
KU ScholarWorks | The University of Kansas Pre-1923 Dissertations and Theses Collection

The Effect of Adding Small 

Percentages of Finely Ground 

Metals to Enamels

May 15th, 1912

by Glenn L. Pyle

This work was digitized by the Scholarly Communications program 
staff in the KU Libraries’ Center for Digital Scholarship.

http://kuscholarworks.ku.edu

Submitted to the School of Engineering of the 

University of Kansas in partial fulfillment of the 

requirements for  the Degree of Bachelor of Science



THE EFFECT OF ADDING 

SMALL PERCENTAGES OF 

FINELY GROUND METALS 

TO ENAMELS 

GLENN L. PYLE 
1 9 1 2 



THB OTKCT OP ADDING SMALL PERCENTAGES OF FINELY 

GROUND EETAL8 TO ENAKBLS. 



L a w r e n c e , K a n s a s , 

Hay 1 5 , 1 9 X 2 . 

P r o f e s s o r H. P . Cady , 

U n i v e r s i t y o f K a n s a s , 

L a w r e n c e t K a n s a s . 

B e a r S i r : 

Ï hand y o u the f o l l o w i n g t h e s i s r e q u i r e d 

f o r the D e g r e e o f B a c h e l o r o f S c i e n c e , i n the 

C h e m i c a l e n g i n e e r i n g C o u r s e o f the U n i v e r s i t y o f 

K a n s a s . The s u b j e c t o f t h i s t h e s i s was s u g g e s t e d 

Toy l e a s e r s B r o c k and W e i t h and the e x p e r i m e n t a l work 

was done u n d e r t h e i r s u p e r v i s i o n . 

Y o u r s s i n c e r e l y , 

RD0107 110131 
M 



2 . 

BIBLIOGRAPHY, 

1 . T e c h n i c a l methods o f Chemical A n a l y s i s , G. Lunge , 
C. A. Keane . V o l . I , P a r t I I , Gurney & 
J a c k s o n , 10 P a t e r m o s t e r Row, London , 1 9 0 8 , 

2 , T r a n s a c t i o n s American Ceramic S o c i e t y , V o l , X I , 
1 9 0 9 , The A l l o w a b l e L i m i t s o f V a r i a t i o n s in 
the I n g r e d i e n t s o f Enamels f o r Shee t S t e e l , 
pages 1 0 3 - . 

5 . E n a m e l l i n g on I r o n , S c i , Amer, S u p p , , 6 1 : 2 5 , 1 4 0 * 1 , 
Jan . 2 7 , 06 and 6 7 : 2 3 2 , A p r . 1 0 , * 0 9 , 

4, Enamel and I t s P r e s e n t A p p l i c a t i o n , S o i , Aiaer, S u p p . , 
5 8 : 2 4 , 1 1 0 - 1 , Nov , 5 , « 0 4 , 

5 , E n a m e l l i n g , S o i , Amer. S u p p . , 5 2 : 2 1 , 6 1 6 * 7 , 
2 1 , 6 3 6 , 2 1 , 6 4 9 , 2 1 , 6 6 6 , 2 1 , 6 8 4 5 , N O T . 1 -
D e c . 7, ' 0 1 . 

6 , ï / e c h a n i c a l E n a m e l l i n g o f I r o n , S c i . Amer, S u p p , , 
5 1 : 2 1 , 0 9 9 , 

7 . Enamels and E n a m e l l i n g , J , S o c . A r t s , 3 9 ; 3 3 1 , 
J , S. Gardner , 4 8 : 1 3 7 . 

8 . E n a m e l l i n g a s a » I n d u s t r y , J o s e f Vo l lkommer , 
2 4 0 0 , I r o n Age* March 2 3 , 1 8 9 9 . 

9 . E n a m e l l i n g , E n g i n e e r , London, Aug , ? 3 , 1 9 0 1 . 

1 0 . E n a m e l l i n g on I r o n and S t e e l , Theory and P r a c t i c e , 
J u l i u s Orftnwald. T r a n s l a t e d "by H, H# Hodgson , 
J# B, L i p p i n c o t t Co«iany, 1 9 0 1 , 

1 1 . Ground Enamel t o p r e v e n t O A i d a t i o n o f Carbon 
in I r o n , R. Vbndracek , S p r e c h s a a l , 4 4 ; 1 1 0 , 

1 2 . Reduc ing E f f e c t o f I r o n on Enamels , 1U Kayer & 
B. B a v a s , S p r e c h s a a l , 4 3 : 7 2 9 - 9 , 

1 3 . R e d u c t i o n o f Carbon monoxid and Carbon d l o x i d 
in Ground Enamels b y I r o n . C, Testmann, 
Keran Rundschau, 1 9 ; 5 - 6 » 



3 . 

TâELE OF COHTFTS. 

Letter of Transmittal page 1. 

Preface. " 4 . 

Introduction " 5. 
Object of the research " 6 . 
Description of enamels and enamelling." 7. 
History of pinholing " 8. 
Choice of enamels and metals. . . . " 11 . 

Experimental Part " 1 3 . 
Preparation of Materials . . . . . . . " 1 4 . 

« " Enamel • 16 . 
Method of applying enamel " 16 . 
Table» " 1 9 . 
Summary of Results and Conclusions. " 24 . 



PREFACE 

The work o f t h i s t h e s i s was done a t the 

U n i v e r s i t y o f Kansas in the Department o f I n d u s t r i a l 

R e s e a r c h . The s u b j e c t o f the t h e s i s was s u g g e s t e d 

b y l / . e s s e r s B r o c k and W e i t h and the e x p e r i m e n t a l 

work was done u n d e r t h e i r s u p e r v i s i o n . 

The t h e s i s was w r i t t e n f o r the Degree o f 

B a c h e l o r o f S c i e n c e and m o s t o f the e x p e r i m e n t a l 

work was done d u r i n g Inarch, A p r i l and ¥ay o f 1 9 1 2 . 

The f i n a l work o f the t h e s i s was s u b m i t t e d 

t o P r o f e s s o r H. P . Cady, D i r e c t o r o f the Depar tment 

o f C h e m i s t r y , and was a p p r o v e d b y h i m . 
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TES EFFECT OF ADDING a ALL PERCENTAGES 

OF FINELY GROUND K2TALS TO ENAKBLS. 

The o b j e c t o f t h i s t h e s i s was an attempt 

to prevent the f o r m a t i o n o f p in h o l e s in the 

p r o c e s s o f e n a m e l l i n g on s t e e l . 

By enamel i s meant a v i t r e o u s substance 

a p p l i e d to s t e e l o r i eon f o r p r o t e c t i v e pruposes 

on ly and n o t f o r d e c o r a t i v e e f f e c t . Enamels are 

commonly a double s i l i c a t e wi th o x i d s o f the 

a l k a l i e s and o x i d s o f the heavy m e t a l s . The 

raw m a t e r i a l used in the manufacture o f enamels 

are s i l i c a , s i l i c a t e s , b o r i c a c i d and b o r a t e s , 

carbonates and o x i d s o f the a l k a l i n e ear th group , 

carbonates o f the a l k a l i group , m e t a l l i c o x i d s , and 

d e c o l o r i n g a g e n t s . G e n e r a l l y speaking to r e s i s t 

a c i d s w e l l an enamel must have a h igh a c i d ©es tent . 

This as a g e n e r a l r u l e i s accompl ished by i n c r e a s 

ing the p e r o f s i l i c a , and as a r e s u l t r a i s i n g 

the f u s i o n p o i n t o f the enamel. To l ower the 

f u s i o n temperature l i m e , a l k a l i e s , b o r a t e s and 

f l u o r i d s are added . For us ing m e t a l l i c o x i d s 

var i ous r easons a r e g i v e n . I t seems to b« a f a c t 

that the heavy m e t a l s i n c r e a s e the r e s i s t i v i t y 
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o f an enamel a g a i n s t chemical a c t i o n . Cobalt 

ox id a ids the enanel to s t i c k to the iron or 

s t e e l and i s t h e r e f o r e u s u a l l y used in ground 

c o a t s . There are two methods of applying 

enamels ; 

( 1 ) To gr ind the fused f r i t t to a f ine 

powder and then dust t h i s dry powder through 

c l o t h bags onto the dampened surface of the 

iron or s t e e l . 

( 2 ) To g r i n d the fused f r i t t with a c e r t a i n 

percentage o f water and c l a y , to a thin g r u e l - l i k e 

c o n s i s t e n c y and then to d ip or slush this m a t e r i a l 

over the s u r f a c e o f the i ron o r s t e e l . 

Each o f the above methods has i t s own a d v a n t a g e s 

f o r c e r t a i n c l a s s e s o f v o r k . 

One o f the g r e a t e s t , i f not the greatest , 

t r oub le in the enamel l ing industry i s probably 

caused by the small p in h o l e s which form in the 

enamel whi l e i t i s f u s i n g down on the metal. I f 

the enameled v e s s e l i s used to hold an acid l i q u i d 

the s o l u t i o n soon works down into these minute 

h o l e s , ea ts out the m e t a l s f and causes the enamel 

to ch ip away from the s t e e l surrounding the pin 

h o l e s . 

There may be v a r i o u s causes f o r the f o rmat 

ion o f these small h o l e s in enamels but the cause 

i s g e n e r a l l y a t t r i b u t e d to the reduction of some 

o f the c o n s t i t u e n t s o f the enamel by the carbon 
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*ro. P l a t e . N o . ^ p e r c e n t a g e | ^ _ y ^ f f i t ^ t . 

P o r e # 1 . 91 f . l A lumin .2 :30 2 :33 3 820 830 w u t i i 0 . 1 * " ft * * n 
* 2 w 0 . 1 « 2 ;37 2 :40 « 810 820 
* 2 1 M 0 . 1 n ft * « * * 
w 3 0 . 1 « 2 :45 2 : 4 8 " 820 840 
« 3 1 * 0 .1 H n ft ft it ti 

Platinum 91 0 .1 w 3 :00 3:03 * 820 810 

P o r c e l a i n #1 & l f - t r a n s p a r e n t , no b u b b l e s . 
11 2 & ? f - a few b u b b l e s , y e l l o w c o l o r . 
w 3 & £ • - t r a n s p a r e n t , no b u b b l e s . 

Platinum 1 • - two small bubble® a t b o t t o m . 

A f t e r these exper iments i t was taken f o r 

granted that carbon monoxid and carbon d i o x i d 

gases were formed in the p r o c e s s o f e n a m e l l i n g . 

I t was a l s o presumed that one o f these g a s e s was 

o f the s t e e l . 

I t ha8 "been proved by v a r i o u s exper imenters 

that s t e e l reduces m e t a l l i c c o n s t i t u e n t s o f enamels 

and there i s no reason to suppose that g r a p h i t e 

w i l l n o t do the same t h i n g . 

Table î ïo . 1. shows some p r e l i m i n a r y e x p e r i m 

ents on t h i s p o i n t . The p l a t e s used were o f 

p o r c e l a i n , from an e v a p o r a t i n g h i s h , and p l a t i n u m , 

an o r d i n a r y platinum c r u c i b l e l i d . The t a b l e shows 

that ve ry few bubb les were formed in these case®, 

and t h i s i s taken as an added p r o o f that the 

b u b b l e s are caused by a gas o r by gases « 

TABLE NO. I . 



a. 

the cause o f the b l i s t e r s and "bubble h o l e s in the 

enamel . 

The l i t e r a t u r e on the s u b j e c t o f enamels 

and e n a m e l l i n g i s n o t v e r y e x t e n s i v e , and the 

s u b j e c t o f p i n h o l e s i s r a r e l y mentioned o r 

d i s c u s s e d in books o r magasine a r t i c l e s . Rudol f 

Vondracek says that o n l y in the enamel l ing o f 

i r o n in there any t r o u b l e on account o f bubbles 

and t h a t on pure m e t a l s , such as g o l d and s i l v e r , 

the enamel i s compact and f r e e o f b l i s t e r s , e t c . 

Pure e l e c t r o l y t i c i r o n a c t s l i k e g o l d and s i l v e r . 

Mr. B. Ker l says that i f one wishes t o m e l t an 

enamel c o l o r e d w h i t e w i th t i n o x i d d i r e c t on i ron 

the w h i t e c o l o r would s u f f e r on account o f the 

r e d u c i n g e f f e c t o f the carbon o f the i ron upon 

the t i n o x i d , and the enamel would be rendered 

p o r o u s on a c c o u n t o f the e v o l u t i o n o f the o x i d e 

o f c a r b o n . Other substances a l s o are reduced 

by the carbon o f the i r on and cause an e v o l u t i o n 

o f g a s . The problem w i l l then r e s o l v e i t s e l f 

i n t o two p a r t s : e i t h e r t o prepare the enamel ee 

t h a t the carbon o f the i r o n w i l l n o t reduce Une 

c o n s t i t u e n t s o f the enamel a t the temperature a t 

which the enamel i s fused onto the i r o n , o r to 

p r e p a r e the meta l in some way so that the e f f e c t 

o f the carbon in removed. 

The l a s t method i s the one most g e n e r a l l y 

u s e d . There a r e s e v e r a l ways o f a p p l y i n g t h i s 
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method. The most common one i s the a p p l i c a t i o n 

o f a ground c o a t b e f o r e the f i n a l enamel i s p u t o n . 

The ground coa t a l s o performs o t h e r f u n c t i o n s 

f o r i n s t a n c e in n e u t r a l i s i n g the expans ive e f f e c t 

o f the s t e e l on the top enamel. Some th ink t h i s 

the o n l y use hut P. H. Eyer says that in c o v e r i n g 

s h e e t i r on wi th an enamel a ground c o a t must he 

put on f i r s t which i s to prevent the r e d u c t i o n 

o f the m e t a l l i c o x i d s in the enamel by the carbon 

o f the i r o n . 

This method i s used almost e n t i r e l y in the 

e n a m e l l i n g o f c ook ing u t e n s i l s and s ign e n a m e l l i n g . 

This ground c o a t must fuse a t a h i g h e r temperature 

than the f i n a l c o a t i n g and must c o n t a i n no 

s u b s t a n c e s that would r e a c t w i th the top l a y e r or 

f i n i s h c o a t . Other n e u t r a l l a y e r s have been 

t r i e d but w i thout much s u c c e s s . E l e c t r o l y t i c i r o n 

and c o p p e r p l a t i n g have been t r i e d but the d e p o s i t s 

do n o t s t i e k w e l l . Rudol f Vondracek says t h a t he 

g o t good r e s u l t s by h e a t i n g f o r f o u r t e e n hours 

a c a s t i r on v e s s e l w i th ground up i r o n o x i d f to a 

red h e a t . He s p r i n k l e d the enamel on t h i s o x i d 

l a y e r in the o r d i n a r y way and g o t an enamel f r e e 

from b u b b l e s . Experiments c a r r i e d out by K e s s e r s 

Weith & Brock have shown t h i s method to be o f 

v e r y l i m i t e d a p p l i c a t i o n and a t the b e s t does n o t 

g i v e v e r y s a t i s f a c t o r y r e s u l t s . A p a t e n t has 

r e c e t l y been i s sued f o r the removal o f the carbon 
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Toy means o f su lphur . The sulphur i s s imply s p r i n k 

l e d on the s t e e l and h e a t e d . The r e a c t i o n w o u l d 

r e s u l t in the formation o f carbon b i s u l p h i d . No 

in format ion i s at hand in regard to the r e s u l t © 

obta ined by the use o f t h i s method. A method 

used to some extent i s h e a t i n g the s t e e l in the 

open a i r b e f o r e enamel l ing . This h e l p s some "but 

does not f r e e the metal e n t i r e l y o f carbon . 

The second method o f p revent ing the r e d u c t i o n 

o f the enamel by the carbon , e . g . , r e g u l a t i n g the 

compos i t i on so that the carbon in the s t e e l w i l l 

not r e a c t wi th the enamel c o n s t i t u e n t s , i s one 

most commonly used. There i s no s c i e n t i f i c method 

f o r us ing t h i s method, however, and a l l enamel f o rmula 

are m o s t l t empir i ca l . Another way o f a t t a c k i n g 

the problem in th i s way i s to app ly a very f u s i b l e 

enamel t o the red ho t i r o n . The enamel in t h i s ease 

me l t s on the i ron so q u i c k l y that the r e d u c t i o n 

p r o c e s s does not take p l a c e to any g r e a t e x t e n t 

and t h e r e f o r e tends to prevent the t roublesome 

b u b b l e s . 

The method purposed to use in these 

experiments i s a m o d i f i c a t i o n o f the second p r o c e s s 

j u s t d e s c r i b e d * I t was reasoned that I f a r e d u c i n g 

agent c o u l d be put i n t o the ground enamel b e f o r e 

a p p l i c a t i o n that the gases coming o f f from the 

s t e e l would be reduced and in t h i s way p r e v e n t 

the gas from coming to the s u r f a c e and forming 



b u b b l e s . I t was r e c o g n i z e d that there would a l so 

"be a reduc ing e f f e c t on the m e t a l l i c content of 

the enamel. The i r o n i t s e l f has a reducing e f f e c t 

on t i n o x i d and l e a d o x i d in the enamel. This 

has been proved by i:„ TZayer and B. Ha vas in a 

s e r i e s o f r e c e n t e x p e r i m e n t s . 

This f a c t was, however , l e f t out o f the 

problem f o r the time b e i n g and only the p o s s i b i l i t y 

o f the gases b e i n g reduced taken into cons idérât* 

i o n . In s e l e c t i n g our reduc ing agent two po ints 

must be o b s e r v e d ; 

( 1 ) The r educ ing agent must en te r into com* 

b i n a t i o n wi th the enamel in such a way as not to 

harm i t s p r o p e r t i e s . 

( 2 ) I t must n o t form a gas a t the temperature 

o f f u s i o n o f the enamel . 

The on ly subs tances thought to f i t these 

c o n d i t i o n s were the heavy m e t a l s . Four me t a l e 

were chosen , namely, aluminum, magnesium, z i n c , 

and c o p p e r . They were very f i n e l y ground. 

An enamel was s e l e c t e d from the l i s t Of 

exper imental enamels o f Weith & Brock. One 

was p i c k e d out that mel ted a t a medium temperature, 

d i d n o t conta in many heavy m e t a l l i c ox ids because 

o f the reduc ing e f f e c t o f the adul terated enamel, 

and one that c o n t a i n e d a medium number o f bubbles 

and pin h o l e s . The formula f o r an enamel su i tab le 

f o r the work was as f o l l o w s : 



SiOp * 3 4 . 7 ^ 

AI0O3 == 4 . 0 » 

Na.»0 » 33.0*' 

B?03 = 5 . 0 " 

T i02 * 2 3 . 3 " 

Th i s enamel was numbered 9 1 , and was made 

from g l a s s sand , f e l d s p a r , sodium c a r b o n a t e , 

b o r a x , and r u t i l e . 

The d e s c r i p t i o n o f the enamel a s g i v e n "by 

Weith & B r o c k in t h e i r e x p e r i m e n t a l w o r k , i s a s 

followB; 

C o l o r - Transparent y e l l o w i s h brown t o r e d d i s h 

brown, the c o l o r d e p e n d i n g on t h e t i m e and temp* 

e r a t u r e . 

L u s t r e - D u l l to g l o s s y . 

O p a c i t y - T r a n s p a r e n t . 

S t r u c t u r e - Bubb les and p i n h o l e s , w o r s e w i t h r i s e 

in t e m p e r a t u r e . A l s o c r a z i n g . 

B u r n i n g - Burned on f i r s t p l a t e a r o u n d e d g e s dus 

t o v i s c o s i t y o r t o o t h i c k a c o a t . 

S t i c l c a b i l i t y - F a i r l y g o o d . None o f the p l a t e s 

were g o o d . 

A few e x p e r i m e n t a l p l a t e s were run and t h e 

r e s u l t s o b t a i n e d compare v e r y f a v o r a b l y w i t h t h e 

above d e s c r i p t i o n o f the e n a m e l . 



EXPERIMENTAL PART. 

PREPARATION OP MATERIALS AND ENAtfBL. 

The metal p l a t e s used in these expérimenta 

was hoop i r o n . Hoop i r on i s a low grade cheap s t e e l 

and was s e l e c t e d because i t was r e a d i l y a v a i l a b l e 

and was thought to compare f a v o r a b l y w i th the 

s t e e l used in a c t u a l p r a c t i c e . The s t e e l was 

c u t i n t o p l a t e s 1 - 1 / 2 " X 3 /8* X 4 " . The p l a t e s 

were c u t f o u r inches l o n g because i t would make 

them j u e t the r i g h t l e n g t h to put end to end in 

the f u r n a c e . Thin s t e e l was s e l e c t e d so that 

the p l a t e s would soon become heated when p laced 

in the f u r n a c e . A f t e r be ing cut to the proper 

s i z e the p l a t e s were numbered w i th s t e e l d i e s 

in c o n s e c u t i v e o r d e r from 1 to 150 . In o rder to 

remove the r u s t and o t h e r f o r e i g n matter from the 

p l a t e s they were p i c k l e d in a c i d . 

P i c k l i n g c o n s i s t s in immersing the p l a t e s 

in a d i l u t e a c i d * In t h i s case the s t e e l was 

p l a c e d in a ra ther l a r g e j a r and a 1Q< s o l u t i o n 

o f s u l f u r i c a c i d poured upon them. They were 

s t i r r e d around wi th an iron rod u n t i l p l a t e s 

taken out and scrubbed with a s t e e l brush showed 



a "bright c l ean sur face f r e e from rus t and m i l l 

s c a l e . The p l a t e s remained in the a c i d a t o u t an 

hour "before the rus t was a l l removed. At the 

end o f that time the a c i d was poured o f f and the 

s t e e l washed. A f t e r thorough scrubbing wi th a s t e e l 

w i r e "brush the p l a t e s were dropped in s lacked l ime 

to d r y . The p l a t e s were n o t a l l owed to remain 

in the a i r f o r any l e n g t h o f time as a c o a t i n g o f 

r u s t formed in a very s h o r t t ime. The l ime served 

the double purpose o f n e u t r a l i s i n g any a c i d which 

had escaped the washing, and o f absorb ing the 

m o i s t u r e . A f t e r remaining in the l ime f o r about 

an hour the p l a t e s r/ere taken o u t , most o f the l ime 

s t i c k i n g to them* removed by knocking them aga ins t 

the s i d e o f the l ime b o x , and p l a c e d in a d e s s i c a t o r 

f o r f u t u r e u s e . 

The enamel was prepared by weighing out the 

f l u x e s on a f l u x b a l a n c e , p u t t i n g them toge ther in 

a d i s h , s t i r r i n g w e l l , and f i n a l l y gr ind ing 

thoroughly in a an Abbe b a l l m i l l . They were 

ground to a lmost an impalpable powder. ,The time 

taken in g r i n d i n g was about f o r t y - e i g h t h o u r s . 

The ground f l u x e s were now put a l i t t l e a t a time 

i n t o a c r u c i b l e which had been p r e v i o u s l y heated 

in a p o t furnace f i r e d wi th natura l gas an a i r . 

The temperature o f the p o t furnace was est imated 

a t about 1200° C. Although no e x a c t measurements 

were taken i t i s sa f e to assume t h i s temperature 



to be approximately c o r r e c t . The enamel bubbled a 

good deal whi l e me l t ing down due no doubt to the 

use o f c a r b o n a t e . The f l u x e s were a l lowed to fuse 

t o g e t h e r u n t i l they melted to a qu ie t l i q u i d . In 

o rder to t e l l whether a l l the p a r t i c l e s were in 

s o l u t i o n or n o t , an i ron rod was thrust in to the 

molten enamel and s t i r r e d around u n t i l a small 

ga ther ing was made on the end o f the rod . The 

l i q u i d enamel was a l lowed to run down in a f i n e 

s t r i n g and the thumb and f i n g e r moved along the 

f i n e s t r i n g o f g l a s s to f e e l any I m p s o f u n d i s s o l v 

ed m a t e r i a l . I f the s t r i n g o f enamel was smooth 

and even the enamel was cons idered done and was 

poured into a p a i l o f water which c oo l ed and gran

u l a t e d the molten g l a s s . 

Hal f o f the enamel f r i t t was now taken and 

ground again in the b a l l m i l l as b e f o r e . The 

o ther h a l f was saved to be ground wi th the pure 

m e t a l s . The unground f r i t t was used in p r e f e r e n c e 

to the ground as i t was thought that perhaps the 

rough edges would h e l p the mixing o f the metal w i th 

the f r i t t . The un-ground f r i t t was weighed out 

one hundred grams a t a time and 0 . 1 $ . 0 . 5 $ , and 2.$% 

o f each o f the metals were mixed with the separate 

ba t ches in s e c c e s s i o n . These mixtures were put 

away in b o t t l e s and ground together as time a l l owed 

throughout the experimental work. They were 

ground in a mechanical agate mortar , s i m i l a r 



1 6 . 

to the I cKenna g r i n d e r . They were a l l ground 

very f i n e , almost to an impalpable powder. The 

m e t a l s used were a l l ground very f i n e and were 

p u r e . I t was f e a r e d that some o f the metals had 

been ground in o i l and so they were thoroughly 

washed w i t h e t h e r to remove any o i l or grease 

that might be p r e s e n t . 

Everyth ing was now prepared and ready f o r 

a c t u a l e n a m e l l i n g . The furnace ueed throughout 

t h i s work was a natura l gas muf f le furnace b u i l t 

by the American Gas Purnace Co. The muf f l e was 

a b o u t l û * X 1 8 " . A Le C h a t e l i e r pyrometer was used 

in determining the temperature . The s i l i c a tube 

was p l a c e d in a small h o l e in the back o f the 

furnace and was supported in the middle by a cupel 

turned up s i d e down. Three c u p e l s were p laced 

4* a p a r t s i d e by s i d e in the g u f f l e near the end 

o f the s i l i c a tube . These were used as supports 

f o r the p l a t e s during f i r i n g . The c o l d j u n c t i o n 

o f the pyrometer was p l a c e d in water and no 

attempt was used to keep i t at G°C. s i n c e i t would 

r e q u i r e so much care and would o n l y make a few 

d e g r e e s d i f f e r e n c e in temperature. The wires 

from the c o l d j u n c t i o n were run to the b ind ing 

p o s t s o f a m i l l i v o l t m e t e r . The w i r e s and b i n d i n g 

p o s t s were c a r e f u l l y c l eaned and sandpapered l i g h t l y 

each time in o r d e r to be c e r t a i n o f g e t t i n g good 

e l e c t r i c a l c o n n e c t i o n s . 



The p r o c e s s used in enamell ing was as f o l l o w s . 

Two small shaving powder boxes were taken, and in 

one was p l a c e d the ground f r i t t f r e e from metal and 

in the o ther the mixture o f ground f r i t t and m e t a l . 

Over the mouth o f the boxes f i n e cheese c l o t h 

was p l a c e d and bound on with rubber bands . 

Two o f the s t e e l p l a t e s were now chosen and 

the l ime scrubbed o f f wi th a s t e e l brush . They 

were washed o f f with d i s t i l l e d waterand wiped 

c a r e f u l l y with a c lean moist sponge . This was 

done because i t was d e s i r e d to g e t the f i l m o f 

water o f a uniform th ickness as o therwise the 

enamel would crack and draw. Also too t h i c k a 

f i l m would cause too th i ck a l a y e r o f enamel to 

be put on at that p l a c e . This happens "because the 

t h i c k n e s s o f the enamel i s determined to some 

e x t e n t by the eveness o f c o l o r . I f the f i lm o f 

water i s t h i c k e r in some p l a c e s than in o t h e r s , 

a darker c o l o r w i l l rsmLt and more enamel w i l l 

be powdered on that spot than on the remainder 

o f the p l a t e . The numbersof the p l a t e s were 

now entered in the data book . The powdered enamel 

was c a r e f u l l y shaken on the p l a t e s t o a t h i c k n e s s 

o f approx imate ly 5 / 5 2 ' o f an inch . The temperature 

as g iven by the pyrometer was now noted and r e c o r d e d , 

the p l a t e s taken one a t a t ime, put in the furnace 

end to end on the c u p e l s , and the time r e c o r d e d . 

The m e l t i n g down o f the enamel was watched through 



a p e e p h o l e i n the d o o r and a s s o o n a s the enamel 

m e l t e d and f l o w e d s m o o t h l y the p l a t e s w e r e taken 

o u t and p u t on t o p o f the f u r n a c e t o he a n n e a l e d 

s l i g h t l y . Three p l a t e s o f t h e same p e r c e n t o f 

m e t a l w e r e run and a p l a t e o f the u n a d u l t e r a t e d 

g r o u n d f r i t t was run a s d u p l i c a t e f o r e a c h o f them. 

B e f o r e a t t e m p t i n g t o run any p l a t e s i t was 

t h o u g h t b e s t t o t r y a f ew p l a t e s b o t h t o t e s t f o r 

the b e s t t e m p e r a t u r e and a l s o t o g a i n some p r a c t i c e 

i n e n a m e l l i n g . Four p l a t e s were t a k e n and enameled 

and run a t 1 0 0 0 * C , 9 6 0 ° C , , 8 0 0 ° C . , and ? 8 0 ° C . 

The p l a t e n o . 75 run a t 1 0 0 0 ° C . was t r a n s p a r e n t , 

g l a s s y , had a y e l l o w i s h brown c o l o r , was c r a z e d 

b a d l y and t h e t e m p e r a t u r e was so h i g h t h a t i t drew 

t h e enamel away from the e d g e s l e a v i n g t h e m e t a l 

b a r s . P l a t e n o . 85 run a t 9 6 0 ° C . a c t e d in much 

the same w a y . P l a t e ïïo, 8 d i d n o t draw away 

from the e d g e and had f e w e r b u b b l e s h o l e s than the 

o t h e r s run a t h i g h e r t e m p e r a t u r e s . P l a t e No , 84 

was run a t 7 8 0 C C . and d i d n o t d i f f e r m a t e r i a l l y 

f r om N o , 8 . Jrom t h e s e p l a t e s i t was d e c i d e d t o 

run t h e enamel a t t e m p e r a t u r e s somewhere around 

8 0 0 ° C . 

The f o l l o w i n g t a b l e s show the d a t a o b t a i n e d 

in t h e s e e x p e r i m e n t s . 



TABLE Ko. I I . 

No. No. .Percentage HgS Temperature 
P l a t e , enamel . m e t a l . B 28 D B S 
#71 #91 4 ;19 4 : 2 3 . 5 4 . 5 800° 840° 

42 M 4:57 4 : 6 0 3 825° 830° 
101 fl 5:08 5:3,2 4 795° 810° 

0 tl 3 :21 3 : 2 4 . 5 3 . 5 820° 800° 
74 It 3:26 3 : 3 0 4 810° 780° 
81 It 3:31 3 : 3 5 4 800° 780° 
28 tl 5 : 3 2 . 5 5 : 3 6 3 . 5 840° 840° 
95 II 0 . 5 Aluminum " " it « « 
35 It 5:40 5 :43 3 900° 
22 II 0 .5 Aluminum " M it n h 32 It 5 : 4 9 5 : 5 2 . 5 3 . 5 820° 820° 
16 II 0 .5 Aluminum * 11 n 
82 H 3 : 1 7 . 5 3 : 2 1 3 . 5 780° 810° 
93 II 0.5 Aluminum w * h t! » 
88 It 4 :28 4 : 3 2 4 820° 800° 
17 II 0.5 Aluminum n w » h 24 tl 4:40 4 : 4 5 5 840° 775° 
60 II 0 ,5 Aluminum * H it N 

If 

$t 

Hlfr'ARKff. 

No . 7 1 : -
• 42 
" 1 0 1 : -

0 
74 
81 
28 
95 
35 
22 
32 
16 
82 
93 
88 
17 
24 
60 

Crass ing , b u b a l e s , 
« p imples on s u r f a c e . 

Less c r a z i n g , shr inkage s p o t s p r o b a b l y 
caueed by wind b lowing a c r o s s s u r f a c e 
w h i l e e n a m e l l i n g . B u b b l e s i n s p o t s . 
Craz ing , b u b b l e s . Good e n a m e l l i n g , w it .# • 

R It « « 
Crazing , b u b b l e s . 
Less c r a z i n g , l o r e b u b b l e s than in 28 
Shrinkage s p o t s , c r a z i n g . 
L i t t l e c r a z i n g , f u l l o f b u b b l e s . 
Shrinkage s p o t s , c r a z i n g . 
Shrinage s p o t s , l i t t l e c r a z i n g . 
See No. 7 1 . 
No good . S t e e l too w e t . 
See No. 7 1 , 
L i t t l e c r a z i n g . S t i c k a b i l i t y p o o r . 
See No. 7 1 . A few burned s p o t s . 
Poor enamel l ing . 

*N0TE, The metal used in t h i s t a b l e was n o t washed 

in e t h e r and may perhaps have c o n t a i n e d smal l amounts 

o f o i l and g r e a s e . 



TABLE No. I l l 

N o . N o . P e r c e n t a g e Time T e m p e r a t u r e . 
p l a t e enamel m e t a l . B E "~D B E 

1 1 9 9 1 2 : 1 6 2 : 2 0 4 8 2 0 ° 8 1 0 ° 
1 4 4 n 0 . 1 Aluminum " 2 : 1 9 3 ft H 

1 4 5 m** mm mm mm ** m î K#4 2 : 2 7 3 8 3 0 ° 8 3 0 ° 
1 4 3 fi 0 . 1 Aluminum " 2 : 2 6 2 « n 

0 0 H 2 : 3 7 2 : 4 1 4 9 1 0 ° 820 c 

1 4 2 t! 0 . 1 Aluminum M 2 : 4 0 3 « n 
1 1 3 tf 2 : 5 6 3 : 0 0 4 8 2 0 ° 8 3 0 ° 
1 2 0 n 0 . 5 Aluminum M 2 : 5 9 3 n n 
1 5 3 tt 3 : 0 4 3 : 0 7 3 8 2 0 ° 9 3 0 ° 
1 5 0 tt 0 . 5 Aluminum * « 3 « H 

1 3 8 tt 2 : 1 3 2 : 1 7 4 8 4 0 * 8 2 0 ° 
1 0 6 tt 0 . 5 Aluminum " it 4 M H 

1 3 9 tt 3 : 4 0 3 : 4 4 4 8 2 0 ° 8 4 0 ° 
1 2 1 t» 2 . 5 Aluminum " M 4 tf it 
1 2 3 ti 3 : 4 5 3 : 4 8 3 8 4 0 ° 8 4 0 ° 
1 3 3 tt 2 . 5 Aluminum * tt 3 tt n 
1 4 7 tt 9 - - - - 3 : 4 9 3 : 5 2 3 8 4 5 ° 8 5 5 ° 
1 3 7 tt 2 . 5 Aluminum M n 3 t* M 

REMAHKS, 

N o , 1 1 9 : ** e r a s i n g , p i n h o l e s , b u b b l e s » 

fl 1 4 4 : Same a s No , 1 1 9 , more "bubb les . 
i l 1 4 5 : m C r a z i n g , b u b b l e s , burned s p o t s , • 
M 1 4 3 : mm L a r g e r b u b b l e s than 1 4 5 , no burned s p o t s 
i l 0 0 : m See B o . 1 4 5 . 
« 1 4 2 : See No . 1 4 4 . 
i l 1 1 3 : m Same as No . 1 1 9 . 
» 1 2 0 : mm L a r g e r b u b b l e s , l e s s c r a z i n g than i n No, 1 1 3 . 
H 1 5 3 : mm P i n h o l e s . 
l» 1 5 0 : - Same a s No . 1 2 0 . 
II 1 3 8 : - Large s h r i n k a g e s p o t s . 
i l 1 0 6 : m Same a s 1 5 0 , w i t h s h r i n k a g e s p o t s . 
»t 1 3 9 : m See N o , 1 1 9 . 
tt 1 s*. 1 • • F l u f f e d up woth extreme b u b b l e h o l e s . 
tt 1 2 3 : See No . 1 1 9 . 
« 1 3 3 : mm n " 1 2 1 . 
ti 1 4 7 : m « * 1 1 9 . 
fl 1 3 7 : mm « N o s . 1 2 1 and 1 3 3 . 



TABLA No. IV 

No. 
plate 

No. 
enairt* 

Percentage Time. Temperature. No. 
plate 

No. 
enairt* îl. metal. B E D B E 

1 4 6 9 1 2 : 3 9 5 8 2 0 ° 8 0 0 ° 
1 0 3 M 0 . 1 Magnesium M 2 : 4 3 4 8 2 0 ° 8 0 0 ° 
1 5 4 tl 2 : 4 4 2 : 4 7 3 8 2 0 ° 8 0 6 ° 
1 0 4 tt 0 . 1 Magnesium M 3 n 
1 1 7 II 2 : 4 9 2 : 5 3 4 8 4 0 ° 8 2 0 ° 
1 1 4 II 0 . 1 Tagnesium " 2 « 9.2 3 * •t 

1 0 7 II 3 : 1 2 3 : 1 6 4 8 4 0 ° 8 0 0 ° 
1 5 5 11 0 . 5 Fagnesium M « 4 « n 
1 1 1 II 3 : 1 7 3 : 2 0 3 8 4 0 ° 8 2 0 ° 
1 6 3 t» 0 . 5 Kagnesium " n 3 If M 

1 3 0 II 3 : 2 3 3 : 2 6 3 8 4 0 ° 8 2 0 ° 
1 2 2 II 0 . 5 Kagnesium " 3 h 

NOTE: - The 2 , 5 % magnesium fritt was not used as the 
6 . 5 ^ showed such large bubbles. 

KEJ-'AHKS. 
No. 1 4 6 : - See ïïo. 119.Page 2 0 . 
" 1 0 3 : - Smaller pdn holes, flowed well, 
" 1 5 4 : - See No. 1 1 9 , page 2 0 . 
" 1 0 4 . : - Smaller pin holes, flowed well. 
« 1 1 7 : - See No. 1 1 9 , page 2 0 . 
" 1 1 4 : - Smaller pin holes, flowed well, 
" 1 0 7 : - See No. 1 1 9 , page 2 0 . 
w 1 5 5 : - No good, shrinkage from edges. 
" 1 1 1 : - See No. 1 1 9 , page 2 0 . 
" 1 6 3 : - Large bubble holes. 
" 1 3 0 : - See No. 1 1 9 , page 2 0 . 
" 1 2 2 : - Large bubble holes. 



TABLE H o . V . 

No N o . 
p l a t e . e n a m e l 

P e r c e n t a g e 
m e t a l . 

Time. Temperature , 
B E D B E 

1 0 9 
1 2 9 
1 5 1 
1 6 1 
0 0 0 
1 4 0 
1 6 2 
1 2 4 
1 2 3 
1 3 1 
X 1 8 
1 1 0 
1 4 9 
1 5 6 
1 3 5 
1 0 8 
1 6 0 
1 1 2 

9 1 
N 

II 

tl 

H 

I» 

II 

II 

H 

II 

II 

II 

II 

tl 

•I 

II 

II 

II 

4 : 3 6 4 : 3 9 
0 . 1 Z i n c " « 

4 ; 3 9 4 : 4 2 
0 , 1 Z i n c * « 

• 4 : 4 4 4 : 4 7 
0 . 1 Z i n c " * 

- * 3 : 0 0 3 : 0 3 
0 . 5 Z i n c * « 

2 : 5 8 3 : 0 1 
0 . 5 Z i n c H " 

3 : 0 5 3 : 0 8 
0 . 5 Z i n c n M 

3 : 2 0 3 : 2 2 
2 . 5 Z i n c * " 

- * • • • • » • 3 : 2 3 3 : 2 6 
2 . 5 Z i n c 3 : 2 3 * 

3 : 2 7 3 : 3 0 
2 . 5 Z i n c * " 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 

8 4 0 ° 

8 4 0 ° 
tt 

8 6 0 ° 

8 6 0 ° 

8 6 0 ° 
« 

8 6 0 ° 

9 2 0 ° 
H 

8 8 0 ° 
H 

8 4 0 ° 

8 4 0 ° 

8 6 0 ° 

8 3 0 e 

» 
8 6 0 ° 

tt 
8 8 0 ° 

« 
8 8 0 ° 

n 
8 8 0 e 

M 

8 6 0 e 

N 

8 4 0 ° 
w 

N o , 
H 

H 

II 

tt 
II 

II 

tl 
tt 
11 

n 
ii 
n 
n 
tt 
n 
n 
n 

1 0 9 
1 2 9 
1 5 1 
1 6 1 
0 0 0 
1 4 0 
1 6 2 
1 2 4 
1 2 3 
1 3 1 
1 1 8 
1 1 0 
1 4 9 : 
1 5 6 : 
1 3 5 : 
1 0 8 : 
1 6 0 : 
1 1 2 : 

- See N o , 1 1 9 , page 2 0 . 
• W h i t e , few l a r g e h u b b i e s . 
- See No, 1 1 9 , page 2 0 , 
- W h i t e , l a r g e b u b b l e s . 
• See No . 1 1 9 , £age 2 0 , 
- W h i t e , f e w e r & l a r g e r b u b b l e s . 
- See No . 1 1 9 , page 2 0 . 
- W h i t e , f e w e r b u b b l e s , drew f rom e d g e . 
- See No . 1 1 9 , page 2 0 . 
• W h i t e , few b u b b l e s . 
• See No . I l l , page 2 0 . 
- L i k e N o . 1 3 1 , c r a z e d b a d l y . 
• See No . 1 1 9 , page 2 0 . 
- V e r y l a r g e b u b b l e s , drew from e d g e s b a d l y , 
- See N o . 1 1 9 , page 2 0 . 
- " « 1 5 6 . « 2 2 . 
• " " 1 1 9 , " 2 0 . 
• • • 1 5 6 , * 2 2 . 



TABLE NO. V I . 

NO. No . P e r c e n t a g e Temperature . 
p l a t e . enamel . m e t a l . 3 D B E 

5 2 9 1 4 : 5 4 4 : 5 7 3 8 4 0 ° 8 4 0 ° 
8 ft Q.l Copper n « 3 fl 

1 5 7 11 4 : 5 8 5 : 0 1 3 8 4 0 ° 8 5 0 ° 
1 5 6 If 0 . 1 Copper m « 3 it H 

1 3 2 It 5 : 0 2 5 : 0 4 2 8 4 0 ° 8 6 0 ° 
1 6 6 » 0 . 1 Copper m N a n N 

1 2 7 H - - 4 : 5 6 4 : 5 9 3 8 4 0 ° 8 2 0 ° 
1 1 0 II 0*5 Copper * 3 N n 

1 2 6 tl . . . 4 : 4 0 4 : 4 3 3 8 4 0 ° 8 6 0 ° 
1 2 5 ft 0 . 5 Copper 11 « 3 11 

1 1 6 tt 4 : 4 4 4 : 4 6 2 8 4 0 ° 8 6 0 ° 
1 3 4 tt 0 . 5 Copper * « 2 n 

83 ft 5 : 0 2 5 : 0 5 3 8 4 0 e 8 4 0 ° 
7 9 ft 2 . 5 Copper m m 3 » « 
5 8 tt 5 : 0 7 5 : 0 9 2 8 4 0 ° 8 6 0 e 

1 1 5 It 2 . 5 Copper * 2 « n 
1 4 1 tt ~ • 5 : 1 0 5 : 1 3 3 8 8 6 ° 8 2 0 ° 

4 7 If 2 . 5 Copper * n 3 it it 

KEKAKK3» 

N o . 5 2 : - See No. 1 1 9 , page 2 0 . 
" 8 : - Very few b u b b l e s , drew away from e d g e . 
* 1 5 7 : - See No. 1 1 9 , page 2 0 . 
" 1 5 6 : - " « 52 » 2 3 . 
« 1 3 2 : - " * 1 1 9 , « 2 0 . 
" 1 6 6 : - B u b b l e s , see n o . 5 2 , page 2 3 , 
* 1 2 7 : - See No . 1 1 9 , page 2 0 . 
" 1 1 0 : - W h i t e , n o t many b u b b l e s , f l o w e d from edge . 
« 1 2 6 : - See No. 1 1 9 , page 2 0 . 
" 1 2 5 : - • * 1 1 0 , " 2 3 , c o o p e r s e p a r a t e d o u t . 
" 1 1 6 : - « • 1 1 9 , • 2 0 . 
* 1 3 4 : - W h i t e , f u l l o f b u b b l e h o l e s . 
" 8 3 : - See No . 1 1 9 , page 2 0 . 
" 7 9 : - H o l e s , g reen w i t h c o p p e r . 
" 5 8 : - See No. 1 1 9 , page 2 0 . 
« 1 1 5 : - « • 8 3 , » 2 3 . 
* 1 4 1 : - " • 1 1 9 , * 2 0 , 
« 4 7 : - n " 8 3 , • 2 3 . 



The enamels in Table No. I I were run b e f o r e 

the aluminum was washed wi th e t h e r . The aluminum 

in t h i s case caused more "bubble and pin hole© 

than when no t used . However, these bubble h o l e s 

were j u s t l y or u n j u s t l y beamed on the o i l in the 

aluminum and so b e f o r e any o t h e r enamels were 

run the meta l s were a l l washed in e t h e r , as 

ment ioned b e f o r e . Trouble a l s o occured by p o o r 

e n a m e l l i n g , e i t h e r the enamel was pwdered on too 

t h i c k o r too th in and in most cases r a t h e r unevenly . 

The next Tab le , Ho. I I I . show® the r e s u l t s 

o f 0 . 1 $ , Q .5$ t and 2 . 5 $ aluminum. The temperatures 

a t whicjp these p l a t e s were run was approx imate ly 

820° C. The t a b l e shows that the time f o r f u s i o n 

was t h r e e to f o u r minute®. In a l l o f the p late® 

the aluminum seemed to cause p i n h o l e s r a t h e r than 

p r e v e n t them as was e x p e c t e d . In the case o f 

the 2 . 5 $ aluminum the enamel f l u f f e d up l i k e foam 

and formed h o l e s as l a r g e as o n e - h a l f inch in 

d iameter w i th a s o r t o f honey-combed s t r u c t u r e . 

The f our th Table i s the r e s u l t s o f the 

metal magnesium. The 0 . 1 $ magnesium enamel seemed 

to g i v e f a i r l y good r e s u l t s . The p in h o l e s were 

l e s s than in the pure enamel and the enamel seemed 

to f l o w b e t t e r . The 0 . 5 $ magnesium caused such 

l a r g e bubb les that the 2 . 5 $ enamel was n o t t r i e d . 

TableNo. V. g i v e s the experiments w i t h 

Z i n c . In t h i s case the z i n c r e s u l t e d in the f o r -



mat ion o f a white enamel. The 0.1 $ z inc formed 

fewer and l a r g e r b u b b l e s . The r e s u l t s were the 

same wi th the 0 .5$ z i n c except that i t a l so drew 

away from the edge o f the p l a t e . The 2 .5$ z inc 

enamel formed very l a rge h o l e s and drew up in a 

s o r t o f wad in the middle o f the p l a t e . 

The r e s u l t s o f the remaining metal copper 

i s found in Table Ho. VI . The 0 .1$ copper enamel 

gave the b e s t r e s u l t s . The copper seemed to 

l e s s e n the number o f bubbles but a t the same time 

to cause the enamel to draw away from the edges 

o f the p l a t e . The 0 . 5 $ copper enamel was white 

and there were more bubble h o l e s than in the 

pure enamel. The 2 .5$ enamel was f u l l o f ho l e s 

and green with copper . 

RESULTS. 

These experiments have probably not been 

c a r r i e d f a r enough to g ive very p o s i t i v e r e s u l t s 

and f u r t h e r research might e s t a b l i s h d i f f e r e n t 

c o n c l u s i o n s . However, the f o l l o w i n g conc lus ions 

may be drawn from the work descr ibed h e r e . 

( l ) - A small percentage o f magnesium and 

copper have a b e n e f i c i a l e f f e c t . I t may be because 

o f the reducing a c t i o n o f these metals or i t may 

r e s u l t from some o ther reason . 

( 2 ) - A l a r g e r percentage o f these metals 

than 0 . 5 has a derogat ive i n f l u e n c e . The data 

i s n o t s u f f i c i e n t to attempt an explanation f o r t h i s . 


