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I. Brief Introduction of MoSi2 material

The Molybdenum Disilicide was found in 1906. Under different conditions, the Silicon and
Molybdenum can be formed Mo3Si, Mo5Si3 and MoSi2. Among them, the MoSi2 can form
a thin and adhesive protective layer of quartz glass (SiOz2) on its surface to prevent further
oxidation under high temperature. MoSi2 has good high—temperature oxidation resistance
and excellent electrical conductivity. With melting point of 2030°C and density of 6.3g/cm3
and various good high—temperature performance, it is identified as a kind of ultra
high—temperature structural material with great potentiality.

MoSi2 is a kind of chemical compound of Silicon and Molybdenum. Because the radiuses
of its two atoms are little different and the electro—negativity of the said atoms is relatively
close, MoSi2 has properties similar to metal and ceramic. At the low—temperature stage,
the MoSi2 material has higher strength but greater brittleness (similar to ceramic); when
the temperature reaches above 1000°7C, it also has the plasticity like metal.

The MoSi2 was mainly applied as coating protection material that is resistant to high
temperature and corrosion on metallic matrix surface at early stage. It was firstly used in
coating of spare parts of gas turbines, combustion chambers of jet motors and guided
missiles. At present, the MoSi2 material is mostly used in high temperature electric heating
elements, bubble pipes of glass tank furnace, thermocouple—protection tubes and high
temperature resistance and oxidation resistance powder.

Il. Introduction of MoSi2 Series Products

1. Classification of MoSi2 Electric Heating Elements

Product
serial
No.

Judgment
standard

(Air environment)

Product features

Compact and good element protective layer;

Application range

Max Element 3 .
TC1700 | te — Common MoSi> products apply to low Al>O3, SiOz and other
£ 2 temperature electric furnaces. especially materials sintering
1700°C g X
special atmosphere electric furnaces:
Compact and good element protective layer:
The product density and heat resistance
TC1800 improve greatly comparing with TC1700
Max Element products; High-purity materials
ture Furnace temperature within 1650°C; (AL20s, SiO2, ZrOa,
1800C Compact and good element protective layer; Y>0;3and ITO) sintering
Heating MR1800 'I"he high temperature strength is slightly
1 : higher than TC1800 products;
element Furnace temperaturewithin 1700°C.
Max Element High compactness and purity; 1;?8'“1 mda;ztrgl)s (MgO.
TC1850 | temperature The temperature resistance degree improves Sil_l tesri? 3
1850C and it can bear large surface load; =
High temperature
High compactness and purity: electric furnaces having
Max Element Good high temperature strength; special requirements on
TC1900 | temperature Very thin protective layer with good high temperature
1850°C performance; strength and protective
Can bear large surface load: layer of electric heating

2. Introduction of Dedicated Heating Element

Product name

Main features

Application

Maximum operating
temperature

Ded{cated 1. The compact and complete element protective layer Electric fu

heating can well resist the corrosion of special atmosphere; e;e < u-nat':e_s : Element
elemgm for 2. The protective layer has strong regeneration capacity L;; . z‘m oxidizing (empfrature
special SR oRidateL and high temp s atmosphere 1700°C
atmosphere




-

1. The heating element has high purity. which can reduce the m:;:;:iem:m

impurity content to the utmost extent; on heating elements such Element
Dedicated 2. The product has good high temperature strength, which can el e temperature:
heating element bear greater surface load under high temperature; dentistry: 1850°C
for dental furnace :n ;'ljx-:s }:mduct can adapt to elecmc fumaces with frequent use et hnaces i aet (air environment)

4. The pm!;hve layer of heanng element is thin and compact, deczusl mmﬁl: Krcasing and

g, frequent use and

which can avoid it from falling off during using to a large extent. short sintering period

1. This product is precision machining with higher heating power

and it can provide uniform thermal field for electric furnaces;

2. Corresponding shapes can be manufactured based on operating
Bedicafodhealing requirement o_f customers. This pn_:duc.t can maintain a certain Elecmc furnaces for Element
eletnent foF performance in use with long service life; ! wafers;
SEHICHRREOE 3. Comparing with the metal wire, it can bear greater surface Cylm_der-shaped 1700°C

load and rapid temperature increasing system (fast cooling and electric furnaces; (air environment)

temperature increasing):

4. It can match with various dimensions of wafers from small

size to large size, namely multi-application.

5. It can ensure the cleanness of relevant equipment if being used

under high temperature.

1. It is specially designed for ITO electric furnaces and it can bear

greater surface load;

2. The product has high purity and the impurity content is reduced
Dedicated heating | tO the utmost extent so as to ensure the cleanness of electric fumaces. ITO target material | Element .
element for ITO | 3- The junction state between the heating element protective layer sintering electric temperature:

and matrix surface is improved through special treatment so that the | furnaces 1800°C

protective film is not easy to fall off when using the heating element; (air environment)

4. The junction state between the heating element protective layer

and element matrix surface is very good so that it is very suitable

for high oxidizing gas atmosphere furnaces.

5. Good high temperature strength and low deformation probability.

Le

3. Range of MoSi2 Electric Heating Elements

Product standard specificatiol 00
diameter-mm Cold Zone 8 MR1800 -
3 6 ~ N N N N
4 9 v v N ~ v
6 12 ~ ~ ~ < N
9 18 v v ~ ~ x
12 24 ~ ~ X x X

@ Note: the above types are products of standard types. We can negotiate if you need special
diameters (such as hot zone (Le) diameter 5mm or 7mm) or special specifications (such as hot zone
(Le) diameter 6mm or cold zone (Lu) diameter 9mm).

Le bent 90°

4. Dimension of MoSi2 Electric Heating Elements

Ly=l+k+m

Lu bent 90°

a= aj+ap+ag

o
[(F
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Parameters of Processing Standards

Element a-mm
specification d—-mm m f=mm
3
4
6/12 6 12 50 25 25 45 15 90 70
9/18 2 18 60 35 32 75 20 135 110
12/24 12 24 30 50 40 100 35 / /

5. Special-shape MoSiz2 Electric
Heating Elements

The special-shape MoSi2 electric
heating elements can be customized
according to user requirement. Our
special-shape products have stable
quality and good performance, and
they are especially widely used in
semiconductor wafer industry and
unanimously prized by users.

6. Classification of Bubble Pipes

The bubbling tube of MoSiz> material have thermal shock resistance, high temperature
resistance and oxidation resistance. Therefore, they are not easy to be corroded in glass
solutions and they do not contaminate glass solutions; therefore, they are the best choice for
bubbling of glass tank furnace at clarification stage.

— 05—

Our company can produce the following several models of bubbling tubes. Please provide
technical parameters of special models for specific negotiation.

Hole diameter-mm Outer diameter—mm Quantity of inner hole: 1
3 1
it 12 4
2 2
3 1
1 1 4 5
1 16 5
5 10 3
8 14 1

@ Note: Thermocouple—protection tubes can be processed by those with hole diameter above 5mm.

6. MoSi2 Powder

The MoSi2 powder is mainly used in high temperature resistance and oxidation resistance
coating; it can also be compounded with other materials to improve performance.

Technical Parameters of MoSi2 Powder

Particle size

Principal Second Main impurity composition
phase phase

Power
purity

Dso
<5.0um | <15um

<0.1% | 0.01% | 0.011% | 0.2% |

lll. Performances of MoSi; Electric Heating Elements

1. Physical properties of MoSi2 Products

Brslet Densiy-glome inderoor w0 Herdhess-GPa  Compression,  Waler | Themal,
TC1700 5.840.1 450 B >1500 =0.2% 4
TC1800 6.0+0.1 500 12 >1500 =0.2% 4
MR1800 5.940.1 420 4.5 >1500 =<0.2% 4
TC1850 6.6+0.1 460 11 >1500 =0.2% 4
TC1900 7.00: 1 360 10.5 >1500 =0.2% 4




Variation Relation with Temperature of Electrical Resistivity of MoSi2
Products

As a kind of metal ceramic resistor element, the electrical resistivity of the MoSi2 heating
element increases with temperature rising and has fixed value under relatively fixed
temperature. Therefore, heating elements of the same specifications have different
resistance values under different temperature. Thus, the electrical resistivity feature shall

be fully considered in designing electric control parts of MoSi2 heating elements.

Temperature Comparison Table of Electrical Resistivity of Heating Elements of Torch Brand

emperature  Electri vity of
type 170 /m)  type 1850 (Q mm

20 0. 306 0. 286 0.321 0. 263
100 0.448 0. 398 0. 447 0. 366
200 0. 622 0. 550 0. 605 0. 506
300 0.816 0.724 0.789 0. 666
400 1.020 0.907 0. 980 0. 835
500 1.224 1.102 1979 1.015
600 1.418 1. 306 1.384 1.203
700 1.632 1. 509 1.584 1.393
800 1.846 1.714 1. 800 1.584
900 2.071 1.918 2.014 1.774
1000 2.285 2.142 2.249 1.990
1100 2.499 2. 366 2.484 2:212:
1200 2.734 2.601 2.731 2.442
1300 2.968 2.836 2.978 2. 680
1400 3.223 3. 050 3.203 2.913
1500 3.488 3.315 3.481 3.202
1600 3.743 3.570 3. 749 3.488
1700 4.029 3. 805 3.995 3. 759
1800 4. 060 4.263 4.019

Electrical resistivity © *mm?emn?

Variation Curve with Temperature of Electrical Resistivity

100 103 30C 500 700 900 1100 1300 1500 1700 1900
Temperature of heating element (°C)

——Type 1700 ——Type 1800 —— Type 1850 —— Type 1900



3. Maximum Recommended Element Temperature in Different Atmospheres

Atmosphere Type 1700 Type 1800 Type 1850 Type 1900
Air 1700 1800 1830 1850
N, Nitrogen 1600 1700 1700 1700
He Ar Ne Argon, Helium 1600 1700 1700 1700
H; -80°C Dry Hydrogen (dew point) 1150 1150 1150 1150
H, -20°C wet Hydrogen (dew point) 1450 1450 1450 1450
Mixed gas (e.g. 10%CO2, 50%CO and 15%Hs) 1600 1700 1700 1700
Mixed gas (e. g.40%C02 and 20%C0) 1400 1450 1450 1450
Cracked and partially burnt ammonia (8%Hz) 1400 1450 1450 1450

IV. Precautions for Installation of MoSi2 Electric Heating Elements

MosSiz Electric heating element is a kind of metal ceramic
material, under room temperature, similar to ceramic and
has great brittleness and relatively low impact resistance.
So please be careful during transport and installation of the
element to avoid damage. Under high temperature, it has a
certain soft plasticity. Thus, when generally used for
electric furnace, the u—shaped element is usually vertically
suspended to the top of the furnace by a clamp. This kind of
installation is to avoid mechanical stress adding to the
Electric heating element otherwise may cause element %

fI;aC::I:cting and installing MoSiz heating

element, please.pay attention to the following Figure 1. Installation diagram for
dimensions (Lc): comon U-shape heating element in furnace

1. Furnace top size (Lc) of electric heating element cold zone

The furnace top part Lc of electric heating element cold zone is mainly used to install and fix
the contact clamp and connecting aluminum braid of electric heating element, so data of this
part varies from different electric heating elements, refer to the following data:

Element specifications

ltems @ 4/9 ®6/12 ©9/18 ®12/24
Furnace top size-Lc 50 50 75 125 150
Transition section length-g 15 20 25 32 40
Cold zone length-Lu LetLitg

® Note: In above table, Lc is the minimum value, It is suggested to lengthen it based on actual
furnace conditions; Li stands for the top thickness;

Transition section (g) should be inserted inside the furnace, to avoid the case that heat can
not emit and resulting in damage of the transition section.

U-shape Lu 45° Lu 90°

2. The distance between the electric heating element hot zone and the
furnace bottom (h)

When installing the electric heating element, the cold zone transition section (g) should enter
inside the furnace. If the cone part remains in the furnace top, it may cause poor heat
dissipation resulting in heat accumulation and overheating damage. It should also be noted
that the heating element will have a certain thermal elongation under high temperature.
Therefore, when installing, it is necessary to keep certain distance between the heating
element and furnace bottom (h). Generally, the distance can be calculated as follows:

h> Le/20 (when Le is less than 200mm, h = 10mm).

3. The vertical installation distance of the electric heating element to

the furnace wall (e

Working under high temperature, affected by electromagnetic force and other factors, there
will be certain deformation on Electric heating element hot zone. If the heater is installed too
close to the furnace wall, it may reach the furnace wall, causing reaction with the furnace wall
materials or poor heat dissipation and overheating damage. So the electric heating element



installation location should be considered since furnace design stage, to make sure a
reasonable distance between the electric heating element and furnace wall. Based on the
hot zone length, refer to the following data:

Hot zone length-Le >1000mm 300~1000mm <<300mm

Distance from hot zone to furnace wall-e Min. 50mm Le/20 Min. 15mm

4. Precautions for Installation and Distribution of electric Heating Elements

Under high temperature, the electric heating element will have plasticity. Generally, the
working current is large, the electromagnetic force makes the hot zone hunch outwardly.
Improper installation will make the adjacent two heating elements get together, or make the
heating element reach the furnace wall. Therefore, please take this into consideration in
designing the furnace and electric heating element. Please refer to the following graphs for
specific solutions:

It can be seen from the above two graphs that the deformation of hot zone gets greater as
the hot zone getting longer and the surface load getting higher. Thus when designing
installation, we should set the furnace and Electric heating element according to the
calculating methods in the graphs.

Therefore, we suggest the users reduce the load on the surface of the MoSi2 heating
elements in designing and using them, (according to actual conditions of the electric furnace,
it is better to maximally allocate the Electric heating element and select greater diameter of
the hot zone as possible at design stage.) The suggest surface load of Torch 1700 type
products under 1300°C furnace temperature is below 13.5w/cm?. The suggest surface load
of Torch 1800 type products under 1600°C furnace temperature is below 11.5w/cm?. And the
suggest surface load of Troch 1850 type products under 1720°C furnace temperature is
below 12 w/cm?. If conditions permitting, lower surface load will significantly improve Electric
heating element lifespan, reduce the temperature gap between Electric heating element and
furnace, and better guarantee the uniformity of the thermal field of electric furnace.

5. The Electric Heating Element Contact Clamp
and Aluminum braid Installation note

Pictures of the electric heating element Contact Clamp
and Aluminum braid are shown in Figure 1:

The installation steps are shown in Figure 2:

Remove the packaging pitch plate of the electric heating
element and adjust the size of the hole of the Contact
Clamp to let the electric heating element cold zone go
through.

Figure 1 Heating element Contact
Clamp and Aluminum braid

Adjust the position of the electric heating element and
the fixed contact clamp and tighten the fixing screws on
the clamp (as shown in Fig. 3). The electric heating
element is very brittle in cold state, pay attention not to

twist the electric heating element and avoid brittle | s——
fracture. Spray aluminum parts should stay a little above ) . ]
the clamp to avoid extreme temperature on these parts Figure 2 Electric heating

S : i : element and Contact Clamp
causing low temperature oxidation and aluminum melts

and erodes the cold zone.

Tighten screws of contact clamp. Otherwise, as the
electric furnace temperature increases, the fixing
screws may loosen as a result of thermal expansion and
cause the heating element slides by gravity, the heat
end distorts and even element fracture. So in initial
installation, after electric furnace heating up, please
tighten the screws again (If the heating cycle is short,

please tighten again after cooling.) Figure 3 Tighten the
" < " " . fixing screws
Installation of Aluminum braid: Adjust the aluminum

braid hole to make it slightly larger than the diameter of

the terminal zone. Fix the aluminum braid to spray aluminum parts, and fasten the screws.
Thermal expansion and contraction of aluminum braid or screws also happens to this part in
use causing poor contact between aluminum braid and electric heating element and
produces heat and even electric arc, which may lead to low—temperature oxidation or arc
welding. So to avoid such problems, the fixing screws on the aluminum braid also have to be
fastened again after the electric furnace starts.

The following picture shows the common methods to
mount heating element on the top of refractory fiber
furnace: to slot on top, add heat preservation module
to the middle of heating element terminal zone, and
then put the whole installed heating element into the Figure 4 Aluminum Braid installation
furnace from the top.




V. Precautions for Use of MoSi2 Electric Heating El S

MoSi> materials possess excellent high temperature oxidation resistance, conductivity, high
temperature stability, convenient to use and control, and other excellent performance. However, due to
some of its nature features, we must pay attention to its usage, or the MoSiz electric heating elements
are easily damaged by improper use.

1. Low Temperature Oxidation Property of MoSi2

MoSiz> material has excellent high temperature oxidation resistance, but under lower temperature,
especially 400-700 ‘C, there will be low temperature oxidation and pulverization, so we should avoid

long—term use of the elements in 400-700 C.

Here we give an example to show how to set the control parameters of the temperature control meter.
For example, there is an electric furnace with 9pcs @ 6/12 heating element, which is divided into three
groups and each group with three heating elements in star connection, single element's working
parameters as: 10V-150A-1500W, 35V voltage and 180 A current outputted from the transformer is

2. Resistance Property of MoSi2 Electric Heating Elements

From the foregoing section 3.2, we have learnt that the electrical
resistivity of MoSi2 electric heating element increases with
temperature increase. And the resistivity under high temperature is
about 10 times lower than that under low temperature.

Compared with metal heating wire, the MoSi2 heating element
has much smaller electrical resistance and works with low voltage
and high current, so in general conditions, a transformer is
required. The problem is that the electrical resistance of a MoSi2
heating element of a certain specification under low temperature
is about 1/10 of that under high temperature. If we directly load a
high voltage, the element current will become 10 times of that
under high temperature. This will cause current shock to the

electronic control part and the heating element. And this usually
occurs to the electric furnace at the beginning of power
transmission and heating—up. When the furnace temperature fails
to keep up with the set temperature, the power regulator will make
maximum power output, causing the low temperature and low
electrical resistance heating element to load high voltage and
make high current (The heating—up of the heating element
requires a time range.). Generally, we design to control the
element loading a voltage under low temperature of no exceeding
1/3 of its working voltage. Or if there is current-limiting function,
we limit the current no exceeding of the specified element working
current.

loaded to the three heating elements, silicon controlled regulation (power regulator). Heating system
and temperature control meter parameters are set as follows:

Heating System Temperature Control Meter
Remarks

Heating time-min Specified Temperature =T power Limiing -F  Maximum Output Voltage -V

30 300 20~30% 7~10.5 Mainly to limit output voltage of the
60 1000 100% 35 initial heating-up stage, avoid current
77 TE00 0% 85 shock, and if there is current limiting

function, you may set the
............ current not to exceed 150A.

In this way, it can effectively prevent current shocks at the initial heating—up stage. Especially when the
heating element is used for a long time, its internal structure will change and become greater in
brittleness. If the current shock is large, the heating element is very brittle to fracture. Be more careful
for this setting.

The electrical resistivity of the MoSiz heating element does not change with the increase of using time,
so that the old and the new elements can be used at the same time, which can greatly reduce the user's
use cost.

3. High Temperature Softening Property of MoSi2 Electric Heating Element
From the previous chapter, we have learnt that under low temperature the MoSi2 material has higher
intensity but higher brittleness (similar to ceramics). In high temperature above 1000 C, it also has a
metal-like soft plasticity. As MoSi» Electric heating elements are usually operating under higher
temperatures, we should consider the impact of its soft plasticity, and avoid element damage by high
temperature deformation.

For example, when using the element horizontally, the working temperature should be reduced
accordingly, because as the temperature getting higher, the soft plasticity would become greater and
the large deformation would occur to it. So not only the support of the plate but also heat dissipation of
the element should be considered. For L-type elements, we have to consider deformation affected by
gravity, which will cause the element touching the furnace wall and damaged. So please pay special
attention in design and installation.

4. The protective film characteristic of MoSi2 electrical heating element

The surface protective layer of MoSiz Electric heating element is a layer of SiO2 glass layer, under high
temperature, it can prevent the internal MoSiz matrix material from continuously oxidizing. This is the
high temperature oxidation resistance feature of MoSi2 material. However, due to the expansion
coefficient difference between the SiO2 surface glass layer and the MoSi, matrix material, the
protective layer will peel off during the cooling or heating in an intermittent oxidation atmosphere
furnace. This is also a nature feature of the MoSi2 Electric heating element.

When used again in the oxidation atmosphere, the surface protective layer will be generated again; this
is the self-healing function of protective layer.

VI. Electrical Data of MoSiz Electric Heating Elemen
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Power:W

Heating Element Temperature:1500°C

Furnace temperature:1300C

Q

(1500C) :

Element Resistance:
Working Voltage:V

Heating Element Current:150A
Surface Loading:13. 5W/cm’

Shank Distance:50mm
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Q

(1500C) :

Element Resistance:
Working Vol tage:V

Power :W

1900 type @ 6/12U shape working parameters

Heating Element Temperature:1850°C
Furnace temperature:1800C
Heating Element Current:130A
Surface Loading:10. 5W/cn?

Shank Distance: 50mn
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0.141
2404
0.142
0.143
2430
0.144
187
2443
0.145
2456
0.145
2469
0.146
19.0
2495
0.148
2521
0.149
2547
0.151
2573
0.152
0.154
20.0

2417

2167
0.128
2180
0.129
2193
0.130
16.9
2206
0.131
219
0.131
2232
0.132
172
2258
0.134
2284
0.135
2310
0.137
2336
0.138
2362
0.140
182

0.120

1982

0.117
1995

0.118
2008

0.119
2034
0.120
2060
0.122
2086
0.123
2112
0.125
2138

0.126
0.128
16.6

2021

1771
0.105
1784
0.106
1797
0.106
1810
0.107
1823
0.108
1836
0.109
1862
0.110

1940
0.115
1966
0.116

0.113
15:1

1593
0.0%
1606
0.095
0.09%
125
1632
0.097
1645
0.097
1658
0.098
1684
0.100
1710
0.101
1736
0.103
1762
0.104
1788
0.106
138
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1435
0.085
11.0
1448
0.086
1461
0.086
112
1474
0.087
1487
0.088
114
1500
0.089
11.5
1526
0.090
1552
0.092
1578
0.093
1630
0.096
125
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0.076
1296
0077
10.0
0.077
10.1
0.078
102
1335
0.079
1348
0.080
1361
0.081
10.5
1387
0.082
1413
0.084
1439
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111
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9.1
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92
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1236
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1249
1262
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1288
0.076
1314
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103
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0.071
1222
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1032
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1045
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1071
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82
1097
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8.6
1149
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6.9
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7.1
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GiE)
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74
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0.059
7.6
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914
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1044
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0.048
6.2
821
0.049
6.3
834
0.049
847
0.050
6.5
860
0.051
6.6
873
0.052
6.7
886
0.052
6.8
912
0.054
938
0.056
T2
0.057
74
0.059
1016
0.060
78

0.041
0.041
0.043
5.6
0.044
7
0.044
58
0.048

687
700
713
5.5
726
739
752
778
6.2
830
0.049
64
856
0.051
882
0.052
6.8
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VII. Overview of MoSiz Electric Heating Element Fixture

The accessory for MoSi2 electric heating element mainly includes fixing and conductive
spare parts. The fixing spare parts are mainly contact clamp, the specification of which
varies based on the electric heating element diameter, center distance and other
parameters. Generally, we have standard size spare parts and any special requirement
may depend on our further communications. Conductive spare parts are weaved
aluminum braid, main function of which is to connect heating element and wires, the
specific specifications can be selected as per user's requirement and the special
specification ones can be customized.

1. Contact Clamp

2. Aluminum braid

3. Clamp ring and stainless steel clip




