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rOREWORD

This brocbare is aBe or a aeries. of reports resulting fra
OTerseas technical inqw1riea on ractor.f or eo..ereial estab
lishllents, operation, _nageaent, aDd engineering. The
report is designed to provide onl.7 a general picture or the
factors that must be considered in establiahiac aDd operating
a ractol'J' of this t7P8. In .oat (,iaaea,plana for actal
installationa vill refluire expert eDliae.riq aDiri.ncial
adTice in order to ••et specific local coDditions.

Mention ot the n... ot aDJ tira, prod_ct, or proc••• in this
report 1e not to be consid.red areccma.Ddatioll or all .ador....
• ent b7 th. Agene,- for International DeTelopaen't, but ..req
• citation ~bat is t1Pical in its fi.ld.

This report was prepared in September.1956 by the Gidley Research
Institute, Fairhaven, Massachusetts, for the industry program by
the Office of Technical Services, U. S. Department of Commerce.

* * * * ** *

For turther IDtorwation IIIId ••ai-stance J can'taot ah01ll.d be _de
vith the lecal ProductiTitT Center, IIlci_triLl. Inatit.te,
&lm'cio, or United States AID m••ion.

Cod. _ber
PR-lll



RUBBER SOLING

I. BASIO INFORn!IOH

Rubber soles tor footwear are fabr1cated and combined

1f11ihsboe uppers by three general methode.

'!he first; method 1s the torming or a patterned, un

cured sole and cementing 1t on a tabric upper section and

then cur1ng the entire assembly on a last (as ina vul'08.n

lzer or autoc1ave). This 1s the conventional method long

used in makjng tenn1s smes.

!he second method 1s to join a slab (Without pattern)

o~ rubber coapound directly to a tabric or leather uppel

section in an automatic heated mold under pressure. !b18

.ethod emp107s a speolal. mach1ne--t1P1cal ot Which (though

V&r'1'1ng1n design and merits) are the Goliath, Pinto, Bata,

Jfarvel and Desmer Dtach1n.s.

The third method 1s to separately tabricate and cure

(nth or ld:thout a pattern) the soling itselt. file cured.
or vu1canized ao11ng 1s then attached to a tabric or leatM~'

upper 'b7 oementing, sewing or nalling--or oombinations ot

these methods.

It i8 this tb1r'd metbod ot making rubber soling whloh



ls the subject of this report.

Essentlal.ly, th1s process cons1sts o~ mastica:tlng rubber,

adding pigments and other ingredients, sheeting out the 801

1ng compound and then cur1ng it in molds or slabs.

Tl:e princlpal types ot rubber soling manufactured are

as tollows:

1. Individually-molded pla1n soles.

2. Indiv1dually molded soles nth surface desIgns 0:-

patterns.

3. Slab-molded Boling (pla1n or patterned surtace).

4. Nuclear soling (tor example, Neol1te).

S. Sponge soles (se!f'-preSs\lJ".B molded).

6. Oork-rubber composite soling.

7. Fabric re-entorced so11ng.

8. M1scellaneous sollng--Neoprene Soling, Latex Cast

Soling, Buna N Sol1ng, JUIlgle Boot Soling, Porous

Soling, etc.

II. CAPITAL INVESTMENT RE'I} IREMENT

Note: The following proposed l1st ot equ1pment ls es

peolally selected and bala.~oed tor a modest and eff1c1ent

overseas 1nstallation. By contrast, a large U.S.A. opera

tion would employ somewhat different equ1pnent (such as, a

large Spiral.-Flo'W, Banbury or Shaw InternalMI:x:er) and would

be more mechan1zed and conveyorized with a large degree of

automation, especially ot control apparatus.

Ho'ofever, such equipment is usually onlY' Justified where

labor 1s in excess ot U. S. $1.80 per hour and where produe-
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't1on reaches severa1 lions o~ the produot per da7.. In an,.

case, such oap1ta1 1nvestment would be prohibitive and un

Jus'tit'1ed 1'or IIDst overseas opera'tions.

2,500

800 to 1,500

1,800 to 4,000

15, 000 to 111,000

800

500
per !IOld

100 to 180
per oavlty

SOO to

b. IndiVidual Sol. bPe Molds

~

1. Two Roll K1x1Dg Mill nth

lIO~r (36- to 60- rolls)

2. Pre-Form cutter (t'or uncured

stoak)

,. Oompoun41ng Equipment

4. B)'dra.u.J.10 Press v1th 3 to 5

heate\l platens (90 to 250 tons'

capaclt7)

s. laboratory Oontrol Equipmen't

(Opt1onaJ.)

6. Kolds (e1ther slab type or

1nd1vidual sole tJ'P8s):

a. SlabT7Pe (Patterned)

7. So1eOutting Dies (needed 0111"

1t' 81ab 1II01d8 are used). On.

41. needed tor _ch 8iz.. 2S to 65
per elle

Bote: ~he 1;01;&1 investment needed W1l1 not be a.iap1.

addi.:t1on D1' the 1t_. listed, as investment vlll d~.ndOD

<a) size .111 .elect.d and (b) whether indiv1dUa1 sol•• or

alabeole. are to be -.de.

With the smaller .111 (producing. about 1, SOO pounds ot
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compound per 8-hour shift) and mald.ng lnd1V1dual soles (aver

age distribution ot' sizes), the tota1 capital investment Will

be about $10,000 (without IaboratorY' Oontrol Equipment).

With the larger mill (producing up to 3,500 pounds or

compound per 8-hour shift) and making individual sales, the

to'tal investment will be about $16,000 (Without Laboratory

Oontrol Equipment).

With the smaller mill and making slab sales, the total

investment nIl be about .9,000 (Without Laboratory Oontrol

EqUipment) •

With the larger mUl making slab soles, the total in

vestment will be about .14,000 (Without Laboratory Control

Equipment) •

A. DesorJ,~lon ot Egu1pDen~

1. Two-Roll Mixing Mill

This will be used tor both mast1cation (second

shift) of raw rUbber and compounding mixing (rirst

sh1ft) • At least a 50 H.P. motor 1s recommended on

a 36- mill and at least a 75 R.P. motor on the 60'

mill. Preferred rolls are hardened steel (stress

relieved); second best are well-lD&~e, chilled iron

rolls.

2. Compounding Equ1pment

Th1s consists ot a large scale, 200 lbs. capa

city, and a small scale, about 10 lbs. capacit7,

nth appropr1ate pans and conta1ners (preterab17

metal) whioh may be 10caJ.ly made. Large two-handJ.ed
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wash 'tubs are ver'7 sat1st'acto%7•

,. Iq'drau110 Presf.S

For ....11 operationa, or where labor i8 under

U. S. So¢ per hour, this may be a manually-operated

b¥draul1c jack press ot about 100 tons' capac1t1 .

For larger operat10na, a hydraulio press (ISO to 

250 tonal Mp&c1t1), capable ot belding molde321

aquare to 44 1 aquare, is preterred. SUoh a press

nIl require an ~dre.ul.io pump produoing 1,500 to

2,500 pounds per square inch, ~ine pressure in suf

fioient volume to olose the press 1n Z to 10 sec

onds (this usually means 5 to 10 gal10ns-per-minute

pumping ca.pacit7) •

4. Individual Sole Molds

These molds are preterably tooled and engraved

ot ateel tor long l1re. Emblems, manutacturer1s

marks, orepe ettects, vaouum oups, d1amonds, basket

weaves and other patterns mal' be obtained 1n suoh

molds. A mold 1s usuaJ.1y needed tor each size and

tor let'ts and r1ghts. It' the J.astl/Z I ot per1pheral

pattern 18 plain or uniformly covered 111th a small

des1gn (such as dot8), then one molded s1ze may be

SUbsequently die-cut to Jlake at least J shoe s1zes

tram one mId.

S. Slag Jfolds

~hese acId. are trom 24. x 241 to 48 1 x 48' and

are e1ther plain or patterned. A }'iLttern 18 reooJll-
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mended (even it only a l1ght stipple or r1pple des1gn)

as it obscures m1nor color var1a't1ons which are o:r'ten

too obVious in a plain mold. The mold may consist oot

a designed 'top pla'te ~th various thickness female

sections to go With 1t. This allows the manUfacture

of various sale thicknesses desired.

6. Pre-Form Cutt~rs

These may be locally-made hand mallet d1es; or

a clicker-type press With rule dies may be used.

? . Cured Slab Cutters

These are also the same as the pre-torm dies,

but usually more accurately s~zed tor the f1n1shed

product.

III. IABOR REQ,UIREHENTS

The labor required will depend on the equipment selected

and the type at soling made (indiv1dual or slab soling) and

on the skill of the labor.

On the average, however, the follOWing list vl11serve

as 8, good guide:

DIREOT I4B0R - DAII6I !812~

Ind1v1duaJ.
SQl"

1.. Oompounding and Stores 1. Man
1. Be1.per

S1.ab
So1.~ns

1 Man
1 Helper

.l

2. Kix1ng and Breakdown 2 Hen 2 Ken

,. Preparation 1 Han 1 Man

4. Press Curing 1 to 2 Ken 1 to 2 Hen

S. Cutting None 1 Man

6. Inspection and Pack1ng 1. to 2 1. to 2
Females Females
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The potent:18,l productivity per day wiIl-average as

tollows (in pairs ot soles):

1. Individual Boles (Small 1(:111) - 1,000 pairs

2. Individual Sol-es (Large 1-111.1) - 1,500 pairs

J. Slab Method (Small Mill) - 1,200 pairs

4. Slab Method (Large Mill) - 1,800 pairs

To obtain the daily cost per 100 pairs of' soles, insert

the loca.l cost per man in the above schedule. The men listed

are assumed to be semi-skilled labor and the helpers are un

skilled labor.

IV. WORK FIDW LAYOUT

The principal steps given in sequence are:

1. Baw Ma:terlals Storage

2. Weighing and. Compounding

:3. Mastication

4.M1.xing

5. Pre-Form Prepara.tion

6. Press Curing

7. Cutting (Slabs Only)

8. Inspection and Packing

In the beg1nn1ng, 1t tested tormuJ.as are used, a labora

tory control department is unnecessary tor ordinary soling.

For larger production or spec1al soles, a single technician

may be veIl employed with the following minimum equ1pnent:

1. Labor.atory Kill - 31 x SI size

2. Small Scales (2)

3. P1aetometer (Du Pont Type)

4. small 8-TonHand Press
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Additionally, a tensile and abrasion mac~ne would

eventually be desirable.

Total tactory space layout tor the above-described

plants would be 35 teet x 50 teet, plUS necessary storage

space (a't~ut 30 teet x 30 teet).

V. ORGANIZATIONAL SET-UP OF m>ICAL PLANT

No particular formal or specific organization is de

sirable l or even necessary. We suggest:

1. General Manager- 1

Handling payroll, personnel, costs and sales

supervision.

2. Secretary (temale) - 1

For bookkeeping records and correspondence.

3. Operational Labor

Labor as previously specified.

4. Product Tests

Occasional plasticity and product tests can

be mad.e in spare time by Manager, assisted by the

Oompounder.

S. General Foreman

Not needed unless two-shift operation 1s

started.

VI. REPRESENTATIVE CONTROL FORMS

We recommend a m1n~ ot control torms. The tollowing

records can eas1ly be kept by the seoretary, under the

Managerts supervision:

1. Weekly materials used from stores.

2. Weekly payroll totals.
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water).

3. Weekly ao~es produced.

4. Mater1als costs per sale.

S. Labor costs per sole.

6. Weekly overhead expense (pro-rated per lOOpa,irs of

sales).

7. Utility costs per month (steam, e1eotrioityand

\,
•

The Compounder must tollow prescribed formula·s exaotly

and make no changes W1thout permiss1on.

VII. RAW MATERIALS AND BASIC !t>RMULAS

S011ng stock rormulas vary w1dely, depend1ng on qual

1~y and spec1al oharaoter1stios desired, but, 1n general, a

basic pattern of formulation is as fo,·llows:

Ingredients

Rubber (Natural or Synthetic)

Reo1aimed Rubber

Zinc Oxide

Fatty Ao1d

Ant10ndant

SUlt'ur

50 to 100

100 to 0

3 to 5

0.5 to 2.5

o to 1

2 to 4

80 to 200

S to 30

D.5 to 1.5

*Pigments

Resins or Oils

Aecelerators

*Oarbon BJ.ack, olay, Wh1ting,falc, MagneslumCar'bona.te,

Ground Fibera, Oork, eto.
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Typical 8peo1~1c ~ormu1as tallow:

BLACK SOLE SroCE (Formula #1)

(Hardness 90-92)

Ingredient.§.

Bmo.ked Sheets

Whole Tire Reola1m

Zinc Oxide

Beeswaz

Oarbon Blaok

Mineral Rubber

Stearic Acid

Antioxidant

Hercaptobenzoth1azole

D1orthotolylguan1d1ne

Sultur

iaG.j;y·Grad,t

75

40

5

1

80

10 to 20

2

2

0.75

0.25

4

Reoommended tactory cure - 12 to 15 minutes at 31So,.

BlAOK B>LE STOOK (Formula #2)

:ragred+ tPts

Smoked Sheets

Whole '!ire Reolaim

Zino Oxide

Oarbon Blaok

K1neral Rubber

Para~t1n Wax

Stear10 Acid

Antioxidant

But,-raldeh1'de-am1ne

Sultur

Compe.»1j«1ve

50
100

100

20

2

2

1 ,~
.~,,,

1 '1'5..• ~l"

Reoommended taotory cure - 12 to lSm1nuteil ~t '15°.,.
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BPDWN NON-lURKING SOLES (Formula. #3)

JAgred1smts

Smoked Sheets

,~lnc Oxide

Hard Clay

Magnes1umCarbonate

Stearic Acid

Gl.ue

Montan Wax

Antioxidant

Hercaptobenzoth1azole

Dlortmtolylguan1dine

Sultur

Recommended cure - IS mmutes at 31SoF.

Shore Hardness

WHJ:'rEfk>LING (Formula #4)

:rngreMtDk'

Pale Orepe

Zinc Ond.

L1tbopone

Clay

Ultra,~ar1ne Blue

stear~~ Aoid

Kon'tan Wax

Glue

An'tioX1dant (Non-Diseolor1ng)

Kercaptobenzoth1azoIe

-11-

100

8

ISO

30

2

10

10

1.5

1.75

0.25

4

84-86

100

10

75

ISO
0.0)

2

5

5

0.5

1.75



D1orthoto171~anid1ne

Su1:tur
o

Reoommended cure - 15 minutes at 315 F.

Hardness

NUOLEAR 8:>LING (Formula IS)

(Hardness 88)

Ingred1ents

Copolymer Re la1n

Smoked Sheet

Hard 0187

Zinc Oxide

CumarResin

Paraffin

Light Petroleum 011

Benzo'thlazyld.1sult'1de

0.25

4

83-85

50.00

100.00

100.00

10.00

7.00

1.50

5.00

2.00

Tuads 0.15

8u]jfur ;.00

Cure - 15 minutes at ;lfJr.

sn~THETIO NUOLEAR SlLING (Formula #6)

(Hardness 90-92)

Ingredients

GR8 Rubber

Copol~er Res1n

Silene EF

HardCl.a.y

Oumar Resin

L1ghtProoess 011

Parat:r1n Wax

-12-
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SO.OC

2S.00

65.00

5.00

5.00
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100

:30

1.00

5.00

2.00

.20

).00

10

100

50

1

2

1

1.5

0.3

4-

100

Stearic Acid

Zinc Onde

Benzoth1azyldisultide

'rUads

SUlfur

Cured 10 minutes at 3200 F 6

OQRK OOHPOSlTE OOLING (Formula #7)

(Cheap Filler Sole)

Ingred1mt ,!

Sm')ked Sheet

Rec1a1m Rubber

K1nera1 Rubber or Hard Aspbal t

Stearic Acid

Zinc Oxide

Litharge

Benzotb1azyld1eulf1de

Tetramethylth1uramd1su1t1de

Sulf.'ur

Cork

Cure - 6 minutes at 3301)1'.

Instructions: Break down the smoked sheet and reclaim

rubber on a rubber m11l and ,Qrle-halt the mineral rubber" lUx

cork and rest or mineral rubber in an internal m1xer. Add

accelerator and ·3U1tur. Cure in slab torm.

CELLULAR SPONGE SJLING (Formula #8)

Insredients

Smoked Sheets or Crepe

*Styrene Copolymer
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Ootton Flock

Benzothiazyld18ulf1de

D1orthotolylguan1d1ne

Tetramenthylth1uram monosultlde

SUlfur

Stear1cAcid

ZInc Oxide

Antlox1dan:t

Oumar· .Resin

Blowing Agent

Petroleum 011

IngrecUept.

Smoked Sheets (W811 masticated)

Zinc Oxide

Stearl0 Aold

Sott 01&7

Whiting

Petroleum 011

Parat.t1n Wax

Sou Bicarbonate
-14-
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0.5

0.6

0.1

2.

2

,r,

1

20

0.5

10

100.00

5.00

10.00

15.00

SO.oo
8.00

2.00

8.00



Antioxidant 1. SO

SUlf'UrJ.OO

Benzoth1azyld1sul:t1de o. SO

Tetramethylthiuramdisulf1de 0.06

MISCELLA.NEOUS SOLINGS

1. Speoial soling (cheap) can be made by wrapping

thin sheets (unoured) ot Formula 113 around aoured

pieoe of Formula #7 and then molding individual

801es.

2. Fabric scraps can be ground up and mixed on the

mill With the previous formulas· to give lowered

cost and light weight.

3. Special Latex Compound formulas can be cast into

1nexpens1ve molds to make 1nd1v1dual 801es d1rectl7

(reqUiring no m1ll or hydraulic press). This

method has certain l1m1tations tor most overseas

users, as tollows:

a. High cost per pound.

b. Patent license complications.

c. Good laboratory controls and technicians

usually adVisable.

4. Oil Resistant Soling

lIa7 be made ot Neoprene, Buna N rubber, or

spec1l~l17 prepared natural rubber.

5. Special Use Solings

Spec1al use sol1ngs bave been formulated tor

the tolloV1Dg -'peolal applicatlons:

a. Soles 1g esistant to jungle rot aDd tlmg1.
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b. Non-s~lp snow and lce sollngs.

c. Basketball sbo e sol:1ngs.

d. Solings that -breathe-.

e. Solings which discourage and prevent the growth

at 'bacteria, odors and deterIoratIon caused by

perspiratlon.

t. Orthopedic solings.

g. F1re-reslstant so11ngs.

VIII. APPENDIX

A. Manag_ent and Oonsulting Engineering Firms capable ot

designing and building Rubber Sole Factories:

1. James F. Mumper Co.

39 East Market Street

Akron 8, Ohl0

2. Binney SII11th Internatlonal

New York, New York

,. Oontinental Hach1nery 00.

260 Bl"oadway

New York, Hew York

4. Foram Corporation

76 Beaver Street

Hew York S, Hew York

S. Gidley Laboratories, Inc.

Fa1rhaven, Massaohusetts

6. Gittels" Vallet, Inc.

1000 Marquette Bull4.1ng

Detrolt, 26, II1ch1gan -16-



Also, consult1ng chem1sts or chemical suppliers

shou1d be separate1y consulted to provide specitic

tormulas nth max1mUm ut111zatlon ot' ava11able 10ca1

raw ma.ter1a1s:

1. Rubber Chemicals Division

E. I. du Pont de Nemours & Co., Inc.

Wilmington, Delaware

2. G1d1,ey Laboratories, Inc.

Fa1rhaven, Massachusetts

3. V. L. Smithers Laboratories

70 Cherry Street

Akron 8, Ohio

4. R. R. Olin Laborator1es, Inc.

AJa:>on 9, Ohio

5. R. T.VanderbiltCo.

230 Park Avenue

New York, New York
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GLOSSARY

1. Plastometer = An instrument for measuring the softness
of an uncured rubber compound.

2. Nuclear Soling = A soling stiffened or hardened by a
low gravity resin or hard co-polymer
rubber.

3. Pre-Form = An uncured piece of rubber compound cut or
shaped to approximately the size of an
individual mold cavity.

4. ~~stication = The breakdotm or softening of crude
rubber on a mill or in an internal mixer.

s. Hold Relea.se Agent = A "'later solution of a "soapyU
material to avoid sticking of the
cured rubber soling in the mold
cavity.
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