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This invention relates to the production of zinc 
oxide of acicular habit by the combustion of 
zinc vapor in oxidizing gas and aims to provide 
improvements in process and apparatus to the 
end that the formation of such zinc oxide shall 
be facilitated and the size and shape of the par 
ticles of zinc oxide be controlled. 
The invention contemplates the production of 

finely divided zinc oxide in which the great ma 
jority of particles are acicular in character, and, 
moreover, contemplates control of the condi 

v tions of particle formation so that substantially 
all of them are either well developed single nee 
dles or else complex twinned acicular crystals 
(such as threelings, fourlings, or even more com 
plex forms), as desired. 'I'he invention also con-> 
templates control'of the size of the zinc oxide 
particles without interfering with the control of 
the shape of the particles, thereby enablingl the 
production of zinc oxide in which substantially 
:all of the particles are line or coarse single nee 
dles or else fine or coarse complex acicular crys 
tals. ‘ 

is preferred to the nodular variety, because, un 
der same conditions and with certain vehicles, 
acicular zinc oxide imparts improved durability 
to paint. In particular, such acicular zinc oxide 
decreases the tendency of certain paints to fail 
by checking and cracking. 
There are two types of pyrometallurgical proc 

esses for the production of zinc oxide, the French 
process and the American process. In the French 
process zinc vapor is obtained by boiling me 
tallic zinc and then burned, usually in undiluted 
form, in air to form zinc oxide. In the Amer 
ican process, zinc vapor is produced by reducing 
ore and then burned to zinc oxide while still 
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results when zinc vapor and air are blasted to 
gether under high pressure, provided that com 
bustion takes place in a zone having a tempera 
ture of about 1000° C. to 1500“ C. and provided 
further that the air is sufficiently hot prior to 
admixture with the zinc vapor. If exceedingly 
small acicular particles are desired the zine va 
por andair are mixed at high velocity, which 
may be attained by supplying the vapor or the 
air or both to the combustion zone under pres» 
sure. In such case, the air should be at high 
temperature prior to contact with the zinc vapor 
and substantially at the temperature main 
tained in the combustion zone, which should'be 
between about 1000° C. and about 1500° C. but 
preferablyshould not exceed 140()u C. On the 
other hand, if zinc oxide having uniformly acic 

‘ ular particles of normal or relatively large di 
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For certain types 0f paint acicular zinc oxide 
25 

30 

35 

mixed with products of combustion derived from ` 
the reduction fuel. 

It has been proposed heretofore to form acicu 
lar zinc oxide in a modiñcation of the American 
process in which zinc vapor diluted with car 
bonaceous gaseous combustion products is Iburned 
with a lazy flame and the resulting zinc oxide 
particles are maintained at a high temperature- 
in contact with burning zinc vapor for a sub 
stantial time in order to give an opportunity for 
crystal development and growth. 
As a result of my investigations, I have dis 

covered that the maintenance of a lazy name is 
not essential to the production of acicular zinc 
oxide, and that zinc vapor may be burned to pro 
duce acicular oxide in a name of any degree of 
intensity and even in the intense flame which 
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mensions is desired,~ the zinc vapor and the pre 
heated air are mixed at substantially lower vc 
locity. Generally speaking, the lower the velocity 
of mixing, the larger is the size of the particles 
produced. In case the velocity of mixing the air 
and zinc vapor is low, air at lower temperatures 
can be used Without loss of acicularity; but air 
heated to atleast a moderate degree should be 
used, and it is preferable in this case also to pre 
heat the air to 1000°1400tj C., i. e., substantially 
to the temperature desired in the combustion 
chamber. If the air is only moderately hot, say 
500° C., before entering the combustion chamber, 
the amount of air should be controlled so that 
only a slight excess, say 10%, is used. Ii the air 
is very hot, a great excess can be used. By vary 
ing the velocity of mixing and by employing air 
with a mifñcient degree of preheat, anyA desired ` 
particle size may be obtained within reasonable 
limits, and such results can be obtained Without 
sacrificing either acicularity of particles or uni 
formity of particle size. 
In the practice of my invention, the zinc vapor 

introduced into the'combustion zone may be rel 
atively undiluted (as in the French process) or 
it may be diluted with gaseous carbonaceous 
products, of the nature of producer gas (as in 
the American process). 
In order to maintain proper thermal condi 

tions in the combustion zone, it should’be en 
closed within a chamber having' walls of heat in 
sulating material, so as to avoid excessive dissi 
pation of heat. . 

.In the practice of my` invention, it is desirable 
to remove all of the particles from the zone of 
formation as promptly as possible (thereby inter 
rupting crystal growth) .and to limit recircula 
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tion of particles through the combustion zone, 
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since such recirculation tends to produce parti- ‘ 
cles of undesirable platy form instead of acicu 
lar particles. ' _ 

I have discovered that, in the manufacture of 
acicular zinc oxide by the process of my inven 
tion, it is possible to control not only the uni 
formity and size of the acicular particles, but 
also to control twin formation, i.` e., the tendency 
of acicular zinc oxide to form in ycomplex crys 
tals, such as threelings and fourlings. Thus, I 
have discovered that if zinc vapor is burned in 
preheated air in a combustion zone having _a pre 
dominant temperature ranging from 1000° C. and 
1200" C. the particles tend to be in the form of 
complex twinned crystals of acicular habit, such ' 
as twolings, threelings and fourlings. However, 
if the predominant temperature of the combus 
tion zone is raised to 1225°1500° C., the zinc 
oxide tends to form as single needles, although at 
temperatures in' excess of about 1400° C. some 
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of the particles. are nodular and without visible 
crystal form. 
When the temperature of the air is relatively 

low, say in the neighborhood of 500° C., the oper 
ation of the process is relatively inñexible, and 
it is not practicable with zinc concentrations 
found in commercial practice to produce acicular 
oxide of very small particle size, since with air at 
this temperature it isnot possible to maintain 
a predominant temperature in excess of 1000° C. 
in the combustion zone while introducing'the air 
fast enough to give the requisite high mixing 

~velocity for the formation of fine particles. 
Moreover, if the temperature of the air is mod 
erate, the use of air in large excess must be avoid 
ed, a factor that sets a further limit to velocity 
of mixing and hence to fine particle size. If. 
however, the air is preheated to approximately 
the temperature maintained in the combustion 
zone, say 1000° C, to 1400° C., the process is 
much more flexible with respect to the average 
size of particles which it can produce, since it is 
possible to maintain anydesired mixing velocity 
between zinc vapor and air without 'reducing the 
temperature in the combustion zone to a point 
below the temperature at which acicular oxide 
forms, i. e., below about 1000° C. With such 
preheated air, the zinc vapor can be burned in 
a most intense ñame obtained by use of an air 
blast, and the _zinc oxide formed will be substan 
tially all acicular, albeit of fine particle size. If 
larger particle size is desired,I it can be obtained 

`A -by reducing the velocity with which the air and 
zinc vapors are mixed while maintaining other 
conditions the same. 
The use of air preheated to a temperature in 

excess of 1000° C. aifords a further advantage, 
in that, as I have discovered. it is possible to 
regulate twinning and to produce at will either 
single acicular needles of zinc oxide or the more 
Acomplex forms, such as threelings or fourlings 

, which result from twinning by regulating the . 
` temperature of the air over a range of about 

1000° C. to about 1250“ C. The temperature in 
the combustion zone tends to increase as the 
temperature of the preheated air is increased. 
Thus, if it is desired to produce zinc oxide par 
ticles of »twinned form, with a predominant tem 

` perature of 1000° C. in the combustion zone, the 
air should be preheated to 1000° C. If a prod 
uct consisting substantially of single acicular 

« crystals is desired, the air should be preheated 
in excess of 1200’ C. and preferably to about 
1250’ C.  - - v 
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As indicated hereinbefore, the conditions of 
gas il‘ow through the combustion zone preferably 
are so controlled that the particles of zince oxide 
fume formed during combustion are not recircu 
lated through the zone by eddying currents to a 
great extent._ The recirculation of zinc oxide 
fume through the combustion zone may be obvi 
ated by carrying out the combustion in a cham 
ber having an outlet substantially equal to its 
cross section so as to avoid the large scale turbu 
lence produced in the neighborhood of the small 
outlet. However, other mechanically equivalent 
means for avoiding large scale turbulence‘may 
'be employed. 

In` the practice of the invention, conditions 
are so maintained that the combustion occurs 
completely in a well-defined zone of high tem 
perature, i. e., in the zone maintained at the 
temperature of 1000° C. to say 1400° C., pre 
cautions being taken to avoid the formation of 
`zinc oxide fume outside this zone. Moreover, 
the gas flow in the combustion chamber is so 
controlled that zinc oxide fume when once 
formed is removed rapidly from the neighbor 
hood of the combustion zone, thereby avoiding 
the formation of platy particles through recir 
culation in contact with oxidizing zinc. 
Complete and thorough mixing of the hot air 

and zinc vapor is necessary for the production 
of acicular zinc oxide according to the process 
of my invention, since such mixing assures com 
plete combustion of the zinc vapor within the 
hot combustion zone. 'I'he heated air for com 
bustion preferably is supplied in the form of an 
annular or approximately annular jet surround 
Ving Yor partly surrounding the stream of zinc 
vapor entering the combustion 'zone or in the 
form of elongated ribbon-like jets on each side 
of an entering ribbon-like stream or jet of zinc 
vapor. However, any method of supplying hot 
air that permits of thorough and controlled 
mixing of hot air and the zinc vapor (without 
the formation of large eddy currents that in 
duce recirculation of zinc fume) may be ern 
ployed. Thus, the hot air may be supplied in 
small Jets cutting through the zinc flame. 
Mechanical stirring may also be employed to 
control the speed of mixing of the hot air and 
the zinc vapor, provided that it is so conducted 
that large scale turbulence and consequent re 
circulation of zinc oxide particles in the com 
bustion zone is avoided. 
In short, mixing of zinc vapor and preheated 

air should be suñlciently thorough to assure 
complete combustion in the zone of high tem 
perature, but any small scale turbulence linci 
dent to the thorough mixing should be spent in 
a relatively small space adjacent the point of 
initial contact of zinc vapor and air and not 
be transmitted to more remote parts of the 
combustion zone to such a degree as would in 
duce substantial recirculation of ’ zinc fume 

1 through the zone. 
These and other aspects of my invention will 

be more thoroughly understood in the. light of 
the following detailed description of practices 
thereof taken on conjunction with the accom 
panying drawings of which 

Fig. 1 is a sectional elevation through one 
type of apparatus of my invention for the pro 

, duction of acicular zinc oxide: 
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Fig. 2 is a section through the apparatus of 
Fig. 1 along the line II-1I; \ 

Fig. 3 is a sectional elevation through a mod 
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ifled type of apparatus of my invention for th‘e 
production of acicular oxide; 

Fig. 4 is a sectional elevation through still an- _ 
other modification of apparatus of my inven 
tion `for a like purpose; 

Fig. 5 >is a plan of the apparatus of Fig. 4; 
Fig. 6 is an enlarged view of a single acicular 

needle of zinc oxide of the type ‘formed in the 
practicel of my invention at high temperature, 
the crystal consisting of a hexagonal'prism hav 
ing a flat base and surmounted by a pyramid; 

Fig. 7 illustrates, in enlarged form, another 
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type of single acicular needle of zinc oxide ' 
formed in the practice of my invention at high ' 
temperature and on which both ends of the crys 
tal are formed by hexagonal pyramids; 

 Fig. 8 is an enlargement of a fourling of zinc 
oxide formed in the practice of my invention at 
temperatures below that at which single acicula 
needles are formed; and ‘ 

Fig. 9 is an lenlargement of a more complex 
zinc oxide crystal formed in the practice of my 
invention at the lower temperature range. 

Referring now to Figs. 1 and' 2, the apparatus 
comprises a zinc vapor combustion chamber Il 
which is a horizontally disposed elongated rec 
tangular space of uniform cross section enclosed 
by Walls I2 of heat insulating material to facili 
tate the maintenance of high temperature. AZinc 
vapor is`introduced into an end of the chamber 
from any convenient source (such as a zinc boiler 

` or a traveling grate furnace operated to reduce 
zinc ore) through an orifice I3 which is in the 
form of a narrow horizontally extending slot 
so that the zinc vapor enters the combustion 
chamber as a thin ribbon-like jet. Hot air is 
introduced into the chamber through a’pair of 
flues I4, I5 with elongatedslot-like cross section  
disposed, respectively, above and below the zinc 
vapor oriilce. The ñues are inclined toward the 
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axis oi' the zinc vapor orifice at such an angle ~ 
that hot air introduced through the flues as 
thin ribbon-like jets on both sides of the ribbon 
of zinc vapor is rapidly and thoroughly mixed 
with the-zinc vapor so as to establish a short 
zone of intense combustion. 
The hot air for combustion of the zinc vapor . 

may ’be obtained in any convenient manner, 
such, for example, as from a hot blast stove, and 
may be introduced under a positive pressure if 
rapid mixing of air and zinc vapor and resultant 
i'lne particle size of zinc oxide is desired. In the 
“combustion chamber the zinc vapor is oxidized 
by the_ preheated air to particles of acicular 
habit in a combustion zone I6, the size of which 

Ü varies inversely as the intensity of mixing of 
the zinc and air, but should at all times be less 
than the volume of the chamber, soA that corn 
bustion is completed in the latter at a point well 
ahead of an outlet I1 from which the zinc fume 
is removed continuously and sucked to a bag 
house (notshown) or other conventional dust 

The combustion chamber is 
so adjusted with respect to form and size rela 
tive to the size of the combustion zone that large 
scale turbulence in_the chamber is avoided, so 
as to prevent recirculation of the fume through 
the combustion zone. Thatl is to say, suiiicient 
space is provided around the combustion zone 
to enable the turbulence prevailing in the zinc 
ñame on account of the intensive mixing of zinc 
vapor and air 'to spend itself without setting up 
large eddy currents that would tend to recircu 
late zinc oxide fume through the combustion 
zone. 
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3 
A means for conserving and utilizing the heat 

yof combustion of the zinc vapor to preheat the 
air is illustrated in the apparatus of Fig. 3. In 
this apparatus, zinc vapor from any convenient 
source, such, for example, as a zinc retortor a 
traveling grate furnace is introduced into a com 
bustion chamber 20 of rectangular and uniform 
cross section through a zinc vapor oriñce 2| of 
rectangular cross section and relatively wider 
than it is high. The combustion' chamber is 
formed of walls 22 of refractory heat conductive 
material, such,- for example, as silicon carbide 
and is surrounded by a passage or preheating 
chamber 23 through which air is passed. The air 
in passing through the preheating chamber is 
heated to the requisite temperature, say, in ex' 
cess of 1000° C. and enters the combustion cham 
ber through _elongated openings 24, 25, respec 
tively, above and below the zinc vapor orifice in 
much the same fashion as in the apparatus of 
Figs. 1 and` 2. îThe entire apparatus of Fig. 3 
is surrounded by a wall 26 of heat insulating 
material. Acicular zinc oxide of desired particle 
size and shape results from the mixing and com 
bustion of the ribbon of zinc vapor and the en 
veloping ribbons of preheated air, and is with 
drawn immediately from a combustion zone 21, „ 
that partially fills the combustion chamber, 
through a zinc oxide outlet 28. Asv in the case 
of the apparatus of Figs. v1 and 2, mixing of the 
preheated air and the zinc vapor should b-e 
thorough (and this is in large measure assured 
by bringing them together as thin ribbon-like 
jets passing in the samegeneral direction) but 
should be so conducted that no large scale turbu 
lence is set up in the chamber to cause zinc fume 
to be recirculated through the combustion zone 

' instead .of being -promptly and permanently ex 
pelled therefrom.. In the instant case, avoidance 
of such large scale turbulence is assured by the 
generally parallel direction of flow of the enter 
ing air and zinc Vapor, by the uniform cross sec 
tion of the chamber, and by maintenance of a 
relatively high suction on the outlet of the 
chamber. . 

Passing now to a consideration of the appara 
tus of Figs. 4 and 5, it will be observed that this 
comprises an elongated horizontally disposed rec 
tangular chamber 30_having walls 3| of heat in 
sulating material, Zinc vapor derived from any 
convenient source, either in an undiluted condi' 
tion or mixed with carbonaceous gaseous com' 
bustion products, is introduced into an upper end 
of the chamber through a conduit 32 which con 
veniently may be a slot in the front wall of the 
chamber, said slot being relatively long with re 
spect to its height and extending across the cham 
ber. Air for the combustion oi the zinc vapor is 
introduced at a lower portion of the opposite end 
of the chamber through a conduit or manifold 
33. Conveniently, the air is blown into the cham 
ber by means of a fan 33A or other draught pro 
ducing device and by adjusting the speed of the 
fan the velocity of the entering air can be con 
trolled to regulate intensity of combustion and 
hence shape of the particles. The zinc vapor in 
burning tends to confine itself to the upper por 
tion of the chamber in a roughly outlined com 
bustion zone 34. The zinc fume produced in the 
combustion zone is withdrawn at the upper op 
posite end of the combustion chamber through a 
conduit 35 from whence it passes through a fan 
or'other draught producing device (not shown) 
toa zinc oxide collecting device such as_a bag 
house. The air introduced through the conduit' 
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33 tends to iiow along 'the sole of the chamber 

. and to pass countercurrently in heat exchange re 
lationship with the burning zinc vapor and the 
resulting fume passing in the upper portion of 
the chamber. The air thus passes through a pre 
heating zone 36 in the lower portion of the cham 
ber until it reaches the front wall oi the chamber 
when it is deflected upwardly and mixes with tbe u 
vapor introduced through the conduit 32; 
The operation should be so conducted that the 

air obtains a temperature in excess of 1000° C. 
before it comes in contact with the zinc vapor. 
This may be determined by means of a thermo 
couple 31 or other- heat indicating device dis 
POSed in the front wall of the chamber along 
the upward path of the air. Likewise, a second 
thermocouple 38 should be disposed in the com 
bustion zone to determine whether-or not the 
temperature up to this point is in the preferred 
range, i. e., between 1000° and 1400° C. 
Operation of the apparatus illustrated in Figs. 

4 and 5 has demonstrated that it is unnecessary 
to maintain any bailles or walls between the com 
bustion zone and the preheating zone to avoid 
premature admixture of the air and zinc vapor _ 
and that the air stays in the lower portionof 
the chamber until it acquires an adequate de 
gree of preheat. ‘ ' . 

If desired, in the apparatus of Figs. 1, 2 and 3, 
the preheating of the'air can be facilitated by 

i burning a relatively small ̀ amount of combustible. 
Sas therein :lust before thel air comes in contact 
with the zinc vapor. The amount of gas sup 
plied must, of course, be insufñcient to consume 
all of the oxygen in the air, since enough oxygen 
must be left to insure proper combustion of the 
zinc vapor. ' . 

In the operation of apparatus of any of the 
types illustrated, the air should be preheated sub 
stantially, say in excess of 500° C. and preferably 
should be heated to a temperature in excess of 
1000° C. before it comes in contact with the zinc 
vapor. If the temperature of the preheated air 
is maintained in the range of 1000° C. to about 
1200° C., and the temperature of the combus 
tion zone does not exceed 1200° C. the oxide re 
sulting from the process will be substantially all 
in the form of complex acicular crystalsi By 
raising the temperature of the preheated air to 
say 1200° C. or higher, a temperature in the com 
bustion. zone exceeding 1225° C. can be readily 
attained, so as to produce a' zinc oxide consisting 
substantially of single needles. , ‘ 

I claim: - . 

l. In the production oi’ zinc oxides of acicular 
habit, the- improvement which comprises intro 

' ducing zinc vapor substantially free of zinc oxide 
fume and oxidizing gases ‘into a .well deñned 
combustion zone, burning the zinc vapor sub 
stantially completely in the well deiined combus 
tion zone in preheated air while maintaining the 
zone in a temperature range of about 1000° C. to 
about 1200*? C., the air being preheated prior to 
contact with the zinc vapor to a temperature in 
the neighborhood of said range, and withdraw 
ing the resulting zinc oxide particles of twinned 
acicular habit promptly and permanently from 
said zone as they are formed therein so that re 
circulation of the zinc oxide particles through 
the zone in contact with the burning zinc vapor 
is substantially avoided. 

2. In the production of zinc oxide of acicular 
habit, the improvement which comprises intro 
ducing zinc vapor substantiallyrire’ç‘ßogzinc oxide 
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fume and oxidizing gases into a well deiined com 
bustion zone, burning the zinc vapor substan 
tially completely in the well deiined combustion 
?zone in preheated air while maintaining the zone 
in a temperature range of about 1225° C. to 1500° 
C., the air being preheated prior to contact with 
the zinc vapor- to a temperature of at least 1200° 
C., and withdrawing the resulting zinc oxide par' 
ticles of single acicular'habit promptly'and per 
manently from said zone as they are formed 
therein so that recirculation of the zinc oxide 
particles through -the zone in contact with the 
burning zinc vapor is substantially avoided. 

3. In the vproduction of zinc oxide of_acicular 
habit, the improvement which comprises intro 
ducing zinc vapor substantially free of zinc oxide 
fume and oxidizing gases into a well deñned com 
bustionA zone, burning the zinc vapor substan 
-tially completely in the well deiined combustion 
zone in preheated air While maintaining the zone 
in a temperature range of about 1000° C. to about 
1500° C., theair being preheated prior to contact 
with the VVzinc vapor to a temperature in the 
neighborhood of that prevailing in the zone, and 
withdrawing the resulting ,particles of zinc oxide 
promptly and permanently from said zone as 
they are formed therein so that recirculation of 
the zinc oxide particles through the zone in con 

' tact with the burning zinc vapor is substantially 
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 produced. . 

avoided. _ . 

4. In the production of zinc 'oxide of acic 
Vlular habit, the improvement which comprises 
introducingl zinc vapor substantially free of 
zinc loxide fume and oxidizing "/gases into a 
well deiined combustion zone, burning the 'zinc 
vapor substantially> completely to the well 
deñned combustion zone in preheated air 
while maintaining the zone in a temperature 
range of about 1000° C. to about 1500° C., 
the air being preheated prior. to contact 
with the zinc vapor to a temperature in the 
neighborhood of that prevailing in the combus 
tion zone, withdrawing the resulting particles Yof 
zinc oxide promptly and permanently from said 
zone as they are formed therein, so that recircu 
'lation of the zinc oxide particles'through the 
zone in contact with the burning zinc vapor is 
substantially avoided, and regulating the size of 
the resulting acicular particles of Zinc oxide by 
varying the velocity of admixture of the pre 
heated air and the zinc vapor. 

5. In the production of zinc oxide of acicular 
habit. the improvement which comprises intro 
ducing zinc vapor substantially free of zinc oxide 
fume and oxidizing gases into a well defined 
combustion zone, burning the zinc vapor sub 
stantially completely in the well deñned combus 
tion >zone in preheated air while maintaining the 
zone in a temperature range of about 1000° C. 
to about 1500° C., the air being preheated prior 
to contact with the zinc vapor to a temperature in 
the neighborhood of that prevailing in the com 
bustion zone and introduced into the zone at 
high velocity and at a pressure in excess of at 
mospheric pressure, and withdrawing the result 
ing particles of_ zinc oxide promptlyand perma 
nently from said zone as they are formed there 
in so that recirculation of the zinc oxide particles 
through the zone in contact with the burning 
zinc vapor is substantially avoided, whereby 
acicular zinc oxide particles of small size are 
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