CAC SAN PHAM GOM SU
KY THUAT

o S

-GOm st k§ thuat mién nhiét do thap: k§ thuat dién ti.
-Nguyén liéu k¥ thuit, nguyén liéu ty nhién rat i,

-Yéu cau k§y thuat rat cao (d6 chinh xdc vé tinh chat, hinh
dang va kich thuGc).
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5.1 CAC SAN PHAM HE MgO-Al,0,-SiO,

= - Forsterit:2Mg0.S10,

= - Enstatit: Mg0.Si10,

= - Mulit: 3A1,0,.2S10,

= - Spinel: MgO.AlL O,

= - Hai hop chat ba phan hi
khi néng chay:

- Cordierit: 2Mg0O.2A1,0,.5S1

- Safirin: 4Mg0.5A1,0,.2Si0.
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Gim steatit, cordierit va forsterit.

s GOm steatit rit bén co, ton thit dién modi tgo
thap, trong k§ thuit cao tan.

s GOm cordierit a~15.10*K-!(thap), linh kién
chong soc dién & soc nhiét

s GOom forsterit chan khong kin, tgo thap & tan
sG cao. Hé s6 o cao, dung ndi rap v6i phan
kim loai trong k¥ thuit dién tir chin khong.
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steatite ceramic

= Pha thuy tinh: ngan tao _

klinoenstatite talc+dat (CaO, BaO:chat
sét+BaCO, chay)

= M6 rong khoang két khoi ’

= Khi sir dung protoenstatit _

doi1 thanh klinoenstatit : e e
Tao hinh &p ban kho |

s Bén cd, ton that dién moi '

tga thap, trong ky thuat
cao tin o NN

1350-1360 C Khé nung
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Thanh phan mét s6 loai gom hé

Nguyén liéu

Mg0-ALO,-SiO,

Thanh phan (%)

Steatit Steatit it ton hao Cordierit
Hoat thach 85 84 75 55 20 43
pat sét - - 15 13,5 41 35
Trang thach 7 - — - 14 —
BaCO, - 8 8 9 - -
Manhezit — — — 6 — _
Chat khac - — CaCO, Manh | silimanhit | Al,O,
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MPD FORSTERITE CERAMICS

o i ics-are-dense, fine grained, vacuum-tight
materials originally developed for use in hermetically-sealed
devices such as VED's (electron tubes), rectifiers, and vacuum
switches. Their unique combination of properties , however,
has led to broadly-increased usage.

MPD forsterites combine high mechanical strength, low
dielectric constant, and resistance to corrosion, with a unique
expansion characteristic ideally suited to ceramic-to-metal
sealing techniques. For example, the thermal expansion
characteristic of one of the patented forsterite composition
matches that of titanium metal over a broad range of
temperatures, permitting the manufacture of many devices for
critical high tech applications

om/tailieudientucntt
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Gach chiu Iura manhegi
forsterite
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Cordierite ceramic

Silicate ceramic Cordierite C410
Chemical composition: 3Al,05*2Si0,, Al,O;, SiO,

Property Value in metricunit Value in US unit

Density 2.1 *103 kg/m3 131.1 |b/ft3

Flexural strength 60 MPa 8700 psi

Thermal expansion g or-1 Py e o

(20 °C) 2.0*10 C 1.1*10 in/(in* OF)
Thermal conductivity 2.0 W/(m*K) 13.9 BTU*in/(hr*ft2*oF)

Dielectric constant 6 - 6 -
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Cordierite

CARTRIDGE
HEATERS &

McB PLATEs ENDSEALS  BAND HEATERS LAMP HOLDERS
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Engine-out gases:

NO,
HC
CcO

3-way
catalytic
converter

xX
HC
CO} Acceptable levels

H_O
CO,
other gases
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TWE Operation
MM e 'AC
Moot &0 oot
Pl anone-out g
oy, beorng 1% weo ¢

g e oy Oxidation and Reduction Process

. NO. > Ny v O, 0
haias it .
Quidaton: o,

."‘”f;'," > 1,0+ con ll

3-Way Catalytic Converter
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5.3 GOM TiO, VA TITANAT

lam tu dién. Yéu cau:
-&(e= 10 +300) cao (giam kich thudc tu).
- To"n thdt dién moi tgo thdp khi tan sé cao.
- £6n dinh véi nhiét dd, hodic bang khong (voi tu dung lugng lon
khong phu thudc nhiét do), hodc cé thé chon gid tri (-) hodc (+).
Phan nhom tu va cdc chat dién moi :

-Tuyén tinh: & khong phu thudc vao dién dp va tuyén tinh véi bién doi

nhiét do.

-Phi tuyén (dién méi sdt tit): € cao, phu thudc phitc tap vao nhiét do

va dién dp.

Vat liéu thudng € = 10, (gom liti € = 6).
Gom rutil € = 80 + 170

GoOm rutil da tinh thé € = 105.
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MgO.2110, 2MgO.2110,
A 4

L 4 de
edt
u o
5.3.1  Rutil _
¢ sdt
50 0
%
40 ‘ -100.10°
& \‘
0,10° 30 v = -200.10°
= Nguyén liéu 80 A o
. 0,10° 20 - -300.10°
+100% TiO,. A sl
0,10° 10 Top -400.10°
5 | b AZA'
. OMgO MgO'.TiO, 100MgO
900 _C - . 100TiO, 0TiO,  (mol %)
Anatas Rutil ,
3 3 Hinh 5.3 Nhiing tinh chét dién
3,99 /cm 4,25 g /cm

moi cia vét liéu hé MgO-TiO,

= ChAit tao déo: bentonite hoiic dat sét (~5%).

= Nung moi trudng oxy hda, k€t khoi hoan toan.

s €60 + 85.a <0, dung MgO, BaO lam ting Q.

= Cac phu gia phan tng tao titanat lam giam €.

= San phﬁ){n cong nghi€¢p:2MgO.TiO, (de/edT duong va
tuong doi nho)

°
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I KHI NUNG

3.03 eV
3.20 eV

Rutile Anatase
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Figure 2: XRD patterns of Ti0.. Calcinations at 980°C. 4h (B), 3h(C), 2h (D), 1h (E) and 0.5 hours (F)
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Rutile

wp : cis-coordination sites ==l : trans-coordination sites
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5.3.2 Titanat canxi CaTiO;

g tw nhién: perovskit. khong cé tinh tir tré
Ba2* va Pb2* tang kich thugc 6 mang cd sd. Ti** chuyén tir
trung tAm vao 0 mang, xudt hién dipol vinh ctu.
-T > 120°C ( iém Curie):14p phuong,
-T < 120°C: bon phuong.

€=150, gidm khi T tang. Khac phuc: thém phu gia tao
thanh phan: MgTiO; — CaTiO,; CaSnO; —CaTiOs;
CaZrO; — CaTiO; (doa ting theo nhiét do)

Cau trl’lc perovskit, tinh tir tré: KNbO,; KTaO;; LaGaO,...
Cé tir tré, khong perovskit: Cd,Nb,O,; LiTaO;; WO,...
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O, is arguably one of the le
interesting perovskite structure
compared to its more exotic
cousins. Nonetheless, one of
CaTiO5's main uses is as one of
major components in Synroc, a
synthetic rock form designed fc
the immobilization of radioactiv
waste, due to the ability to hos:
the nuclear fission product
strontium.
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Total Moms > Most common way of
in unit call e AX, ABX, drawing a simple perovskite

0990 — 00g0 — 09¢0 -040%¢

Starting from a face centered array of anions, the perovskite structure can be derived by
replacing one pair of adjacent anions (labelled as X) in the unit cell by a similarly sized
cation, referred to as the A-site cation. Smaller B-site cations can then be placed in
interstitial sites such that they are surrounded by six anions. This results in the formula
ABX;, which is the generic formula for a perovskite. A visual representation of this
transition is shown below where the A-site cation is indicated in orange, the B-site in
blue and the anions are red.

Starting from a face centered array of anions, the perovskite structure can be derived by
replacing one pair of adjacent anions (labelled as X) in the unit cell by a similarly sized
cation, referred to as the A-site cation. Smaller B-site cations can then be placed in
interstitial sites such that they are surrounded by six anions. This results in the formula
ABX;, which is the generic formula for a perovskite. A visual representation of this
transition is shown below where the A-site cation is indicated in orange, the B-site in
blue and the anions are red.
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5.3.3 Cac Titanat Bari

s I- Cdc hop chadt
trong hé BaO-TiO,

= Nim hogp chit:

-Ba hgp chat khi néng
cha7y bi phdn huy.

Diém eutecti thap
nhatla 1317°C.

-Ung dung pho bi€n
nhat1a BaTiO, va
BaTi,0O,.

—= Nhiét ds (°C)
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BaTiO;,

ien mo1 (twong tu PbTIO,).

£= 12000 (phu thudc T, dang thi hinh va thanh phan dung dich rin)

Pb2*; Sr2*; Ca2+; Cd?* thay thé Ba?*

Sn*+; Hf*+; Zr*+; Ce** va Th** thay th€ Ti**.

T<120°C (nhiét d6 Curie) ton tai tinh chat tré

Véi BaTiO,, 12 nhiét dd bi€n d6i thi hinh tif phuong thanh 1ap phuong. +50C

Day bi€n d6i thit hinh ctia BaTiO3 nhu sau:
Tam giac Truc thoi
Lap phuong Luc gidc

Tinh chit tré c6 & tit ca ciac dang thi hinh & nhiét dd thap. Trén e-T gi4 tri

cuc dai & 120°C (nhiét @6 Curie)

BaTiO; : hiing s6 dién mdi cao, phu thudc nhiét dd

Hiéu ¢ng tré: bdi mémen ludng cuc 6 mang va ving vi md (doment) chi ton tai

trong giG1 han xac dinh (vung) vdi sy dinh hudng ludng cuc di€n thich hgp mot

cach ngau nhién. Cac vung ton tai ty phat dudi nhi€t do Curie.

+120°C

bon phuong—

+1480°C
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2- San xudt BaTiO,
s Tt BaO va TiO, tinh khiét
s—Téng hop tir BaCO,

= BaCO, + TiO(

N e
\e !

= BaliO; +

"y
. \/
b
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3- Tu dién BaTiO;,

e ~ 10%: tu dién kich thudc rat nhd.

Dung 16p mang cach dién rit mong
phu Ién ban dan BaTiO;.

Ldp mong gla cong nh1et BaTiO,
trong moi trudng khir, tao bdn dan
BaTiO;, sau do oxy héa lai b€ mat.

S€ tao 16p gi161 han g1u’a hai phan
hat. Tu dién dang tam phang vG1L

ldp OXy hoa rat mong trén mat tAm
chat déo mong hoic 1a cht dién
moi gitta cac hat vat liéu BaTiO;.
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i 4- Gém dp dién BaTiO,

BaTiO; va nhi€u vat liéu dién tré khéc c6 tinh dp dién.
Do gom ciu tric da tinh thé tinh 4p dién chi the hién

trong mién dinh huéng ngau nhién va chi xué't hién duéi
tac dung tu truGng ngoai manbh.

Phdi thém phu gia PbTiO; (mang perovskit. T= 500°C
chuyén 1ap phuong sang bon phuong.

Gom mdéi: PZT (PbO-ZrO, —Ti0,) trén co s§ dung dich
rin hé PbZrO, — PbTiO;. (1t nhat 3% PbTi0,)

thay PbO bang SrO, BaO CaO va oxit cdc nguyén td
hi€ém (V1 du La,0O s€ tao PLZT)

S4n xuit bing phuong phdp ép néng hoic tao hinh véi
pha Iong.
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5- Bdn dan BaTiO,

+

s BaTiO, c6 tinh ban dan khi doping dat hi€m vdéi
(vi du 0,2% Gd,0,).
= Tranh nung moi trudng khu, téi mic tao Ti*.

= Trong moi trudng khur nhe, vat li€u cé tinh ban
dan. Vi duy, ban dan 2MgO.TiO,.
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Bang 5.3 Tinh chdt cdc gom ky thudt trén
& hop chdt ciia TiO,

Tén L33P L47N K47N KNPO | Rutilit | Negatit
TiO,
5 = CaSnQO, | CaSnO, | BaO.4TiO, . 4% CaTiO,
Thanh phan .CaTiO, | -CaTiO, | -Tio, | 229410 70| 1% zr0,
2
¢ 15,5 18,5 38 36 83 145
106 de/dT
(20-80°C, 1MHz) | +33 -47 -47 0 -750 | -1500
tg5.104 (1MHz) 3 3 4 4 3 3
Nhiét d6 nung 1370 1370 1300 1300 1350 | 1350

(°C)
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Gioi Thiéu

Piezoelectricity

Hi¢u irng thuan:

D=dT T ¢'E

Hi€u wng nghich:

S =s T%VdE

5/1/2021 35
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Qui Trinh San Xuat BCZT

ﬁO-CaO-ZrOZ—TiOZ

——

______ nghién cing ethanol
_____ 3hat80°C_
_Nghién cing Ethanol
__Tron, dong nhat, sdy
_@=12mm10MPa
5/1/2021 1350°C;2h
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Qui Trinh San Xuat BCZT
‘L BaO-CaO-ZrO,-TiO,

= Culi cung, dién cuc dugc ap vao cac bé mat thich
hdp cua san pham,va ching dudc phan cuc dudi
dién truong tu’ 3-10KV/mm.

BRIy )

Hinh 1.8: Ung xir ciia gom dp dién sau khi dwoc phdn cuec.

5/1/2021 37
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(a) random orlantation of polar {b) polarization in DC electric field () remanent polarization after
domaing prior to polarization o electric field removed

25t 2l 2t
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Figure 1. Piezoelectric crystals that are cut so that they exhibit the longitudinal effect (A)
are sensitive to compression forces. They are used primarily to measure force, pressure,
strain, and acceleration. The transverse effect (B) makes it possible to obtain a greater
charge by suitable shaping and arrangement of the piezoelectric elements, and is used
primarily in pressure sensors. Shear effect elements (C) are chiefly used in
accelerometers and 3-component force sensors. They have low base-strain sensitivity
(the amount of strains in an object under test that are transmitted via the base plate to
the sensor element) and a well-behaved response to rapid temperature changes
because these influences.act.in a direction perpendicular to the sensitive shear axis
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(A) (B) (C)

+ 4+ + +

++++ +
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Figure 5. The way the quartz crystal is sliced (see Figure 1) determines the behavior of
the finished sensing element. The piezoelectric effect can take one of three forms:
longitudinal (A), transverse (B), or shear (C).
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feramics based on mullite-corundum

= Metal moulds for metal casting
= Fixing plates for melting crucibles

= Dies for pressing articles from titanium
alloys

= Stoppers for metallurgical furnaces

= Bottom plates for the installations intended
for isostatic pressing titanium alloys
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Most piezoelectric accelerometers are made of quartz crystal, piezoelectric ceramics,
or, for high-temperature operation, tourmaline or lithium niobate. They obey Newton's
second law, F = ma, in that the force acting on the measuring element is directly
proportional to the acceleration produced. Available in a wide range of configurations
and operating specifications, these devices are used wherever shock or vibration is of

I n te re St . CuuDuongThanCong.com https://fb.com/tailieudientucntt
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