
tail?A2 y 73s tates Patent Office 2,932,564 
Patented Apr. 12, 1960 

1. 

2932,564 
MCA TREATED METALS 

Norman R. Evans, Cleveland, Ohio 
No Drawing. Application June 21, 1957 

Serial No. 667,291 
2 Claims. (CL 75-53) 

The invention relates to mica and to mica as a treat 
ment material and the method of introducing the treat 
ment material into the metal. 
An object of the invention is to treat aluminum, cad 

mium, chromium, cobalt, copper, iron, lead, magnesium, 
manganese, molybdenum, nickel, tin, titanium, tungsten, 
uranium, vanadium, zinc, zirconium, and alloy steels. 
The alloy steels include iron or steels alloyed with the 
following elements: silicon, cerium, nickel, nickel-chro 
mium, chromium, vanadium, manganese, tungsten, car 
bon, molybdenum, lead, titanium. The alloy steels 
treated with nickel-chromium and chromium are usually 
referred to in the trade as stainless steel. 
Another object of the invention is the compounding 

of elements to make mica for treatment material. 
Another object of the invention is to improve the 

physical properties of the above mentioned metals as 
well as to improve the cleanliness thereof and to increase 
the fluidity during pouring. 
Another object of the invention is to reduce the ability 

of the metal to work harden, particularly copper. 
A still further object of the invention is to decrease the 

size of the grain structure of the metal. 
Another object of the invention is to render the metal 

more ductile. 
Another object of the invention is to render the metal 

stronger and harder. 
Another object of the invention is to treat the metals 

with mica. 
Another object of the invention is the treatment of 

molten metal with elements or materials which sepa 
rately have a lower boiling or melting point than that 
of the metal, but which when combined into the form of 
mica has a boiling or melting point comparable to that 
of the molten metal. 
Another object of the invention is the introduction of 

a material having a low boiling point into a bath of 
molten metal whereby danger of explosion and loss o 
low boiling point material are eliminated. 
Another object of the invention is the introduction 

of a volatile material into a bath of molten metal where 
by danger of explosion and loss of volatile material are 
eliminated. e 

Other objects and advantages of the present invention 
will be apparent to those skilled in the art from the 
following description and claims. 
The mica may comprise natural mica or synthetic 

mica. 
Natural mica is a silicate of aluminum and potassium 

with hydroxyl and sometimes fluorine ions in the com 
plex molecule. Natural mica also contains varying 
amounts of magnesium, iron or lithium which affects its 
properties. According to investigations, the mica mole 
cules are flat hexagons which join at their edges to form 
flat crystals which are most familiar as isinglass. These 
crystals theoretically can be split into sheets one mole 
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cule thick or naturally any multiple thereof. The nat 
ural mica may comprise the following types: 

(a) Biotite-HK(Mg,Fe)a(Al,Fe) (SiO) 
( b) Lepidolite-(HO, F ) KLiAl2Si2O10 
(c) Lepidomelane-Near biotite plus large amount of 

ferric iron 
(d) Muscovite-HKAl(SiO4) 
(e) Paragonite-HaNaAl(SiO4) 
(f) Phlogopite-H2KMg3A1(SiO4)3 
(g) Zinnwaldite-Lithium-iron mica 
Synthetic micas are true crystallographic analogs of . 

the natural micas in which the hydroxyl ions found in 
the natural mica are replaced with the fluorine ions. 
In synthesizing mica, it is possible to replace any of the 
cations in the mica molecule in whole or in part with 
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many other cations. Mica may be synthesized in several 
hundred forms; however, commercial production at pres 
ent is focused mainly on fluor-phlogopite, which crystal 
lizes at atmospheric pressure and exhibits most of the 
superior qualities of synthetic micas. The melting point 
of this fluor-phlogopite mica, as well as other synthetic 
mica, may range from approximately 2200 to 2500 
degrees F. and the manufacture of this material may, 
on a commercial scale, be produced by means of a proc 
ess invented by Richard A. Humphrey and more com 
pletely disclosed and illustrated in United States Patent 
No. 2,711,435, issued June 21, 1955. Briefly stated, this 
method involves the dumping of the raw materials into a 
large metal shell which contains a simple graphite elec 
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trode network. Ordinarily, sixty cycle electric power is 
applied to the electrodes and after a pool of melt has 
formed, the passage of current through the molten mass 
provides the necessary heat for continued melting. The 
batch thus acts as a container for the melt and also as 
a sufficient insulator. The synthetic micas suitable for 
use in the present invention have generally the following 
compositions which are listed hereinbelow: 

Formula 

(1) KMgAlSiOoF 
(2) KMgBSi3OoF 
(3) KMg3%SiOF. 
(4) KMg2LiSiOoF 
(5) BaMg,Al,SiO10F, 
(6) BaMg2LiAlSiOF 
(7) Sr/2MgAlSiOF 
(8) KMgNiAlSiOF, 
(9) KNiAlSiOF, 
(10) KCoAlSiOF 
(11) KMg,Mn AlSiOF 
(12) KFest AlSiOF, 
(13) KAlAlSiOoF 
(14) NaAl2AlSiOF 
(15) KLi/2 Al1/2 AlSiOF, 
(16) KLiAlSiOoF 
(17) CdMg2LiAlSiOF, 
(18) NaMg2LiSiOF 
(19) NaMg2KSiOF 
(20) NaMg2RbSiOF 
(21) NaMgCsSiOF 



(22) 
(23) 
(24) 
(25) 
(26) 
(27) 
(28) 
(29) 
(30) 
(31) 
(32) 
(33) 
(34) 
(35) 
(36) 
(37) 
(38) 
(39) 
(40) 
(41) . 
(42) 
(43) . . . 
(44) 
(45) 
(46) 
(47) 
(48) 

(50) 
(51) 
(52) 
(53) 
(54) 
(55) 
(56) 
(57) 
(58) 
(59) 
(60) 
(61) 
(62) 
(63) 
(64) 
(65) 
(66) 
(67) 
(68) 
(69) 
(70) 
(71) 
(72) 
(73) 

(49) 

3 w CaMg,NaAlSiO.F, 
SrMg2NaAlSiOF 
BaMg,NaAlSiOoFa 
KMgRbSiO, F, 
KMgCsSiOF 
CaMg,KAISOoFa 
SrMgKASiOF 
BaMgaKAISiOF 
LiMgRbSiOF 
LiMg,CsSiOF, 

CaMg,LiAlSiOF, 
SrMgaLiAlSiO,F, 
CaMgRbAlSiOF 
CaMgCsAlSiOF 
KCaSrAlSiOF 
KCaBaAlSiOF 
BaMgRbAlSiOF 
BaMg,CsAlSiOF 
KBaSrAlSiOF 
SrMgRbAlSiOF 
SrMg,CsAlSiO.F, 
ZrMg,KAISiOF, 
ZrMg,NaAlSiOF, 
ZrMg2LiAlSiOFa 
ZrMgRbAlSiOF, 
ZrMgCsAlSiOF, 
ZrCa2AlSiOF 
KZrSrAlSiOF, 
KMg27rAlSiOF 
KZrBazAlSiOF, 
NaMgBSOF, 

NaMg,MnAlSiOF, 
NaMgNiRISisoof, 
NaCoAlSiOF, 

NaFett AlSiOF 
CdMg2NaAlSiOF 
NaMgTiAlSiOF, 
BeMg,NaAlSiOF, 
SnMg,NaAlSiOF 
PbMg,NaAlSiOF 
NaMgVAlSiOF, 
NaBiASiOF 
NaCrAlSiOF 

NaMgSeAlSiOF, 
ZnMg2NaAlSiOF 
NaSbAISiOF 
CdMg2KAlSiOF 
KMgTiAlSiO, F, 
BeMg2KAlSiOF 
SnMg,KAISOF, 
PbMg2KAIS.O.F, 
KMgVAlSiO 10F. 
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(74) 
(75) 
(76) 
(77) 
(78) 
(79) 
(80) 
(81) 
(82) 
(83) 
(84) 
(85) 
(86) 
(87) 
(88) 
(89) 
(90) 
(91) 
(92) 
(93) 
(94) 
(95) 
(96) 
(97) 
(98) 
(99). 
(100) 
(101) 
(102) 
(103) 
(104) 
(105) 
-(106) . . 
(107). 
(108) 
(109). 
(110) 

(114) 
(115) 
(116) 
(117) 

(118) 
(119) 
(120) 
(121) 
(122) 
(123) 
(124) 

(111) 
(112) 
(113) 

(125). 

Keator 
KCrAlSiOF 

KMgSeAlSiOF 
ZnMgKAlSiOF 
KSbAlSiOFa 
KMg,CoSiOF, 
KMgFeSiOF 
KMgBiSiO10F, 
MgCrAlSiO.F, 
MgSbAlSiOioFa 
LiMgBSiOF 

LiMg,MnAlSiOlofa 
LiMgNiAlSiOF 
LiCoAlSiOFa 

LiFest"AlSiOF, 
LiMgTiAlSiOF, 
BeMgLiAlSiOF 
SnMgaiAlSiOF 
PbMgaLiAlSiOlofa 
LiMgVAIS.O.F, 
LiBigAlSiOF, 
LiCrAlSiOF 

LiMgSeAlSiO.F, 
ZnMgLiAlSiOF, 
LiSbAlSiOF, 
CaMgBAlSiOF, 

CaMgMnLiAlSiOF, . 
CaMgNiLiAlSiO.F, 
CaMg,CoAlSiO.F, 
CaMg,FeAlSiOF, 

KCaTiAlSiOF, 
CaMgBeLiAlSiOF, . . . . 
CaMgSnLiAlSiOF, 
CaMgPbLiAlSiOF, 
KCaVAlSiOF, 
CaMgBiAlSiOF, 
CaMgCrSiOF. 
KCaSeAlSiOF, 

CaMgznLiAlSiOF, 
CaMgSbAlSiOF 
BaMgBAlSiO, F, 
BaMgMnLiAlSiOF 
BaMg,NiLiAlSiOF, 
BaMg,CoAlSiOF 
BaMg,FeAlSiOF, 
BaMgCdLiAlSiOF 

KBaTiAlSiOF, BaMgBeLiAlSiOF, 

BaMgPbLiAlSiOF - - 

KB aVAlSiO 10F.2 

  



(126) 
(127) 
(128) 
(129) 
(130) 
(131) 
(132) 
(133) 
(134) 
(135) 
(136) 
(137) 
(138) 
(139) 
(140) 
(141) 
(142) 
(143) 
(144) 
(145) 
(146) 
(147) 
(148) 
(149) 
(150) 
(151) 
(152) 
(153) 
(154) 
(155) 
(156) 
(157) 
(158) 
(159) 
(160) 
(161) 
(162) 
(163) 
(164) 
(165) 
(166) 
(167) 
(168) 
(169) 
(170) 
(171) 
(172) 
(173) 
(174) 
(175) 
(176) 
(177) 

BaMgBiAlSiOF, 
BaMg,CrSiOF 
KBaSeAlSiOF 

BaMg2nLiAlSiO.F, 
BaMgSbAlSiOF 
SrMgBAlSiOF 

SirMgMnLiAlSiO 10Fa 
SrMgNiLiAlSiOF, 
SrMgsCoAlSiOF 
SrMg,FeAlSiOof, 
SrMgCdLiAlSiOF 
KSrTiAlSiOF 

SrMgBeLiAlSiOF 
SrMgSnLiAlSiOF 
SrMgPbliAlSiO 10F2 
KSrVAISiOF 
SrMgBiAlSiOF 
SrMgCrSiOoF 
KSrSeAlSiOF 

SrMigZnLiAlSiOF 
SrMgSbAlSiOF 
Zr.MgsBAiSiOF 

Zr.MgMnLiAlSiOF 
ZrMgNiLiAlSiOF, 
Zr.MgCoAlSiOF 
Zr.MgsfeAlSiOFa 
Zr.MgCdLiAlSiOF 
KZrTiAlSiOF 

Zr.MgBeLiAlSiOF 
ZrMgSnLiAlSiOF 
Zr.MgPbLiAlSiOF 
KZrVAlSiOF 
ZrMgsBi.AlSiOF 
Zr.MgsCrSiOof, 
KZrSeAlSiOF 

Zr.MgZnLiAlSiOF 
ZrMgsSbAlSiOloF, 
RbMg,CsSiOF 

... RbMgBSiOF, 
RbMg,MnAlSiOioF 
RbMgNiAlSiOF 
RbCoAlSiOF 
RbFeat! AlSiOF, 
CdMgRbAlSiOF, 
RbMgTiAlSiO oF, 
BeMgRbAlSiOF, 
SnMg2RbAlSiOF 
PbMgRbAlSiOF 
RbMgVAlSiO10F. 
RbBisAlSiOF 
RbCr.AlSiOF 
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(178) 
(179) 
(180) 
(181) 
(182) 
(183) 
(184) 
(185) 
(186) 
(187) 
(188) 
(189) 
(190) 
(191) 
(192) 
(193) 
(194) 
(195) 
(196) 
(197) 
(198) 
(199) 
(200) 
(201) 
(202) 
(203) 
(204) 
(205) 
(206) 
(207) 
(208) 
(209) 
(210) 
(211) 
(212) 
(213) 
(214) 
(215) 
(216) 
(217) 
(218) 
(219) 
(220) 
(221) 
(222) 
(223) 
(224) 
(225) 
(226) 
(227) 
(228) 
(229) 

ZM, isot, 
RbSbAlSiOF 
CSMgBSiOF, 

CsMg,MnalSiOF 
CsMgNiAlSiOF 
CsCoAlSiOF 
CsfestAlSiOF 
CdMgCsAlSiOF 
CsMgTiAlSiOF 
BeMg,CSAlSiOF 
SnMg,CsAlSiOF 
PbMgCsAlSiOF 
CsMgVAlSiOF 
CsBisAlSiOF 
CsCrAlSiOF, 

CsMgSeAlSiOF 
ZnMgaCSASiOF, 
CsSbAlSiOioF 

MnMgBASiOF, 
NiMgBAlSiOF, 
BaMgsBCoSiOF, 
BaMgsBFeSiOF 
CdMgsBAISiOF, 
NaMgTiBSiOF, 
BeMgBAlSiOF, 
SnMgBAlSiOF 
PbMgBAlSiOF, 
NaMgVBSiOF 
BaMgsBBiSiOF 
BaMgsBCrSiOF 
NaMgSeBSiOF 
ZnMgBAISiOF, 
BaMgBSbSiOF, 
MnMgNiLiAlSiOF 
MnMgsCoAlSiOFa 
MnMgFeAlSiOF 
MnMgCdLiAlSiOF 
KMnTiAlSiOF, 

MnMgBeLiAlSiOF 
MnMgSnLiAlSiOF 
MnMgPbLiAlSiOF 
KMnVAlSiOF, 
MnMgBiAlSiOF, 
MnMg3CrSiOF 
KMnSeAlSiO, F, 

MnMg2nLiAlSiOF, 
MnMgSbAlSiOF 
NiMgaCoAlSiOF 
NiMgFeAlSiOF, 
NiMgCdLiAlSiOF, 
KNiTiAlSiOF 

NiMgBeLiAlSiOF 



(230) 
(231) 
(232) 
(233) 
(234) 
(235) 
(236) 
(237) 
(238) 
(239) 
(240) 
(241) 
(242) 
(243) 
(244) 
(245) 
(246) 
(247) 
(248) 
(249) 
(250) 
(251) 
(252) 
(253) 
(254) 
(2.55) 
(256) 
(257) 
(258) 
(259) 
(260) 
(261) 
(262) 
(263) 
(264) 
(265) 
(266) 
(267) 
(268) 
(269) 
(270) 
(271) 
(272) 
(273) 
(274) 
(275) 
(276) 
(277) 
(278) 
(279) 
(280) 
(281) 

7. 
NiMgSnLiAlSiOF, 
NiMgPbLiAlSiOF 
KNIVAlSiOF, 
NiMgsBiAlSiOF 

I. NiMgCrSiOF, 
KNiSeAlSiOF, 

NiMg2nLiAlSiOF 
NiMgSbAlSiOF 
BaMgCoFeSiOF 
CdMgsCoAlSiOF 
NaMgTiCoSiOF 
BeMgsCoAlSiOF 
SnMgCoAlSiOF, 
PbMgCoASiOFa 
NaMgVCoSiOF 
BaMgsCoBiSiOF 
BaMgsCoCrSiOF 
NaMgSeCoSiOF, 
ZnMgsCoAlSiOF 
BaMgCoSbSiOF 
CdMg,FeAlSiOF, 
NaMgTiFeSiOF, 
BeMgFeAlSiOF 
SnMgsFeAlSiOioF 
PbMgFeAlSiOF, 
NaMgVFeSiOF, 
BaMg,FeBiSiOF, 
BaMg,FeCrSiOF, 
NaMgSeFeSiOF 
ZnMgsFealSiOF 
BaMg,FeSbSiOF 
KCdTiAlSiOF 

CdMgBeLiAlSiOF, 

KCdVAlSiOF 
CdMgBiAlSiOF 
CdMgCrSiOF, 
KCdSeAlSiOF . 

CdMg2nLiAlSiOFa 
CdMgSbAlSiOF 
KBeTiAlSiOF 
KSnTiAlSiOF 
KPbTiAlSiOF 
NaMgTiBiSiOF 

i -- NaMgTiOrSiOoF 

KZnTiAlSiOF 
KSbTiAlSiOF 

BeMgSnliAlSiOF 
BeMgPbLiAlSiOF, 
KBeVAlSiOoF, 
BeMgBiAlSiOF, 
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(282) 
(283) 
(284) 
(285) 
(286) 
(287) 
(288) 
(289) 
(290) 
(291) 
(292) 
(293) 
(294) 
(295) 
(296) 
(297) 
(298) 
(299) 
(300) 
(301) 
(302) 
(303) 
(304) 
(305) 
(306) 
(307) 
(308) 
(309) 
(310) 
(311) 
(312) 
(313) 
(314) 
(315) 
(316) 
(317) 
(318) 
(319) 
(320) 
(321) 
(322) 
(323) 
(324) 
(325) 
(326) 
(327) 
(328) 
(329) 
(330) 
(331) 
(332) 
(333) 

batsor, 
KBeSeAlSiOF 

BeMgZnLiAlSiO10F2 
BeMgsSbAlSiOF, 

SnMgPbLiAlSiOF 
KSnVAlSiOF 
SnMgsBiAlSiOF 
SnMgCrSiOFa 
KSnSeAlSiOFa 

SnMgznLiAlSiOF 
SnMgSbAlSiOF 
KPbVAlSiOF 
PbMgBiAlSiOF 
PbMgsCrSiOF 
KPbSeAlSiOF, 

PbMgznLiAlSiOF 
PbMgsSbAlSiOF 
NaMgVBiSiOF 
NaMgVCrSiOF 
KZnVAlSiOF. 
KSbVAlSiOF, 

BaMgsBiCrSiOF 
NaMgSeBiSiOF, 
ZnMgBiAlSiOF 
BaMgBiSbSiOF 
NaMgSeCrSisOF 
ZnMgCrAlSiOF 
BaMg3CrSbSiOF 
KZnSealSiOF 
KSbSeAlSiOF 

ZnMg3SbAlSiOF 
CuMg,NaAlSiOF 
CuMg2KASiOF 
CuMg2LiAlSiOF 
CuMgRbAlSiOF 
CuMgCsAlSiOF 
KCuCa2AlSiOF 
KCuSrAlSiOF 
KCuBaAlSiOF 
KCuZrAlSiOF 
CuMgBAISiOF 

CuMgMnLiAlSiOF 
CuMgNiLiAlSiOF 
CuMgCoAlSiOF2 
CuMgFealSiOF 
CuMgCdLiAlSiOF 
KCuTiAlSiOF 

CuMgBeLiAlSiOF 
CuMgSnLiAlSiOF 
CuMgPbLiAlSiOF 
KCuVAlSiOF, 
CuMgsBiAlSiOF 



(334) 
(335) 
(336) 
(337) 
(338) 
(339) 
(340) 
(341) 
(342) 
(343) 
(344) 
(345) 
(346) 
(347) 
(348) 
(349) 
(350) 
(351) 
(352) 
(353) 
(354) 
(355) 
(356) 
(357) 
(358) 
(359) 
(360) 
(361) 
(362) 
(363) 
(364) 
(365) 
(366) 
(367) 
(368) 
(369) 
(370) 
(371) 
(372) 
(373) 
(374) 
(375) 
(376) 
(377) 
(378) 
(379) 
(380) 
(381) 
(382) 
(383) 
(384) 
(385) 

cMissot, 
KCuSeAlSiOFa 

CuMg2nLiAlSiOF 
CuMgSbAlSiOF 
CuMg,MoAlSiOF 
CuMgTeAlSi2O10F. 
KCul JAlSiOF 

MoMg2NaAlSiOoFa 
MoMg2KAlSiOF 
MoMg iAlSiOF 
MoMg2RbAlSiOF 
MoMg2CsAlSiOFa 
KMoCa2AlSiO.F, 
KMoSrAlSiOoF 
KMoBaAlSiOF 
KMoZrAlSiOF 
MoMgBAlSiOF 

MoMgMnLiAlSiOF 
MoMgNiLiAlSiOoF 
MOMgaCoAlSiO10Fa 
MoMgFeAlSiOoF 
MoMgCdLiAlSiOloFa 
KMoTiAlSiOF 

MoMgBeLiAlSiOF 
MoMgSnLiAlSiOF 
MoMgPbLiAlSiOF 
KMoVAlSiOF 

MoMgBiAlSiOF 
MoMgCrSiOF 
KMoSeAlSiOF 

MoMg2nLiAlSiOF 
MoMgSbAlSiOF 
MoMgTeAlSiOF 
KMoUAlSiOFa 

TeMg,NaAlSiOoF 
TeMg,KAlSiO,0F, 
TeMg2LiAlSiOF 
TeMg2RbAlSiOloFa 
TeMgCsAlSiOF 
KTecaAlSiOF 
KTeSrAlSiOF 
KTeBaAlSiOF 
KTeZrAlSiOF 
TeMgBAlSiOF 

TeMgMnLiAlSiOF 
TeMgNiLiAlSiOF 
TeMgCoAlSiOF 
TeMgFeAlSiOF 
TeMgCdLiAlSiOF 
KTeTiAlSiOF 

TeMgBeLiAlSiOF 
TeMgSnLiAlSiOF 
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(386) tetressor, 
(387) KTeVAlSiOF 
(388) TeMg,BiAIS.O.F, 
(389) TeMgCrSiOF 
(390) KTeSeAlSiOF 
(391) TeMg2nLiAlSiOF 
(392) TeMgSbAlSiOF 
(393) TeMgaMoAlSiOF 
(394) KCuCJAlSiOF 
(395) NaMgOAlSiOF 
(396) KMgUAlSiOF 
(397) LiMgUAlSiOF 
(398) RbMgUAlSiOF 
(399) CsMgUAlSiOF 
(400) KCalJAlSiOF 
(401) KSrUAlSiOF, 
(402) KBaljAlSiOF 
(403) KZrUAlSiOF, 
(404) NaMgUBSiOF 
(405) KMnUAlSiOF 
(406) KNiUAlSiOF 
(407) NaMgUCoSiOF, 
(408) NaMgOFeSi3OF 
(409) KCdUAlSiOF 
(410) KBeUAlSiOF 
(411) KSnUAlSiOF 
(412) KPbUAlSiOF 
(413) NaMgOBiSiOF 
(414) NaMgUCrSiOF 
(415) KZnUAlSiOF 
(416) KSbOAlSiOF 
(417) KCuJAlSiOF 
(418) KMoUAlSiOF 
(419) KTeJAlSiOF 

50 

55 

60 

65 

70 

is 

It will be noted that in Formulas 1 through 419 fluo 
rine is present in each. It is, however, possible to sub 
stitute other members of the halogen family in place 
of the fluorine, for example, chlorine, bromine or iodine. 
Without writing each of the formulas out completely, it 
is understood that Formulas 1 through 419 are rewritten 
as a second list of formulas with the chlorine substituted 
for fluorine and that the second list of formulas with chlo 
rine are numbered 420 through 838. That is to say, the 
Formulas 420 through 838 are the same as the Formulas 
1 through 419, except that chlorine is substituted for fluo 
rine. Further, it is understood that the Formulas 1 
through 419 are rewritten as a third list of formulas with 
the bromine substituted for fluorine and that this third 
list of formulas with the bromine are numbered 839 
through 1257. That is to say, the Formulas 839 through 
1257 are the same as the Formulas 1 through 419 ex 
cept that the bromine is substituted for fluorine. Further 
it is understood that the Formulas 1 through 419 are 
written as a fourth list of formulas with the iodine sub 
stituted for fluorine and that this fourth list of formulas 
with the iodine are numbered 1258 through 1676. That 
is to say, the Formulas 1258 through 1676 are the same 
as the Formulas 1 through 419, except that iodine is sub 
stituted for fluorine. 
The elements included within the classification of rare 
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earths may be utilized to replace the cations in the syn 
thetic mica compounds listed above. The elements in 
cluded within the rare earth classification comprise Ian 
thanum, cerium, praseodymium, neodymium, semarium, 
europium, gadolinium, dysprosium, holmium, and lute 
sium. These substitutions make additional formulas, the 
same as though they were written out. 
The cations, or the purifying, or physical change in 

ducing agents of the synthetic mica in Formula 1 would 
include the potassium, magnesium and aluminum as dis 
tinguished from the silicon. The fluorine, chlorine, bro 
mine, or iodine appear to function as a wetting agent 
to make the mica miscible with the molten metal. 
The cations, or the purifying, or physical change in 

ducing agents of the synthetic mica in all the formulas 
include the rare earth elements, aluminum, antimony, 
barium, beryllium, bismuth, boron, cadmium, calcium, 
cesium, chromium, cobalt, copper, iron, lead, lithium, 
magnesium, manganese, molybdenum, nickel, potassium, 
rubidium, selenium, sodium, strontium, tellurium, tin, ti 
tanium, uranium, vanadium, zinc and zirconium. 
The synthetic micas of the present invention are sili 

cates of the constituents selected from the class of ele 
ments in the preceding paragraph and include fluorine, or 
chlorine, or bromine, or iodine. 
The specific gravity of the synthetic fluor-phlogopite 

mica, such as identified by Formula 1, is normally in 
the neighborhood of 3.0 as compared to water and the 
melting point is usually in the neighborhood of 2200 to 
2500 degrees F. Some of the volatile constituents or 
purifying or physical change inducing agents from which 
synthetic mica is made have a very low melting and 
boiling point. It is known that the temperature of most 
molten baths usually exceed the boiling temperature of 
the volatile constituents from which mica is made. Thus, 
for example, the introduction into a molten metal bath 
of solid elemental magnesium, which is a purifying or 
physical change inducing agent, produces a reaction of 
explosive violence. The introduction of magnesium into 
molten metal has been generally regarded as being im 
possible on a practical scale. Proposals have been made 
by the prior art to solve an analogous problem encoun 
tered in the introduction of various highly volatilizable 
elements into molten baths, for example, U.S. Patent No. 
1,931,144 relating to the introduction of sodium, as so 
dium vapors into a molten bath to purify the bath. How 
ever, with the present invention, the volatile constituents, 
including sodium as well as the others appearing in the 
listed formulas, from which mica is made may be intro 
duced into the molten iron bath without any explosive 
violence or without any loss of the volatile constituents. 

In the present invenion, the mica may be introduced 
into the metal by putting mica into the ladle before pour 
ing the molten metal into the ladle, or the mica may be 
added directly into the molten meal in the ladle. 

In most cases the mica tends to float on top of the 
heavier molten metals because it has a lower specific 
gravity. than the molten metal. The molten metal in the 
ladle should be of sufficient temperature to melt the 
mica. It appears that when the mica becomes in a com 
plete liquid state, that is, after a certain temperature has 
been reached, it then becomes "miscible' with the molten 
iron. In other words, the amount of mica which tends to 
go into the molten iron is automatic depending upon the 
impurities in the molten metal which are to be removed 
or to be compounded with the constituents of the mica. 
Thus, the more impurities in the metal, the more mica 
is absorbed or taken into the metal to react with the im 
purities and to control the physical changes. The term 
"miscible' amount of mica which goes into the molten 
metal is that amount required (1) to remove the im 
purities or to combine them with the constituents of the 
mica to thereby eliminate their effect and (2) to conrol 
the physical changes. The introduction of the mica into 
the molten metal is automatic in the sense that mica 
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which is added to the metal is dissolved into the metal 
until a saturation point is reached, whereat the molten 
metal refuses to take any more mica. This is sufficient 
to produce physical changes in the metal. Mica added in 
excess of this "miscible', amount generally floats on top 
of the metal as a slag where it may be conveniently re 
moved by any conventional method. The "miscible' 
mica may not occur as mica in the molten metal, but 
may dissociate into the individual constituents of the 
mica. The "miscible' mica in the metal includes the 
mica as such, as well as the dissociated individual constit 
uents of the mica, 

All of the micas exert a double action on the metal. 
One of the actions is that of a purifying or physical 
change inducing agent. The other action is that of a 
wetting agent. 

Metal treated with mica makes a "clean pour," in that 
the molten metal flows freely. It has a high fluidity. 
The grain structure of the finished castings is small, pro 
ducing sound metal free from porosity. The metals are . 
ductile. The metals are reproducible on a commercial 
level because there is no waste of the volatile constituents 
as they are introduced into the molten metal. The 
amount of mica which needs to be introduced can be 
determined ahead of time. When a procedure is estab 
lished on a commercial level for a particular purpose, the 
operation may be successfully repeated with the use of 
mica to produce good sound metal. 
The mica used as a treating material may have related 

forms other than that suitable for electrical insulation. 
The treatment material in this invention comprises sili 
cates selected from the class of elements listed above 
and includes fluorine, chlorine, bromine, or iodine. The 
treating material may have a melting temperature above 
1200 degrees F. and below 2700 degrees F. 

Depending upon the impurities in the molten metal, 
the mica which is introduced may range from 0.05% 
by weight to about 15%. When 40% by weight of 
mica was introduced, a large amount thereof was slag. 
This is because the metal accepts what is needed. Pref 
erably, the amount introduced may be 1.0% to 5.0%. 
It is only necessary to introduce an amount of mica 
in excess of the "miscible' amount, and the extra amount 
may be removed as a slag. 
When the treating mica of the present invention is 

added to metals which have molten temperatures less 
than the temperature at which mica melts, the mica is 
taken into the metal by what might be referred to as 
a dissolving action. The dissolving action is hastened 
by putting the mica in powder form of preferably 100 
mesh, or finer. In other words it is desirable to reach the 
melting point of the mica, since at this temperature it is 
more easily taken into the metal but it is not necessary 
because it will be dissolved by the molten metal, the 
action being slightly more time consuming. 
The treated metal has improved physical properties. 

The treated molten metal makes a clean pour and has a 
high fluidity giving sharply defined shapes. The ability 
of the metals to be work hardened is reduced particularly 
in copper. The grain size of the treated metal is tighter 
and smaller giving a more dense section. The metal 
also has the unique and novel property of being more 
ductile. The metal is also stronger and harder. 
The retained amount of volatile agents or purifying or 

physical change inducing agents in the metal is substan 
tially proportional to the percentage-wise amount of the 
said agents in the mica, if all the mica becomes miscible 
or goes into the molten metal. On the other hand, if 
some of the mica remains as slag, then said proportion of 
retained amount of agents may vary, depending upon 
the relative activity of the agents themselves in the molten 
metal and the receptivity of the molten metal to receive 
the respecive agents. The retained amount of volatile 
or purifying or physical change inducing agents may 
range from a small trace, as low as 0.01% to 0.5%. 
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The present disclosure includes that contained in the 
appended claims, as well as that of the foregoing descrip 
tion. . . 

Although this invention has been described in its pre 
ferred form and preferred practice with a certain degree 
of particularity, it is understood that the present disclosure 
of the preferred form and preferred practice has been 
made only by way of example and that numerous changes 
in the details of construction and the combination and 
arrangement of parts and steps may be resorted to with 
out departing from the spirit and scope of the invention 
as hereinafter claimed. 
What is claimed is: 
1. A solid cast metal selected from the group consisting 

of aluminum, cadmium, chromium, cobalt, copper, lead, 
magnesium, manganese, molybdenum, nickel, tin, titani 
um, tungsten, uranium, vanadium, zinc, zirconium, steel, 
and alloy steel, said solid cast metal containing mica intro 
duced in molten metal prior to casting said mica being 
made of materials having both silicate and halogen com 
pounds of at least one of the elements selected from the 
group consisting of the rare earths, the alkali metals, the 
alkaline earth metals, and non-ferrous metals consisting of 
aluminum, boron, copper, molybdenum, bismuth, nickel 
cobalt, chromium, titanium, antimony, manganese, urani 
um, lead, tin, zinc, tellurium, vanadium, selenium, cad 
mium and zirconium, the mica being in an amount rang 
ing from 0.05% by weight to 15.0%, said halogen com 
pounds selected from the class including fluorine, chlorine, 
bromine, and iodine. 
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2. The method of producing a casting of solid metal 

selected from the group consisting of aluminum, cadmi 
um, chromium, cobalt, copper, lead, magnesium, man 
ganese, molybdenum, nickel, tin, titanium, tungsten, urani 
um, vanadium, zinc, zirconium, steel, and alloy steel, 
said method comprising the steps of establishing a molten 
bath of said metal, introducing mica into said molten bath 
to produce a mica treated bath, and finally pouring the 
casting from said mica treated bath, said mica being 
made of materials having both silicate and halogen com 
pounds of at least one of the elements selected from the 
group consisting of the rare earths, the alkali metals, the 
alkaline earth metals, and non-ferrous metals consisting 
of aluminum, boron, copper, molybdenum, bismuth, 
nickel, cobalt, chromium, titanium, antimony, manganese, 
uranium, lead, tin, zinc, tellurium, vanadium, selenium, 
cadmium and zirconium, the mica being in an amount 
ranging from 0.05% by weight to 15.0%, said halogen 
compounds selected from the class including fluorine, 
chlorine, bromine and iodine. - 
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