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~Nghién ctru ché tao I&p phu nanocompozit nhom oxit c6 chira
ong nano cacbon (CNTs/Al,O3) bang c6ng nghé phun phu plasma
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Abstract

The CNTs/Al,O; hanocomposite coating was made by plasma spraying from nanoscale Al,O5; powder mixed with
CNTs. Nanosized powders cannot be plasma sprayed owing to its tendency of clogging the plasma gun nozzle. Hence,
before spraying, powder treatment is a necessary requirement. In this study, nanoscale Al,O; powder and CNTs
(2 wt.%) were combined in Polyvinylalcohol (PVA) binder solution. Spray drying method was used to produce micron-
sized Al,O; powder containing CNTs (CNTs/Al,O; powder). The coating morphology, wear resistance, microstructure
and phase composition were characterized. The study results showed that, CNTs have clustered into clumps in the
CNTs/Al,O3 coating. The coating consists of a mixture a-Al,O3 and y-Al,O5 phases. In comparison with the Al,O3
coating without CNTs, the wear resistance of the CNTs/Al,O5 coating is about 20 % higher.
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1. MO PAU

Phun phu plasma 1a phuong phap rat da ning, co
mg dung trong nhiéu nganh coéng nghiép nhu hang
khong, vii try, san Xuét oto, dong tau,... Phuong
phap nay cho phép phun rat nhiéu loai vat lidu. Cac
16p phun phua plasma duge sir dung chii yéu trong
moi trudng mai mon, an mon va nhiét do cao [1].
Nghién ctru va tmg dung cac 16p phu ché tao bing
phuong phap phun phu plasma dang la linh vyc thu
hat sy quan tdm cta nhiéu nha khoa hoc va nhiéu
doanh nghiép trén thé gioi.

Vit liéu gdbm nhom oxit (Al,O3) dugc sir dung
dé ché tao 16p phu c6 kha nang chong va dap va mai
mon do 16p phii nay c6 do bén nén t6t, do cling cao
va kha nang chiu mai mon, chiu nhiét tt [2]. Lp
phu ALO; ché tao bang phwong phap phun phu
plasma c6 kha ning hoat dong dudi diéu kién khic
nghiét nhu tai trong cao, tdc do cao, nhiét do cao,
moi trudong mai mon va mdi truong bién [3-7].

Mot trong nhitng vat li€u gia cuong ly tudng cho
cac 16p phu plasma 1a 6ng nano cacbon (CNTSs) do
nd c6 céc tinh cht co va nhiét wu viét. Tuy thudc
vao ciu tric ma vt liéu CNTs c6 cac tinh chat dic
biét nhu nhe hon thép 6 1dn nhung bén hon ¢& 100
1n, m6 dun dan hdi 1én dén 1 TPa tuong dwong kim
cuong, chiu nhiét do cao tét (khoang 2800 °C trong
chén khong va 700 °C trong khong khi), d6 din nhiét

cao (khoang 3000 W/m.K) [8]. Viéc dua vat li€u nay
vao 16p phun phu plasma Al,O; nhim nang cao cac
dic tinh coa 16p phu dd va dang dwoc nhiéu nha
khoa hoc nghién ctru [2,5,9-12].

Tai Viét Nam, viéc nghién ctru vé cac hé 16p phu
CNTs/AlL,O, ché tao bang phuong phap phun phu
plasma dén nay chua co cong trinh nao dugc cong
bd. Vi mong mubn nang cao cac tinh chat cua 16p
pht Al,O3; déc biét 1a kha nang chiu mai mon, trong
nghién clru nay ching t6i s& tién hanh ché tao 16p
phu CNTs/Al,Os bang cong nghé phun phu plasma
va khao sat mot s6 tinh chat cta 16p phi nay.

2. THUC NGHIEM
2.1. Héa chit

Hoa chét chinh dugc st dung trong nghién ctru
gbém: Bot nano o-Al,0; (d6 tinh khiét 99,85 %:; kich
thudc hat ~ 150 nm) cua héng Inframat Advanced
Materials (MJ); bot Al,O3 (kich thude trong khoang
25+75 pm) ctia hang PRAXAIR-TAFA (My); CNTs
da tuong (d6 tinh khiét 16n hon 90 %, duong kinh
20+80 nm, chiéu dai 10+100 um) san xuit tir quy
trinh CVD tai Vién Khoa hoc vét liéu, Vién Han 1am
Khoa hoc va Coéng nghé Viét Nam; polyvinylancol
(PVA) — loai 217 (Singapore), thép CT3 duong kinh
53 mm, day 10 mm.
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2.2. Phuong phip chuin bi méu

Bot kich thudc nano khong thé dung dé phun
plasma do n6 c6 xu huéng lam tic dau sing phun.
Tinh ma sat bé mat lon gitita cac hat nano (do dién
tich bé mat 16n) dan dén dong san pham phun khong
dong nhét va tao nén cac 16p phit kém. Do do, xir Iy
b6t trude khi phun 1a yéu cau can thiét [2].

Ché tao bot CNTs/ALO; [13]: PVA dugc st
dung 1am chat két dinh giita cac hat nano. Thém tir
tir bot Al,O; kich thudc nano va CNTS (2 % vé khoi
lugng) vao dung dich PVA 5 % (khéi luong bot
chiém 60 %), vira thém vira khudy déu hdn hop trén
thiét bi khudy, sau d6 hdn hop dwoc khudy lién tuc
trong 24 gio nham dé hdn hop on dinh va phén tan
dong déu. Tiép theo, hdn hop dwoc mang di sdy
phun trén thiét bi sdy phun Spray Dryer Ohkawara
Kakohki, model L-8 (Yokohama, Nhat Ban) tai Vién
K¥ thuat nhiét d61, Vién Han 1am Khoa hoc va Cong
nghé Viét Nam. biéu kién séy phun nhu sau: nhiét
d6 khong khi vao 196 °C, &p suat voi phun 3,5 bar,
tbc d6 bom nhap liéu 12 ml/phlt, tin sd quay cua
dau phun li tim 30 Hz. Khi nong dugc sir dung nhu
modi trudng lam kho trong tu sdy. Két thic, bot
CNTs/AlLO;3 dugce thu lai trong binh chira tir thap
xody va duoc sit dung dé ché tao 16p phu
CNTS/A|203

Bot Al,O; cua hang PRAXAIR-TAFA (MY)
dugce st dung dé ché tao 16p phi Al,Os.

Bdng 1: Ché do cong nghé phun plasma [9]

Phgm Thi Ha va cong su
2.3. Phwong phap nghién ciru

Hinh thai hoc cua cac loai bot phun va cac lop
phil twong tmg cing véi thanh phan cic nguyén t6
c6 trong 16p phi dugc nghién ciru trén thiét bi kinh
hién vi dién tir quét tich hop voi phan tich tan xa
nang luong tia X (EDS) Nova Nano SEM 450 FEI
tai Truong Pai hoc Khoa hoc Ty nhién - Pai hoc
Qudc gia Ha Noi. Lép phu duge tién hanh phan tich
c4u triic va thanh phan pha bang phuong phap XRD
trén thiét bi X-RAY DS5005/SIEMENS (Puc) tai
Trudong Pai hoc Khoa hoc ty nhién - Dai hoc Quéc
gia Ha Noi (nhiét do 25 °C, gbéc 20 dugce quét tir 10°
dén 70°, budc do 0,03°, budc quét 1s, sir dung anot
Cu). D6 bén mai mon caa cac 16p phu dugc xac dinh
bang thiét bi UMT-3MT-CETR (M) tai Hoc vién
K¥ thuét quan sy theo tiéu chuan ASTM G99:2010,
st dung chdt thép Cr ¢6 do cimg 63 HRC. Ché do
thir mai mon nhu sau: luc tdc dung 10 N; ban kinh tir
tam mau dén dau chét 6 mm; téc d6 quay cua mau
60 vong/phat; thoi gian thur 1000 s.

3. KET QUA VA THAO LUAN
3.1. Hinh théai hoc ciia bgt CNTs/AlLO;

Hinl} thai hoc cua bot Al,Oz va bot CNTs/Al,Os
duoc thé hién trén hinh 1.

BotALO: — 20um | B

STT Ché do phun CT(A)};Z“E;}%

1 Cuong d6 dong dién (A) 600

2 | Dién thé (V) 40

3 | Goc phun (°) 90

4 | Luu lugng khi Ar (lit/phat) 32,1

5 | Luu lugng khi He (lit/phut) 59,5

6 | Luu luogng khi mang Ar 19,8
(lit/phat)
Khoang cach phun (mm) 100
Tbc d6 cap bot (g/phut) 9,5+10,5

Lép phi CNTs/ALO; va AlLO; dugc ché tao
bang thiét bi phun plasma 3710-PRAXAIR-TAFA
(My) tai Phong thi nghiém trong diém Cong nghé
Han va Xir Iy bé mat — Vién Nghién ciru Co khi, v6i
cac thong s6 cong nghé duoc dwa ra trong bang 1.
Chiéu day trung binh cua cic 16p phu khoang
300+400 um, duge xac dinh bang thiét bi Mitutoyo
DIGI-DERM 745 (Nhét Ban).

Eo% CNTs/zhzo3 1 ng

Bot CNTs/AL,O3 20 pm

Hinh 1: Anh SEM cua bot Al,O; va bot CNTs/Al,O4

Quan sét c4c hinh 1a va 1c cho thay, cac hat c6
dang hinh cdu. Trén anh SEM cua miu bot
CNTSs/AlO4 (hinh 1d), CNTs dugc tim thiy ¢ dang
ong dai bén trong cac hat cau. Cac hat dugc tao
thanh c6 kich thuéc nim trong khoang 25+70 pm.
Nhu viy, bang phuong phap say phun, bot nguyén
liéu c6 kich thudc nano da dugc xir 1y thanh bot co
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kich thuéc phu hop véi phuong phap phun phu
plasma. CNTs da duoc phan tan trong bot
CNTS/A|203

3.2. Hinh thai hoc ctia lop phi CNTS/AlLO4
Hinh thai hoc cta cac 16p pha Al,O; c6 va

khong c6 CNTs dugc thé hién trén hinh 2.

“CNTs/ALO; .

Hinh 2: Anh SEM ciia 16p pha Al,O; va
16p phu CNTS/ALLO;

Hinh anh trén hinh 2 cho thay, céc 16p phu c6 bé
mit thd nham. Anh SEM véi d6 phong dai X500 cho
thay hinh thai hoc bé mit giira 16p phi ¢6 va khong
¢6 CNTs la khac nhau. Bé mit 16p phu Al,O; dong
déu hon so v6i bé mit 16p phu CNTs/ALLO,. Diéu
nay dugc giai thich 1a do sy c6 mat cia CNTs trong
cac 16p phi CNTs/Al,O3. CNTs c6 xu hudng tap
trung thanh chum/cum do d6 trong qua trinh phun,
cac hat Al,O3; nong chay s€ bao phu Ién cac cum
CNTs dan dén hinh thanh cdu tric bé mit khong
ddng déu.

Khi phun, bot nguyén liéu dugc nung néng tao
thanh céc giot 16ong. Dudi tac dung cua dong khong
khi nén véi ap luc 16n, giot vat li€u long s€ bi phan
tach thanh rat nhiéu hat nho, nhitng hat nay s€ tao
nén nhiing tia phun véi dong ning 16n, bay toi bé
mat vat liéu phun voi van toe co thé 1én toi 1000
m/s. Toan bg qua trinh chay va phan tan cac hat xay
ra rat nhanh. Pbong nang 16n cia cac giot vat li€u
long va dap 1én bé miat dugc phun giy ra bién dang
rat nhanh va manh. Khi cac phan tir sau va dép 1én
cac phan tir trude thi cac phan tir trudc van con &
trang thai 1ong hodc trang thai sét, giita chiung dé
dang xay ra su lién két véi nhau. Trong 16p phii con
chtra cac phan tir nho khong bién dang 1a cac hat
khong nong chay. Ngoai ra, bén trong 16p phu c6 cac

Nghién citu ché tao 16p phii...

16 x6p duge hinh thanh do su lién két khong chit ché
ctia cac phan tir vat liéu khi bién dang.

Nham ching minh sy ¢ mit cia CNTSs trong
16p phu, chung t6i di tién hanh chyp anh SEM viing
bé mit 16p phu dd bi mai mon. Két qua duoc thé
hién trén hinh 3.

CNTS/A|203 10 pm CNTS/A|203 4 pm

Hinh 3: Anh SEM cua 16p phu ALL,O;3 va
16p phit CNTs/Al,0O3 bi mai mon

Két qua phan tich cho thdy, CNTs xuat hién
trong 16p pht CNTs/Al,O5 ¢ dang dng dai va co cum
thanh timg dam. Lép phu Al,O; khong tim thiy sy
xudt hién cua CNTs. Quan sat anh SEM ngoai céc
ving noéng chay, bén trong cac 16p phu déu co cac
hat Al,O3 khong nong chay. Trong qua trinh cac hat
compozit bi nong chay, chat két dinh PVA bi bdc
hoi hoan toan. CNTs dugc phan b trong cac 16p
Al,O3. Su c6 mit cia CNTs lam ting d6 dan nhiét
cua cac giot noéng chay va tang ham lugng nhiét
trong cac giot, diéu nay din dén kha ning truyén
nhiét cao hon, tbc do dong ran nhanh hon va ti 18 cac
hat khéng néng chay thap hon & 16p phi c6 chira
CNTs so vai 16p phu khong chira CNTs [14].

3.3. Thanh phin nguyén té trong 16p phii
CNTS/A|203

Thanh phan % cac nguyén t6 trong 16p phu
Al,O; c6 va khong c6 CNTs duoc xac dinh tai ving
vi tri thé hién trén anh SEM & hinh 4. Két qua phan
tich thanh phan % khéi lwong cic nguyén té duoc
trinh bay trong bang 2.

Két qua phan tich cho thdy sy c6 mit cua
nguyén t6 Al va O trong thanh phan 16p pha Al,O;
va cac nguyén t6 Al, O, C trong thanh phan 16p phu
CNTS/AI203
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Bdng 2: Thanh phan % khéi lugng cac nguyén to
trong cac 16p phu tai vung vi tri chup SEM-EDS

Lép phu Al 0 C
Al,O; 34,61 65,39 -
CNTS/ALO; | 26,04 | 52,07 21,89

Hinh 4: Anh SEM-EDS cua 16p phu Al,O va
16p phit CNTs/AlLO;

Tai vi tri phan tich, ham luong % nguyén t6 C cb
mat trong cac 16p phu CNTs/Al,0; 14 21,89 %.

3.4. CAu tric va thanh phén pha ciaa 16p pha
CNTS/A|203

Két qua phan tich ciu trac va thanh phan pha
cua 16p phu Al,O3 va 16p phu CNTs/Al,O3 dugc dua
ra trong hinh 5.

Két qua cho thay, trong tat ca cac 16p phi nghién
clru ngoai thanh phan pha chinh o-Al,O; con xuit
hién thanh phan pha y-Al,O;. Nhu vay, trong qua
trinh phun plasma, pha a-Al,O; bi chuyén mot phan
thanh pha y-Al,O3. Cac pic tai vi tri goc 20: 37,5;
46,2 va 67,6 1a cac pic dac trung cua pha y-A|203.
Tuy nhién, cac pic ddc trung cia CNTs khong xuét
hién trén phd XRD, diéu nay dugc giai thich 1a do
CNTs phan tan giira cac hat Al,O; nén géy kho khan

Phgm Thi Ha va cong su

trong viéc phat hién bang phuong phap XRD (ham
luong cua n6 nam dudi gidi han phat hién cia
phuong phap XRD).

L 1-0-ALO,

CNTS/ALO,

. . 2-Theta-Scale
Hinh 5: Pho nhiéu xa tia X cua 16p phu Al,O3
va 16p phit CNTs/AlLO4

3.5. P bén mai mon caa l6p phi CNTS/ALLO;

D0 sau mai mon dugc su dung dé danh gia kha
ning chiu mai mon cia cac 16p phu. Két qua thir
nghiém d6 bén mai mon cua cac 16p pha duoc dua
ra trong hinh 6.
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ALO, CNTS/ALO,
Hinh 6: D6 sdu mai mon cua cac 16p phu

Biéu d6 trén hinh 6 cho thiy, d6 sau mai mon
cua l6p phu Al,O3 cao hon so véi 16p phu
CNTs/AlLO;. Pidu nay dong nghia voi 16p phi
CNTs/Al,O; c6 kha ning chiu mai mon tét hon 16p
phua Al,Os. Lép pha CNTs/AlO5 c6 d6 bén mai mon
cao hon khoang 20 % so vai 16p phu Al,Os. biéu
nay dugc giai thich 1a do CNTs c6 mat trong thanh
phan 16p phu CNTs/Al,O; di gop phan cai thién kha
ndng chiu mai mon cua 16p phu. Nghién ctru [2, 5]
chi ra ring, CNTs 1a cau nbi giita cic 16p trong 16p
phu do do6 da lam cén tr¢ sy nit v& trong qua trinh
mai mon. Lép pha CNTs/ALO; c6 thé duoc dinh
huéng tmg dung 1am 16p phii bao vé cho cac chi tiét
lam viéc trong mdi trudng co tdc nhan gdy mai mon
hodc phuc hdi céc chi tiét d3 bi mai mon (nhu cac
truc may khoan, canh bom,...). Viéc st dung 16p
pht CNTs/Al,05 sé& gitip ning cao d6 bén va tudi tho

573



TCHH, 54(5) 2016

cia céac chi ti€t hon so véi viéc st dung 16p phu
A|203.

4. KET LUAN

CNTs ¢ dang ong dai da dugc tim thdy va phan
tan trong cac 16p phu CNTs/Al,Os. B& mit 16p phu
Al,O; dong déu hon so véi 16p phu CNTs/Al,Os.

Trong cac 16p phu déu co sy xuat hién cia pha
a-Al,O; va pha y-Al,Os. Trong qua trinh phun
plasma, mdt phﬁn dang a-Al,O; da bi chuyén thanh
dang y-Al,O;.

Lép phi CNTs/ALO; c6 d6 bén mai mon cao
hon khoang 20 % so véi 16p phu Al,QOs.

Loi cam on. Cong trinh nay duogc hé tro kinh phi
nghién ciru tr Quy dé tai tré cap Vién Ky thudt nhiét
doi, Vién Han lam Khoa hoc va Cong nghé Viét
Nam.
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