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Mo phong qua trinh phun nhiét phan h trg siéu Am

bang phwong phap phan tir hiru han
Simulation of Ultrasonic Spray Pyrolysis Deposition Method by Finite Element Method

Pham Phi Hiing"", Lwong Hivu Bic', Cao Xudn Quan’
! Truong Pai hoc Bdch khoa Ha Noi — S6 1, Bai Co Viét, Hai Ba Trung, Ha Nogi

2 Vign do lwong Viét Nam, Nha D - S6 8 dwong Hoang Quéc Viét, Phuwong Nghia D6, Qudn Cau Gidy, Ha Ngi

Pén Toa soan: 24-12-2015; chdp nhin ding: 28-9-2018

Tom tat

Bai bao trinh bay két qua mé phdéng qué trinh phun nhiét phan hé tro siéu ém bang phuong phap phan ter
hiru han. Cac théng so coéng nghé nhw ap suét dong khi mang, khoang céch ttr ddu phun téi dé va téc dé
bom dung dich dwoc thay déi dé xac dinh ché do céng nghé t6i wu. Két qua nghién ctru cho théy, dién tich
viing déng déu ctia mang dat gia tri I6n nhét khi 4p suét dong khi mang ttr 60 Ib/in? dén 80 Ib/in?, khodng
céch ttr dau phun téi dé trong khodng tir 13 dén 15 cm va téc d6 bom dung dich nhé hon 1,5 mi/phut. Két
qud mé phéng phu hop véi két qua thuc nghiém.

Tw khoa: phun nhiét phan hd trg sieu am, mé phéng, mang méng

Abstract

The current paper introduces simulations results of The ultrasonic spray pyrolysis technics by finite element
method. In order to get the optimal uniformity of deposited film on the substrate The technology parameters
such as carried gas pressure, solution pump speed and distance from substrate to spray nozzle were varied.
The study results showed that the optimal calculated pressure of carrier gas flow are from 60 Ib/in® to 80
Ib/in?, the distance from substrate to spray nozzle are from 13 cm to 15 cm and solution pump speed smaller
than 1,5 ml/min. The results obtained from experiments are compared with the simulated results and found

to be similar to each other.
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1. Giéi thiéu

Trong k¥ thudt phun phu nhiét phan (spray
pyrolysis deposition) dong khi nén, tro vé mit hoa
hoc dugc st dung dé mang dung dich tién chat cua
cac mudi, véi ti 18 hop phan xac dinh, hinh thanh
dudi dang sol khi dén bé mit dé duoc gia nhiét [1, 2].
O mot nhiét do xac dinh trén bé mat dé, cac chat
trong cac sol khi trai qua qua trinh nhiét phan, thuc
hién phan tmg hoa hoc va tiép theo 1a hop nhit cac
hop phan véi nhau dan dén hinh thanh mang méng c6
hinh thai bé mat, d6 déng déu va thanh phan mong
mudn. Cac san phdm d& bay hoi khac va dung méi du
s& thoat di & dang pha hoi. Dung dich tién chit dugc
bom vao dudng dan dung dich va dua vao dau phun
¢6 duong kinh ¢& 100 dén 500 um. Dudi tac dung
clia 4p suat cao tir ngudn khi mang, dung dich tién
chat dwoc phéan tan thanh nhitng hat sol khi rat nho.
Dong sol khi nay dugc phun phu 1én bé mat dé da
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duoc gia nhiét. Tai dé, dudi tac dung cua nhiét cac sol
khi bi nhiét phan va tao thanh mang moéng. Do dong
déu ciia mang moéng phu thugc manh vao kich thudce
ctia sol khi va do dong déu cua dong sol khi. Thong
thuong kich thude sol khi ¢& vai chuc micromet. Dé
¢6 thé phan tan nho hon kich thudc sol khi, tai dau
phun duoc 1ép thém bo rung siéu am. Dudi su hd trg
clia siéu am, kich thudc sol khi giam xudng dang ké.
Sol khi c6 thé dat kich thudc ¢& micromet, va do do
lam tang chét luong ciia mang mong ché tao duoc.
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Hinh 1. So db nguyén Iy ciia phwong phap phun phu
nhiét phan
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Phuong phap phun phu nhi€t phan da dugc st
dung dé ché tao nhiéu loai mang mong khac nhau [3-
5]. Chat luong cia mang mong ling dong bang
phuong phap phun phu nhiét phan anh huong boi rat
nhiéu thong so cong ngh¢ trong mét dai rong [1, 6, 7].
Dé nang cao chat luong mang, ching t6i s dung bo
rung siéu am & dau phun dé phan tan nho hon nira
kich thudc giot sol dung dich. [8] Tuy nhién, bang
phuong phap thuc nghiém, rat kho tim duoc diéu kién
t6i wu cho cac thong s6 cong nghé dé thu dugc mang
mong c6 chit lugng cao. Do do, trong cong trinh nay
ching t6i thyc hién mé phong qué trinh phun phu
nhiét phan bang phuong phap phan tur hiru han nham
xéc dinh cac thong so déu vao t6i wu bao gom ap suat
khi mang va toc d6 bom dung dich dua vao déu phun,
khoang cach dau phun dén dé ling dong. Két qua
dugc danh gia qua dién tich vang dong déu cua dong
sol khi trén bé mat vudng goc véi dau phun.

2. Thue nghiém

Qué trinh tao mang mong bang k¥ thuat phun
nhiét phan phu thudc vao cac théng sé cong nghé
nhu ap suit dong khi, tdc d6 bom dung dich va
khoang cach dau phun dé. Dé tién hanh mé phong,
chung t6i xdy dung md hinh hinh hoc ddu phun co
céu tao va kich thudc bang véi kich thudc cua dau
phun thyuc (hinh 2). Chung t6i xdy dung mo6 hinh mo6
phong bang cach dit toan b dau phun da lip ghép
bd dinh hudng khi vao mot khong gian phun voi mot
thé tich xac dinh. Diéu kién bién ctia md hinh mé
phong 1a vach cua vung khong gian nay c6 twong tac
v6i cac phan tir khi va phan tr dung dich theo kiéu
tuong tac escape. Nghia 14 cac phan tir khi va phan tir
dung dich thoat ra ngoai qua vach ngén cia ving
khong gian. Hinh 2 mo ta mot sb vi tri ciia ving
khong gian md phong, trong d6, dung dich dugc bom
tir dau vao (1), ap suit khi duoc thay déi ¢ dau vao
(2), va két qua dong sol khi phun & dau ra (3).

St dung phin mém ANSYS d tién hanh chia
ludi tinh toan toan by khong gian mdé phong bao
gém, ,dau rung siéu am, bo dinh hudng dong khi va
ving khéng gian phun ¢ diu ra cua dau phun. Piu ra
clia bai toan md phong 1a két qua cua qué trinh phun
dong sol khi phu thudc vao ap suat khi va tbc do bom
dung dich. Két hop véi thuc nghiém, ching t6i xac
dinh ving khong gian phun dugc gidi han boi mot
khéi hinh tru c6 chiéu cao gidi han 17 cm, tuong
duong vai khoang cach cuc dai cho phép dau rung
siéu am hoat dong trong hé thuc va duong kinh 16
cm, twong duong v6i dién tich bao quanh cia mét 1o
nung, noi dat dé dé ling dong mang. Cac didu kién
bién dugc thiét 1ap cho cac ving t1ep gidp gitra cac bo
phan hinh hoc cing véi khong gian phun. bao gdm
tuong tac phan xa va tan xa voi cdc thanh phan vat
chét trong qua trinh hoat dong. Vo cia bd phéan dau
phun va b phén dinh huéng dong khi 1a hgp kim
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nhém va inox, tuong cua khéng gian phun la khong
khi. Dung dich phun st dung trong mé phong 1a ruou
ethyl [Hinh 3].

.

Hinh 3. M6 hinh m6 phong qua trinh phun nhiét phan
ho tro si€u am
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3. Két qua va thao luin

Két qua md phong duogc thé hién trén hinh 4, 5
va 6. Sy phu thudc ciia dong sol khi phun vao ap suit
khi ddu vao dugc thé hién trén hinh 4. Nhan thay , khi
ap suat khi nho (10 1b/in2), 4p luc cua dong khi chua
du 16n dé dinh huéng dong hat sol khi dan dén dong
sol khi di dén dé chu yéu dudi tac dung cia trong luc
cia hat sol. Cac hat sol tich tu hau hét & mot vung
dién tich rat nho trén dé thang véi dau phun. Khi ap
suét khi mang tang 1én trong khoang 20 Ib/in® dén 50
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Ib/in? (hinh 4b — f), chung ta c¢6 thé thiy mat do dong
sol khi di dén bé mat miu rat 16n. Tuy nhién, sy phan
bd dong sol khi khong dong déu trén dién tich bé mat
dé dugc phun. Trong ving nay, 4p suit khi chua du
16n dé tach dwoc sol khi dinh huéng theo dong. Cac
sol khi chua dugc phén tan rd rét, bi két lai véi nhau.
Khi ap suét khi mang tang 1én trong khoang tir 60 dén
80 Ib/in? (hinh 4f — h), nhan thiy, 4p suét khi da 16n
dé dinh hudng dong sol va phan tan hat sol dong sol
khi dd dwoc phan tan dong déu hon, c6 mat do thap
hon . Ving sol khi dong déu nay s& cho két qua ling
dong mang c6 chat luong tot.

Khi 4p suat khi mang cao hon 80 Ib/in2, viing sol
khi déng déu bi pha v& (hinh 4i). Dong sol di tao
thanh dong khi r6i loan, va tao thanh dong khi xoay
trén bé mat dé do ap sudt dong khi qua cao. Tir két
qua mo phong nay, chiing ta c6 thé thiy ap suat khi
mang thich hop cho viéc tao mang dong déu trong
khoang tir 60 dén 80 Ib/in%.

Hinh 4. Sy phu thudc cia dong sol khi vao ap suit
khi dau vao a) 10 Ib/in2, b) 20 Ib/in?, ¢) 30 Ib/in® d) 40
1b/in?, €)50 1b/in?, f) 60 Ib/in?, g) 70 Ib/in?, h) 80 Ib/in?
va ) 90 1b/in?

Str dung cac két qua mé phong sy phu thudc cua
dong sol khi phén tan vao 4p suét, ching t6i chon ap
suét 1a 80 Ib/in® d& nghién ctru anh hudng cia khoang
cach tir dau phun dén dé t6i chét luong mang ling
dong . Khoang cach diu phun dé duoc thay ddi trong
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khoang tir 8 cm dén 16 cm. Két qua m6 phong sy phu
thuoc cua dién tich va do dong déu ciia mang ling
dong vao khoang cach dau phun va dé dugc trinh bay
trén hinh 5.

Hinh 5. Sy phu thudc ving ling dong vao khodng
cach dau phun dén dé a) 8 cm; b) 9 cm; ¢) 10 cm; d)
11 cm; e) 12 cm; f) 13 cm; g) 14 cm; h) 15 cm va 1)
16 cm

Két qua cho thiy, khi ting dan khoang cach tir
dau phun t6i dé, ving dién tich ling dong mang ting
dan. Két qua nay ciing c6 thé thiy r5 khi quan sat trén
hinh 5h. Khi dau phun & khoang cach rat gan dé (8
cm — 11 cm) ving dién tich dugc ling dong rat nho
va mat do hat sol 16n, tép trung ¢ trung tam cta vung
léng dong. Mat do hat sol léng dong qua cao & mot
ving dién tich nhé, dan téi vi tri ndy clia mang hinh
thanh ¢6 do diy 16n hon so voi ving lan can. Khi
khoang cach tir dau phun t6i dé ting 1én trong khoang
tir 12 cm dén 15 cm, vang dién tich ling dong duoc
mé rong hon. Dién tich ving ling dong nay thay dm
khong 16n khi thay d6i khoang cach. Su khac biét vé
mat do phan tir sol ling dong giita viing trung tim va
ving xung quanh khong khac biét rd rét thé hién sy
ddng déu cua 16p mang ling dong. Khi khoang céch &
rat xa mau (khoang cach 16n hon 16 cm), dong sol khi
dén bé mat ling dong & khoang cach nay khong con
tuan theo sy dinh huéng ciia dong khi mang dan t&i
sy r6i loan dong sol, va ving lang dong tao ra khong
con dong déu. Nhu vay, khoang cach dau phun dén
mau duoc giir trong khoang tir 12 dén 15 cm dé tao
duoge vung dién tich ling dong 16n va dong déu.

Dé khao sat anh hudéng cua tbc d6 bom dung
dich vao dau phun t6i mat do hat sol trong ving ling
dong, ching toi st dung két qua xac dinh khoang
cach t6i wu tir dau phun t6i dé 1a 14 cm va ap suat khi
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mang duoc 1a 80 1b/in?. Tbc d6 bom dung dich dugc
thay d6i voi 6 gia tri khac nhau 1a 0,25 ml/phut; 0,5
ml/phat; 1 ml/phat; 1,5 ml/phat; 2 ml/phat va 2,5
ml/phiit, két qua mo phong duge thé hién trén hinh 6.

Khi téc d6 bom dung dich khong 1én (0,25
ml/phut, 0,5 ml/phat va 1 ml/phit), dong sol khi bi
phan tan 16n, mang ling dong nhan dugc dong déu
trén bé mit dé. Tuy nhién, khi tbc d6 bom dung dich
16n hon 1 ml/phat, mat &6 ving ling dong khong con
ddng déu. O trung tdm cua vung lang dong, mat do
dong sol khi 16n hon ving xung quanh. Do do khi tao
thanh mang, vung nay s€ cho 16p mang day ¢ ving
giita va mong dan ra vung xung quanh. Nhu vay két
qua md phong cho thdy, tbc d6 bom dung dich phai
nho hon 1,5 ml/phut. Tbdc d6 bom qua nho, cho sy
ddng déu mang tot tuy nhién s& lam giam tbc do ling
dong mang. Do d6 toc d6 bom dong dung dich téi wu
c6 thé chon ¢ khoang gia tri 16n hon 0.5 ml/phut dén
gia tri nhd hon 1,5 ml/phut.

Hinh 6. Sy phu thu¢c dién tich ving lang dong vao
toc d§ bom dung dich

4. Két luan

Bai bao trinh bay két qua mé phong qué trinh
phun phii nhiét phan hd trg rung siéu am bang
phuong phap phén tir hitu han. Ket qua md phong cho
thdy su anh hudng cua cac yéu t6 cong nghé dau vao
nhu 4p sudt khi mang, tbc d6 bom dung dich hay
khoang cach tir ddu phun dén dé t6i chat lwong cua
mang tao thanh trén dé.

Khi 4p suat khi mang nhé hon 60 1b/in hoic 16n
hon 80 Ib/in2, dong sol khi khong dong déu, dan dén
mang hinh thanh khéng déu. Khi 4p suit khi trong
khodng tir 60 dén 80 Ib/in2 , &6 phén tan hat sol dong
déut va tao duoc mang c6 chit luong tot. Két qua
khao sat cho thiy, khoang cach t6i uu tir dau phun
dén dé 1a 12 cm dén 15 cm va toc d6 bom dung dich
nho hon 1,5 ml/phat. Cac thong s6 t6i wu nay s& duogc
ap dung va so sanh véi $6 lidu thuc nghiém ctia mang
mong ché tao duoc trén hé phun thyc.
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Loi cam on

T6i xin giri 10i cam on dén truong PH Béch
Khoa Ha ndi d3 tao diéu kién thuén loi trong subt thoi
gian nghién ctru, cong ty c6 phan cong nghé tién tién
(advan tech JSC) di hd tro trong viéc sir dung phan
mém moé phong.
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