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Property
Thermal Conductivity(W/m.°C)
Melting Point(°C)
Boiling Point(°C)
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Atomic Weight
Specific Heat(J/g.K)
Heat of Fusion(KJ/mol)

Heat of Vaporization(KJ/mol)

Electrical Resistivity(at 20°C)(u€2.cm)
Vapor Pressure(at 886°C)(mmHg)
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Production

Metallic

Crystalline

Stable

Natural

Black
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Explosive
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Property Value

Melting Point(°C) 656

Boiling Point(°C) 1425

5.2(Cubic)
5.67(Rhombohedral)

Density(g/cm’)
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. Antimony Oxides
Property &Characteristic

Trioxide Tetroxide Pentoxide

Symbol Sb203 Sb204 Sb205
Formation Temperature(°C) 600-800 800-900 300

Density(g/cm’) 5.2,5.67 1,04 YA
Melting Point(°C) 656 1060(break)
Color White White
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Reinforcing by )@l 4, il Lgie 4580 (350 sae lia | Gula) o gl 488 aolais
9 ,Sh 5 ALY L dalise JELG (1 pm ) oe oS ki oS5 AV (Particulate
Ge J8 @Al <45 (Reinforcing by Dispersed )<l 4y sl o5 GlIX ¢ 4y 8l
.(0.1um)
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e W Tk (Reinforcing by Fibers )iyl 45l 68 (o sud 45 ) bl ji<T W
O5Ss Lo Lgiad A alide ST 5 ) iy W) () o055 ¢ Aaatl 5l ) gally 40 )80 5 0S5 68 (e 41
LAl jilids K& ff alaia § paiene (S
(Y-°)pd, dgand
[26] Al (Al i, ol 53

‘ Mechanical Properties \

Conditions
Property Value
State ASTM
Flexural Modulus(Mpa) 1449-1932 23C D790
Tensile Strength(Mpa) 34-43 At break D638
Flexural strength(Mpa)at yield or break 49-60 - D790
Elongation at Break(%) 150-300 - D638
Hardness 101-115 Rockwell D638
Izod Impact(J/cm of notch) 1/8"
No break - D256A
tkickspecimen unless notch
Thermal Properties
Conditions
Property Value
Pressure | ASTM
, , . 20 _ D696
Coef ecient of Thermal Expansion(107/°C)
82-127 0.46Mpa D648
Deflection Temperature(°C) 14-52 1.82Mpa | D643
Thermal Conductivity(W/m.°C) L YAA - C177
Physical & Electrical Properties
Conditions
Property Value
State ASTM
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Specific Gravity 1.23-1.25 - D792

Water Absorption(%) 0.1 After 24 hrs | D570

Tneppod Epociov Teot)  dall 4 edll jLad) 22 12
- (

el JLEaY) 13 axdiuwe (Torch Test ) 4l sl Aedd il Lad e
IS8 e Jsanll 35 3 (3000°C) skadi Adle 4y s Gla )y deai A 4 )l el
Adlide &) 5l aadins A Lalgie W) 4y ) sad) dbea pall (el 8 36l Gash e Al s Gla
3 Dl ) (s ria g (V-T)ady Jsoall | Adlise 4 5l ja Sla o Al il 4y ) jald) Alell) (g
At s e ya) B (Y-1) by JSAU 5 AN (e dae e 52l sl gl el Al
Al sl
s A Gob I Bl Al 4 ) sl Al sall Jalas Gl Ayl e 5% JLERY) 138
e 3alall 3 508 Cluad UG Hla @llia  Aallal) 3 ) jall Sla a8 6 ) sl el e claal
tla Gl phall Gl 5 5 ) all Led el s ddlall aglll 3 ) s de s

) 3l da e -1
. Cvpdaye Teunepatovpe)

J\.ﬁ.a MMM\ ujacﬁ\}“ C.L...A\ L.;g @J\).\S.ﬂ\ )\)M@b} (:3:1‘ AAJ‘)H‘ Y ‘;
a5l 03] linam 6 Ly s (2-7-a) iy S5 [27]A0 el 5oLl (DS Aliiial 5 5l

(Aemtn od Aapaye) ol Gas Gl Y

@A) e ) Al salall b )yl Bee (Gl A dyie 3l 4 ) el Al Laglud 2ey
b 53] Lnan 5 Lows ) (s (2-7-b) ) SN 5 [28]( aall alatl
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(Y-1)ad) Jsaad
J29] < A (pa ae e B gial) Adedid) B ) s iy o

Gas Temperature,’C

Oxyacetylene 3000-3250
OxyHydrogen 2182

Butane-Propane

o =1

e

N\
~

3l da 0 uld Jlea ucwd\wesaﬂem&ﬂ

(Y-1)ad, Jeil
[28]42,) Al 4y sl LEa)

Depth of Damage [
Insulation material BEE5

»

Depth of Damage(mm)
Surface Temperature(°C)

Temperature(°C) - Time(sec)



s B cuilal S (el

3ol da sy 5 mhaudl (e 3 ) sl JES Cogu Gadas G ) s @08 2 e
Sles . Aad Al s sallall oda Caady ¢ Akl 0 5 ) el dspy 53 mhand) ) e Y
daliall 3an 5 e 5 al Sl Jana W) e 4 el dboa gall Ca i (S (ulY) 12
Y Tea s A sie A pa e ok e G sl o Jlaad) a5y die el Baa s JBIA
DA e sy (A ¢ Al ¢ la ) 5ol Ve GEAL 5l s sl A Cilias
e At ol sl b d )yl Aln gall it 5 pall Alis o ol A e L e 5okl i
LY A g e g oal Jua il ading S pall Jsall 3 Wl s oall g SSIY) L
(In-Plane) iy slaily 438 diliage 4 5all o sl 528 Cua (Fibers Orientation)
. [31] (Through the Thickness)&laidl slaily Chasal d3la a5
Glial ang e sl dladd s Lyl dsd 40 U
Purity )3s@ll 4a 05 (Crystalline Size)gosi aaall ¢« (Molecular Orientation)
bra dic 3 el e 22ad ) el Alia el (s2a Ta s (2-8) Ay S | [Y €] (Degree
omalie) B ) s Aa o
o=y (k) 4ol oad ddia sall Jalze il 8 ((Fourier Law ) iosé 0538 aladiud (Sa

- ‘_Ar_ 8! }\\AS\ (A7
7N
XY oX)
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q=-K=*Ax £
AX

™

ST

(W) Slas g (ul&i5 (e 3 32s 08 Jlall 3 ) jall LS =
(W/m.C) s g iy s 3 ) jall dobia sl e = K
(m?) el ialls (uli 55 ) Al Clad) e dalise = A
(°C/m ) San sy oy 5 Alasall A (5 ) jal) 0l :(AT/AX)

(Heat Conduction Unit) &l sl Lladd Wl Slea man (12-9 ) A8, KA
Ll e Sleall 138 Jac Tase adiny (P.A.Hilton Ltd England) 48 & Jd (s piad) 5
Dl o Gl amy | JSAN A B 50 s Sleadl JlaBasa sal) Aill (paal Al 4S5 )08
oy a8 (10mm) Adleey AY) e 2y ) jae IS5 Al ils e de jge 405 <)
Al ala e Bl pall cila )y 8 sl

Ol Fniall sy Sy Byl el Aula sall (8 Slea Ll (A0 8l el Gl 50 PR (e
@ Gl (AT L Y5 oal @ ol Aad s F4S G 05 (2-10) 8, JSA
Jiah (( X2)llediall ils ey jlaad) o Al (X3eX1) Jidh Cum | 5 Al
Al o

Zinc

Pure metals

Nickel Aluminum

Alloys

plastics Ice oxides
” Nonmetallic solids
S
5 Foams Fibers
= [nsulation System
=

Oils

Water

Liquid
Carbon e Uk

Dioxide Hydrogen

| (1acag |
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Thermal Conductivity,k(W/m.K)
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t Conduction Apparatus

|pC0ntrology
L
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Voltage
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- S

(J/PC)i ) andl =C

(W) e s s kel 5 ) jall S =g

(C)s ) adh da a4 3 A =dT

~ioh ()l ik AL dllia alai (6 4y ) sl A ¢

C=m=*c
el Bl m a0 @l Ao U 5l el AaaS Ll Caas il g Ao il 5l all (€)Y

caal g4yl s da yasalall easl

Al oal dad) Aad Cluad sl (5 gl 38l () AN sl (Say

q:C *m*(£)
At

O Cas

. (W)akalewl 3 08l =q

(J/g.°C) 4l ol dxdl =Cyp

( g)zal.d\ A =m

(°Clsec) iV gnd )l sall da ja il Jass =%

2S5 O saii¥) Balad Ay el dead) Gl 8 axdiiidl Slead) Gan (Y2))) A8, IS
Al 5 a3 pall et aied Lol s Jsime Gsdiea (e Slead) 138 (S0 3 BN () satiay)
Gluaal Jl jae s Leindndl Led (e Gl g Led 4yl jall ded) Gl 3 jall 2l 48 a3
Caasall 295 331 5 )08 Geaa () ALYl A d3ie ) 5 DA Bl pall Cila A gl Y
- LD Gl el g ALaNaN Al ga) (alal el g A ) jad) ddally
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e el o8 8 Wil g 8 (ile 3 5 (Basil Valentine) <) )l e
(Triumphal Chariot of Antimony )sless (Y14 £) ale & sV e LUS Gl (e J
Y]l ¢ safil) yaand Jasie (S 48 Caia g )

LS D el Gaob e Jadiall (g seii) GLISL (Gore) el o8 (1855) oladl 5
385y saiii¥) (e 350 aladinly ol SIS el aala 8 0 saiiil) 2 5IK DG Jglaa
CDYTAS e il G pafl) G o S G e

Ol o SUEY Qs AN 2 Fsk il (Prins ) Al o5 (1933) Asl s
T E] S s e il

058 e Jg 8 Sb™Sb, 06(OH) S el o) zena 5 (1937) ale (Westgren) allall o8
die ajle Juani (2 el O sail) Sl (685 4y s 5 (800°C) da Ll (pdudl die
[T ETAL sk e il i)

O sl Al AVl S 5 s (Dihlstrom) alledl a2l (1938) aladl 8
kel (5 5aiY) S 5 (Sbyoz) NN O satil) 2l e Lk 4 el 2S5V
[7¢] Sb™'Sb'0, s (Sb,Os)

Amall o sall W e ey iy i (Grabner) s (Horacek) (bsll) ol 1996 oo 4
UL‘ ) saiii) Cua o (recyc]eabﬂity) A gall 538 atat ale) Al SIS 5 dania ¢ yulal) gl
YJh_\.gl“ Q@M@J@LJ&@E&S&EBJ‘PQ\AJJ&M%}&M\ h_\.gl“ &“_IG:\M

a5 Y A g Sl el Ciliima Gl ) gaia sl IS 3 plad LS e oSl Jelill Sl el
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& smse s LS 50 Y L U el b a2 (HALS) <l 30 1S
L7 A il el s

O] 2nS f 2adin) U e ey Cang anaiy (Jeffrey )dualidl a2 (Y44V)aladl &5
o OsSie il (DB el ge (BurnEX™ ADP494) ssal (SbyOs)mleld
Aaglia o Jpand) (o aily 28 Ciaia gl Gua (ABS )b -0pasn - i sk S|

ol &l s ) A8l (Translucency Loss):\_aa\&ﬂ\ O)asd ya ‘_%_m\ S ‘_Ar.:\ pla
[35] dumdl bl & aen (e Jgaanll 5 435l

salall s ili A )3 (el By (Mlichael) 5 (Edward) sl a3 (2000) ale 85
Loading Cus Apnndil (368 2B il g gl Clig e (sl el Aaglia o agll Adndl
Y (Colloidal) s ¢ S <y e JK5 e uladlly SO eVl s f
(Burn Ex 2000)asb <asmal el Gaall paill o ledde Shas 3l il Caa
fas &kl 5 Jread Gy sise die gl dle) 5 ddlen Gl 525 B 45l jd (el & e Juas

. [20]

A sall aladtiy) e dedie Al jd andy (Pieh)s (Horacek) cbald 28 (2000) oo (A5
Cun el daales e Aiall N gall dlead (paint) 2l 3 dia o LD gl ddeal)
el ) ddlcan el d8ma 33LE (Vermecular) s (Sodium Silicate ) 2 se Leaiy
asli Cliall 028 (b Legle Slan ) i) 8 laca gl Cun ¢ Caglll Ao glaal e i€yt
o285 Ul dea s (Intumescent Action) FUiy) Jad ol 4y sac¥ -4y iac 552 ) oliy

[10] saball o) cliadall dapnd 483 4y puae W 3 02 ) Unay i s g2 )

Wl o e Glapa o U e Aul ) anily (Edward)ald)l 26 bl s g
alaiind ) jrae A ol a5 (0.1 1) (0 JB e aaa @3 (S, O5) sbeddl () saiidy!
(et il el s 3550 45y play derall LA mG e (SbyOs) (e bosiea Gluns

[36] aaiil) Qh)lmcy.; die 3....\..41.;1\ FRYY 53 e\.&
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calall e Jead)
- olesl

Goal) Ladiiinall 5 48 yall 3ol aicat 8 deadionall A0 V) O sl () Juadl) 134 (o ey
saladl e L el Al A el ol laad) ) Godal ) ddls) cagll gl salall alin
e A jlaall cueadiind Al (6 AY) A gall g e 5 gl dipadl)

gl Aimal) Balal) jaadaald 8 daadiiecal) A Y1 Balall Aings 3.2

Alasin) s sl o gl Al salad) juman 8 deadiudl 405V 50l
25 G satii¥) 5 amall O gaiiV) Lea () gaiii¥) (e (e g3
=+ aanys (BDH Chemical Ltd Pool England) 48 & 8 (e e 2 5¥1 () saiidly!
D) O 5B (5 glaasSl S il praza g (Y-)) a8y Jsandl (8p1)e i3 (Grain Size)

(¥-1)ads Jgaal
39 & 9B (g glaarSl cuS A

Element Percentage Content
Antimony 98.5
Lead 0.45
Iron 0.07
Arsenic 0.05

o 285 ¢ (10p) emios paaa g8 5 5Lai s Alaall Gl (B 5t gd Sraad) itV Ll
=25 (Y-V)ad) Jsaal g ¢ (X-Ray Fluorescent) 4ol s aile (5 sbaasll (asdll o) ya)
(el aus
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(¥ -¥)pds dsaad
a1 9B (g gbrassl) s

Element Symbol Percentage Content
Antimony Sb 14,0
Copper Cu 0.5
¢4 Saal) 54 al) jpla a3-3.3

(IIpemapatiov op Prape Petapdavr)

50lm 4300 (85 (1600°C ) 51 Aad (I (18 (B 05 (e Cpe il IS Cpaud &

saal Aol 8 DA i dadafie <l jiily el DG 3aaly JDEN () saii¥) anS f 1 &

8 Al () ey b ¢ il JOIA A sy (aday g (Al (e 4al AL B laaey Ao Ly Ciua

Gand JUA) g (Vo) )ady IS0 5 ¢ aS ol I saii¥) IS Jsat JaiSy Jin 1380 5 4l
D O st A o (5 sasal Al e V)

c oD O 5ati) Mus ol ) Adlaal) N gal) -3 4

e 45,0 Gpaatl DN (G 5eiY) 23S of Y (Zine Borate) <l <l s sale Ll

e B 5 A Cum Ay pmnll e gl Cliaa Sl sysale a1 gl ddle

ay Jsanll s sam 5l s Adadd) Baudl (e Gl s il e Jsanll G55 Cagll dile)
55 (5 sheSIh S AN G (Y7-Y)
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-20=2
Range =2*10°
Speed=2cm/min
20/40 Cu/Tube

(¥ -Y)ad, Jedl
A Ot s of (3 sanal Ao dnd¥) (and

(F-¥) ady Joaad
il gl (5 shransll s A

Compound Percentage Content

Zinc Oxide ¢o
Boric Anhydride
Water of Hydration

Impurities

308 jal) Balall jacaail 44 Y1 Salall dings 3.5
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il e il (el ) Qi a5 (AU saldl ) Gula) salall digl Cpanai g
el Gl ey (Al sale ) 48l el Ags ) ddLay L

Ve A“ \

& 5 £ A ) (o3 ) g 9,-3.5.1

(Yvoatvpated ITohyeotep Peoiv)

6 sl 48 i maa ool 5 ( Palatel A420 ) gaiiall e il sl i) dladind 5

Aliey A€ 3m 4y ) s pal s i) e il sl i) ey (Y -2) a8 JSAN

A slaasS Aa gl 53 lian Al yeS daslia () ALYl Al o il JSEl B da gl
 Aailiel) s Comally Caaly 431y 3y (alea) 5 Cilpdall

i

HOC-C=C-CH

Ester Groups

(¥ -¥)ad, Jed
[¥V]ediall 5 Sl (ol sl i S o span) o 52
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2l il N -3.5.2

[ X3

(T'Aacc D1Bepo )

Aa ol LSl Lgia s sauall 4y sbaasSll 5 A 5l 3udl) al g2 (g L ESD Duala 30 LYY elbis
ISy 58 Eun ala 31 GLIYY Gasae g elllia | sapn 4 heS daglia s dlle leaa
J<és 4 ( Chopped Strand ) dxkis <l J<is § ( Woven Roving ) 4Skas ilila
Gl e s yran aladi) a5 dda il gl gd S5 e | (Glass Fabric ) oala ) g
O (3-3) a8, Jsaall 5 (E-glass) E- ¢ 5= (600 g/em’) 44ES <3 43 siall 2 La 50
(s shassl) S Sl giall e 5 b 31 ol <l S

(F-£)pds sl
J¥A A siall W g e 30 il il gSa

Compound Content Percentage

Silicon Dioxide 52-56

Aluminum Oxide 12-16

Boric Oxide 5-10

Sodium Oxide & Potassium Oxide

Magnesium Oxide

Calcium Oxide

Barium Oxide

Titanium Dioxide

Zinc Oxide

Iron Oxide

Zirconium Oxide
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Iron 0.1

ol adll Gl‘ Al J,J,-é’ Al -36

(Teot Tneyipevo Ipenapatiov)
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(Zneyipeve o¢ Tneppad Epociov Teot)
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a8y 0S5 (8mm £ %) il clav g sana (< A (2mm) ey Y il (40 dnlad

Aol sl 4 panl) o) de JSA) Glasdads Taw ) Sl (Y-Y)

GO () gati N 2w f

(F-¥)pds Jsdd



sl e Jead)
- el

ala U GLIYY (e JSED A jila alad Agy 2 4 ) el A il Lid) g Sl apieat 48 Hha
a3 (3-4) ad ) JSA b e gall amal) ) Sl (a5 (80 mm) a5 Al sinl
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Usaall 32l ALzl 21y AN e 2 Maill Juaad Jgay 53 (polyvinyl Alcohol) Js=Sd
& 5 (Cobalt Octoatel) s3lall 028 (cansi dna Tann Lalas g andiall pe jind sl il
4y (MEKPO) 3alial) salall 45l Caliat laaes (6%) 4ty Jlad Qb oS o (5 500
a5 Gladad Bl i a0 Aol QI mhas o w81 ) e daaS a3 [V E](Y%)
4801280 5 Lgale et 0 (e (5 AT AaS it o5 GLIYY (e Y1 AGal) g g3 La ey alaiily
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Due to the increasing important to search about materials which
have the capability to limit from hazard and losses caused by fires and also
search about materials have the ability to resistant generated flame from fires
and in the same time acts as an insulator material so, this study introduced a
material combined between these characteristics , this material is antimony
trioxide (Sh,053).

In the present study , the preparation method of antimony trioxide and its
thermal and physical properties were expressed ,as well as described the
manufacturing method to form insulation layer from this oxide as a thickness
of coating layer (2mm) , paste on the composite material consist from
unsaturated polyester resin and glass fibers which acts as a paste and hold

material to the insulation and flame retardant oxide.

Several thermal tests were done to evaluate the performance of the antimony
oxide efficiency to thermal insulation and flame retardancy,these tests are

erosion test , thermal conductivity at low temperature and heat capacity test.

The result obtained from erosion test done at (2000°C) and (3000°C-
3250°C) were showed that the antimony trioxide efficiency of as a flame
retardant material and in the same time its efficiency in the thermal

insulation at high temperature.

The results obtained from thermal conductivity test were indicated that
antimony trioxide was a conductive material at low temperature.
The result obtained from heat capacity test showed that antimony trioxide

have more heat capacity from antimony.
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This study also indicated the possibility of improving thermal properties of
antimony trioxide by addition zinc borate which able to prevent flame spread

and increasing efficient of Sb,0O; to flame and thermal insulation.
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