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On July 18, 1877, while working on the speaking telegraph Edison came to the realization that voice vibrations impinging on a diaphragm were of such intensity that they could be made to do mechanical work:   “Just tried experiment with a diaphragm having an embossing point and held against paraffin paper moving rapidly.  The speaking vibrations are indented nicely and there’s no doubt that I shall be able to store up and reproduce automatically at any future time the human voice perfectly” [1].

Edison’s most ingenious invention, the phonograph, was completed on December 4, 1877 by Swiss machinist John Kruesi and British draftsman Charles Batchelor from an exceedingly crude sketch dated November 29, 1877 drawn by Edison himself.  No one can doubt the expertise needed to bring such a bare sketch into fruition, with Kruesi performing the machining and Batchelor construction the phonets.  The first recordings were made on pliable sheets of tinfoil [2].

Charles Batchelor states that there were many discussions between Edison and himself “of what we should so to make money out of the phonograph in the future, and amongst other uses he frequently talked to me of a duplicating machine that should automatically reproduce from a backed-up tin foil from the phonograph a duplicate that could be sold cheap to the public” [3].

It soon became apparent that an instrument using a pliable strip as a record could never become practically successful.  Every attempt at reproduction tended to smooth out and obliterate the sound record. Another serious defect was its lack of recording capacity, necessitating frequent changes of the foil, which consumed much time and required considerable skill in adjusting it properly to the cylinder.  Even if it were possible to make a record sufficiently accurate for practical purposes, in pliable sheets, suck a sheet could not be removed from the cylinder on which it was made without deforming the indentations [4].

After a respite of ten years, Edison again tackled the thorny problem of making records for his now “perfected phonograph.”  He knew he must devise a method and apparatus whereby records could be made in a rigid or self-sustaining cylinder, available for immediate reproduction, and which could be transported, placed on another machine, and used repeatedly.  Perhaps his resultant use of was stemmed from the knowledge that Bell and Tainter had used an ozocerite –coated cardboard cylinder for recording.  He quickly brought into his employ a man who had tremendous experience in physics and chemistry and who had worked directly under Professor Helmholtz in Germany.  This man was Dr. Schulze-Berge.

True natural waxes available in the 19th century, known to be esters of both a high molecular weight fatty acid and an alcohol, were beeswax, carnauba, mountain wax, and spermaceti.  The mineral wax, ozocerite, associated with coal deposits, is not a true wax, but its designated a wax because its physical properties closely resemble those of beeswax.

Edison chose to use both carnauba and ozocerite for his wax cylinder masters in the 1888 period, for both these waxes took the preliminary gold-plating well [5].  His caveat dated Oct. 21, 1887 for making multiple copies of phonograms, as cylinder records were called in those days, outlines the procedure: “The cylinder is placed in a vacuous chamber containing two electrodes of gold or other unoxidizable metal and an arc being formed by bringing the points together and seperating (sic) the same.  The electric current causes the metal of the points to be vaporized and this is deposited in a perfect manner over the whole of the exposed surface of the cylinder.  The latter if necessary is rotated while being deposited on in the vacuum.  Thus the nonconducting surface is perfectly coated with a conducting surface; it is then placed in a plating bath, the deposit being increased to one-quarter inch with copper, nickel, etc., in the usual manner.” [6]  The wax master was separated from the Cu/Ni master mould utilizing the difference in coefficients of thermal expansion between the wax and metal.

Subsequent moulded cylinder records used a stearic acid/ceresin/carnauba mixture.  By 1903 the proportions were:
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And the procedure for obtaining the wax-base mother liquor was as follows: Recrystallized sodium carbonate (Na2CO3 • 10 H2O) was melted in an iron vessel with water and 98% pure sodium hydroxide (NaOH).  Upon liquefaction pieces of 20/1000 sheet aluminum were added, and the hot solution filtered through canvas.  Stearic acid, with a melting point of 136°F, was brought to a temperature of 240°F; at which point the pervious solution was added as rapidly as possible without boiling over.  At a temperature of 360°F, purified #3 Sierra carnauba was and the best grade lamp black were added; the temperature raised to 450°F and held till foaming subsided, at which time the ceresin (145°F melting point) was added.  The wax mixture was brought to a congealing point at 290°F with the addition of stearic acid[6].  

In October, 1912, Edison introduced the unbreakable 4-minute Blue Amberol cylinders; was composition cylinders were now no longer necessary.  From October1 all cylinder machines except the Gem, Fireside, and Standard were to be equipped with the new Diamond reproducer needed to play the Blue Amberol cylinders, rather than the old sapphire stylus which had been so satisfactory for the wax cylinders.  The new Blue Amberol cylinder was made from purchased celluloid tubing 4 feet long the various steps in manufacturing are as follows:

1) Tubes stretched to proper diameter,

2) Dipped in blue aniline-based dye; deep blue, 20 minutes; proper blue, 10 minutes; let dry 2 or 3 hours,

3) Seasoned for 14 to 18 days,

4) Cut into record blank lengths,

5) Blanks slipped into molds and sent to steam press to be printed,

6) Record inspected,

7) Record backed with a core of plaster of paris,

8) Reamed to fit mandrel,

10) Dipped in oil and benzene,

11) Title, etc., filled in with whiting on records,

12) Washed, boxed, and labeled.

Four men could print 10,000 records per day.  Presses were run in batteries of 10, on printer for each battery, and one man for loading.  It took one minute to press a record with steam and 5 minutes to set by air cooling.

Celluloid, the first synthetically-produced plastic, as discovered as early as 1869 by J. W. and I. S. Hyatt of Albany, New York and Newark, New Jersey.  Edison obtained his supply of celluloid from the Hyatt Brothers’ company, the Celluloid Manufacturing Company, 45-47 Mechanic Street, Newark.

That same year, 1912, saw the introduction of the first disc record into the Edison recording industry.  This commercial Diamond Disc, as it was called, was almost unbreakable, one-quarter inch thick, but still carried the hill-and-dale configuration.  At the New York Recording Studio, recording was done on a wax master of the same composition as before, only this time it was in the shape of a disc.  During the 1912 period, successive manufacturing operations were carried on at West Orange, New Jersey, with the preliminary plating being either graphite or gold.  The steps in the making of a diamond disc record were as follows:

1) From the New York Studio a messenger brought the wax master, suspended by cork wedges in a flat tin can and sealed with adhesive tape, usually on the evening of the day it was recorded, to West Orange.

2) Scriber worked recorded number into was for identification.

3) Wax master was then graphited with purified graphite (Dixon 097) on outer edge and labeled by hand with a piece of sheep’s wool.

4) Wax master was then placed in graphiting machine where the rest of the surface was covered with graphite mechanically with the aid of a silk brush.

5) Graphited wax master was copperplated while rotating semi-submerged in a CuSO4/sulfuric acid plating bath for 4 to 5 hours, the advantage of the half-submerged state being to keep the bubbles broken.

6) It was placed completely submerged in fast Cu-plating bath.

7) The plated assembly was turned on a lathe till line of demarcation between wax and copper was visible, then was stripped back from the wax.  Backed with rubber to prevent plating on back.

8) The plating was electro-cleaned with concentrated Na2SO4 solution, made slightly alkaline with NaOH, and immersed in “8-4” solution for 2 minutes till dull and bronze-colored.

9) It was then placed in Ni-plating bath for 2 hours and in Cu-plating bath to make nickel-faced copper female master mold.

The nickel face was much tougher than the copper face on the master.  In successive steps, using the same plating procedures, working molds were initially produced.  Each Cu master could produce 10 females. Each female could eventually produce at least a dozen working molds, from which the condensite records were manufactured.  The submaster print was usually made of cheesecloth (Snowflake brand) - - backed with celluloid, applied to a powder blank for approval or disapproval by the music committee.

The term “powder blank” was applied to the core of the laminated disc record.  Ordinarily, the procedure was to take the precisely flat preformed and prepared disc blank and, in the case of approval pressings, apply the celluloid surface material, as previously noted.  A phenol resin bonding agent was used on the blank to secure the celluloid and cheesecloth.  The assembly was placed in the press and bonded together under the pressure and heat required for pressing the music grooves of the working mold (stamper) into the surface of the disc.  In the case of pressings for commercial use, the surface of the blank was uniformly covered with a powder made by finely grinding the hard and brittle shellac compound.  Then the assembly was placed in the press and the powder fused to become the music groove surface of the record.  But in the Edison manufacturing procedure, the powder blank saw no powder.  Instead, it was uniformly coated with the Edison condensite varnish, which was liquid and thermosetting.  It could not be applied in a powder form.  The varnish-coated core was cured in the press to form the hard and long wearing playing surface for the Edison Diamond Disc.  It is a curious thing that even though varnish was used for the coating and not powder, the blank was nevertheless called the “powder blank.”  A great deal of knowledge and understanding is hidden behind the jargon of the trades and professions; particularly in the record industry.

Powder blanks, used in the molding of the final commercial record, were of a wood flour/lampblack/phenolresin/denatured alcohol/”6-4” composition.  The spruce wood flour, ground to pass through a 30 mesh wire screening, was purchased in bales from either E.I duPont de Nemours & Co. or Union Wood Flour Company, Glens Falls, New York.  The varnish, with which the powder blanks were coated and into which sound grooves were imprinted, was made essentially of “Shino”, phenol, paraphenylindiamine, “6-4”, penta chlora phenol, denatured alcohol, phenol resin and sandarac.

Demand for the lighter-weight record to meet the competition from Victor and Columbia stimulated the Edison Company to produce in 1927 the lateral-cut or Needle record.  This was a signal departure from the wood flour base medium, in that the new records were now made from greenstone or epidote, crushed to pass through a 200-mesh screen, cotton flock, shellac, and carbon black.  Unlike their predecessor, the Edison Diamond Disc, the Needle records were extremely brittle and had an unwelcome tendency to warp.

In October 1929, the Edison Company curtailed all record manufacturing operations, leaving the field of making recording wide open to competitors.

FORMULAS USED IN RECORD MANUFACTURING (by the Edison Company)
8/4 Solution:


8 gals. distilled water


400 cc. of 5% solution of selenious acid

Selenious Acid:


25 lbs. Selenium gray powder (B. F. Drakenfeld Co)


14 liters commercial HNO3

High Speed Nickel Plating Solution:


430 g. NiSO4 • 6 H2O/liter


6 cc. glacial acetic acid/liter


pH: 6-6.2

High Speed Copper Plating Solution:


350 g. CuSO4 • 5 H2O/liter


32 cc sulfuric acid/liter


s.g. at 34°C = 1.25

Wax Master Copper Plating Solution:


250 g. CUSO4 •   5 H2O/liter


24 cc sulfuric acid/liter

Master Wax Cleaner:


20 parts benzol


10 parts denatured alcohol


½ part glacial acetic acid

Solution for Taking Copper or Gold off the Face of a Record


3500 cc. H2O


100 cc. 15% KCN


50 cc. 4% H2O2

Formula for Blueing Amberols:


60 parts denatured alcohol


40 parts water


10 parts acetone


2 parts methyl blue BB (Heller & Merz)

Solution for Sticking Celluloid to Powder Blank:


100 lbs wood flour


2 lbs lampblack


25 lbs. Phenol resin


45 lbs denatured alcohol


472 g. 6/4 (hexamethylene tetramine)

Phenol Resin:


1050 lbs phenol


609 lbs. Formaldehyde

Regular Varnish:


5. g phenol


2 g paraphenylindiamine


7.9 g 6/4


4 g. pentachloraphenol


145 g. denatured alcohol


100 g. phenol resin


sandarac (resin from the African sandarac tree)


“Shino” (Pb resinate)

Filler for Disc Record Numbers:


Egg albumen


ZnO


Water

Formula for Needle or Lateral-cut Edison Records:


1.25 g. gas black


1.5 g. cotton flock


30.75 g. 200-mesh epidote


5.5 g. orange shellac


11.0 g garnet shellac
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