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|. Brief Introduction of MoSi2 Material

The molybdenum silicide was found in 1906. Under different conditions, the silicon
and molybdenum can be formed Mo:Si, MosSis and MoSi-.. Among them, the MoSi. can form a
thin and adhesive protective layer of quartz glass (Si0)on its surface to prevent
further oxidation under high temperature. MoSi. has good high temperature oxidation
resistance and excellent electrical conductivity. With melting point of 2030°C and
density of 6.3g/cm® and various good high temperature performance, it is identified
as a kind of ultra high temperature structural material with great potentiality.
MoSi: is a kind of chemical compound of silicon and molybdenum. Due to the small
difference in the radius of the two atoms and the close electronegativity, it has
properties similar to those of metals and ceramics. At the low-temperature stage, the
MoSi: material has high strength but high brittleness (similar to ceramic), when the
temperature reaches 1000°C and above, it also has metal like soft plasticity.

The MoSi. 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 MoSi: 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.
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h MoSi2 Series Products

1. Classification of Yantai Torch MoSi2 Electric Heating Elements

; Judgment Standard e
; Product Serial No. Pl Product Features Application Range
ype 2 (Air Environment) PP g
EYsiisits Compact and good element protective layer;
1C1700 Temperat€ry Common \lﬂSie»plT‘»ducﬁ apply \r») low I!‘llvp.nr— Al03, SiOs and other
1700°C ature electric furnaces, especially special materials sintering
atmosphere electric furnaces
Compact and good element protective layer;
The product density and heat resistance
TC1800 improve greatly comparing with TC1700 ) . .
o roicie: High-purity materials
ement ! oA -
2 sierrs (ALO3, SiO2, ZrOz, Y203
Temperature Furnace temperature: within 1650°C e
1800°C and ITO) sintering
Compact and good element protective layer;
Heatlng The high temperature strength is slightly
MR1800 higher than TCI800 products;
Element Furnace temperature: within 1700°C.
Element High compactness and purity; Dental materials (MgO,
TC1850 Tcmp?raturc The temperature resistance degree improves Y203 and ZrOs) sintering
1850°C and it can bear large surface load
High compactness and purity; High temperature electric
Element Good high temperature strength; furnaces having SP;‘?ia}:
TC1900 Temperature Very thin protective layer with good requirements on g
1850°C f i temperature strength and
performance; protective layer of electric
Can bear large surface load heating eleménts

2. Introduction of Specialized Yantai Torch Heating Element

Maximum Operating

Product Name Main Features Application Temperature
E]edi(_:ated 1. The compact and complete element protective layer [ Electric furnaces Element
pAlLIg can well resist the corrosion of special atmosphere; o

7 F g i § I temperature
Llemgnt for |9 The protective layer has strong regeneration under norr-oxidizing mpf
Special capacity under oxidation environment and high | atmosphere 1700° €
Atmosphere

temperature conditions.
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A Precise electric furnaces
L. Thevheatmg element has high purity, which can reduce the having higher réquirement )
impurity content to the utmost extent; ; Element
o ok 5 : onheating lementssuchas
Specialized 2. The product has good high temperature strength, which can R X temperature:
Heating Element bear greater surface load under high temperature; clectri umacesfor dentisey 1850° C
for Dental Furnace | 3 The product can at?lapt to ‘clcctric furnaces with frequent use Electric furnaces with fast (i)
and fast temperature increasing and decreasing; temperature increasing and
4. The protective layer of heating element is thin and compact, decteasing, frequent use
which can avoid it falling off during using to a large extent. and shortsintering period
1. This product is precision machining with higher heating power
and it can provide uniform thermal field for electricfurnaces;
2. Corresponding shapes can be manufactured based on operating
requirement of customers. This product can maintain a certain Electric furnaces for Element
.\‘pccmllmjd Heating | performance in use with long service life; semiconductor wafers; | temperature:
Element for 3. Comparing with the metal wire, it can bear greater surface load 1700°C

Semiconductor

and rapid temperature increasing system (fast cooling and temper-
ature increasing);

4. It can match with various dimensions of wafers from small size
to large size, multi-application.

5. It can ensure thecleanness of relevant equipment if being used

under high temperature.

Cylinder-shaped electric

furnaces;

(air environment)

Specialized Heating
Element for ITO

1. Itis 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
10 the utmost extentso as to ensure the cleanness of electric furnaces;
3. The junction state between the heating element protective film and
matrix surface is improved through special treatment so that the
protective film is not easy to fall off when using the heating element;
4. The junction state between the heating element protective film 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.

ITO target material
sintering electric furnaces

Element
temperature:
1800°C

(air environment)

3.Range of Yantai Torch MoSiz Electric Heating Elements

Product Standard Specifications 1800
TC1700 TC1850 TC1900
Hot Zone(Le) Diameter-mm  Cold Zone{Lu) Diameter-mm TC1800 MR1800
3 6 v J N v
4 9 v J J N V
6 12 v v v N v
9 18 v N v 4 X
12 24 N V X X X
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4.Dimensionof Yantai Torch MoSi2 Electric Heating Elements

@ Note: the above types are standard products.6.If special diameter or specification is required, it can be
negotiated (such as hot zone (Le) diameter 5mm or 7mm or hot zone (Le) diameter 6mm and cold zone
(Lu)-diameter 9mm).

E'em,e . -mm C-mm asmm g-mm mm h—-mm D=om

Specification Standard  Minimum Standard Minimum
3/6 3 6 25 10 15 30 10 40 35
4/9 4 9 25 18 20 30 10 50 45
6/12 6 12 50 25 25 45 15 90 60
9/18 9 18 60 40 32 75 20 135 80
12/24 12 24 80 45 40 100 35 150 120
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5.Yantai Torch Heating Modules and Special-Shaped MoSi2 Products

Torch heating modules consist of vacuum formed ceramic fiber material with the integral Yantai
Torch MoSiz heating element. The heating modules includes spirals (YIMU), half cylinders (YTHC)
and flat panels. Customers could choose the appropriate module according to the requirements, or
customize .the module according to the specific requirements.

N

5.1Features of Heating Module

@ The temperature of oxidation atmosphere furnace
can reach 1550C;
Can be adapt to rapid temperature rise and fall;

Provide high quality uniform thermal field;

The module is easy to install and can be assembled
and used flexibly;
@ Various shapes can be customized according to the

needs of electric furnace.

5.2Application Fields of Heating Module:

Metal products heat treatment and processing, glass industry (feeding and melting link) ,
ceramic industry, electronic industry (single crystal growth furnace, diffusion furnace,

IT0 sintering), etc.

5.3Yantai Torch Heating Module Series Product Type:

Yantai Torch heating module can be customized with different shapes and powers according to
the furnace type and sinter, and the requirements of thermal field and power can be satisfied

by different shape and diameter of heating elements.
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5.3.1Yantai Torch Heating Module Series Product - YTMU

Option A

Option B

Option A Option B

YT TORCH

YTMU-®3/6 Heating Element, Element Temperature 1300 C , Furnace Temperature 1400 C, Surface Loading 8.2w/cm’?, Current 42A

Refractory Size

Furnace Effective Elément Electrical Parameters = Shape Data of Heating Element

Type  Module i
Type Height/mm 1D/mm Diameter/mm Votage-V Resstas-0  Power-W | Tums | Plctmm  SodEndCenter

A _ 34.5 | 0.821 1450 [13.5 15 203
YTMU40 250 40 240 30

B 35.7 | 0.850 1500 11 15 210

A Z 50.1 | 1.192 2100 [13.5 15 203
YTMU60 250 60 260 50

B 51.9 | 1.235 2180 11 15 210

A 65.7 | 1.563 2760 [13.5 15 203
YTMUBO 250 80 280 70

B 68.1 | 1.620 2860 11 15 210

A 81.3 | 1.935 34100 |13.5 15 203
YTAU100] 250 100 300 90

B 84.2 | 2.005 3540 14 15 210

A - = = 100.7] 2.399 4230 [13.5 15 203
VTAU125 250 125 325 115

B 104. 4| 2,487 41390 14 15 210

A 120. 2 |2, 863 5050 |[13.5 15 203
YTAU150, 250 150 350 140

B 124071 2. 968 5240 14 15 210

A 159.2| 34791 6690 13.5 15 203
YTA1'200 250 200 100 190

B 165. 1) 3. 930 6930 &) 15 210

Note: Size of heating modules can be customized according to the customer requirement, heating element could be TC1700, TCI800 or MRIS00 type.

Refractory Size

YTMU-d3/6 Heating Element, Element Temperature 1600 C, Furnace Temperature 1500 C , Surface Loading 9.4w/em? Current 43A

Element Electrical Parameters ~ Shape Data of Heating Element

Type  Module Furnace Effective
Type Height/mm ID/mm oD/mm Diameter/mm Voltage-V  Resistawe-0  Power-W  Tums  Pichimm g‘“““af;‘gg;‘“e'

A 38.5 | 0.895 1650 13.5 15 203
YTAU40 250 40 240 30

B 39.9]0.927 | 1710 | 14 15 210

A 55.9 | 1.301 2410 |13.5 15 203
YTMUB0 250 60 260 50

B 58.0 | 1.348 2490 14 15 210

A 73.4 [ 1.707 | 3160 |13.5] A5 203
YTAUSO 250 80 280 70

B 76. 1 1. 769 3270 14 15 210

A 90.8 | 2.113 3910 |13.5 15 203
YTAU100] 250 100 300 90

B 94.2 | 2. 190 4050 14 15 210

A N N 112.7| 2.620 1810 [13.5 15 203
YTAUL125 250 125 325 115

B 116.8| 2.716 | 5020 | 14 15 210

A 134.5] 3.128 5780 |[13.5 15 203
YTMU150 250 150 350 140

B 139.4] 3.243 5990 14 15 210

A _ 1781 40143 7660 13.5 15 203
YTMU200 250 200 400 190

B 184. 7| 4.295 7940 14 15 210

Note: Size of heating modules can be customized according to the customer reguirement, heating element type MR1800.

®4/9 or $6/12 heating element could meet higher power requirement.
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5.3.2Yantai Torch Heating Module Series Product - YTHC

A) B) c)

N A
(T T

YTHC-3/6 Heating Element, Element Temperature 1300 C , Furnace Temperature 1400 C, Surface Loading 8.2w/cm ! Current 42A

Refractory Size Element Electrical Parameters | Shape Data of Heating Element

Module Furnace Effective

Type Helght/mm 1Dimm Diameter/mm Volage-V Ressance=0  Poyer-yl | {74 Humber ol H L
YTHC100| A/B/C 200 100 300 85 22.4 ] 0.533 910 7 150
YTHC150| A/B/C 200 150 350 135 34.0 | 0.809 1427 11 150
YTHC200| A/B/C 200 200 400 185 45.6 | 1. 086 1916 15 150
VTHC250( A/B/C 200 250 450 235 57.4 | 1.366 2409 19 150
VTHC300| A/B/C 200 300 500 285 68.9 | 1.641 2895 23 150
YTHC400| A/B/C 200 400 600 385 86.8 | 2.066 3644 29 150

Nate: Size of heating modules can be customized according Lo the customer requirement, heating element could be TC1700, TCI800 or MRIS00 type.

YTHC-®3/6 Heating Element, Element Temperature 1600 C , FurnaceTemperature 1500C , Surface Loading 9.4w/cm? Current 43A

Refractory Size

Element Electrical Parameters  Shape Data of Heating Element

Type Module Furnace Effective
Type Height/mm 1D/mm Diameter/mm Vologe-V Ressanos-0  Pover-y | [otalNumborol | Height of Heating
YTHC100[ A/B/C 200 100 300 85 25.5 | 0.607 1072 g 150
YTHC150( A/B/C 200 150 350 135 38.8 | 0.924 1629 11 150
YTHC200] A/B/C 200 200 400 185 52.2 | 1.242 2191 15 150
YTHC250| A/B/C 200 250 450 235 65.6 | 1.562 2756 19 150
VTIC300[ A/B/C 200 300 500 285 78.9 | 1.878 3313 23 150
VTHC400[ A/B/C 200 400 600 385 99.3 | 2.365 4172 29 150
Note: Size of heating modules can be customized according to the customer requirement, heating element type MR1800.

®4/9, 6/12 , 9/18 or 12/24 heating element could meet higher power requirement

D)
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5.3.3 Yantai Torch Heating Module Series Product - Flat Panels

Flat panels heating modules can be customized 3/6, 4/9, 6/12, 9/18 or 12/24 heating
elements according to the power demand.

5.3.4 Yantai Torch MoSiz Heating Element for Semiconductor Diffusion
Furnace (Oxidation Furnace) - FTPS

Yantai Torch MoSi: heating element for vertical diffusion furnace (oxidation furnace) of
semiconductor wafer (FTPS) characterized by high strength at room temperature and good
toughness which convenient installation and transportation, better service life, good
temperature uniformity and fast heating rate. The main production models of this kind of
heating elements are: V0S-40-017, VOS-56-002, VOS-56-003, V0S-56-101(P), etc. Yantai Torch
has advanced production technology and equipment to ensure the stability and uniformity of all types
of heating elements. This series
of heater has been widely rec—
ognized and praised by custo—
mer.

6.Classification of Yantai Torch Bubble Pipes

The bubble pipes of MoSi: 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, they are the best choice
for bubbling of glass tank furnace at clarification stage.

The model of Yantai torch bubble pipes is as follow, for special models,. please provide
technical parameters for specific consultation.

Hole Diameter-mm Outer Diameter-mm Quantity of Inner Hole
3 1
1 12 4
2 2
3 1
1 1 4 5
1 16 5
5 10 1
8 11 1

llote: Thermocouple—protection tubes can be processed by those with hole diameter above 5mm.
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Standard description: TCG17-®3X ®12X800 (3-Hole Diameter; 12-Outer Diameter;
800-Length)

TCG17T-P1X4X P 14X800 (1-Hole Diameter; 4-Quantity of Inner Hole; 14-Outer Diameter;
800-Length)

Standard f=45mm, could be adjusted according to customer requirements.

¢
W’

7.Yantai Torch MoSiz2 Powder

The MoSi: powder is mainly used in high temperature resistance and oxidation resistance

coating. It can also be compounded with other materials to improve performance.

Particle Size Main Impurity Composition

Fe Al Ca 0

Power
Purity

Principal Second
Phase Phase

Dao

MosSi3

<l5um <0.1% 0.01% 0.011% 0. 2%

Type  Density-gon uwfhorn-Harness-cpa STRESSRE A e
TC1700 5.840.1 450 11 >1500 <0. 2% 4
TC1800 6.0+0. 1 500 12 >1500 <0. 2% 4
MR1800 5.940. 1 430 11.5 >1500 <0. 2% 4
TC1850 6.640. 1 460 11 >1500 <0. 2% 4
TC1900 7.0+0.1 360 10.5 >1500 <0. 2% 4

2.Relationship between Resistivity and Temperature

MoSiz2 electric heating element is a kind of metal ceramic resistance element, the
resistivity increases rapidly with the increase of temperature. It means that when
the element is connected to a constant voltage, the power at lower temperature will
be higher and will gradually decrease with the increase of temperature, thus short-
ening the time for the furnace to reach the operating temperature. In addition,
with the decrease of the power of the components, the danger of overheating of the
components themselves will be reduced.

®
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Based on the material characteristics of MoSiz electric heating element, special
attention should be paid to the design of control system.

(1) The element resistance at 20°C is 11 times lower .than that at 1500°C. Therefore,
if full voltage is applied at start-up, a peak current of 11 times the rated current
will flow through the element. It will result in fast melt burn out or thyristor
failure.

(2)Molybdenum Disilicide material is brittle at Low temperatures, which means
that excessive current may cause electromagnetic forces large enough to break the
element.

Temperature Comparison Table of Electrical Resistivity of Heating Elements

Tempe-  Electrical Resistivity  Electrical Resistivity  Electrical Resistivity  Electrical Resistivity

rature (‘C) 1700 Type(Q - mm%m) 1800 Type(Q - mm’m) 1850 Type(Q - mm?7m) 1900 Type(Q - mm7m)

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 1) 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 26212
1200 2.734 2.601 2.7731 2. M2
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 \T49 3.488
1700 4.029 3.805 34995 3. 759
1800 4. 060 4.263 4.019
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3.Maximum Operating Temperature of MoSi2 Electrical Heating

Elements in Different Service Environment

Atmosphere Type 1700 Type1800 Type1850 Type 1900

Air 1700 1800 1830 1850

Nitrogen 1600 1700 1700 1700

Argon, Helium 1600 1700 1700 1700

Dry hydrogen dewpoint -80°C 1150 1150 1150 1150

Moist hydrogen dewpoint 20°C 1150 1450 1450 1450

Exogas (Ex. 10% CO2, 5% CO and 15% Hs) 1600 1700 1700 1700

Endogas (Ex. 40% Hz and 20% CO) 1400 1450 1450 1450
Cracked and partially burnt ammonia _

(8% 1) 1400 1450 1450 1450

IV.Precautions for Installation of MoSi. Electrical Heating Elements

MoSi2 electric heating element is a kind of metal ceramic material, which is similar

to ceramic at room temperature. It has great brittleness and low impact strength.

Therefore, care should be taken during transportation and

installation to prevent damage. It has soft plasticity at

high temperature. Generally used for electric furnace,

the u-shaped element is mostly vertically suspended to the
top of the furnace by fixing clamp. The purpose of such kind
of installation is to avoid mechanical stress adding to the

electrical heating element, which may lead to component

fracture

In selecting and installing MoSi2 heating element, please

pay attention to the following dimensions:

1.Top Distance (Lc)

Figure 1. Installation parameters
for common U-shaped heating element

in furnace

The furnace top part Lc of electric heating element cold end is mainly used to
install the fixture and connecting wire of electric heating element. Therefore
the data of this part varies from different electrical heating elements. Please

refer to the following data:
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Element
. Specfications @ 3/ ©4/9 ©6/12 ©9/18 ©12/24
tems
Furnace Top Size-Lc 50 50 75 129 150
Transition Section Length—g 15 20 25 32 40
Cold Zone Length-Lu LetLi+g

® Note: In above table, Lec is the minimum value, it’s suggested to lengthen it based on
actual furnace conditions, Li is the thickness of the furnace top
The cone part (g) of the terminal should be fully below the hot face of the lining and
extend into the furnace to prevent the heat of the tapered part from being released,
resulting in the damage.

U-shape Lud5 ° Lu90 °

2.Distance to Bottom (h)

In order to prevent the elements from coming into. contact with any material deposited
on the bottom of the furnace and to compensate for the elongation of the elements
at high temperatures, the recommended vertical distance h between the element bend
and the furnace floor should be at least: h=Le/20 Min. h=10mm

3.Distance to Wall (e)

Working under high temperature, affected by electromagnetic force and other factors,
there will be certain deformation on electrical heating element hot end. It is
important that the distance between wall and heating zone of the element be large
enough to avoid contact. In the case of long elements at high temperatures, elec—
tromagnetic forces and bad centering when installing the elements may cause the
elements to come in contact with the walls, causing damage.

The minimum distance, e, between the heating zone of the element and the furnace
walls depends on the length of element.

When installed along the wall, please refer to the following data:

Hot end length-Le >1000mm 300 ~ 1000mm <<300mm
Distance from hot Min 50mm Le/20 Min 15mm

end {o furnace wall-e

YANTAI TORCH SPECIAL HIGH TEMPERATURE CERAMICS CO., LTD
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4. Precautions for Installation and Distribution

YT TORCH

Due to the high—temperature soft plasticity of the electric heating element, when
the ‘'working current is large, the hot end will arch outward under the action of
magnetic force. If the installation and setting are improper, the two adjacent
heating bodies will touch with each other, or the heating body will touch with
the furnace wall. Therefore, attention should be paid to when designing the electric furnace
and heating element.

MoSi2 heating element are mostly single U-shaped or multi U-shaped combination.
The flow of current in the elements generates electromagnetic force, resulting.in
repulsive force on both side of the U-shaped. After power on,when the heating zone
reaches the softening temperature, the distance a(center distance)between the elements
increases by electromagnetic repulsive force.

The two legs of the heating part (hot end) of the new element are regular and par-
allel, but the used element, especially the element after long—term use, will have
obvious bow deformation at the hot end, which is actually the direct embodiment of
the influence of electromagnetic force on components.

New Element

Used Element

JU

Schematic diagram of element

affected by electromagnetic force
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Please refer to the following graphs for specific solutions:

Win?. 52 16 194

o N

Wiem® Wrn# L

o MM e 2 1 Loin
P © Wiem 8 30 le
1400 5.1
24 155
1200 473
20 129
1000 39.4
15 108
800 315
12
600 236
400 158
200 7.9
200 400 600 800 1000 1200 1400 Lomm
9 158 206 315 394 479 551 Ly
06 08 10 12 1 16 18 20 22 24ba

The longer the hot end of the element and the higher the surface load, the greater the
shape variable of the hot end. Therefore, please set the furnace and electrical heating
element according to the calculating methods in the graphs during design and installation
We suggest that users reduce the surface load of MoSiz heating elements as much as possible
during the design and use of MoSi2 heating elements (according to actual-situation of the
electric furnace, the largest number of heating elements should be arranged in the design
stage, and the larger diameter of the hot end should be selected). The suggested surface
load of YT Torch 1700 type element is below 13.5w/cm® under 1300°C furnace temperature.
The suggested surface load of YT Torch 1800 type element is below 11.5w/cm*under 1600°C
furnace temperature. And the suggested surface load of YT Torch 1850 type products is below
12 w/em® under 1720°Cfurnace temperature . If conditions permitting, lower surface load will
significantly improve the service life of heating element, reduce the temperature gap between
electrical heating element and furnace, and guarantee the uniformity of electric furnace
thermal field

5.The Electrical Heating Element Fixed Clamp and Connection
Belt Installation note

Pictures of the electrical heating element fixed clamp and connection belt are shown
in Figure 1:

Figure 1 Heating element fixed clamp and connection belt

®
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The installation steps are shown in Figure 2:
Remove the packaging pitch plate of the electrical heating element and adjust the
size of the hole of the fixed clamp to let the electrical heating element cold end
go through:

Ll

e

Figure 2 Electrical heating
element and fixed clamp

————— I~

Adjust the position of the electrical heating element and the fixed clamp and
tighten the fixing screws on the clamp (as shown in Fig. 3).The electrical heating
element is very brittle in'cold state, pay attention not to twist the electrical
heating element and avoid brittle fracture. Spray aluminum parts should stay a
little above the clamp to avoid extreme temperature on these parts causing low
temperature oxidation and aluminum melts and erodes the cold end

=1

Figure 3 Tighten the fixing screws

Tighten screws of fixed 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. Therefore, during the initial installation, the screws should be tightened
again after electric furnace heating up, (If the heating cycle is short, please
tighten again after cooling.)

Installation of Connection Belt: Adjust the connection belt hole to make it slightly
larger than the diameter of the cold end. Fix the connection belt to spray aluminum
parts, and fasten the screws. Thermal expansion and cold contraction of aluminum
belt or screws also happens to this part in use, resulting poor contact between
connection belt and electrical heating element, and then generates heat or electric
arc, which may lead to low-temperature oxidation or arc fusing of elements. Therefore,
the fixing screws on the connection belt also have to be fastened again after the
electric furnace is started to avoid such problems in this part

The following picture shows the common form of installing heating element on the
top of refractory fiber furnace. The furnace top is slotted, and the thermal insula-
tion module is installed in the middle of the cold end of element. After install-
ation, the whole is inserted in to the furnace from the furnace top.

Figure 4 Connection belt
installation
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V. Precautions for Use of MoSi: Electrical Heating Elements

MoSi2 materials possess excellent high temperature oxidation resistance, conductivity,
high temperature stability, convenient to use and control, and other excellent per—
formance.Due to its own characteristics, attention must be paid during use, otherwise,
the MoSi2 electric heating elements are easily damaged by improper use.

1.Low Temperature Oxidation Property

MoSi2 material has excellent high temperature
oxidation resistance, but low-temperature
oxidation and pulverization will occur at low
temperature, especially 400-700°C. Therefore,
please avoid element long-term working in the
rage of 400-700°C degree.

2.Resistance Property of MoSi2
Electrical Heating Elements

From the foregoing section 3.2, we’ ve learnt that
the electrical resistivity of MoSi: electrical heating
element increases with temperature increase. And
the resistivity at high temperature is about 10 times
that at low temperature.

Compared with metal heating wire , the MoSi2 heating
element has much lower electrical resistance and works
with low voltage and high current, thus transformer
is generally required. The problem is that the
electrical resistance of a MoSi2 heating element at
low temperature is about 1/10 of that at high tempe—
rature. [T a large voltage is directly loaded, the
current will be 10 times that of the element at high
temperature, which will cause a large current impact
on the electric control part and heating element. This
situation generally occurs at the beginning of
power transmission and temperature rise of the ele-
ctric furnace. When the furnace temperature cannot
keep up with the set temperature, the power regul—
ator will have the maximum power output, causing
the Low temperature and low electrical resistance
heating element to load large voltage and make high
current (it takes a certain time for heating element to rise temperature) . Generally, we
design the component loading voltage do not over 1/3 of the working voltage at low temper—
ature stage. Or limit the current do not exceed the specified operating current of the co-
mponent.

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 elements, which
are divided into three groups and each group with three heating elements in star connection.
The working parameters of a single element are: 10V-150A-1500W, the transformer output voltage

loaded on_the three heaters is 35V, the current is 180A, and thyristor regulation (power
regulator). Heating system and temperature control meter parameters are set as follows:

®
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Heating System Temperature Control Meter
Remarks
Heatingtime-min  Specified Temperature -C Power Limiting-F  Maximum Output Voltage -V
30 300 20~30% 7~10.5 Mainly to limit output
voltage of the initial
60 1000 100% 35 heating section to pr-
event large current im—
60 1500 100% 35 pact, and if there is

current limiting function,
recomended to set the
current not to exceed

cateee 1

In this way, it can effectively prevent large current impact in the initial heating
stage. Especially when the heating element is used for a long time, the internal
structure of the heating element will change and become greater in brittleness.
If the current impact is large, the heating element is very brittle to fracture,
so this setting should be more cautious.

The resistance property of the MoSi2 heating element does not. change with the using
time, so that the old and the new elements can be used at the same time, which can
greatly reduce the cost.

3. High Temperature Softening Property of MoSiz Electrical Heating Element
From the previous chapter, we know that the MoSi2 material has higher intensity
but higher brittleness (similar to ceramics) at low temperature. When the temp—
erature reaches more than 1000 °C, it also has metal-like soft plasticity.As MoSiz
electrical heating elements are usually operating at higher temperatures,we should
consider the impact of its soft plasticity, to avoid element damage by high
temperature deformation.

For example, if the elements are used horizontally, the working temperature should
be reduced accordingly, because the temperature getting higher, the soft plasticity
would become greater which will bring large deformation. The support of the flat
plate and the heat dissipation of the elements should be considered. The deformation
caused by gravity of L-shape elements shall be considered, which will cause the
element to touch the furnace wall and damage. Therefore, special attention shall
be paid in design and installation stage.

4.The Protective Film Characteristic of MoSiz Electric Heating Element

The surface protective film of MoSi2 electric heating element is a layer of SiO2
glass film, which can prevent the internal MoSi2 matrix material from continuously
oxidizing at high temperature. This is the high temperature oxidation resistance
characteristic of MoSi2 material. However, due to the difference in expansion
coefficient between the surface Si02 glass film and the MoSiz matrix material,
the protective film will peel off during the cooling or heating in an intermittent
oxidation atmosphere furnace. This is own characteristics of the MoSiz electrical
heating element. After the Si02 glass film falls off and is used in the oxidizing
atmosphere again, the surface protective film will be generated again, this is
the self-healing function of protective film.
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Vl.Electrical Technical Manual of MoSi. Heating Element

When designing the electrical control system of MoSi2 electric heating element,
several characteristics of MoSiz material should be fully considered: resistance
characteristics, ceramic characteristics, high temperature soft plasticity and so on.

1.Control of MoSi: Electric Heating Element

The low eold resistivity characteristics of MoSi2 heating element implies that full
operational voltage connot be applied to a cold furnace. In the past, only tapped
transformers were available, allowing a reduced voltage to be applied when the
furnace was cold, and then the voltage was gradually increased as the elements
heated up, thus maintaining currents within manageable levels.

With the advent of modern thyristor (SCR) power control units and the various feedback
control features available today, we now have a reasonably economical and reliable means
of limiting the start-up currents and taking full advantage of Silicon molybdenum heating
element’ s rapid heat-up capability.

Today furnaces equipped with MoSi2 heating elements are controlled in the following ways:
(1) Thyristor control;

(2) Combined control of thyristor and transformer;

(3) Tap transformer;

(4) High frequency linear DC switching power supply;

(5) Other control modes: such as contactor switch, changing the element connection,
and on/off control etc.

Among them, the combination of thyristor, thyristor and transformer are the most
commonly used control methods.
Thyristor control

P

AC input
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Burst firing
waveforn 0

* Phase—angle firing
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b (R | i
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In phase-angle firing, the power is controlled by allowing the thyristors to conduct
for a part of the AC cycle only. The thyristor should have a current ramp turn on
function and RMS (Root Mean Square) current limit facility. It should be noted that
this is not the same as the ramp function of the temperature controller.
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The thyrister starts to conduct with a small conduction angle, and then it increases
towards maximum-conduction during a number of periods.” The more power needed, the
larger part of the sinusoid is allowed to pass through the thyristors. If maximum
permitted current is attained before full wave, the current limit facility does not
permit further increase of the conduction angle.
Tt is essential that the current is both measured and limited in the RMS method.
The reason for this phenomenon is that in phase-shifting triggering, it is a working
state under the distorted current waveform, and then the RMS method of current measuring
is the only way to obtain a correct and meaningful value.
Phase shift triggering is to control the conduction angle of thyristor to control
the conduction flux of thyristor. The output waveform is chopped, resulting in voltage
distortion and RF interference, which may cause the failure of sensitive electronic
equipment.

¢ Burst Firing
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Burst firing is to firing the thyristor when crossing the zero point. Because the
alternating current has positive and negative half cycles, it must pass through the
zero point during the process from positive half cycle to negative half eycle or
from negative halfl cycle to positive halfl cycle. Change the number of conduction
cycles within a certain time to change the average output power of the thyristor
and realize the effect of adjusting the load power, cycle number refers to a complete
change of AC, that is, the time experienced by a sinusoidal waveform is called a
cycle. This kind of motor output is similar to PWM signal regulation. The more
conduction times in a certain time, the greater the average output power. As shown
in the figure above, the cycle burst firing the output of all signals, and 25% of
the output waveform.

The burst firing principle is to change the cycle number of thyristor conduction,
and the output waveform is still sine wave, which has less pollution to the power
grid; The disadvantage of burst firing is that it is prone to low—frequency inter-
ference. Because the work is intermittent, it is easy to flicker. It is not suitable
for loads with obvious variable resistance and requiring continuous and stable current
in cold state, such as silicon molybdenum and silicon carbon heating elements.
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* Burst firing with phase-angle start

A usual method of dealing with the disadvantages of phase-angle firing and burst
firing is to use a combination of them.
heating up of the furnace so that the current can be sufficiently limited without
using a step—down transformer with different voltage taps.When the furnace reaches
a preset temperature below furnace temperature, an automatic switch is turned to
burst firing mode. In this way negligible radio frequency interference is created

Y YANTAI TORCH SPECIAL HIGH TEMPERATURE CERAMICS CO.; LTD: ‘

Phase-angle firing is used during the

once the furnace is hot. (See the figure below)
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Applications with thyristor

W =

Single-phase applications

Three-phase applications

a.Four wire star

b. Three wire open delta
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Three-phase applications
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d. Six wire open delta with transformer and star or delta load.

2.Selection of Thyristor and Transformer

(1) Thyristor selection

— Voltage level: determine the voltage level of the control system according to the power
of the eleetric furnace and the local power supply system, so as to determine the voltage
level of the thyristor;

— Rated power: different manufacturers have different suggestions on the matching and
selection of thyristor and electric furnace power. The rated power (current) of thyristor
is at least 25% higher than the rated power (current) of electric furnace. For specific
selection, please refer to the selection suggestions of manufactures

(2) Transformer selection

Transformer rated power = element rated power * 1.2

3.Suggestions on Electrical Wiring of MoSi2 Heating Element.

Current passing through two parallel conductors produces an electromagnetic force between
them. If the current flows in the same direction in the two conductors, there is an
attracting force. If two adjacent MoSiz heating elements are connected to the same power
supply, the current will flow in the same direction and the two adjacent legs will attract
each other. When the heating elements reach 1200°C, they will soften and be pulled
together by electromagnetic force. When the two heating elements are in contact, they
will be damaged

The influence of electromagnetic force must be considered in the element layout of
single-phase, two-phase and three-phase circuits. MoSiz heating elements are usually
placed on both sides of the furnace or around the circle of the cylindrical furnace.
Be sure not to connect adjacent components to the same power cord

In two-phases or three—phases, the same rule applies. Two adjacent elements shall not
be connected to a common voltage supply. Intermediate ground connection or Y- connection,
the ‘center of star connection can be connected to the terminal legs of adjacent components
The current flows in the same direction, the connecting points should be combined in such
a way that the currents in the adjacent shanks of two MoSiz heating elements have a
phase displacement of 120 degrees
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Wiring Diagram of MoSi2 Heating Element:

Correct Connections I | Incorrect Connections

YT TORCH
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Consider that the current enters in R and flows to S and T. Momentarily
no current is passing through the leg ST. Then the same procedure starting

from S and T is followed.

Delta—connected arrangement

Consider that the current enters in S and flows through 0 to R. Then the

same procedure starting from T and then R is followed.

Star connected arrangement
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Three-phase Y (Star) connection
The following pictures are based on the physical wiring method of phase for reference.

Single—phase connection

R
(IR

=
s !

Double single—phase connection

|
C:o—

— 25— — 26—
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Three—phase /A (Delt) connection
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4.Temperature Measuring Element

The type of thermocouple used for temperature control depends on the furnace temperature.
K-type thermocouple has good stability below 1200 ‘C and can be used in many heat treatment
furnaces. Temperature measurements above 1200C usually use thermocouples made of
platinum - platinum / rhodium.

Thermocouples age faster the higher the furnace temperature is.Problems with temperature
corrosion and overheated MoSiz elements are often related to ageing thermocouples.

By alloying platinum with rhodium, the usable temperature increases. The high content of
rhodium in both shanks gives the highest permissible furnace temperature.

When the rhodium content is increased, the electromotive force decreases and this affects
the accuracy of the measurement. When thermocouples are utilized at the maximum classifying
temperature, it is important to check the electromotive force frequently in order to avoid
increased furnace temperature due to the ageing. In the high-temperature furnace operating at
the furnace temperature above 1750 C, using Pt / 20% Rh-Pt / 40% Rh, it has been found
that the electromotive force will be reduced significantly after. only 4-5 hours at the
furnace temperature. By the time this has occurred, the thermocouple has become more stable
and the change is slower with time. This thermocouple has a low thermoelectric output and
small changes can lead to large variations in the furnace temperature and element temperature
with subsequent element problems.

For high-temperature furnace, we recommend two thermocouple positions close to each other
in  the roof. One thermocouple for the controller and the SCR, the other to to check the
operating thermocouple and the actual furnace temperature.

Maximum Operating Temperature

Countinuous®C Intermittent ° C

Pt/ Pt 10 Rh, Graduation S 1400 1650
Pt/ Pt 13 Rh, Graduation R 1400 1650
Pt 6Rh /Pt 30Rh, Graduation B 1500 1800
Pt 20 Rh / Pt 40 Rh 1600 1800

VI. Electrical Parameters of Yantai Torch MoSi. Electirical Heating Elements
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VII. Overview of MoSiz Electric Heating Element Accessories

The accessories for MoSiz electrical heating element mainly include fixing and
conducting spare parts (holders and contact straps). The specification of which
varies based on the electrical heating element diameter, center distance and other
parameters.General ly, we have standard size spare parts and any special requirement
may depend on the further communications. Conductive spare parts are weaved
aluminum connection belt, the function is to connect heating element and wires,
the specific specifications could be selected according to the requirement of
users, and the special specifications could be customized.

1. Holders

2. Contact straps

3. Clamp ring and ea{ Pk\ “

stainless steel clip {




