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HIDE GLUE

“40 Centuries Old And Still Holding”

INTRODUCTION

Nearly 4,000 years ago, the Egyptians were using hide glue for their furniture adhesive.  This is proven by chairs found in Pharaoh’s tombs and by stone carvings depicting the process of gluing different woods.  Hide glue is still in use today for wood gluing and over the years much has been written about the manufacture and use of hide glue for hundreds of other adhesive applications.  With the evolution of synthetic (ready to use) adhesives, hide glue has taken a lesser role in industry but has maintained a major role in repair and restoration of antique furniture, reproduction of period furniture, restoration, production and repair of musical instruments as well as numerous other applications.




HIDE GLUE PRODUCTION - FROM HIDES?

Yes, from animal hides, almost any animal but primarily from cattle hides.  This is simply because of the abundance of cattle hides due to the enormous world wide consumption of beef and subsequent tanning of hides for leather.  The trimmed hide pieces (too small or irregular shapes to provide useable leather) are shipped to the hide glue plant.  The glue manufacturing process is basically the following:

· wash to remove dirt

· soak in lime water for 60-90 days

· wash to remove hair and lime

· neutralize with acid, drain, wash & drain

· add water, heat to 110-120o F for 2-4 hours (called an extraction)

· drain off the dilute glue solution, evaporate, chill, dry, grind

· repeat last 2 steps 3-4 times to extract all of the glue with the temperature being increased 20-25o F each time.

The process can lend itself to “home brewing” but it is messy and the aroma is found by some to be less than exciting!  Your best bet is to buy the finished product from a reliable supplier.

CHEMICAL COMPOSITION

Hide glue is a protein derived from the simple hydrolysis of collagen which is a principal protein constituent of animal hides.  Collagen, hide glue and gelatin are very closely related as to protein and chemical composition.  An approximate chemical composition for glue is:



Carbon


51-52%




Hydrogen


  6-7%




Oxygen


24-25%



Nitrogen


18-19%







 100 %

The molecular weight of hide glue has a wide range from 20,000 - 250,000.  The higher the gel strength, the higher the molecular weight.


TESTING HIDE GLUE AND STANDARD GRADES

Peter Cooper, founder of the domestic glue industry in the early 1800’s, is generally credited with developing the standard methods of testing and grading glue.  The standard is recognized worldwide.  The main components are viscosity and gel strength (or jelly strength which is measured in grams).

The viscosity and jelly determinations are made on a 12.5 percent solution of hide glue, employing 15 +/- 0.01 g of commercially dry glue with 105 +/- 0.2 g of distilled water at 25o +/- 2o C using a standard 150 ml test bottle.  The viscosity is determined by timing the outflow of 100 ml of the glue solution at 60.0o C from a calibrated glass pipette under closely controlled conditions.  The millipoise value is determined by proper reference to the time of outflow in seconds and the constants of the specially calibrated pipette.  The jelly value in Bloom grams is obtained by subjecting the viscosity sample to rigidly controlled gelation in a water bath maintained at 10o +/- 0.1o C for 17 hours, followed by measurement of the force in grams required to depress the surface of the glue jelly 4.0 mm by a mechanically loaded plunger approximately 0.5000 inches in diameter, using the Bloom gelometer.

A chart of Standard Grades follows.  Note the glue grade designation is the “Standard Mid-Point Grams”.

Standard Hide Glue Grades
	Standard 

Mid-Point Grams
	Range 

Grams
	Standard Millipoise 

Value
	Range Millipoise 

Value
	Peter Cooper Grade Designation

	512
	496-529
	191
	183-199
	5A Extra

	477
	461-494
	175
	167-182
	4A Extra

	444
	428-460
	157
	152-166
	3A Extra

	411
	395-427
	145
	138-151
	2A Extra

	379
	363-394
	131
	125-137
	A Extra

	347
	331-362
	121
	113-124
	1 Extra

	315
	299-330
	111
	102-112
	1 Extra Special

	283
	267-298
	101
	92-101
	No. 1

	251
	237-266
	92
	83-91
	1XM

	222
	207-236
	82
	75-82
	1X

	192
	178-206
	72
	67-74
	1-1/4

	164
	150-177
	63
	60-66
	1-3/8

	135
	122-149
	58
	53-59
	1-1/2

	108
	95-121
	53
	47-52
	1-5/8

	85
	70-94
	44
	37-46
	1-3/4

	58
	47-69
	34
	28-36
	1-7/8

	32
	10-46
	30
	20-27
	No. 2





GENERAL PROPERTIES:


Moisture:

10 - 15%


pH


6.0 - 7.5


Form


Dry Granular 8 - 10 Mesh


Color


Yellow/Amber to Brown


Specific Gravity
1.27

A later discussion will present the value and reasons for using different grades.  Generally, the higher the gel strength (in grams):

· the higher the molecular weight

· the higher the viscosity

· the faster the tack and set

· the shorter time you have to complete a lamination.

GENERAL PROPERTIES OF HIDE GLUE

In physical form, hide glues are odorless, dry, hard materials ranging in color from amber to dark brown.  Generally they are supplied in ground form but occasionally pearl and flake forms are available.  Form and color have no relationship to grading or quality. Ground forms are easiest to use as they more readily absorb water.  They are stable in ambient storage conditions under which they have an unlimited shelf life.

PREPARATION OF HIDE GLUE FOR USE

The preparation of hide glue is exceedingly simple.  The proper amounts of dry glue and cold water are mixed together and the glue allowed to soak until swollen.  The swollen glue is then melted at 140o F (mild heat) and stirred until dissolved.  The glue solution is then ready for immediate use.

While hide glue will stand considerable abuse in its preparation and use, there are a few basic considerations which will enable the user to always obtain maximum economy and uniformity of working properties in the handling of this material.

1.  Use Clean Equipment


Clean equipment means a clean glue solution with best results.




2.  Weigh Glue and Water


Correct glue-water ratios insure uniform, consistent working properties of the glue solution.  While it is best to weigh the glue and water, adequate control can be obtained with careful volume measurement (refer to Dry Mix and Ratio/Density page 15).


3.  Soak in Clean, Cold Water

For general adhesive work the dry glue should always be soaked in clean, cold tap water to insure speedy glue preparation.  Typical ground glue will require 30-45 minutes to soak.  Coarser ground glues will require 1 to 2 hours to thoroughly swell; flake glues, from 2 to 8 hours, depending on thickness of the flake.  

4.  Pour Dry Glue into Water

To minimize possible lumping and to insure speedy glue preparation, the dry glue is preferably added slowly to the cold water with constant stirring until the dry glue is wet-out.  Then let stand to allow the ground glue to become swollen.

5.  Use Gentle Heat

When glue has been thoroughly soaked until soft, it is then preferably heated in a jacketed tank or pot.  Swollen glue dissolves readily at temperatures from 110o to 150o F with gentle stirring.  A glue temperature in excess of 140o to 150o F is unnecessary as it, increases evaporation losses, slows the speed of set, and introduces needless process variables.

6.  Preparation Equipment

A jacketed mixing kettle permits optimum preparation of glue solutions.  This kettle may be large or small, depending on specific needs.  For very small batches a “double boiler” is satisfactory or the use of a water-jacketed glue pot.  The “jacketed” feature permits even heat transfer, more uniform storage temperatures, and minimizes local overheating.  It is desirable to keep the glue covered so that evaporated moisture will be returned to the glue pot and thereby maintain a more uniform mixture.




THE USE OF HIDE GLUE AS AN ADHESIVE

For general adhesive purposes, hide glues are prepared in the range of 25 to 50 percent dry glue concentrations, depending on the test grade of the glue selected, the mechanical requirements employed for applying the adhesive, and the nature of the gluing operation.  With a specific dry glue, the glue-water ratio is so adjusted that the fluidity of the glue solution is adequate for processing requirements.  In most cases a paint-like flow is desirable.  The higher-testing (meaning higher gel strength, gram values) grades of glue will take more water for a given fluidity than the lower-testing grades, and in many applications this feature permits lower unit adhesive costs.  In other applications the lower-testing grades are more suited, where a film of low water content is desired.  In most applications the cost of the glue is insignificant to the value of the substrates being glued.

The unique property of hide glue in jelling when a solution is cooled makes hide glue admirably suited for many industrial uses as an adhesive.  If a process requires a quick-setting glue, a correct gluing technique may be developed by establishing the proper relationship between a specific grade of glue (high test), the concentration (heavy), and working temperature (low) of the solution.  Other outside factors with a tendency to speed-up the set are:  low temperature of the object to be glued, low room temperature and humidity, a thin spread of glue, an absorbent surface, and the presence of air currents around the glue film.  By proper control of these factors, the conversion from the liquid to the jelly state may be sped up so as to result in a fast initial set.

On the other hand, if a slow setting property or a long “tack” period is desired, it can be had by making changes in the reverse direction in any or all of the above factors. 

The time of “set” may be as short as one minute or less or as long as five or even ten minutes depending on the conditions. In other words, as an adhesive, hide glue has a wide working range which is adjustable to practically any set of conditions.  The time of “set” can easily be extended with the addition of a small amount of urea or even common table salt (refer to Dry Mix Ratio/Density page 14).  

Once a specific glue best adapted to the desired results has been selected, its flexibility of use permits it to remain a standard.  Simple adjustments in concentration or temperature or adding a gel depressant will easily offset changes in ambient room temperature and humidity.


 

The guiding principle in adhesive work using hide glues is that of depositing a very thin, uniform, continuous adhesive film at the surfaces to be bonded.  Warm hide glue solutions as prepared and applied for adhesive purposes deposit such desired films.  The cooling effect at the time of application promotes a rapid jelling action of the glue film, thereby holding the adhesive at these surfaces, eliminating undue bleeding of the adhesive into the stock being glued, providing ample tackiness, and insuring maximum overall economy and efficiency.  

WOODWORKING ADHESIVE

GENERAL

From the time of the Egyptians down to the present day, hide glue has continued to be the standard adhesive for woodworking.  This unqualified acceptance of hide glue merely reflects such inherent qualities as permanence of bond, versatility in use, ease of application, stability under world-wide atmospheric conditions, and economy of use.  As a time-tested adhesive for the joining of relatively rigid members such as wood, hide glue commands a unique position in the adhesive field.

In the woodworking field hide glue finds broad acceptance as an adhesive for edge-gluing, assembly, veneering, inlays, finishing, and repairing furniture.

“Edge-gluing” includes such diversified operations as joining together pieces for table tops, chair bottoms, core stock construction, posts and blocks for turning, etc.

Assembly gluing is the putting together of the panels and parts in case goods, cabinets, chair and drawer construction.

Essentially all gluing consists of the application of a thin uniform coating of glue to the properly prepared and dressed surfaces to be joined, lining them up, clamping under pressure until adequate initial joint strength is obtained, then removal for final drying by air under gentle circulation at moderate temperatures until full strength of the adhesive has developed and the stock is at desired moisture equilibrium.

For small assemblies, or for irregular surfaces, or repairing, hand spreading is customarily employed. For production-line gluing, mechanical spreaders such as single or double rod types, perforated plates which rise vertically out of the glue bath for spreading edge surfaces, pressure guns for dowels or lock corner joints, and revolving brushes for dovetail joints are usually employed.


CLAMPING

All types of clamps for imparting pressure are in common use, including the common wood clamp, “C” clamp, bar clamp, screw clamp, case clamp and revolving clamp carrier.  The purpose of the clamp is to impart uniform, even pressure upon the glued assembly to insure bringing the member surfaces into complete contact, to force air and excess glue from the joint, to promote proper anchorage of the glue within the pore structure of the wood, to maintain the joint in correct position, and to prevent warping.  Pressures of from 50 to 200 pounds per square inch are adequate for most conditions. The time under pressure varies with the specific type of assembly.  For edge gluing, using a revolving clamp carrier, from 20 minutes to one hour is good commercial practice.  Longer periods are required for joints under strain or where incipient warpage may be a factor.  Full joint strength is obtained when the glue film has dried to its normal moisture content of 12 percent, which is usually obtained from 12 to 36 hours after removal of the assembly from the clamps.

GLUE GRADE SELECTION

The proper choice and selection of the hide glue adhesive for the specific application greatly simplifies all gluing and provides fast, efficient operation at maximum economy with consistently strong joints.  For most adhesive applications, it is desirable to use grades #135 through #379.  For general repair work, grades #135 through #251 are commonly used as the lower ratio of water to glue (versus higher gel strength grades) permits depositing more glue (higher solids) with adequate open time.  Glue makes the bond, not water.

For assembly and edge-gluing there are three major groups of hide glue, all providing a wide margin of safety factor and a tensile strength far greater than that of wood itself, and differing principally only in inherent strength, elasticity, and shock-resistant properties.

1. For maximum strength and shock resistance
Jelly strength grades testing 315-379 grams

2.  For average strength and shock resistance
Jelly strength grades testing 192-315 grams

3.  For non-critical strength and shock resistance
Jelly strength grades testing 135-192 grams

For soft porous woods, principally the conifers, a fairly heavy-bodied adhesive is employed; for dense, non-porous woods, such as maple, birch, and some of the oaks, a moderately thin-bodied adhesive is desirable.  This variation in the glue concentration of a given test grade of glue directly leads to consistent gluing results through

a)  control of the thickness of spread of the adhesive,

b)  degree of penetration into the wood and proper anchorage of the adhesive,

c)  holding of the adhesive film at the joint,

d)  desired speed of set and length of tack of the adhesive at the joint face.  




The following table gives average formulations for the various test grades of glue for assembly gluing where wood and room temperatures are in the range of 74-80o F.

Typical Water to Glue Ratios

	Glue Grade

(Test in Grams)
	Porous Woods
(Weight, Water to Glue)
	Non-Porous Woods
(Weight, Water to Glue)

	379
	3 – 1
	3 ¼ – 1

	347
	2 ¾ – 1
	3 – 1

	315
	2 ½ – 1
	2 ¾ – 1

	283
	2 ¼ – 1
	2 ½ – 1

	251
	2 ¼ – 1
	2 ½ – 1

	222
	2 – 1
	2 ¼ – 1

	192
	1 ¾ – 1
	2 – 1

	164
	1 ½ – 1
	1 ¾ – 1

	135
	1 ¼ – 1
	1 ½ – 1


The preparation of the warm hide glue adhesive solution follows the standard procedures previously described.  The glue is maintained at 135o to 145o F and applied at this temperature for best results.

The following table gives typical viscosity values for solutions based on the percentage of glue content.

Approximate Viscosity in Centipoises at 140o F for 

Dry Glues of Given Grade Test and Millipoise Value

	% Glue Content
	High Gel

379 Gram

131 mps
	Medium Gel

251 gram

92 mps
	Low Gel

135 gram

58 mps

	12.5
	13.1
	9.2
	5.8

	15
	24
	15
	6.2

	20
	66
	40
	17

	25
	162 }
	97
	34

	30
	420 }
	225 }
	69

	35
	1060}
	490 }
	160  }

	40
	2460
	1030}
	265  }

	50
	12690
	5720
	1190 }


Depending on the tack and set desired, the typical viscosity during use will be 150-500 cps.  Rarely would it be over 1000 cps.   The three } values are the typical ranges that would be employed for each grade 135, 251, 379.

For production-line edge-gluing, where speed of operation is an economic factor, the fast setting properties of a warm hide glue adhesive film with resultant immediate tackiness, holding of the adhesive at the joint face, control of bleeding-in of the adhesive, and fast development of initial joint strength are factors of great value that are unique with hide glue.  Considerable latitude in the speed of set and corresponding length of tack is possible with hide glues.  For slower speeds of set the lower-testing grades may be employed, or the ratio of water to glue may be increased for the specific glue.

EXTENDING OPEN TIME, TACK LIFE

For those specific glue operations requiring an appreciable period of time for assembly before pressure can be applied, as in hand gluing of irregular pieces, the gluing of mortise and tenon joints, dowel work, and case goods assembly, the speed of set and period of tack of the adhesive may be varied at will through the incorporation of gel-depressant chemicals.  These chemicals, commercially available, are added direct to the warm hide glue in amounts sufficient to obtain the working characteristics desired – retarding the rate of jelling of the adhesive and prolonging the period of tack.  If sufficient gel-depressant is added, a cold liquid glue is produced which may be applied at room temperatures in the range of 70-85o F.  The preferred gel-depressant chemicals are those which only physically depress the rate of set, have no adverse chemical effect upon the structure of the glue, and produce a joint strength indistinguishable from that obtained in using a normal type warm hide glue.

Cold liquid hide glues are particularly well suited as the adhesive in assembly work employing the newer-type compression dowels and mortise and tenons.  In the use of these special assembly aids, the liquid glue furnishes sufficient moisture to expand the compressed wood to fill the joint rigidly and firmly, and the set of the glue is retarded to give a period of tackiness long enough to insure permanent adhesive anchorage at the joint.  The following cold liquid hide glue formula is suggested for this specialized application:

10 parts by weight 283-315 gram test hide glue

20 parts by weight water

  2 parts by weight gel-depressant (urea - a white granular   material, commercially available).

The dry glue is swollen in the cold water until soft (30-45 minutes); melted in a jacketed container at 145o F; the dry gel-depressant chemical added and dispersed in the warm glue solution; the adhesive cooled to room temperature is ready for use.  It is also possible to prepare liquid hide glue by simply adding the glue and gel depressant to cold – warm water, stir occasionally until a smooth liquid is obtained.




VENEERING WITH HIDE GLUE

Hide glues find wide acceptance in the production of high quality veneered panels both for core construction and laying of the highly prized veneer.  In this operation a thin layer or veneer of expensive wood is applied to a solid core assembly of lower priced wood.  This procedure permits wide utilization of our forest products and broadens the availability of attractive furniture of the office and home at reasonable cost.  Inlays of various designs, shapes, grain markings, and color are frequently used for decorative purposed on panels, table-tops, and the like, and are closely associated with veneers in their use and application.  All grades and types of hide glues may be used for adhesive purposes in this broad field.  Depending on the specific application and required length of tack, the warm hide glues, cold liquid hide glues, or modified warm hide glues partially treated with gel-depressants find use.  While extreme strength is not required in this field, the relatively non-bleeding qualities of properly prepared hide glue adhesives, their neutral color, permanence, and non-staining properties are qualities of interest and value to the user.

SIZING

The use of hide glue sizes in the finishing of quality furniture surfaces is not commonly known by the public at large.  In this process a dilute warm hide glue solution at approximately one pound of glue per gallon of water is applied to the wood surface and let dry.  The compression grain is raised and the glue fills the porous exposed wood structure.  On sanding, a glass-like surface is obtained, which is stable against moisture changes and which takes a lasting final stain or finish.

MOISTURE RESISTANT JOINTS

There are many instances in which, through trade demands, a moisture-resistant joint is desired.  Hide glue is readily made moisture-resistant through a simple, practical method which has been employed for many years.  The need for moisture-resistant joints, except for a few tropical and sub-tropical areas, has been greatly exaggerated. Furniture and musical instrument assemblies using unmodified hide glues have for many decades successfully withstood all usual climatic conditions the world over.

Where added moisture resistance is desired, the following procedure is recommended:

1. Select the type and test grade of glue normally required.

2. Prepare the warm glue solution following standard procedures.




3. To one face only of the wood joint to be assembled, apply with sponge or brush a solution prepared from one pint of commercial formalin and nine pints of water in which has been dissolved ½ pound of borax.  Allow the excess moisture to be absorbed from the surface of the wood.

4. The glue solution is applied to the matching face of the assembly.

5. The formalin-treated and glue-treated members of the assembly are then brought together and placed under pressure.

6. The glued assembly, after removal from the clamps, is allowed to season for from five to seven days, to permit a gradual even development of moisture-resistant properties.

This simple procedure effects a controlled tannage of the glued bond, providing moisture-resistance while still maintaining the strength and shock-resistant properties so characteristic of hide glue joints.  Note this tannage of the glue film is not reversible.  So the hide glue characteristic of being reactivated with moisture and heat is completely eliminated.

GLUE BOND FAILURES

In all adhesive work there are occasional joint failures.  With hide glue and its inherent margin of safety factor and a tensile strength far in excess of wood, such joint failures as may occasionally be experienced are more properly defined as gluing failures.  Among the more common causes of gluing failure are:

1. Improperly seasoned wood.  A kiln-dried wood is desirable wherein the excess moisture has been properly reduced to the moisture content equilibrium under which it will be used (8 to 12% moisture), with freedom from case hardening and internal stresses.

2. Poorly dressed or machined wood.  Glue is not a filler – the joints should be true.

3. Insufficient clamp pressure.  Sufficient pressure should be applied to bring the individual members into alignment, squeeze out air and excess glue, and hold the members in rigid position during development of adhesive strength.  Pressure of 100 to 200 pounds per square inch are recommended.

4. Excessive clamp pressure.  Pressures over 150 to 200 pounds per square inch are generally unnecessary, and are apt to squeeze out glue essential to formation of a sound joint.

5. Removal of assembly from clamps before sufficient development of joint strength.

6. Machining or surfacing of joint before full development of joint strength and equilibrium moisture content of joint have been attained.

7. Improper glue solution for specific assembly.

If the above listed variables are properly under control, the glue solution at 140o F in case of warm hide glue solutions, and the room and wood temperatures at 72-80o F, the proper glue concentration will provide:

a)  Adequate wetting-out of the wood surface.

b)  Proper transfer of glue applied to the one side of the joint to the adjacent face after pressure is applied.

c)  A tacky, slightly stringy glue film at the joint just as pressure is to be applied.

d)  Extrusion of a small amount of tacky, fairly heavy-bodied excess glue from the joint as pressure is applied.

QUALITY CONTROL

Careful examination of a few test joints, as being processed, and with the above conditions in mind will enable the operator to evaluate the conditions present and modify the basic glue concentration as required.  If the glue concentration is too heavy, imperfect results under a) and b) will be found.  If excessive glue is extruded under d), excess glue was applied to the joint, or the glue solution was too thin, or pressure was being applied too soon.  If relatively no glue is extruded under d), insufficient glue was applied, or the glue was chilled or dried before application of pressure.  “Starved”, “chilled” and “dried” joints may be eliminated through proper variation in glue concentration and gluing technique to insure the condition under c).

All hide glue suppliers are in a position to offer more detailed information and technical service concerning the use of hide glue as an adhesive, and with particular reference to its use in woodworking, to those who are interested.




DRY MIX RATIO/DENSITY OF HIDE GLUE

Some practical hints and helps:

The following weights and measures are approximate and intended to give some basic guidelines for preparing hide glue without using sophisticated equipment.

1 cup of dry glue weighs 5 ½ ounces (155-160 grams)

¾ cup of water weighs 5 ½ ounces

2 ½ tablespoons of Urea Prills weighs 1 ounce

1 ½ tablespoons of salt weighs 1 ounce

To prepare various glue solutions use:


1 cup glue to ¾ cup water for 1 – 1


1 cup glue to 1-1/8 cup water for 1 – 1 ½


1 cup glue to 1 ½ cup water for 1 – 2

To extend the open time (tack life) of the 1 – 1 mix, add ½  - 1 teaspoons of urea or salt.  Use a little less for the 1 – 1 ½ and 1 – 2 mixes.

To make liquid (room temperature) hide glue of the 1 – 1 mix, add 2 ½ tablespoons urea (or 1 ½ tablespoons salt) for each cup of dry glue.

Mixing procedures:


add glue to cold water and stir.  Allow to soak for 30 minutes minimum.  Heat gently (double boiler or water jacket preferred) to 140o F, stirring occasionally.

For a basic unit, simply mix the glue in a glass pint jar and heat in a saucepan of hot water.

Lower gram strength glues generally are slightly denser and different production techniques will affect the density values so the above mixtures will vary slightly with the grade.  However, variables of temperature and water loss during use of the glue probably will have a more significant impact on concentration ratios than dry glue density.

