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The. Chief of Ordnance 
Department of the Army 
Pentagon Building 
TT.i-1  • ' 
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>T-Tl1 
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Re: Jäon^rac^W^b^-pK^TÖ^ 

Hea-r- .Sir-" 

"report oÄuSle'SS^ *KS£ £ fi^T^ *** C°^s <* ** 
of Steel», sub-project K TO 1££\fc» Äf^0" ^ ^ Cold Shaping 
being d,lLeredPon3SL%£j£ ' ^ te* ^^ "°f *** *** "»"4- * 

econoraxcSly!
indlIlgS ** *** **** "** sWicant not only technically but^ 

tJhile the bast coating, .without which the novel heavy extrusion of' 
steel is impossible, is clearly indicated as conventional zinc phosphate, 
imaterlal.j which is the cheapest and most practical to apply, the details 
given- of baths j, their control and application are also of prime importance 
economically. 

This research, has also developed exact information pointing to the' 
use of +he cheapest type of lubricant material and in what might seem excess- 
ively diluts fsrsi. N.eyertheiess:.- this simplification of technique and work- - 
Ihg directions inade possible the extrusion" of a billet in a single operation 
to a reduction in cross section area of B5%a  the greatest by far ever reported. 
Conditions of lubricating ar8 cited which produce reduction iß' friction of 
high order' arid may alter existing conceptions, of tool design and life. . 

• In conjunction, with the .metallurgical research, detailed in the 
fourth volume of these reports:, the indicated conclusion is that steel is 
truly a plastic material -^ at. r««« -t^-=-.— !--.-—- 
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,nj< 

a-i-     -n*.~.~*    J l.i  1 

•Weber- de^ore :m's 

f li£ COPY 
JAW ÜESÖRCH SEOW 

'SdENSE ^VISION: 
U8RARV Of CQ^SrifSg 
mBmmm 

Yours faithfully, 

HEIN.TZ MANDPACTUKCNG COMPANY 

Manager, Ordnance Divis.ion' 
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- , ä&B-t'-.  it - ja jKanomtnönaad. that At hd Jßad  iri aan jiinetAtm-Mlt'li. thö, üSQ— 
—_^j--~-*x»*-ju*—. ^ -.JI ——i    j—_—- t_j- Lrj u* -_—- ürt~i*n*ir.. <cti—-I*——   — .*»   *rtj i j_'VA v   <-M    wnw   ux'it^uicix  luvoDi/igaMuiij   suuw,  as     vuiu  uuayxug ux  obuux 
Smnmary Report,, July 1947, Contract U-36-034^0EÖ-76Q5", . Therein 
are set fdr^h details öf •Brö^äratorv calculations. tn nnnArii? pf Pro« 

-•£•-* 

'8a 

concerning 'tho: 'art of cold shaping of steel %y oxtfüsipnv 

•For examplo.:~ 

SL 

£• 
- ^p»s 

ij 
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Pickling, surface roughness (otching) and Inhibition are 
completely described on pages 35-36 of the Summary Report. 

-JfaatAgg^-J-g^'OQrAplotoiLy— flQgcttlbod^oh„pagGa^54-aad^6.-lfl^t}i3- 
appendix of tip Summary Report„ 

Aging of thö bath A4 „de scribed on page 5^in. the appjsndix 
of tho Summary Report.. 

T>1elr 

lu tuxp pruaöJxt x-oppx-t,,  that öx-igixtal x-üpört will bu x-uxerxed to 
as'^"Sffiffiasry Ropörir*",, 

Complete drawings of dies,, .punches, and fixtures used in this 
project word forwarded to Uatprtpiivh Arsenal for file. 

i \x\a   f-PÄ'Äö  ft-   P*«" -   Rh 'f'3:.Y  fävn- fhn, TvtftTgHjiJg tho  TAhnrÄtÄw gfttmviPia, 
hydroehLcric aci§ was used (instead ,pf sulfuric_acid which was- used 

—._.- in pickljng mätoriäl usöd for- the Ordhahco itpms: made on this c.6a~ 
traetA..;iyar^y_fe^ 

( satisfactorily, if appliöd in acoordancp X7ith common practico» 

Phosphatizing (Page 8., Par. 3b y3) For satisfactory phosphatizing, it ta- 
npt hocPss.ary that copper bo inöludcd in the processing bath. .Bow- 

lasEgsarKS. 

evor, a smaxi. amount; or coppor is aosiraDxo on -cna-^ IT supports -cne 
accelerating off Pet of tho nitrato and is introduced by moans of tho 
replenishing.splütipn.   Prppor replenishing,, governed by the stof.ace 
p^cüggpq;,, pröviapET sü^xiciggexy- -gmall- anjöTfiros ox cpppsr röniplx^äre 
not detrimental" to" tlisTprpcesa v 'This~coppor~ content" is critical and' 
for precautionary reasons... aa a. result o£ experience,, the .makpjj-up 
aolsilpn:_äofls_jipt. contain, ooppör..   Iho ^ermiasi35lo.„crlt4.cal_J5-oppor-_, _ 
pöui/One 3.8  Shuxöxox-o iJi"6rgduöpä Dy cont.i'olj.cq repieiiiBiiing whicn in 
tu^: xs bäeöd on "thö aroptunt> of stöoi sSEciäcei .pröcösäcdo 

Cpppbr, howpypr,. which is present oxi the stpel surface prior to 
phosphatizing Cannot, bo tolpratcd sincp such a cpn^aminatipn will re- 
s1ilT;~-in""poQriy'aQheroirt.^öItahg^ 

Npvjly prepared phosphatizing, baths are "aggd" by tho introduction 
of clean iron scrap-such as dogroasod turnings - at the operating tpmp- 
praturoi    Tho scrap is removod after five minutos, riiiaed, pickled for 

•n**öiqmMimaäffMQ^*^&i)&Sf!t$ ^5!^ss»£^3ss»iSSSS£W>^^ 

rn. '•'' 
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a short time to remove the phosphate coating, rinsed both cold, and hot 
.and ©gain phps£hä£ii.öä for fivo äinutps'.   'Tfiis'l's r.epeatedr until fcerap- 
-»JO-5^5—sxt eatr~c£^apsr ssti-mat e-iy—fGU5^auflEo_xeäx&o"f^steel^äuCT.äy^^l_:_: 
oach,gaflon of solution has been- phösphatizod*   The bath may then fje. 
considered as sufficiehtljT "aged". 

Tlie ii^n cöa1;sstrx>f-tho- bath-should not esffsea-tho--ainq-cosrajra.?: 
the x-ütio between the- two being1:1- which i-5 e^ ^oidentai. jccsultof 
a proper ly operated, oath». "Sj?ocriic~üöHtrul"of vh© *rGn~ccK.veii«-.*& 
not necessary. 

-X- :fll 
1    •-: 

Sequence. og^.oppratiohs Xpage .,10} Surfawe*. AOUennos.£_s._;.3K_ 
Ü- -r_J--Äi.-^^--j.- - 

kl 

B 

s 

&J 

Of the pickling operation., insures a good interlocking of the phos- 
phatp coating." Pickling, therefore, series a dual purpose:, (1), de- 
scaling, and («'•)• etching, -tö' improve the bond of the phosphate coating 
tö-thö-äctsl—surface-j— -ThQ-des-irQd-svöJf acö- atch„pr.ior__tO-_phQsphat.iz«° _ 
ihg will he obtained, following the- roccinmehded pickling procedure 
provided in the report. .When de-scaling, can be accomplished within 
the time, limits gieren in. the report, inhibition-of the pioKLisg 

ah«n-iÄ *Mn n.i.eiei;in<x time exceed the-JorPscrihoiL JUS,  £—V.v   .iWWWBÜM*j" • •^ii.vw—•• 

;j:"y ^ 
:TfT._S 
_1_ 

rr^j 

limits-,, then an inhibitor such, as Epd'ine, as supplied by the American 
Chomicai Faint Go.s iuäbis?., Pfi..,j' -should- "co ussS^ follvwiag-~~•s' spt>^= 

- ifiqationa of its manufactjvrari.   Over etching is not desirable* - 

The rusting operation is. performed between the cold and Söt 
water rinses boföro phösphatizing by allowing the work to come in con- 
tact with the steam escaping from the hot water rinse tank for 2>5 

 mdjiutosi—^Ehe^äpgrop of rust, desired may hp described as a greenish- 
T    brown blush covering the work« 

ghosphäti-zing Solutions Jß?"agö: 26, Par. 4c) The. zinc phosphate' .solution do- 
'   scribed dcos "Sot deviate from tfie pnösnhati'zsing solution as standard?» 

ized for government work since its nature is specif ted. .as. a zinc phps- 
_   .phato-zinc nitrate solution.. JQ£ thp Jane phosphate make-up solution 
 givpn^on- page. S.Jap;rrali."whöä dilütM to pse liter, will .give: a. pro-.. 

ceasing bath having the following composition: 

1 
J 

I 

m 

1 Zinc 
phosphorous pehtoxide 

16-17 gms/l 
18-29- 

wxtraw 
Nickel Gi45 

1 
j 

^i.J.-^_«*^ÖR0(l 
JTilÄr.ü' imjuuuo   JUUUU71'Diyu-aw- -w -V-«- 

-The composition of the Manganese Phpsphatizihg bath waa.: 

manganese 
iron (,forrpus sao.i>v 
phosphorous pehtoxide 
Nitrate ------ 

ö-v    gmS/JL 
"~/l*sr ~j$äsj'x~ 
12-13 gm!s£ 

AO^ 

}) 

Tiventy minute immersion äu w «v 

«11- 

^-'1 
«|»^>^WW;WW'l"wiW''"««",^,*'''L* '—»g 
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E      ^t,. InifPftäänisio— ** Ai-Yfeati.Ve, -Arid .Kröeram- 
•Sfe **«»• 

i'nis report is submitted in fülfillaeat of-the rsauiresfön/v ä'6~ 
scribed in-Article 1, Paragraph 2^ Sub-paragraph ;J3, ofCoritraot J 

"Surface treatmentä-,  iaCiüu.i£ig uota bvüuuöi-y lubricaticn 
and semi-liquid, lubricatip&s*   This tö refer- to chemicals 
as well as applied^researcfi«5' 

The detailed, program for this work was outlined in writing* re~ 
viewed and revised by the Director of the Watertpwn Arsenal Laboratory 
as provided in the contract and the. following, approved outline of the 
rynnovam, was transmitted Ty the i^seiial to the contractor far action on 
17 Mareh 1948S 

"Gn   Pstsrminatf on of Effect of Surface Treatments- 

Effect, of Typajof,.Coating. ^L6wiand..Hi^J#es8ure Bange 

determine the apparent coeffleignt of frietioj^w|;fchj.n 
the presau^e ^ange of 2500. to 20Ös.Ööb pst Üsigg ejöil- 
.81J.:ie.a aitxyuvuaitss.. jfSJ.j.05? go a.nu.L-xv>cmv  w* w.v,v,j3i  SO—vSa 
With ~ " " 

-•as " Zihe Phosphatf    ---.-• 
pi- 'MäSganese.; Phosphate 
i'c>i Gaämi'tÄ -Phosphat e 
d» Caiöium. Phosphate 

'1'  "I 

Sffept, ;Qf- Lubricants oh Standard Zinc Phosphate  
Coated: j§t.sei_ji,jjp?iPressure JHange__,_,„ ._L.'. .   ... 

Determine apparent coeffi-bient of frictjön, wxth|a.a/ 
pressure ränge of ,'2500 to 12,.500 psi (tests at 2500». 
5000, 7500, and la.50Ö are suggested) using different 
types of lubricants on zinc pnospnaue cpscsa. STSSS! 
(coating as standardiaed for government programl« 

a«     jj^iute jemui-s"^ 
(emulsified;. ISfc sbSp) 

ll)   Lard oil (lowL.äoidit^- 

3 
J 
. f 
1 

.1 J 
I 

I 

{•»r 
7,1 A. 
IrV 
(5) 
(6) 
W 
(8): 

sara pii inign aoxaiT/jr; 
.barcT öii döiitäiuiiig a^Lüniiw3if^"ü0p£räyw 
XHOJ.1*    ViJ.     WyitU^4i».-**ÄAAQ     W-rtlUX««1*   .AÄU-ÜJ     •«**• 

Lard öii fiös^aiäiiäÄ {Srüsfaee^ aetivs• agent 
Lard'oil, containing chlorinated-paraffin^ 
Skl^hplSated tallow^ 
Tail oil ester* 

J 
J 

ii 

F 
^n 
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b.     0(M3ÖSii*ölai lubricants 
'IS 
! 

_^s: 
- P 

i-lj. -^sSssiL—Sl-jL-sr—fsfe—b^.gs- 
!E 

foijjaai ;öil. OB fat base-partly sulpiionized 
(3.)   "Pi^änteä type *'-.--"" """".' 

~ä>^M~--a--*W'^ 

#f   Calcium     « 
J5-)   AluMm^.   ^ 

-t«^y-«     "^|X3*C 

II 
11 

o 

E 

5e Effect of Lubricants on Standard Zinc Phosphate Coated 
Steel- r High Pressure Hange . 

J 
r.~l. 

petcrcine apparent coefficient of friction within a 
pressure range of 50,(500 ire 200/000 psl (tests at 
50,Q00| lOOiPOO.» and 200yOCC ;psi are suggested) usingj. 
f\A -^*-PoT*ari4^    .+'(moii    >^A   1 «*!**•< *»A*»-J-a    AM.. M4 *VAL   MlMOnwiVaiA.   A«niA^I * —**—— »*-»>'••_•'>    *»jr J^WN*   -w*>     .a.t*v*r<*i****** vw    %s**     «*•*•** w    MUVWJ^UMVV    vynvwiA 

steal locating-.as, standardized- for goyelraaaäit^gjpoggaia^». 

a^ Mlute enailäi^a type lubricants . ._^__ 

TJse^iiö; S lüujricäats listBiL under SSa 

•.'f7 
f P b»  CoiamerciSLt lubricants 

Uae lubricants listed under Cgb only If 

range inaicatea i&f'Öär. 

Solid lubricants 

ma 

• -     _ (li SjBdiuk..s*eäirät.e, 1       
(2) .^fettnum stearate 
(3;) Calcium stearate 
(-4) Zinc stsarate 

4,     iEffpöt Of -Lubricants ö&Üncoated Steel - 
LOCT and iHiah Pressure .Rartfles  

Bst^räine the apparent eoeffielsnt of frijetiwn •sii;his 

steel (riot phosphate treated). 

Lubricant 

t*.A    •ÜV,-,s?.^-«J =Ä:- ««.?!-=*= vl'v S/äilulfied Stilphoueted talxow  (tiiiS la 
the rnost satisfactory: lüb#ic^t fram 
past- experience),, or 

(23 The most satisfactory lubricant from C2a» 

2 

**- 
«i 

."•."'-' "-•'- -"- 
'•i 

7 -V>.- 
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Ll 
I&termine. effect of reduction (5&458$) under tension 
on apparent coefficient of friction and total load includ- 

!rE*¥=i&1-ea?aaä je-rescops- 

nä 
1 

Dilute esälsips.' type lubricants 
as selected from tests under 05a. 

I 
g 
• 
1 

iL 

(1) The most satisfactory lubricant 
(2) Thp least satfsfactprjf? lubricant 

Test aoäiaercial lubricants: only if they 
were satisfactory under G2h-       —.._--.  — 

^»__^oliä_lubricints__.  

;| 1)   Sodium Stearate 

Effect of Coating"and I^brtpant on Cold Reduction 
under.^oiagpessiona ,__. J  

F3ZS31 

15ZZ3 

fietermins apparent coerficieht, of rfiotios' and total 

each reduction stated in -B£ and lubricated In accord«? 
snpe M^fe the most satisfactory method of G5a with 
jsurfaoe.  _. : ".   _._...__ 

a, tJncpated 

b. Zinc Phosphate coated fthiä) 

Gi     Zine Phosphate posted as standardized for 
" program*" 

1 
I 
I 

11 

a 
SI a 
8 

IMXe the entire program above detailed was carried out with 
paly such deviation älfwas a^cxaxea py -phe progress ana u^vplojnnBiiTs 
of the werk,, the order in which tha work was done and, also presented, 
in the f öjiöwihg report is in a. somewhat ätffejent and more logical 
sequence äs indicated in theJTabie of Contents» • 

iiwiwiiinHii'jmMysmW-S11!"-'*. &fa&^m»fm*M'3*«M*-**'R*?e** 
•»•«H>-«5^j_t^»y*-^r 

f*V   _--—«—w^- **-y- O 
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Contract ff^6il"054göSDfe'MS4. 
Subject Project ÖRD-TBrNMIG,. Pait c:,. Jtefciel© 2 

in Conjunction With  Cold Shaping, or Steel 

"   ^^*^-'«?«5t^u^P.|^5X>?**- ^yWMGX-UXJKS'ö^äS " 
vvKwiuBöiwa-Tisxtjxi a-pnosphatecosting for" particular usein öold ex- 
trusion and- severe drawing operations, feictioa_tests~*©*e-.Ada using 
rorious type lubricants of known, chemical composition,   trait pressures 
were applied covering a very wide, range from those of tha s*am«i*g     1 
operasipn to those of the severe drawing and cola extrusion operation« 

fha lubricants usedi may be classified^ 

Pilut^epil.sionjiype - highly dieted soap emul» 
aioi in concentrations^nöt exceeding •$& of soap 
plus animal or vegetable Oils or fats* 

i*     GänpBftäpl type - more eoXcjentrated soap apMiga^ 
—*" eoajgainiaig aiLWHj". or ^jßtä^&:.oi%&-tt-~¥&Sj~^&r 

meäted or Jion-pigmeatede   In, this case the lubri- 
cants were purchased and applied in= the "as-received« 
<!ohda/ciön.9~   ~  •'","' 

'W?'. ,*£??/'= -slid form»-suchL äs; the dry metal 

a". 

a* 

,^; ;*** i 
• y~'^v- i 
•' v~~» ~i 

„"•Ö- '• 3P 
r~-^==£s s^" ~a 

^s V? J 
;;\!H 

:„.-.' ;j 

Infect of Lubricants on Ständard ginc Rsosphäte .CoatedSteal 
at aH Pressures "_ 

m •While zihc phosphate coated- steel alöhe^, that, is, with- 
out the addition of any other lubricant* is kaowa. to 
have a lower coefficient of'friction than uncoated steel 

•without lubricantj addition:öjf: a suitable iübrioant to 
the phosphate "coating iowers the coef fioient: of friction 
still further. 

m Under the^ simplest, or "norgal?? conditions of acaly&sg. 
a •dilute eaullsion type of:~iutigl-cent.-_ i,^ short iss== 
mersioh at rqom temperature, emulsified suifonated. tal- 
low was f-oimd to be the best Of the eight em^sified. 
lubricants tested (see figurös S,4,o; ana &fcT—^— 

j 

- ~^"ife *£--!&-  *"-—* -iTn.,*'ÄfJLli*Ä/«^^ 



_8^J 

••t-.\ 

__ 

O 

,   1 

-i 

1 O 
" ''} 

-   —x - 
—a 
.-.1 
'I 

3a— 

3~ 
;|> ;--- •1 
ray "-"7"' :a 

.'.„:-VJ.">.'-J^ 

:i 

*j_ 

Im% _ ?_•-•«_»-- .J_,    A»—-.   .A*-* — _-. 

which; seemed to havp cgisgettag 
©f its" availability and low cost. 

Sftj^jteassn. 

Under the seme conditions of appiieatiss* is_*4 ©'3.3=— 
©*- iSüS-A^ps -Obtaining' jw?äö fstljjf acids up "tö 15ya 
was^^oynd _to_ gise bMter results.JjhanJ.fluoh_6il.wLth. 
low«)» fn+.+.v: anlfi   h/wi+.ewvfc     «ink 
—    "—--"   — "— -1   :—•—» 
Figure 3). 

„••K-S-fl.'K   •~..\A  •_«   _,_-__i.i —   __'_^-__.-__'    _^    j.   j-;.--^=; 

surface-improved'l;Hö"luMiö8a4r§l_xxity 6?"highr  
acid lard eil ;(see Figuroo- 4 and 5) to an .-effective* 
hess approaching that, of sulfcnated tallow», 

(5)   Aa important development demonstrated la this experi* 
mentation is that ail lubricants tested were greatly 
increased, in of Jecti^snsss- by thai« -a.ggTH5-at.ii.-ori. at    ' 
ölesated. temperature, .and for a. loncerl jiaae^sion tiffia;. 

(6i_ In the. lowär pressiiya yänge undeg tkaga oaw-tj-jsiflng öt 
time anA teanperauure^ the coefficient of ftictioa v&ß 
billy ä fifäö'tlöfi öf thiai öxjefieaöed M$b ^bylcanta^ 

1 Aflfl -.ttevftQmrft.JwfeTv-r. 

II 

Jl 

if)   £he lubricant value of...a^.Jbs^^-$.ee£e.d>mB_.sp„grmtl$ 
. :to®rfevMlbs.itheir_ji# at;_:hjrghee temperature and for 
longer immersion time that this method öf application 
jB6SSitS   oSi-iOUS   C0aSidS*SylOö5 

For the H-gigaa reäucti_n ojt fr-iction in eolä: working 
__ steel, emu^sifjed tailow ap^i^jb^j^ziäg phosphite ._ 

cpated surrace at VcFQ  (ISs'^B'j by'immersion for one 
...  hour was^ found best»  ./. •'"  :'_j   .. 

(8) Commercial and solid lubricants did not approach these 
_tl<a_^_-cii—u._ __»—.j_Ad. _,,~.v__ 

b»     ^Cfeet of Lubricants on Uncoated ätesl 

nsi;nc: the. thr.ea^groups- otL.lubricants, on .pjhpsphate^coated 
g^^gggted Burfacgs;^ it -wga f.ojind that, the .phosphate 
coated surface in, every case had a lower- coefriöient of 

§!_ 

.   J 
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E£feq$ öf ±£gs of Phosphats Coating «a HsrK-ihs of Sfe*i 
et all, Pressures 

1.;:. 

l\)   It is demonstrated that of tig metal phosphate j^oat- 
ihgs triedj ä zinc phosphate ö'öating gives th> lowest 
coefficient of_frictio5a (gee figure 'XX)i   This is 
of special interest since phOSpnate as a'coauihgalT 
the cheapest and most practical to apply« 

d% 

The advantage pf ä zino phö^Eäbe ^öätSag dvW %hl 
other types of" phosphate coalings is relatively less 
Ja,t£e higher psessur-s range hut of a useful magn!-« 

(J3)   At lower pressure ranges the reduction of friction by 
^? _ _j/ha jiaä of ^hos^afra^goatings and iubrieaut is relss* 

tively a iesMimporjant factbfir 

•Effect1 of Coat lag and IWbricant- in Drawing, Operation    - 
(Cold Working under Tension)       .  "    ' ~ ' 

/i.A. 
•HfJ-- 

B Ml m ~w 

Testing-of tha threes arou'gs^of,., lubricants in a convene 
iipfial drawing; operation.has d^onstrated. ths.t. the di- 
lute emulsion type: and the solid dry type^were superior"' 
io the' more costly cöÄerciäl types»   Whije little dif- 
ference in results 'was noted: between the dilute emulsion 

Syne*, and..the.solid-dry type?'the former is the cheaper 
andmuch»the easier fo-4£plys 

iii   uU    ^vi'v»v#v#?- 

e« 

(s j   A comparison of the löäüa oAjtioxdenesd 
with a reduction (40$ tö -üGfo): in cross section (with 
resultant increase in surface area!): Sh^L an. Operation, 
with "SO- rsdU3ti«^4« ••ssass^aäQtion a~ apjiMhg.JjLiOtJL 
cases the same unit pressure {i.e.* SOOjQQÖ psi) = '»-' 
shöwed that in the latter case a'considerable reduc- 
tion in friction, was experienced«    (See Tables 10 & 11)• 

Effect efl Coating and lubricant in Gold Extrusion Operation 
(Reduction.Performed, under Compression)     . 

(1)    Thi'S part' or xne pf ogrSmTxei er-S~t*u »UW^ö^äTL- aspss «S^.^ 
the entire research^.  The positive results of %he fs-rs 
going slips ^är^'iat~e^g^'öu~BB.d-the comparison--is-made 
between the results obtained in the extreme cold work- 

 Awffl-Ai^aiL-extrusiöh operjat.ign. employing the lubricant 
l9ÜÄiciMfs thefheSt repultsi on ö coated and on ah 
unooatad; Jügfäöe« 
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.QE=M on 

(2>   It is    shoTOi that uhcoated'inaterial could not be used 
foi' such an.   operation; that nl\osphate__cef*tiiig^of a thick- 
ness of et least one gray per square foot in cpmbina- 
tion vith a dilute enulsioh type lubricant produced 
tilC   OBSt» IriirulÖiüi-L.   cmTuiuiuno   cS> 
"pick-uo" on the vork. I 

2.    Conclusions 

For the cold extrusion of steel, it    is necessary to apply a 
.coating vjhich is..resistant to high temper;turps, thtt is in the   - 
vicinity of i0ö-600° Centigrade, and in any event in excess of 
temperatures thus    for experienced in cold extruding steel,, and 
of suffioisnt thickness- to insure complete depuration- of the sMdin»? 
iäätä-1"- süsfäcßs^theiöb^cvolpin^galling and   -pickup*.-. Suchja. .suit- 
able coating is a    ainc'phosphate coating   hich faay be considered a 
tightly interlocked or fixed, inorganic pig..;ent. hävifrg'döfiTäbrg"     "" • 
ant-i-v-biding pro,ecrJbie_s apd. the ability tp reduco the friction 
öeclirlS;n&r-feefc»^6g"^e"'^5^"S^"rnlöfciil surfaces. -'  — 

enhance 
ii-eh   fafctw acid lubricants, containing polar grpupsj. y.hich 
je" their adsorptability, _ • re very effective xn cp isBinatien'. 

vdth phöspHötö coatings.    Such lubricants roy be   applied- in- "tn>: 
;spi-id for:-, as in 'the 'case of dry sbearrtess    They may be applied 
also "in liquid for-;, as either a highly diluted soao. emulsion or 
a. isore concentrated soap smulsioiij    Such liquid lubricants* due tp 
their che-'nicoi co- noaition.. .arc. ..able, to react chemically. •Ith a. 

jDhofishat'o-eeat-ing iö Joiig.-ä, i^tJr^insoJL^ble lupxdear*. filri, vision 
is T.411 interlocked \it.h the coailn.f-;.    The- cohox-rTatipg 'oSHShe''W 
förued lubricant    film ..ith the/ phosphate coating decisively 
de.fe.erBiin.es the degree of friction.... _ ...   ... .     

3 
I" • 

1 ! 

1 i S 
. L -.,« 

.1 i 

I 
i 

i 

•J^fctSr^l.-  

^.ar-: 

The .dilute .emulsion type lubricants, should be apolied for 
coldjpXferusipn for-the foileväng   i-easc-nss __.._" 

    Existence of conditions favorable to   hydrolysis,, 
thereby injuring "the formation Of the Insoluble 
lubricant fil... < 

.U4-#vVv .nÄ«\H;-n.rvep~~Ä.£.'Caf».,h - ^  

•ttcononv and ease, -of application» 

.?* 

-   '• 1 

this ssptioh   'describes" the. chemical and iaechsäicgi processes 
and the types OX steel used; in "this Investigation. " -~ 
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(_•)-   F.öt the DJitfij3Sisaö§'ö- 5_lihi^^ Agpayent Co.ef ficiehti of" 

i*V JJ_1_._oMMBMT»af© 1250 to 12.500» PÄ. 
. Auto Eaäy t/tock 1" x•&• x. .062»«. 

£deep drav/iiig quallig) 

 ._ ci ^ r __J_ 

_E 
zr 

,jr  

^.O/       UIIAV- 
a 

SAE 1060' - 1" x 6» x .186«»,. 

(2).   tot th^Dete^iinatioft of the Lpjäj?4?lng_; ,g.ga'.;;ing.., 

(a)    SAE 1010 •-1" x 6» x .062« (anheaied at 13QP°F 
for ilS- minutes, before .surface- treatment);. 

\i)    üor Tine _eterninat.ion oi -one juoaa uurxng MCOTUBXOII* 

(a)    20^ Reduction =    . 
-GlÖlÖ^AlSi~:_*^ 

II 

11 n 

OlÖi^-M-SI. rknmed_, -found bars «735.5" dia, II 
_£_ yvy 

_3,\ 

_. 
r~?äC 

1_3_ 

CiplO AI-SI ri aneä-, rx>un~_ bars; .896» dia. 
855^ RödÖeti'öJl 

(1)    Cleaning 
"_".   .- - ._?/apo.s-deijpeasing-using^trichioEethylene. 

(2);   pickling 
:Hydrochl##Q a?#^i;S _afe-LOG^F f er .^. Mnufees- 

L3JL .Phpashatii_ing:„ ,._. __ 
Composition of the Concentrated Solutions: 

Replenishes 

'-s "in gratis per- iiiter 

Makeup- 

mni£i  

- in grains per laxer 

Zihc. CZh)        .  _.   . .... 18| is 138    ±5- . 
.-OWAonKAw\««"«ont,ftVl rfjp» - i^-D_tfl_:V   .    -     'äsö-ifec.- _.   .    .  . ._   ___.ö£t>i 4-_C  

Ärat-.e-(;.N0^      ^-       "'*""*'       ~23Q-t£- _     _'     _        l60±5 
Nickel fSlf 5 *1 5   ?1 
Copper 40") -   -—'•''   •->—••••• —:_:_-^,-±ö=3- 

SP. gr. at 2Ö.C 1*6P0 

-    | 

1.600 

I   ^ ^ö 
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TG form1 a norihal. ceatin 
bäth v,'«'.s used? 

-  fhe föiio'.ving    operating 

J?9_:''i of the o-bove makeup solution 'äs 
diluted to one liter   and. operated at <a tempera* 
ture of 200°F v.ith an. ii.imeröiörr tine of 5 -n'in- 
utes...   To obtairT iqeal -. orking conditions> 
the bath v.as^.broken in by the i:T\ersipn .of 
steel turnings.to fojM soluble irons 

a. 

3 
•_ i 

i 
. J 

I 3 
Total concentration;.   '70 points.* 

Ratio 'between free and total acid;    1:4-5• 

(This, is based on a 10nl sample of 
the bath tisan^ w/i'O NaOK /against, 
phenolphtaleih (total acid,) arid 

.   .against..rccihyl-orange (free acid). 

Average. thickness or V eight öS a nöSäuöl 
coating obtained under these conditions ij 

1 

—^-ILJ: 

SÄE 1Q60 ? 2.0 g/sq. ft; 

AISI ciötö        -%J& ir/m* fti 

Jo~£orir1: a fch'iii cöaLing,  üne following op-sratang 
bath v=..s used: 

*'£ 

20 'til of the Makeup solution vns diluted' 
to one liter and operated at' a tavporature of 
180°F vdth ah im/nersion tii...e of 2 minutes. 
It is nccesst-ry that this :bath alse contain 
soluble iron* . 

Total concentration: W points.* 

Ratio of free to total acid: 1:6-7 

5?i-5itl^5gg     — 

Average thickness., or v.eigftt of a thin, 
coating obtained under these .conditions' 
i-s: 

in 

,/ 
.hrt.twci. .A.T.C.T. " Ö&75 .cr/äcv- ft. 

*The definition of the terS JpSliiti* es commonly employed  In csnhsstlenisttfc Phes- 
ohatlztnS io°utlqns   Is,   "The number of cubic centimeters of ä one-tenth norm»!  solu- 
'Illl of led!.i? hydroxjä; ffeeeisary to titrate a  ten cubic centimeter, »ample  of the 
söiüftiör? using; pnenoipntna'«ljn? 
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BölÖW  XS   llS«03   vüu   SvvjvXGüCü   OX   O^oi'ouj.OH.os 

1 Uncöated Normal Coating. Thin floating 

Pickling 
Gold Rinse 
Hot. Rinse 

JUogreasing: 

1 minute?) i 1 mfnn-hn V. 

Spying 

Cold :HiiiBo 
Hot Hinse. 

tag-"" 
-•j?Sbsr>iias:i;Ej>iis—   
void. Hinse 
Hot Rinse 

(.5* OrQjj/l 
200 I?, 1 minute) 

Dryiag, 
(3ö,.mn0® g5QQgj' , 

Degsoasing 
Pickling. 

"üöfQrKinie 
Hot Rinse 

it QAOTP 

• 

 3: 

4MJ.W.» WW / 

 J»heB51SS'ti-?Mlg~ - »— 
vOlur i\itl3Q 
•Hot- TH'itao. 
- ti5#-.ö%ä—=- 

20p°E, 1 minute) 
Drying: _ • 

The test specimens wero th'on, either lubricated 
and used •immsdis.-elyj. ci 

a a 
.a 
a 
a m 

Lubricants and LubrlcatliSri 

The RSHiY-l?HI^W^fALTQN Cp;.^. ofi GspsiKh^ckea, 
Po:insyivahiaa provided; all lubricants used in this iwösfeL« 
gation and all pertinent data süenaä: composition* character- 
istics, otCo   The lüb?i^a*»*s a1»*« all identified'-by a förssila 
number which may be used for exact duplication» 

~1 
is 

1! 

E 

^r-^^AirV^^D^itit^G T&H»J-flj.Q»i- n^oo jJX '/Ai.VCUiUO 

Te prepare the. dilute emulaioh 4^§^iabJ*isanjp.,_ 
the following: concentrate« were; nssd- 

Concentrate 

IST 'LöSfd'-'Oll» Jräw JBätty Acid fcE 
lard .Oil, EEÄ (oleie) 3.5% " 
.08$ Lard Oilj :|fA-|.0xüiö:): J.5J& 

plus 2$ älT^hum ,steäräte 
30$ Lard, Oilj EFA. Ooieicf "lSJB*"   

•nlus 20% oxidized fatty oil 
95^; Lard,Oil;, K?A (oleic) 15% 

plus, 5%Lnön-»lohic. .surface: active, agent. 
•Tall Oil ässterr-If- 
Saiphohated 

Formula 
••'IT I I    •    •   •   11 

iap*^7i 

MP^?.75 

MP-SÄ5. 

• M~l?§ 

. I 
_|i 

3i 

1 
I 

m-»*J Ivvwtr-     tTPTHA 

. piy—fWMfc^WawWWtWWy^" 

•Niif,-^'» nifiii'ty*«!fr^»l/l.'•«*^*^t> 

"3r~~ir* -//—:;-:; 
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ßätu^svteOciäM " ÜeiÄift Acid        i# 
-    -     —  -Pa-iäi-tic Acid.       31$ 
         'Stearic Acid 8$. 

Möho-iuisaturated Acids:    Paimiifoieio- Acid   3$. 

*oiy-unsätui?ated Äcids.i   Ünolaic Acid        -_£- 

Saponif icät-ion Value   -   193-200 

Iodine iTäiue    -    61-79 

Average Acid Content of Tall .Oil» 

Jbigtic-Aeid 
Oleic Acid 
ünsaponifiable   . 2Qf0 

AYAgaga gat-fay Acidjgtenfrsnt of ütel^cyj 

_Satur.at.ed Acids:: MyEistic Acid. 
Palmitic Acid 
.Steartc Acid 

SI g_ 

-"la 
a 
!? 

13 
iti 
U 
pi 
Si im! 

I 
'•31 
'ten 

IH 
fa 
i; r 
f 

_Mono»unsat«rated Acids:    Oleio. Acid 

Pöly-unsäturated Acids:    Lisoleic Acid 

>~pO"i£*i-c"lt"iOtt'YSüe ~ ''~13(5~_9 9 

Iodine Value.   -   40-48 

5?ha ga'ifona.-h-ion, -e& tallow- results, -in Jbh** *i_L_'«+-e 
group being bound at an ethyiehic Urilcage«, 

The dilute eaiu-lsion- type, lubricants, in all. cases,» 
chained 2$ by Mighilof _on.fi..of the above concen- 
trates emulsified in, a solution containing i~W's£ 
by weight: of sodium stearate. " ' ' 

»J 

11 
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The emulsions were used under the following conditions: 

Jn.-_-WY%__«_ _*._.-_o*„ JTimtioT» q.. j\n_m.m--- 

30°0 (Room Temperature) 3?eW Seconds (5 - 60 see,) 
___Q8__ " » one hou? _ 

'WTO' few seconds (5 - 60 sec.) 
70°G one. hour 

All speci—ans- jüsmeraed in the iS&lioaSt. St £g__r tpN 
perature {30°C.) were inanedi.ately used- for the) .p2sysi» 
cat test's,   illl specimens immersed in the lubricanv 
ät 7ö°G wore äxLöwod to cool and then wereH—ffiärTseä 
in the same lubricant at room-temperature for a few 
secondso 

pH Value and Hydrolysis (in %) of the,Dilute Br-alsienS8 

- - -__..., ——_-_        _" -     _p5_. - •&Jfgäggjg^j| :_ 

Lord Oil, PEA 2S.7# 
Lard Oii, FEAjM _^ ._  
3La?4 Pii-plus Aliim'f num. St ear ate.. 
K>-ra ö_i: plus ölsiäizfed Tatty oil 
LeW Oil plus active agent 

'ü?s__-X- :^____ iR-^^s_'" ^* 
Sulphoriat.ed Tu-liow. . ._ 

9;45 

sie 
- y Jo 
9äl5 

:9983 

5845 
ai;.s 

4H-6- 
53»Ö 
4öi5 
4Ö"sÖ 
54.2 

(2)   Solid, Dry Luhr5.cants 

 .The_.fo^c«'4ns„nure„metal_:stearates_Jfl_^^ 

Spaiunii stearate 

iMagnesiuk Stearate 
-Aluminum Stearate 
"Zinc _>^-earate^" 

These lubricants were applied by smearing' over" the 
surface of the tost specimen* 
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(3)• Commercial Liibrioahts 

Die Gsrd 24 Die GaräSO 

..... ,Ssw^^O*assium.:ÖiQ£rfca .Ji:5.S^J.Eotaastum-Öifta+.Q.Bnd-   - 
Stearats 

21."•# Crlyoorides of Faimitio 38.3$ G-lycorides of Palmitic, 
Oleic and St o^io Acids Oleic and StsariC Acids 

fW<rFstty~AiTdi:    :sv4f ~~    ~ ~="~ ~-zzQft~'~ •    -"—-••--"-------- 
Pigment: 33; $ Chalk --•?   None. 

Jasn! —    -. 

IPatty Esters: 

Water:     .,  28. ff 59, #• 

These iubricantsworo used as d'eliyerod and applied by 
smearing over the test 3pocimen* 

.d-a= ghysioal.:Tests   Y~ ~"c 

(l) Determination^ of the/Apparent Coefficients of Briction 

Tho total load applied in tha cold working of 

The force hooessary-tö overcome, the flow 
resistance of the Jteel.,. which is depend«», 
ont upon the physical and chemical propor- 
tion of the, Steel, and  _      1I7TT 

the forso neoessary to overcome the fric-* 
tiohal resistance öocurriäg between, two 
sliding surfaces. 

JI 

•merer ore, any moasürö    taEQn Wiiiön reauöes rrxg«» 

Henco., thö knowledge of the degree of, friction is. 
Invaluable, in. cold. workings _      _ _____ . _____ 

The coefficient of friction is determined by 

M JL 

where /JL  is the coefficient of .friction* 
3T the force necessary to cause movement 

in ä direction parallel, to the surf aces, and 
w the total-, -load to vjfaich the surfaces:-srs, sub*? 

.jocted perpendicular to the surfaces. 

The. coefficient is a. ßpnstant of the. naterija. or ._ 
materials^(dissimilar),. This constant is not of 
J.<J..j.A...i^«a<.>.«n. .UK».   3..k«4noil.«    »A     __.i«»««»A<i. 
UUIIAOI.TU    JUUAJIV,-» uuuuw   '4>*^-  -_•>*.'*.-.''-^f^Y*v.** ->**^5L  -;___!'*_^_^V?**- 

13 

3^?3Sa^(I^MI4«WWP»»w» 

if >|..*MnCJi<^j*i^Mtt'•^^^* 



:r 

treatments    Instead»- it t-s tho= chango in this con- 
stant, wb&eii results by the introduction; -of apQgifio_ 
'surface and, fabrication condition!:» w^&ch.jrf;, of 'prime 
importance»    Sonoo, it is fed.-';- jv.st-i^I.od that the 
rö:?ul.tiiig cööffiöiönt of friöt'io"i äs determined. Bri- 
de:?, spas-if ic surface er äublrlöation conditions be 
"cor.ai3S.th9 äppaxpirp. Söörflö^öjit_ ,01. ixiotxöng, xör 
the purpose of c,pmparisop.a • 

"11 an 

11 
H 
!1 
ii 

Thö schematic drawing (No.l) show's the device used 
to deteraina the» apparent coefficient of fti'otion» 
.The tost specimen is' placed between -two. MghJy 
polished jaws 4 which, have a surfaeo h'ar-diiess^öf - 
about 'So- Höckwol-l CA;  B1'- msans- of ä screw- arid-a." 
•tbrque wrench (previously calibrated),,, the desired 
unit pr.essur.os :ar.o. produced* Ä tonslle testing 
machine, was^ uspd to supply the necessary moving 
force«. Thöi surface area, of- the jaws -for tests- 'in 
the unit pressura range 125.0 to'l3,5Ö6;psi was 4 
sä._.iru-_s. for SQifloQ jpsi... Ö..5 s.ai in.,;, andjfdr 
iÖÖ,0PÖr-t;o SÖ0|Ö0P psi, Ö»85 gg. in».       

15 

il 

The calculation of the apparent coefficient of 
friction is based on the constant Force F given 
by the tensile testing machine. 

ig:;) Determination of thaJsoad During. Drawing: 
(loBb-t  increase, of total area uuder tension). 

• -VA       VUJ.1P 
 L    _,     •»-_-_-J- 

rasing 

2fc&- 

uvwV}      wXlw     S5CUÜÖ-   vvw ViVv" ~¥7GE3-  —*jJjJJL- 

ezööptiöä'thst ,ädrawing Jjäw Waf uff a"^ayiag e^Aapt 
äSö» -Gf 0sS5 -33». ,3 ü'sVj .and «,'drawiijg. sjjgljaiO.f av5U«- 
18°.   By applying a unit pressure' of' approximately' 
20QjO0Ci psij.'the reduction obtainable for SM lOlP^ 
in co^unction.>g.xb7 spociric iunrrca'cion; conäx"ciTons ~~ 
Was döt.örmlned*. 

Thooroticäilyj it is possible to determine the ap- 
parent coefficient of friction during reduction in 
UiVOD-   gouirxuu   j.j.'Viu   uuu   u-vot\*   wuuajiugu   «uw -y*xw   «*vy*«*(5W 

,flow resistance of the material during reduction. 
Thp ayerago flow resistance may be calculated froni. 
the flow stresses dptorminod before and after cold« 
workings. jfovreypr.. tho^cpafficiont. of. frieMon l?as 
.not determined in this, case, becaufc thg determiria- 
tion of tHc flow stresses is ospocialiy inaccurate, 
duo. to the physical shape of the tost specimens. • 
used." Since Öily thö, lubriöätiön; cöBäitiöHS are 
.wnT».infi—. si-Tiäißh. ..hn-h-hryp. .lnfl:tßfl.-h.ion. ,«£ t.he. V8L1UQ- 

I   ) u 

..a... 

eBunatmatsmimwpW***""' •<***+ 

w•^^•r•W(M*"^f^i^^«•JJL^-lg^^^ 
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although, relative... of..the surface er-lubrlsativS' 
öpQ.ö.1* io^s. is. given Isy both .itfiö,- Bsr.centaöß^HöSiäÄ-  - 

«urliig i-suuevTön'j was constant for ä specific lubri- 
cation condition,, 

i i 
i 
j 
1 

:
L5;)   2eterm±nation_ßf tM Load Burin 

4*. 

E 

"Ik! 

li.o., increase of total area under comprossion). 

•&o soliooätiü drawing. (No. 2)'shows the device used 
 :to_:.oxtruds„the tost, spo.cimenss -  - --   —   

^c; loads nooQss^y f0r t^ various reduction were 
PpMinöd by tho. uSQ of ä tonsils tostin" xaaehihsy 
The end load obtained during extrusion was recorded 
.ändf./höre, againy iMi.cat.od. the. value -.of' surface and 
lubrication conditions during reduction. 

Effectiveness of Surface Treatments and lubrication Conditions 
xux- MUX)  ooxtti working of Stool     

1 

a*  Ap^aront Coefficients of fiction Pound for Various Type. 
Lubricants and Lubrication Conditions in Combination " 
with .a^oanhatocoatod Surface.- 

j 
J 
1 
J 

XL 

33 3 

(l)   Biiyte Jkilsion   Typo Lubricants,. 

To dptermino the most offoctivo method of applica- 
 ±i.oh^for^this^t.-w3Q^o^Ji.iih-Hr3Sfe*-^/^3i--:s^i;^^^ 
_   ..:  Jtfmo^ana. the ii^pcsrature^wsre^-varied — - — -  

Table I shows tho apparent coefficients of fric-. 
tion found using sulphonated tallow emulsified 

"3 

J 
__1 

arfiJ 
-•or--«ujui;axxe.oiij bovn uxi— 

i^sd^and Pho3phatizod surfaces wore u§,e.cU 

^11 

-7-^TQ 

j; r- , .^ 
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Unit Pressures 
..    psi. 

AWnrent. 
Immoijsioii-   Toiler ature 

.  Time " " °C~ . 
Coefficient pf Kietlpn 
tjücoäted       gViOspüätized' 

9 -a 

1.3 
11 

iu^wao 

50,000 

100,000 

200,000 

60 rain./ 
~iew sec. 

60- min. 

few ;seo, 
'6^mine ' 
few «OC'ö 
:"gQ. iax;n:: 

few- f30 * 
'6ö.'räin,-' 
few sec, 

few sec. 
60: aino. 
few sec. 

30 

70 

30/ 
39 

-7-0 

.30 
• OW 

70 
7.0. 

Ho" 
30 
70 
70 

Q*il3 

0.108 

o.osi 
0.077 

O5O68 

0,08.6, 
• Oi'082 
0.079 
0.057 

^08¥" 
,.0a069 
0i071 
:0i070; 

0f032 
.Q1082- 
0*013 

0:076 
6 a 068 
0s071- 
0w032: 

0.0.66 

0^056 
^»Q42 

~o»yö» 
Ö.Ö63 
0a068 
0.043 

Tbb above resets arö shown graphically fLft US8* 
1 ana 2,.   ri-j-i 1-,  (Ujicpätod surfaces)., shows 
that the combined factors of prolonged immersion 
•fc'iiaö. :ähä el.e$raiJQd'~it£Sfflpo*-£uQ!Eö iowcs? 
•ööef-SöientTOTrfEi'cMwi«: 

..W %i £tt_aWtC* •* &&$$- 

— —-• -.—    -,..»-..«.. *. J. .V«. 4>tt/\. Jrtäw4.ä; 

tion of one ör tho other of these factors« 

—i 

__J 

';.^-r -v Eig„_2-.shows^tho^ rösults ?Bmrne3,-^flsiiig-a ^hqggha" 
tiled surface*    As in the case of üncpatM sür-? 
€-£•32% the- combined, factitea sf ..prplonged 3Ä9*-^__ 
sipn time: and elevated temperatures give, consider« 
ably lower'"coefficients^   Baaoflcial effects are 
a3;§ö-ODtainea Dy ra.o. -vjaxiJ.aua.-Oii V-J. y«.^->~.- --.- 

"of +hese -factors. However, in ihe case of ä phPs- 
phatized surface, the coefficients of friction ob- 
tained ;are but a fraction of the coefficients- ob» 

. j.v.tyÄ^flw i,T>p.rs»-hfiri: sygfaoes... nariieularly^forVthe 

lovrei' pressure ranges» 

3 
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1   V"^ 
.Table K^üÄ&^i^ ••?• *&ow^cne-:c-e«m4VA:«^« 

0nff..ho»T. »t 7Qp0 '.Ath a phosphatized surface. 

^TABEB II. 

Unit l-gössüjes^ IgasrsiOT.^ 
Time* 

Apparent 
Temperature       Coefficient    of   W»**«* . 

...    ^jj • jvjjjj-gBA-,-aJ*jrgarajQil(ll4J?M2. 

'T"~"E 

2.500 

IÖJÖOG 

• a" I 
X 50,000 

Few' sec» 
one hour 

few sens» 
one hour 

few sec« 
aslrhourr 

few BSO» 

30°C 

IT Il'D 

i*"riP-H 
70°C 

3(H? 
-**/\Ort— 

_Hfl°2L 

0*075 
0,074 

QsQ62 
0,043 

=0=Q?§- 

-QifiSt 

0o052 

Ö.Ö29 

Kl 

önenöur 
.30°C 
70°C 

;E 
2ÖÖ.Ö0Q 

O;öTS 
ö.oee 

...OJOM. 
,Qe055 

O;Q92 
6«074 

y • v { y 

uiuvy 

0.061 

r 
TIT

-
 r 

713 

rsn 
^;t.:^:« 

rX73...$3 

äeno- benef icial ef task is realized by the . use :öf 
^f^aSSH^sJ»« **se fa^aciup^ 
tent  VJTJBA J.a?civj •geu.:»*««««'!-,-'*   — —•—  - 

.;M???'s ___  _ 

Table IK- and figs., 4 and 5 show the effect on 
tS L«s^at. "coefficient of friction of various 

JÄd surfacet "lese additives, such as aluM- 
nuTsWte, oxidized fatty oil, etc,, are.known 
to possess the characteristic of being *&?**? 
adsorbed by ä metaT surf äee* • 

^^__^.'E   ' — 
:lv- '1 :• 1 

Li» _     _._- 

..: r.i • • " 

vf; 

',.- • ,.,, lMUl,.,,., ~„... ,„,,,... 
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 Z'.x - JSc^i. 

J 

in 

Fress&re. 

Jamil a<.fci.ftd-. JiiwalaifcletL -JBmnlsified- 
.' lard. Ütö."     laä.d: 042; -.    EäBä: M. 

JtVhW   ..I.  .J?4**¥ ••"i\13r J;* 

Immersion Sard 0x1       Musanusi      özidi^bd       Surface^ 
Time Tempe    .{-FFAwlSf^)     Stearat-e:    - SättsLJDil   aAgtjag^AgMrt- 

2,500     few sec.        30°C       0*080 

18,500 

100-000 

200^000 

-low; OOU« 

one hour 

tew see* 
on? hour 

f SW -SQOs 
one hour 

few. see., 
one hour 

few sepi 
one hour 

.O-OBK: 

Ainse.' V.4VW 

0e029 

Ö.Ö48 
0,024 

0*082 
Ui074 

ö;O.7.6: 
0,066 

S@?ö        Oiöol 
YW   V VjUW. 

SOiG; 
70°c 

3Ö£ö 
70°C 

:äo?0 
-.ro^ 70 9 

30°C 

OiOBl 

P.Q16 

O;ö60 
ö.oii 

0ipg3 
p»07ö 

Pi.07.9, 
0,066 

Qs065 

0,077 

Q.*P65 
6,012 

01,059; 
0.013 

0,079 

o;o79 
0,073 

0.055 

o;p73 
;0-Q44_ 

0«06? 
ptoiö 
>' "'* 
0,086 
0»020 

0;P87 

0.077 
Ö»Ö68 

1 

ÖcP64 
Ö*Ö52 

Table li~i anä,-FigSi 4 and 5 show that for-Short 
tiäe imiersiön at room temperature ho benefxcioir 
eff act .'äs. obtained by* the inclusion of such addi- 

time ahd: oleyatpu teiüpGraturo tne asaivivos» SJJSSS,~ 
«öä iävAärate and oxidized fätt* oil. gave desirable 
door eases, intheco^MloieJit or ^iotfpn.at the 

-lower pressures: whereas, the addition of ä. äirfgoe, 
active gjggt gaye the teg^/rgjBul$'^"lhF'hj:gS 
pressures. 

Table IT and Fig. 6 show the results öbtaihid 
using two. other types, of dilute qmulaifled lubri- 
cants-in combination ^th phesphatised surf ace«* 

3ÜS 

äSä=3s±£E__ 

3Z1 
o 18: 

, wtfr-fli* w...;»> jr^vft'Jp'ljj' "^f M 

v^c 
if-; 



uliS%-.X—^& • '" -~—-— razszraamas 

S3     'li  J» 

gÄlf-E t%^_ 

^Jg>reJ*ure   lfcu*§*A ;£^eratüre   Su3|hen^ed 
psi Time    ...    . v   . ._ 

Qbef^idiesE" or^ja&gtsgg: 

Tall Oil. 
—^s*e*L -TrcnLztiJjnr 

3,500 

10,000 

18,500 

BÖjÖÖÖ 

lew BOB» 
one hour 

few sec* 
one hour 

few sec* 
ÖÜ.Ö   hüüö? 

few sec» 
one hour 

-faw. .aeo_«„ 

7P°P 

one Sour 

_few sec» 
one,hour. 

30°G 
70°0 

30°C 

mW 
7Ö°C 

J0?C 

70rC 

nioflf) 
0,030 

0.070 
Qj0l3 

o;o5i 
Qa01S 

0»03g 

0.öl6 

-äiisp- 
övlöÖ 

o;ipp 
Ö.Ö8Ö 

o;^06 
PSPM 

Ö«Ö78 

{3£088' 
 .**„..** rsM— 
-.üffCTO- 

1 

P.P6S 
6,0£3_ 

Ötp'»^ 
Os0S4c 

.-'.t-'A- 

m tests {see Sables I to.-J3T and figs, i t0;4) 
«nT.£oangd to. determine the apparent äooffieien* 
ef~frictjlsn,. using dilute, M^g^^^^gSS-9!" 
^ show that. Dyl^lie:"props»: 5^ii??ru^,i'if_^t!.*/•T!JSSK^s', 
«an+~ deäiiaDioVdeCreäsos in the ;öeerfi«on«f .©£ 
friction are obtained»   Shis decroasö ihtieoo- 
effdoieat. for the We lMbrieäntjB used, is depends 

^onss^owsver. much greater jjaportincs must be 
attached "to the'influence of the Emersion -aggn 
a-A -4.Äm,nT.ätuEo_ .since_nBJish_groat^.dif f eronces 
in the coefficients, are obtained *ith prolonged 
immersion at elevated tea^eratureSj. esrpocialiy a| 

-lowerTproB^ressrirartho highs? g^su^-?anse--fi| 
50,000 to '«ÖÖ,p60 psi, wherein severe drawing^ana^ 

•extrusion occur.,,tho deferences ^.tÄ^ooWjgJ. 
although of a lesser degree-, are still quit« marjeiU, 
~*. ^.L _ -1«.^«^ ««,«*-& •kns'koa,- sultihonated- tallow gave 
UX Uttö   JUIAIW.-J.-»'«»».».— »•     —  --        - 

I 
1 
1 

j 

- — ~~--5:«h fir. iriivj"   üuw i»- 

T«. j^nbUK the, off cctiveness ^of^lute^u^ön 
^lubricants, or, more simply W^fno un- 
•nSgldup first ^coatedj^toJi^ So ws n0 mi 

1J 
13 
-U 
U 

known factors may influence -pao ae-co.nnxu^xv»>-:*•— 
.-Q^+vja-stosrAt-Q: -mas-used J! "SI n 

i 

~^T-"T^"-" 
•</ 

."•„- ..J 
—— "v1» - -_ 
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Soap.. i-.ei.i sodium. stAarste.,. hyJ|telyjsos to a great 
degree Whoii dlssblVQ& in «star ••» t£o greater" THIS" 

is the degree if hydrolysiswi-Sh tho-f oration o£ 
;stearic. acid». 

ROpONä. * HÖH 

RCÖONa + RCpÖS 

rECG0H -f NaOK 

^RCÖC^eiiRCCffiH 
V*»VAVt 

R represents the stearic acid radical- and may also- 
represent any high -fstiy aaicL QB any .high siploouiar 
weight organic acid radical» 

The more froe stearic acid or acid soap pröseßt> 
the Sere- efiäcstive.- is tliö- lubrication- ,Sfiööretieaä,u.y« 
the Ideal solution would be one in which the sodium 
steärätö i& completely hydrölyzed. However, the' 
processing, such; äsi"s.ampingV öfe^ns» v*vfüS-w-- 

the degree of dilution of the lubricant«, iho various 
metal -WorKing; pxööeisäB uöeuirö a unit pressure P|S*' 
OÜiietC "DO" T5UO   spuuuxu  jJi-uuyDQ^    »UVI.-U1.V» w ,-   u»*v<   »*^.»»»— 

sess of the lubricant film- must be varied to prevent 
metal _tö.;metgl, contact.«,^.     ; _ _  

m 

.1 
1 

3« 

1 

_C»_. 2H2 

-.xa 

iiß 

.S 

r 

.1 L": 

?ffa-iivf>g <s-gpodium staarat.e **• ^jHaviB coneohtrations- 
-T+- is of -interest, to ^note: theihfluönco. oflthe.-con-   
contratiöö. Of sodium- stoarate' on the degree- Oi 3y«*rc==. 
lysisj in that as tho concentration increases, tna 
dl^eeö of hydrolysis decreases«; 

XX10y4.OUX«CIJLJLJ J,     VI1W   lU|5Uai      """    uwiafv.».«•^.    —   c,—  

er the degree of hydrolysis.   However', the hydrolysis 
is influenced by' the greater solubility of tüG' s«car.w 
acid at higher temperatures; this increased solubility 
overshadows the hydrolysis of the sodium stesr^tö*_ 

She phenomena occurring between the fatty acid or 
acid* soaps and the metal surface is one of adsorption, 
the quantity adsorbed depending, to a certain degree, 
oh time.,   Therefore, longer iÄerfiöä ^ögiods will '" 
resuJ.'o in a- docrGoSQ- -x*** «ü^ wwii*vAviw ^AlU UJ.WÜÖ- 

1 
ZJ 
1 
i 

J 
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1 
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J 
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j&^s m. dotermin^ Üfeo ^s_03?pt^e abiJtity g£q göi    , ,  
ääMiinä anä to pro*Q «gaffg'-ä-röEtte.-- a«.^?«^ =^^?. 
. Z^-L^r.^* =.=«« «Ä- >inc«*ni*rtö/?; tialow- based, on. tae 
3BSSB-xufo ma\*y   >*~   ———:—TT:—     »; ..: . .   _ 
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n^X^ 
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i__3 C-rjj 
JCCil 

" .      -z teassr-'j-t 

• -' , L_iJ 

*-»~ 

n 

-     11.   ul 
_:        i   ~-i 

• i 

i 
-•wfierö' a; si ^anti^y adsorbed in -Poles^ 

<jh& a 
are constarit s 

or -*•- 

i «vo\ A. tr iög. ^ -^ ^ log. c 

L'tsnn  i*S&l£? 

3&3 plot .of log "a" against log, JM?V ismfu; a S^arga* 
line, •pESÄa&--*Ss* true nAso^tioa^öxisM.. 

      ...—^_    —i„4.j.«»n. n* iÄn+.tolana- blUO. W6tO. 
.HYYI» T.nnsa-TJUB.WO.«. HViSü^Hir r- ~ "  ~^_ ".. ~: -- — 
~~~~*i- --"""li>äÄ^KK*Ä-. -S.T> tv»" -PriiTowi-hfi conoeatrajjionas 

,1 : 

M?lSi_ Ja8_*-,-001 angle,    %? «OS»! ^ff^^^ 

n^-sfcospbatizod surläcs-,, äs adsorbent, was always 
j .mfL     .   -_ ,_ ._  

The ability of a phosphate coating ti5r äu'Sörb-organx* 
compounds 1-s very.great..   Zinc phosphateöoätings 
adsorb about two to fiye times as. moo^minoral o|| 
_i, I^Q gs^Q. -surfaco imcöatöd.   ®e auas|i|^ of oil 
^"^iLci~5iwÄ-Sä   eawAvsV,sf.   öä *JlG^6^StäljsiS»?teO 
and thp tbiclmoss of the phosphatö coatiDg» 

If a phospbÄtized surface (ziÄö phosphate) is immorsed- 
in a sodium atcaräto solution, an almost oompletoly 
wätor-insoiubie. soap film is formed Upon ^•*f? 
surfaeo., Its appearance also changos, ovidoncing tne 
existenoe, of aii fd?" /iönal roactiu» beunxsoa «a«' iüiua- 
phato coating andl %'D.Q  pdium stoaräte. 

-in water. .This soluble portion coasisw oi:«JI«*-«*• 

mately 95% soaium isnaw;^« «x- «y±- ----"..--.'/^OKää. 
SJ,^/ M. gins sfcoarato«,- IKB remaining portion lgog»gg* 
is""sölublo only in organic solvents and is composoa 
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-J 

-'-.• '•-  -—«  ""-' 
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prinöips^äLy- aT z-fnc ätaaraig-   555uä^"tS;o; s_oIubl*e= - 
. jäMiSSste^^ie if convert;©^ iaiiö the iäsciuble sine 

— EzsäESaS... TwhxjLh;.oohysräjon ggja. onsyjiggn^lqüis "&"^"~ 
cäemicäl rpiactiroh'betweöh thö phosphate IJoaVin^and" 
•tu© Söap solution« 

13 
LJ 

-L-^a 

The iBMorsioh time and tompcräturo greatly influence 
thö^antit^c^ith^^ 
which is formed on the*.phosphate coating.as shoisfi in 
"t*3fönc'öa'XöVricag~ta'biss  ——--•-.—  J_.._ „,- 

1 
J 

'If Sodium Stearato Solution 

Inversion .Tiifie Temperature 
Weight of. lübriöant 
tils. •=   'gms#/sa9fte; 

f evf^sscoii'Äs 
f isvf seconds 
.bile---hoy fe 
önö_höyjp 

~xOZ 
YU-U' 
2örö; 

7Ö°C 

-.=,.. o;o.7o 
-    6*09.0 

0.740 

Luhriöants cöntainiüi polar groups-Sre xwauiiy ad- 
sorbed by phosphate, coatings« Sueh;poiag groups a?© • 

r 
f] 
i 

-rtUto. 

1 
1 

•-—i n '— -• ni 

_ - »._. _JL 
ex S 

~T""   __. 

vQSO^Ie 
C -, .j «. 

.H,  SOiH. 

A :soap emulsion* which contains a earboxyl ,g?.oUps, is a 
a- -^wla2^ liubricant « 

j^e^äljcal-i-ni-t-aaof _.&. solution, or JKyjioh of such pdlsf 
lubr.i£ant&..;in -vfat'er permits thä •öÄöurr^ö^ö?']«T3HSS£s- 
cal reaction between the.- phosphate, eblifing ssd "tho- 
lubricant- _-_.__. 
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.•irtiintji-n mil—- ii«P -^"j1 ——-^ —  .^.W„f_—^*-j^^=s.*St- . . . —;(.; _ .- . Z -^ ^  

.~L^—_J. „pir 

;:. 

($> pool + f&iipj"__; (flF/^w 
J 

3Zä"^ +   6H£KxT" +    6# +    60H" 3Za(E000)p +   3%P 

.if.' 

t 
i 
I 
I 

:ü 

^Ü 
:s 

€EZ5J 

urns 

rat 

-41 
. .P 

I 

2n*(K>: .)    +    6RC0CBJS +    C6HQH)  > 

S* jbyöÖlyaiB. .at.earis soil^ia^sodi^hyaroxiaejMre 
^*-"-7~ .5 1 .i<..'.v«(.i»<l •i4<.nair>"i-tri.no'-:«. tniautie.JliiU3iLiSHX33g: 

«4»v.+ owgiVyfe rrf *ha. *iaa .Tjhoaphate. ejaatins i? *wna_ 
 I^r^na- Ä zinc ions" then reMt JÄth the.ste«*.» 

Ite'iöna to form iasoj-uSle "ziÄö afearafe which bffövsass 
iiiteriöökod With tSe phosphate öbatä»«* 

He«««- adSft««t-5.oa-and -chomiöal 5ea;ctipii^aei0Ä.es|he 

t^EhöapMtäjöoätföe^ «L2?^Ö21±SS2SS^ 
and may be termed onemisorppjioa. Q«Vü «« ^t^X""""^« 
adsorption occurs, when ä. chemical readtion «©«ven -_s 
adsorbent and the adsorbate ia...possible, 

^Mnet^ös öt-t&a föregeiBg;iJact£o»s•-;^^Ö^^;.. 
considered..   Tue speed with which,the crystals Ignc 
_u.i.<„(...v.^<.»Ai•, in determined by-the aquation:  

/.DO 

0V   «    Qh (I-8        J 

läherä Öl   »~" oöSÖezitTätrön:--e0r:Brtu3fa4*ca-—— - - 
      - -öS' '*'   concsatsatioxi after* a. carAain $te@_. 

.   . ^/i. .-- -TS-- --HffSa,- :Qi   \?x*J^V-- *-     -   -        -- -   -      ------ 

Ü    s   ooatin^ thickness 

««Wig 

-J 
r.~)  •. 

'••     -   < !.' 
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./V*   V«V 
T=n-nmH *i-,  „ .3 j_i*.» •*«»»••» Ja ..«*.•£  "1 »• Vv«^<-*%r 

flim formed_vary tö ä great degree according tö the 
i^Aijf ox^aji   <auu   UUUUU.VIM.   jf*"*t?vmm v~r^~'s   ~—     V—V   -=^- 

-   ^.«^i.MJ •*^,Ü-B.J.X "CHS-m@1?Iiga.  pi   äpgxiöeu>Ay.uL^cui;uy   uOTS". vSTSiiSlB. •SS^Ca.'Tjj;-- 
to tfis-pi^'sical properties" "öf' xkef&ßöEgmW eoatirigs 

- .__ „How. these.- factors .neatly jaffect friction is clgarly 

Ijiön, as- shown la the foregoing tahlesy 

Solid-IsibS-icäfitS .-_"_ L*T    '^     7^.~I.   ~_ 

Tahie 71 and Fig* 8 gije; tha cbefficieEtS' qtßfpa^" 
tipn obtained using solid lubricants in combination 
.with: phpspMtizsd; siorfaggs^ 

TABS!. ¥1      .      " ,   .. "    ;. 

Unit Pressure 

2ÜJ. arent Coefficients* of Friction 

•Sodium     Cedeium   Magnesium      Zinc 
Stearäte   Stearäte   Stearäte   Stearäte 

liuMnum 
Stoarate 

O;ö59 
0,048 
Gi'045. 
Ö;079 

_0.«.0.77_ 
0.0641 

G#048 
Oäö&ö 

u?G5? 
:Ö"i06ö- 
o;-o.8ö. 
o;o7o 

QJÖ75 
~GsGS'6: 

«UvfU 

0i682 
ö;o?8 

UiUÖVr 

0i086 
0;087 

".£."32.'..: ? 
3UV-- I 

I 
ZSääL^li --§ 

%i 1 

•JEjjs- oaeff-iolonts <*f. f3iiatigiv4:oi^d-_üsiM-4he_7^iQus- 
-StoSrstss show QOffi•ärati-vol^- AA-ttlfi- di££Qjftojices.>,.. .. 
Compared with- the* dilute, ^päulsion. type, lubricant^__ 
thö solid stoaratos gave, generally, higher o.Qäf-fi-% 
ciön-GB' for 'the lower pressure ranges, and Tsaraewaät 
siaa-läg - eeef'iJ,9.A"3s:ts. for tha^higher pressures.». 

(Sf)   Commercial •Lubricants 

Table VII and Fig.. 9 show the coefficients of fric- 
tion. fo.ua4: using cönimorcial- type, lubricants, in.gog^ 
blnation with a phösphöMzed surfac©6 



-aaaust 
.Apparent: Coefficient of Iricticn 

^assure   Die Gara   Bis; oara, 
psi' m 301 

13,-00.0'- 
12.V5Ö0 
50,000. 

-*y:»-w;i 

OeÖM 
Qio|| 
QSncA &;os2 

-o£osd - 

No improvement of frietional conditions is given by 
the use of .commercial lubricants over the proper use 
of dilute emulsions! rather,., the bettejr cooling ef- 
fect offered by tbe~ latter makes them prof arable f§r 
Severe cold^working Operationsj where great heat is 
generated • 

Apparent coefficients, of fiction; fgoad yfiijg- Y«fieus TEP« 
Lubricants, on ?acoated.and ^hosphatizad Surfaces«  

S&bie Till, and Fig* 10 show the coefficients of friction 
f wind for- the best of saca of the three type lubricants 

 (di-lu^e-SEHl-sioii- 5o3^4r-^£2^UcoraieEeial:y-.applied..on both 
üncoated andvp^s^iatiJÄed surfaces. 

A]?garent'-Coefficients of-5rlction^ 

tjnit golphonated Tallow     Calcium Stoarate 
rröSSUrs 

2.500 
lÖjÖOÖ 
12, bob 
Hn~i win- 

—»^T^ 

*DV* **t flnhn- 

-«•»*.. WAT«--- 

o;is2. 
O;Iö8 
o;io3 

o;osc 
öioiä 
0.612 

:Pil.4ö 
O;öS3 
6;d92 

IOJCTI. 
o;*052 
o;o48 

MP,000 0:057        0;.042 o;o_9o     o;o74: 
X     f\im*\- fs.~r%jtf3. 

Pie Gard 24 
Phosphat 

ö;O4ö 
0i034: 
o;o52 

olöfö 

-i «Tirwö-nfari.- 

0J075 
0i055 
o;o&6 
•nrrta« 

   -i 

0;079 
0.061 

Tho results» show that. appreciably higher ccäffioients 
-.Ma.-giJttea^by_une_cjLted~than J>x. ghosphatized gxcfäces^ 
for each tyff.e lübrÄcp^ti»' . 

' nn in •Hum 

£>-*    O. 

— i_ ' -"»T 

ir- 

iSA^swtS»«-«»*^«^! 

Ti; 

7.V'.» 



,-n- i v.sm^^~^^^'M..^>l^i^^U^~S^--ä^^^=^ "? 

e 
apparent, yöef fieieats of friction Found Using Various Types ö 
of. Commercially Applicable Phosphate Coatings. | 

1 

Zinc Phosphate coating produced A» a bath containing k 
gi^a-jghbs^^te^and. aina nitrate;^^aQ.6gley.äJ!-Qge   .    ___.    . _        : 

Manganese Phosphate onating producedinT arbath con- 
täinihg manganese pnösphate and sodium nitrate 
äs accelerator» 

Caamiiim^Biosahate^o&atins^prMucedJn a bat|t o^ntgjMgg. 
cadmium phosphate and cadmium nitrate as accelerator» | 

1 
Lubrication?    2j| sulphonatsd tallow ssstlsified in 1 l/'M 

sodium staarate» 

Immersion Timo:    1 hour ät 70 C, 

In Table IX ana'Pig» 11 are given the results^ obtained j 
for these tests» 1 

SABLE   EC 
,i 

.- Apparent Coefticieat 6f Jrlction ,    ^ 
TTnit Erabaura.   " Zinc        Manganese    ^adugjug 
 jei_ — Jjncoated:   Phosphate- Phosphate   Phosphate 

'     i%t)oo o.ioa        0*013       oiöss o*os«~ 
-^H'Ö^QQQ— -OiGSfe 0.032        Jü^A      ___0ifi£3L 

~- jLööiooo.  Q;ö57        o;.oi2 g^t QlPsg- 

Zinc phosphate gave thö lov/est apparent CHgffioj.^rrts of 
-Tn*-i^n-i.:i:nii:=i "      — 

Comparison öf Various Type Lubricants in Combination with ä 
Phosphate -Coatings -pürihg. Hcduetiön (incrsaseöf Total «real 
under. Tension (Drawing).".._.    .   ... 

for these tests, two of each of the type, lubricants were 
•Selects^SS^»i"l:05»3:F -------~ •   -     - - - — 

;(!,•)   Dilute Emulsion. Type 

-[&*)• 'Saturated ana unsäUuxa^ö« csrooÄjfn"»^»»i«5~ • 
{fatty ,aöidB7*5 Bmilslfieä lard *.*£ contain* 
ing active agent, 

"~    •!(b#   xeipeiie group!    feileified tall oil -.ester*. - 

26 
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(•ILL Ssii.4Jfep.ft ^     -    . -   -   

(a|   ffaiär Soluble:    Sodi^ Stöaratsi  .-.. 

(b;)   Wats? iasolublejs-  Oü-ISIä SMarats--^. -_— 

(3?)  .CoMercialTy^e,  

(a) Pigmented:    Me Gard 24 

(b) Urtpißmented:    i>ioGard.80 

Table X and jTigs 12 gftow -the loadi? required and reductions 
obtained in "drawing SÄE. 101Ö1, applying ä unit pressure of 
200,000 psi. 

T3 

"TABLE   X 

Lubricant - Load 

••caittxaxicxeff riapffiiur : ::. 
containing, aa.tivs: ägeat* — 
C70cO föri hourj 

E•rlsi£iML tail oil: est.es 
for 1 hour) 

236Ö lbs,. . 

2440 lbs» 

sodium stearata (dry} 3370 lbs. 

Reduction 

52,5^ 

51.0^ 

n 

Die Gerd 24 (pigmentÄd) 

Bie Sard 80 (unqipaaehted) 

CttDU. JLL 

2500 lbs. 

3220 lbs. 

J 
J 

39.4% 

45c0&. 

As previously discussed under "Procedure'' the determina> 
vzou ox -önä  üööiiiöieats ör xriction gurxng reduction is 
inaccurate and considered impractical» Sowever^ it is 
xny.erssting: $.0 nct;e SJ16 cosfxieioues ox iriwj.gn ipuna-. 
using the above lubricants in combination,with phosphate 
^V—ViSigs   «S -£• 'UilJTV   JfJT^SwUTv  -wj.-    wwvjvw   jfc/Si   7»£^IAVÜ.U   J.-.oUUi3?*' 

tion, given in Tubie XI.. 

M 
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t^i^^3CSä^ä^^2Ä^2l^!ÄSÄSöÄÄ9fc^»5Se^^^K^W 

SAHU&.XX 
.Appareno. 

Lubricant 
IIä/L   AäA   •»«•j 

-jjQaa - 

2580 IbSa 

—* 

0 

:        -                 ES 

[•   4 
„.,„. £ 

::,:q^ •• : u 

containing active 

(7Ö°C för 1 hour); 

Biulsif ied tall oil 
ester 
(J?.öRÖ for 1 -hour)       .3180_'lb;s«. 

Sodium.stearate (dry) 3200 lbs* 

Galois stearäte(dry) S240 lbs« 

Diir^rd 24 2260 lbs* 

' BUTGäfs. B5L  

0,052 

0.064 

0„064 

0,065 

0.045 

In. the cases recorded in the foregoing table, thö leas, is 
•necessary only to overcome the, external friction} in the 
•fosasr gasS&1 shesn in Table Xj the load was required to 
overcomenot only the exteraal'but also the internal, f-icic* 
tion offered by the material itself.   ,A comparison of thöce 
loads Clearly indicates! that; more laywrabls frictions^, con« 
-iiT-^^ ^—- ^^=iteÄ..^Hä^s=-4i~:iak ^iiii_Grdssjaact:ioiLJSSSWKS.s_ 

This is explained by the fact that when the coating, is 
crushed in the first cold-Working of" coated surfaces., the 
costing becomes, flatter andrisfiöötnOT., in seme eases be« 
coming gläss^like in ?ippearanse-   Microscopic exafnl nation 
(micrÖTjhotogrlphs 1 aid S?) confirms/ that the surface,ls^ 

.M^£aaiäfofa..i£Hm5M^*• the difference in thejfric- 
tion -ccnditiönä. '-        ' ~" 

ThBBB tests appEüach^ts-a-^eat^extehti. the practical pon- 
d itions experienced in severe cold working operations. 
 1__—- :         ..csf.j.-RgL. ,AU-^-./»ä'«-PA3-«.J-äVI+.    /Vf' .•Pr'''Ct*OS.—iS- TJttO'   t©31f»,      UUi.,     S3I1U«;    HUSH»    'HUB   •s!v«'-*»v4.yu»    —     —-—«•->—*—   .—>» 

not the sole deciding factor in proving the value of a 
lubricant and surface conditions«   properties, such as 

-^*.4-<.^gfti rkng.... Aeat. -conduct ivitya_Qj'_ ooplj^. ^fs?ti.^ga> 
•o:£L the. lubrieant.' or surface«. are also äffportaat zawocs- 
to bö ö.OTSider.ed'. 
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•<< t>*'- ~Vr~-^iz If* ^*y-!r "i^T'it?' M^y^y^-~'A- •* 

i t 

3~ 

L: 
I: 

,^? 

'The. .dilute -_ emulsion '*SM._lubBiÄ^t.fi!LPMSSäs=JSjfe\i^8 best 
i& .§.o®ä?isöh with easaeröial lubricants; in thes_e tests* 

 ThiB_is„b.eiijgxMjt.s be due to tile gygstsr^gggli^ effect 
pf the dilute type lubricant«.   The dry steäfltes 'etidsncs 
ths-i»' 'effectiveness: is. theses te«tB- the rasulLts of. which. 
SSQ' in sgreesisiit with tiiB eilffSBSS-.K^srifj^www~b3Tthe..isi'd— 
spread use of such lubricants, as, for instance in. tas 
drawing of wire9 

Tne fa suits gives in Table X for Dis Gord: 24 pigmsntdj 
and Die Gord 80 unpigmented appear to indicate that a 
pigment May be detrimental to phosphate coatings, as has 

Comparison of Coatod and "öixeöäted Surfaces purinp, Reduction. 
(or Increase of Total Aroaj gndgr Oppression jcoid Extrusion) 

Three types of surface conditions were applied' to the 
C1Ö10 AISI rismed steel test specimens, i.e., normal 

_J?eejing,. thin coating, and uhcoatej.«   Jto^sified sul« 
phorstsd t&üüow wai applied fe jüj ipeci^hsrSorToii|       — 
hour, at 7„G?Q'.   ^ssaxstisnjna testing of tke^specjfeens 
are described under "Procedure^«   Throe specimens for 
each surface condition were used for all reductions* 

Table Ml and Pig. 15 Show the loads required for various 
L_r_ejductjrg2.3:.; 

r'X 

ZJL 

11 
üurioue 

Condition. Be&uotg   Load.,     psi       Remarks 

Tfocoated 
Thin 
Normal 

?:r^vl 
Haefiated 
Thin 
Normal 

20&       19,000 296^000   Heavy pickup. - all specimens 
•20       17,400 270,000 
£vL      1§^4'6Ö. 195,000,, 1 _ 

Uneöäted 

^Normal 

•-"•HJ' UJ~. 

jk9_.O0QL232.000 jleayy pickup - jill specimens 
37J2Ö0. 216,000 
36^00 208,000  ^  

~6Uy&r 

J^K 
TJncoated 
Thin. 

<79 $200 210*000   pickup oh all specimens 
60%_,-75.000 198.060    "    . " " .    :  .    . .^ 

85% 
n^o. JBSö. s?Rßa«ao 

-I 

i*W4f*wiyi«-»'ffBj*.w«f" 

—l^-~- -**.J-J:-    "_   ^ass. 

*\ " '*>--£'• 



-I 
•J P?..^^. °?ati^°» with which the lowest loads were ob- 

v """ -aansajpi-vvau aüaoB«exisi for all reductions^   JMn coatings 
I ^ rQSUltad; 1Ä flßS!na»a*,tealw. .Vi-i^%~—   n-«-.ja«, ;_*^.t,-:",.i.»_^   ^ ~  —_    •- 
i --    i        _-   j— K: -r"r—«7   ??~e*»vi*   j.v»»v«a. WXWJU twio j.j.xröTi :sir3.«» 

loads were ohtalhe'a with. Uhopated' speGiaeas^. heavy gieloig^ 
1 -.   . - --"—J     -••"-"".   - osaa^x-iagieyeu^ajfeiigg the lowest, reductJon.: attgrnh^rj: xsggjs- 

i t |hefoEe«oing evinces tha desirability of the nozasaj spa*- 
- i^Sj, «"S iujuiiiuumweight or which is 1 gm^scuft8 

jB&te^äphis 1 through 4 show the; extruded specimens. Gall*, 
ing and pickup are. to he seen on all uncoated Specimens and 
??L*h? thia coated specimen reduced 60$, it is obvious 
snat special surface treatment is necessary for the success^ 
ful cold extrusion of steel. The use of organic lubricants, 
unaided,, for this purpose is not possible since they lack 
the necessary properties found in an inorganic coating er 
layer,, such as anti-wrelding, heät-resistänoe. and adherenoe 
to the metal surface. 
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