
khoang cach tir dia quay ly tim dén mit thoat khi ctia béc phun h = 1,5 cm. Két qua khao sét cho
thay trong truong hop dudng kinh trong ciia ong dan kim loai 1ong 1a 6 hodc 7 mm, khoang 10 dén
12% khdi lwong 1a cac san phdm dang bot véi kich thude hat nhd hon 0.4 mm (hinh 4a); tir 25% +
27% khdi luong san phdm thu duoc c6 dang vay mong, kich thude dudi 2 mm (hinh 4b); sé con lai
1a cac tim mong, kich thude 1én dén 1 + 2 cm (hinh 4c).
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Hinh 4. Hinh anh cdc dang san phdam cua quda trinh phan tan hop kim long AISiioMg.
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Hinh 5. Phdn b6 ¢ hat nhém bét kim loai kich thuée nhé hon 0,4 mm.
Trong trudng hop dudng kinh trong ciia dng din kim loai c¢6 gi tri tir 3 + 5 mm, sb lwong cac
tam mong kich thude 1 + 2 cm gidm dang k€, tuy nhién s6 lugng cac manh nho van con tuong doi
nhicéu. SO lugng bot kim loai ¢6 kich thudc hat nhé hon 0,4 mm chiém lan luot 1a 47,3%; 32,6%
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va 28,4% so v6i tong khdi lwgng kim loai. Phan bd ¢& hat cta bot kim loai nhom nay 1a tuong doi
gidng nhau dbi véi ca ba truong hop (hinh 5).

Két qua chyp anh SEM bot kim loai ¢6 kich thudc nho hon 100 um cho théiy co trén 90% bot
kim loai thu dugc c6 bién dang hinh cu chuin. Ham luong bot kim loai nhom nay lan luot 1a
11,6%; 8,3% va 5,2% tuong g véi duong kinh trong 6ng dan 1a 3 mm; 4 mm va 5 mm. Két qua
x4c dinh phan bd ¢& hat bang phuong phap tan xa laser cho thdy nhom bot kim loai ché tao bang
dng din kim loai 16ng 3 mm c6 phan bd ¢& hat hep hon va kich thudce hat trung binh d50 nho hon
(hinh 6, hinh 7).
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Hinh 6. Phdn bo cé hat nhom bot kim logi ¢6 kich thude hat nhé hon 100 um.
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Buong kinh éng din kim loai long, d, mm
Hinh 7. Su phu thudc kich thude hat trung binh vdo dwong kinh ong dan kim loai Iong.

Tiép tuc giam kich thudc 6ng dan kim loai 1ong xuéng dudi 3 mm nham giam luu lugng kim
loai 16ng, tuy nhién khong cho két qua kha quan. Nguyén nhan la do hop kim l6ng c6 d6 nhot kha
cao, stic cing bé mit 1am can tro chuyén dong di xuodng cua khdi kim loai 16ng, dan dén qua trinh
phan tan khong dién ra dugc. Buong kinh trong cua ong dan kim loai 12 3 mm s& duoc sir dung
trong cac nghién ctu tiep theo.

3.3. Anh hwéng ciia khoing cach giira dia quay ly tim va béc phun khi phén tan

Khoang cach h tir mat trén cua dia quay ly tim dén mat thoat khi cua béc phun déng vai tro hét
strc quan trong dén hiéu qua phan tan. Khoang cach h dugc coi 1a phu hgp khi kim loai long sau
khi dugc phén tan boi dia quay ly tdm s& nam ¢ khu vyue ma tai d6 khi phén tan c6 dong nang cuc
dai, tir d6 cho hiéu qua phan tan thtr cap t6t nhat. Dya trén cac ket qua mo6 phong, khoang cach h
dugc khao sat trong khoang tir 0,5 dén 3 cm. Céc di€u kién khéac cua qua trinh phan tan nhu sau:
nhiét do phan tan 900 °C, toc d¢ quay cua dia quay ly tam 1a 15 000 vong/phdt; luu luong va ap
suat khi phan tan 1an luot 12 24 atm va 0,96 m*/ph(t; duong kinh ctia 6ng dan kim loai 12 3 mm.
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Két qua khao sat cho thdy, & khoang cach h = 0,5 cm cac giot kim loai 1ong sau khi phan tan
boi Iuc ly tm do dia quay gdy ra c6 hién tugng bam dinh va tich tu dan ¢ phia duéi mét trong cta
vanh khi. Sau khoang 1,5 phat phan tan, sy bam dinh va tich ty nay 16n dén mirc lam dia quay ly
tam nging hoat dong (hinh 8).

|

Hinh 8. Su tich tu cua kim loai long tai Hinh 9. Su tich tu cua kim logi long tai vanh khi
vanh khi phan tan (véi h = 0,5 cm). phdn tan va ong dong gia nhiét (h = 1 cm).

Véi khoang cach h =1 cm, hién tugng ngimg hoat dong cua dia quay ly tam khong xay ra, tuy
nhién trén mit dia phan tan va dic biét 1a & mat dudi ciia cdc dng dong gia nhiét van xuat hién mot
lwong tuong ddi 16n kim loai 16ng bj tich tu lai (hinh 9).

V6i khoang cach h tir 1,5 dén 2 cm, qua trinh phén tan cho két qua tuong d6i gidng nhau véi ty
1¢ bot kim loai c6 kich thuéc nhd hon 0,4 mm chiém tir 44 dén 47% tong khoi luong kim loai phan
tan; s6 lugng bot kim loai hinh cau c6 kich thudc dudi 100 pm chiém khoang 10% bot kim loai
thu duoc.

Vi khoang cach h = 3 cm, hiéu suit cia qua trinh phan tan giam manh. Ty 1& bot kim loai c6
kich thudc nho hon 0,4 mm chi chiém khoang 21% tong khéi lugng kim loai. SO lwong bot kim
loai c6 kich thuéc dudi 100 wm chiém khoang 0,8% bot kim loai thu dugc. Quan sat budng phan
tan, nhan théy phf‘in 16n cac giot kim loai 16ng bi bam dinh va dong tu trén thanh buéng sau khi bi
phan tan so cap. Vi tri bam dinh trén thanh budng c6 d¢ cao tuong duong véi do cao ciia mit trén
dia quay ly tam. TUr d6 c6 thé du doan, & khoang cach h =3 cm, dong nang cua khi khéng du manh
dé phan tan va lam ddi hudng chuyén dong cua cac giot kim loai long, dan dén phan 16n kim loai
16ng sau khi phan tan so cap boi d~ ia quay ly tam deu dap vao thanh budng phan tan (hinh 10).

(b)
Hinh 10. Hi¢n twong bam dinh va tich tu kim logi trén thanh buong phdn tan (h =3 cm):
a - Buong phdn tan; b - Mang kim loai dong tu trén thanh buong.
3.4. Thanh ph?m héa hoc bt kim loai sau khi ché tao
Thanh phﬁn hoa hoc cua bot kim lqai sau khi ché tao dquz khéo sét theo tiéu chudn ASTM
E1621-21 bang phuong phap quang phd huynh quang tia X. Két qua dugc chi ra trén bang 3.
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Bdng 3. Thanh ph(fn hod hoc bét kim loai sau khi ché tao.

STT | Tén nguyén to Don vi Két qua
1 Al % 89,474
2 Si % 9,133
3 Fe % 0,264
4 Cu % 0,0076
5 Mn % 0,306
6 Mg % 0,280
7 Zn % 0,0082
8 Ni % 0,0148
9 Ti % 0,101
10 Sn % 0,0028
11 Pb % 0,0016
12 | Tap khac (Tong) % 0,410

So sanh thanh ph?m hoé hoc ctia bt kim loai sau khi ché tao vai thanh phﬁn hoé hoc ctia nguyén
lidu dau vao, nhan thiy ham luong cac nguyén t6 hoa hoc trong bot nhom va trong mau nhém duc
co ban twong duong nhau. Bén canh sy thay dbi thanh phan mot s6 nguyén t6 (do chay hao hoac
do sai s6 cua phép do), ham lugng cua cac nguyén t6 chinh trong hop kim la Si, Mg, Mn va Fe van
nam trong ngudng pht hop véi tiéu chun quy dinh vé thanh phan hoa hoc cia bot in 3D kim loai
méac AlSiioMg [7].

4. KET LUAN

Trong nghién ctru ndy, trén co so cac két qua khao sat thuc nghiém, str dung bo thiét bi ché tao
bot in 3D kim loai do nhém tac gia ty nghién ciru ché tao, da ti€én hanh khao sat anh hudng cia
mot vai tham s6 cong nghé - két cau chinh cua thiét bi va qua trinh phan tan dén cau trtic hinh thai
hoc, thanh phan c& hat va hi€u suat qua trinh phan tan kim loai long. Két qua khao sat cho thay
nhiét d¢ kim loai long khi phan tan c6 vai tro quyét dinh dén bién dang hat kim loai tao thanh,
trong khi d6 hiéu suat cua qua trinh phan tan lai chiu anh hudng rat 16n cta luu Iugng kim loai
long. Cac tham s0 cong nghé va thong so két cau chinh da xac dinh dugc gom:

+ Nhiét d0 hop kim long khi phan tan: 900 °C;

+ Puong kinh ctia dng dan kim loai 1ong: 3 mm;

+ Khoang cach tir mit trén ctia dia quay ly tim dén mat thoat khi ctia béc phun: h=1,5+2 cm;

Céc két qua nghién ctru trong bai bao nay 1a co so khoa hoc va thyc tién quan trong dé nhém
tac gia hoan thién thiét bi va cong nghé ché tao bot in 3D kim loai mac AlSi10Mg cling nhu bét in
3D kim loai trén co s& cac hé kim loai khac, timg budc tao tién dé cho viéc 1am chu cong nghé ché

tao cac loai bot in 3D kim loai dic thu, sir dung 1am nguyén liéu dau trong ché tao cac chi tiét clia
VKTBKT bing céng nghé in 3D.
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ABSTRACT

Investigation of the fabrication process of metal 3D printed powder by molten alloy
dispersion method using centrifugation and high-pressure gas

Atomization using centrifugation and high-pressure gas is considered to be a relatively
new method of producing metal 3D printing powders. The metal powder made by this
method is expected to obtain an adequate small-scaled size with the limitation of satellites
stuck to the surface due to the reduction of the gas flow in the dispersion chamber. This
work conducted experimental studies with aluminum alloy graded AlSiioMg. The
manufactured metal powder was tested for corresponding technical properties of metal 3D
printing powder, such as chemical composition, particle size distribution, morphological
structure, etc. The investigation results have determined the influence of geometrical and
technological parameters of the atomization process, including liquid metal flow, liquid
metal overheating, and some structural parameters of equipment on the quantity and quality
of the product.

Keywords: 3D printing; Metal powder; AlSi;oMg; Atomiser.
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