
•PYREX Borosilicate Glass 

IWAKI manufactures PYREX R borosilicate glass unde1 

licence of Corning Glass Works, U.S A 

• Most dependable Glass 

PYREX 11 borosilicate glass 1s a low alkali boros1llcate heat 
resistant glass. It 1s virtually lree of magnes1alime-zinc 
group and heavy metals 

• Superior chemical durability 

Compared with other glasses, corrosion of PYREX" boro
silicate glass by acids and distilled water 1s extremely low 
PYREX lll borosilicate glass 1s the best and the most 
suitable glass available for laboratory use. 

• Thermal Resistance 

Coeff1c1ent of expansion is one-third in comp;mson with 
other commercial glass, meaning high resistance to thermal 
shock For example, the size of 150mm '< 150rnm x 3rnm 
PYREX~ bo1osil1cate g lass can wi thstand sudden temper
ature change or up to 180'C (Sudden cooling down) 

PYREX " borosilicate glass manufactured under superior 
melting technique, stric t inspection on appearance and 
severe quality control is the best for testing and 
analysis which require high precision. 

Technicai Data 

0 Glass composition 

Chem1ccil compcs1t1on 1s given below PYREX boros1 -
l1ca te glass 1s characteristic of low coeffic ient of linear 
thermal expansion and high thermal shock resistance. 
because 1t abounds with silica as ma1or composition and 
t11ough a lot of 8 20 3 1s contained Na 20 and K2 0 contents 
arP low 
Abrasion as well as scratch and squeeze hmdnesse is 
also excellent Thanks to superior melting method. PYREX ~ 

boros1hcate glass does not require putting fluxing agents 
and, therefore, offers nei ther bubble nor colorn1g even in 
fabrication by gas. 

• Table 1 Compos1t1on 
-r----~--.,-----..---~--~ 

Content Si02 A '20J Fe2 Q3 _ _,___ 
% 80.9 2.3 0.03 
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Technical Data 

f} Viscosity 

Glass has an infinite v1scos1ty in nOfmal tempera ture and 

wi ll deform only at tempera ture which approaches its strain 
points. Its viscosity range 1s normally between 10 15 102 
poises. Viscosity 1s one of c haracteristic properties of 
glass, by which g lass 1s measured 

Table 2 shows Viscosity of PYREX • borosi licate g lass and 
Figure 1 shows V1scos1ty temperature curve 

•Table 2 Viscosity 

Working Softening Annealing Strain 
point point point point 

Viscosity 
10• 1Q 7& 10130 101H 
poise poises poises poises 

- --
Temper-

1,252C I s2rc 5so·c 510C 
ature 

•Figure 1. Viscosity / Temperature Curve 
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@Physical Properties 

~emarkable point of PYREX R borosilicate glass 1s low 

coettic1ent of linear thermal expansion, as shown Table 3 
It 1s also one of characteristic properties that densi ty is low 

compared with that of metal and soda-lime glass 

• Table 3 Physical Properties 

Description 
-

Specific heat (25-C) 
Average (25- 400"C) 

Thermal Conductivity (25 C) 

(100'C) 

Linear coettic1ent of 
expansion (O- JOO"C) 

Density 

• Expression of thermal stress 

aE.!lT 
<r th = 2 (1 - l) 

a- th Therma l stress 

E: Young's module 

Value 

0 .17cal/ g · ·c 
0 .233cal/ g · C 

0.0026cal/ cm· sec· ·c 
0.0030cal/ cm ·sec· ·c 

32.5 X 10 1rc 

2.23g/cm3 

........... " (1) 

a · Linear expansion coeff icient 

tl T . Temperature difference 

kg/cm 2 

kg/cm2 

1/'C 
·c 

E: Poisson s ratio 



0 Thermal prosperties 

Glass will be failed resulting from sudden cooling down 
or heating up 
Surface of glass causes tensile stress by cooling down and 
compression stress by heating. 
Failure a lways results from tensile component of stress. 
even when the load 1s applied in compression Glass 1s 
much stronger under compressive loads than under tensile 
loads The reason 1s that tensile stress to occur in the 
surface of glass becomes stronger than maximum strength 
of glass As formula (1) shows. the lower coeff1c1ent of 
thermal expansion is, the higher thermal resistance 
becomes. Therefore. PYREX R borosilicate glass 1s strong 

against thermal shock. 
In general. thermal endurance of glass depends on form , 
condition of finishing etc Figure 2 shows rates of linear 
expansion coefficient and temperature di fference in thermnl 
stress for 3 kinds of wall thickness of glass plate 

•Figure 2 Thermal shock resistance 
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Technical Data 

9 Mechanical properties 

Jiracture occurs at the m~x1mum point of tension Theore
tical strength of glass 1s 200,000 kgs/ cm 2 

However. breaking strength is commonly found to occur al 
tensile strength of about 500 kg/cm'. because of surface 
scra tc h and thermal stress caused when desrgrnng glass 
components, fabrication, transportation and e tc It depends 
on following condi tions. 

a) Method of production 
b) Method of fabr1cat1 on 
c) Method of heat treatment 
d) Actual use and care 

Design of glass components should be made by taking 
several times of safety measure 
PYREX R borosllrcate glass 1s stronger than commercial 
g lass. because o f mechanical strength whrch prevents 
surface scratch 

Table 4 shows mechrncal propenes of PYREX 1" borosilicate 
glass 

•Table 4 Mechanical properties 

Young·s module 6 .4 x t05kg/cm 2 

Poisson 's ralro 0.20 

Shear modules 2.7 x 105kg/cm 2 

Knoop Hardness (100g) 418KHN 
- -

Bending strength 4 7 X 102kg/cm 2 

- ,._ 
Design s tress (Safety factor) 67kg/cm 2 
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Technical Data 

0 Electrical Properties 

_.Table 5 Electrical properties Glass 1s widely used in the electrical mdustris as msulaters. 
lamps and parts o f electron tube Properties of PYREX 
borosilicate glass has a large dielectric power. high volume 
resistance, high surface resistance and smooth solid 
· surface and also has a charactnsl1c of low dielectric loss 
without carbonizing by action of arc and conducllv1ly. 
rigures 3, 4 and 5 show the charactristic of electrical 
properties. 

--~--------~ 
Dielec tric strength (thickness 0.1mm) 

Volume resistivity (Log10) (25 'C) 

(250 C) 

(350C) 

Dielec tric power factor (1M Hz 20"C) 

Dielectric constant 

Dielec tric loss 

(1M Hz20"C) 

(1M Hz20C) 

4,SOOkV/cm 

15fl ·cm 

su n- cm 

6.6 l1 ·cm 

0.39% 

4.6% 

2.6% 

• Figure 3 Volume resistivi ty vs 

temperature of glass 

• Figure 4 Dielectric power fac

tor vs temperature 

• Figure 5 Dielectric constant vs 

temperature of glass 
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0 Optical properties 
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PYREX 11 borosilicate glass has high abrhty to transmit 
light, due to use of refined materials containing a low 
percentage of iron Refractive index nO is 1.4 7 4. 

• Figure 6 Spectral Transmittancy of PYREX " borosilicate glass 
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Figure 6 below given shows spectral transm1ttancy. 

(Thickness · 1.9 2 lmm)(Ullra violet ray : under 380nm V1s1ble ray ·380 - 770nm. Infrared ray over 770nm) 
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(j) Chemical properties 

Chemical durability of glass means chemical resistance. 

The surface of glass will be somewhat damaged by mois
ture, carbonic acid gas and so on m the air 
Durability 1s 1udged from the rate of resistance of glass to 
chemical corrosion. Corrosive amount of PYREX" boros1-
!icate glass against acid materials and distilled water is 
extremely low compared with other glasses. Following 
figure shows loss of weight value of PYnEX n borosilicate 
glass 

a) Distilled water 

Solubility of Alkali 0.01mg 
(1o<rc. lHR. 300 - 500 particle test) 
Weight loss of surface o 001 mg/cm1 11oo·c 6HRS) 

b) Moisture (Weight loss or surface mg/cm ') 

Exposing HR HR HR 
lime 1/2 1 2 

-
121 c 

(1.0Skg/ - 0.0075 -
>-

cm 1G ) ._ -~ 
224 c 

124.Skg/ 0.043 0.076 0.124 
....__cm2G) 

• Figure 7 Corrosion by NaOH 
Solution 
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•Figure 8 Corrosion by 

Fluoric acid 
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Technical Data 

c) ~cid , Alkali (Weight loss mg/cm i ) 

5% HCL 
24Hrs 100-c I 

0.004_5 __ , 

~~-r-~~~~~~~-. 

5%NaOH 

6Hrs 99C 

1.4 

N/ 50 Na2C03 
6Hrs 100 C 

0.12 

PYRCX 11 borosilicate glass is 1r1Prt le> almost all materials 
w1lh the ex.cept1on of hydrofluoric acid, phospho11c r.1c1d 
<lnd hot .slrong caustic solutions 
I lydrofluonc acid he.,. the most sm1ous effect. Howevf'r, 

lhe rate or attack of alkaline solution rs not excessive. 
11 not highly concentrated ;md al the room temperature. 

l tie rate of attack increases at the temperature over 40 C 
r1qures 7 8, S ~nd 10 show rates for both speed of COHO· 

s1on by NaOH and fluoric ncid, mid weight toss aga1m;t 
alk;ih 

• Frgure 9 Durabrlrly vs Alkali 
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• Figure 10 Durability vs 

Alkali 
I ll 

<1'1 

~: 
11,1 

lll 

00!.i .....-----..._ 
() IJ, l'J"C ,,,-----__ 

l: ll OI fi '>"t 
a> 

~ tllM l'> ~ 
/~~· 

111~1.·~ 
Ill Kii 

11 l•J :;>O 30 llt '>(I t !(J 

C f tit I ttf1, fht>ll ( !(l " ' 'f 1f IJ 
"O r. In • ~J fill HlO 

rp11101·1;thJU 1•( I 

5 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I• 
I• 
I • 



Technical Data 

@Mechanical strength of internal pressure of PYREX 1R1 borosilicate glass tubes 

The graph shows the mechanical strength for PYREX 11 

boros11tcate glass tubes of various diameter and thick 
nesses at 2s·c calculated from the following formula 

• 
p • <1 

P: Meclmrncal strength of internal p1essure (kg/cm~) 
<1 Design stress (67kg/cm) 

(The factor of average stress of cut1ing direction 
against inwall of glass tub<> is considered to be 
twice I 

d· Inside diameter 
D Outside d1meter 

# 

Note 1 

ThP mPcharncal strength obtained from the grapn is made 
for reference only and does not mean guriranteed internal 
pressure of PYREX I\ gl;:iss tubes. 
Note:2 
l llP. qrnph is not appllc;:ible to glass Lubes under Ilic fol
lowing influences 
I Pressure due to bend by fnstoning 
2 Hot pressure caused by d1flcrence of temperatu10. 
3 Chip 1n glass tube 
4 Mechanical scratch 

.., rast change of pressure 
6 Miscellaneous 

•Figure 11 Mechanical strength of internal pressure of PYREX 11 borosilicate glass lubes 

40 

l(I 

f 
(/ 

(J! 

• ,.n 
~ 
"' '" a 
m 

" ;;; 
c I fl 
0 
5 
O> 

A 
c 

"' ';;; F, 
iU 
" L. ... 
L 

" ~ .1 
~ 

- () -



Technical Data 

4ll> Nomogram for computing relative centrifugal forces(RCF) 

To calculate RCF value at any point along the tube or flask 

measure the radius in mm from the centrf' of the centrifuge 

spindle to the particular porn!. Draw a line from this radius 

value on thP. fight-hand column to the annroprrate centrifuge 

speed on the left-hand column The RCr value is the point 

where tt1e line crosses the centre column 

The nomogram is based on the formula 

ACF - 11 18 "' 10 ""RN 

R = Radius in mm from centnfui;ie sn1mllc to point 1n tube 

N = Speed of spindle in rpm 
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