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In a previous paper [1] "we reported that the labelling of unsaturated 
oils with active iodine (131I) by a simple method, which can be carried out 
-with relative ease, results in an indicator suitable for the evaluation of the 
efficiency of various methods used for the degreasing of metal surfaces. 

Tracing of grease impurities with 65Zn -naphthenate 

It has been further attempted to use metal soaps for the indication of 
grease impurities. In these investigations the isotope 65Zn was found to be 
very advantageous from the point of view of measuring techniques. The 
isotope was used in the form of zinc stearate and zinc naphthenate, mixed 
to the grease to be labelled. 

Preparation of the zmc naphthenate 

65Zn-naphthenate used as tracer was prepared from naphthenic acid. 
Solution A: 1.5 g of zinc oxide of an activity of 5 mC was suspended in the 
presence of 1.5 ml triethanolamine emulgator in 50 ml of water. Solution B: 
2.5 g of naphthenic acid was suspended in the presence of 2 ml of triethanol­
amine emulgator in 150 ml of water. 

Next, solutions A and B 'were admixed in several portions during 10 
minutes at 70 cC. 

Zn-naphthenate, forming a rubbery precipitate, was filtered, dried, 
dissolved in benzene, and again filtered. On expelling the benzene from the 
filtrate, an active zinc naphthenate, suitable for tracing, was obtained. 

Melted and homogenized with the grease or oil to be traced, zinc naph­
thenate was applied in a ratio of about: 1 : 10 as indicator. On investigating 
the homogeneity of vaseline labelled with zinc naphthenate, the specific 
intensity was determined on different parts of the grease sample. Measured 
data (Table I) show that the distribution of the tracer substance in the vaseline 
is of adequate uniformity. 

2* 
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Table I 

Plate \\'"eight of labelled A ..... erage iuten::;ity Specific inteusity 
~o. frre;se (g/12.:) cm:!) (epm)' (cpm!s) 

1 0.1602 H.033 87.600 

2 0.2380 20,935 87.960 

3 0.3212 28.UO 87.600 

To ascertain its suitability as indicator for following the degreasing 
process, we investigated whether the specific intensity of the grease containing 
the zinc naphthenate tracer does not change during the degreasing process. 

Steel sheets of given geometrical surface were coated "with 'weighed 
quantities of radioindicated vaseline and with cooling-cutting oil, and the 
activity of the "grease impurity" was measured. Next, the sheets were placed 
into various solvents (benzene, benzine, carbon tetrachloride) and alkaline 
degreasing baths, to partially remove the superficial grease layer. 

Washing time was selected so that a measurable quantity of labelled 
grease should remain on the surface. After partial degreasing, the specific 
intensity (that is to say the ratio of count and weight) was determined. This 
operation was repeated several times. Data measured in experiments with 
various solvents are shown in Tables II-VI. 

Type of grea::e: yaseline 
Isotope tracer compound 

';5Zn~napht.henate 

Table Il 

Degrea.,ing agent: benzene 

De"rea,ing Weight of the labelled )feasnrerl intensity 
gre~se (g/12.2 em') (epm) 

Specific inten:::it:" 
(epm/g) 

(,ee) 

0.084·3 

20 0.0724 

40 0.0564-

100 0.0365 

160 0.0179 

Type of grease: yaseline 
Isotope tracer compound: 

uSZn-naphthenate 

603,.500 7.15 . lOG 

524,500 7.25 . lOG 

·1-05.000 7.20 . lOG 

261,200 7.15 . lOG 

130,900 7.32 . 10" 

Table III 

Degrea5ing agent: 
Carbun tet;udlIoride 

Degreasing \'X~eight of the labelled )Ieasured jntensit.... Specific inten5ity 
time gre;se (g!12.2 cm::) (cpm)' (cpm/g) 
(sec) 

20 

40 

0.0667 544,000 8.15 . lOG 

0.0360 

0.0141 

295,400 

113,000 

8.20 . lOG 

8.02 . lOG 
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Table IV 

Tvpe of grea~e: "I:<lselinc 
I;otope t;acf'r compound: 

c:>Zn-llaphtheuate 

0.0702 

10 0.(14·37 

15 0.0367 

20 0.0202 

572,000 

363,000 

302.800 

167.300 

Dr-greasillg agent: 
alkaline bath 

Specific intensity 
(cpm/g) 

8.15 . lOG 

8.30 lOt; 

8.25 lOG 

8.30 lOt; 

Table V 

Type of grea::oe: cooling-putting oi I 
isotone tr~,c('r compound: 

c~Zn-naphth(,l1at'e 
De~reasing: age-ut: hcu.l.cne 

-------------------------------
Degreasing: 

time 
(sec) 

10 

20 

"-eight of the lahf:lIed 
gre?lsc (g!l:!.2: cm!:) 

0.0297 

0.0531 

0.0266 

:Jleusurerl intensity I 

(cpm) 

236,000 

152,500 

70.700 

SpE'cific intensity 
(cpm/g) 

2.62 lOG 

2.66 . 106 

Table VI 

Type of grease: ('oolillg-cultill!! oil 
. ~I50tope tracer con;pound:~ 

c::'Zn-llaphthcnatc 

Degrcu.sing 
tirn(' 
(se,') 

\'\-cig11t of the lahe!1ed 
gre~se (g/12.2 cm:) 

Degreasing agent: petrol 

::\Ieasured inten~itv 
(epm) . 

:3pecific intensity 
(cpm/g) 

-------------

0.1000 30·L·WO 3.00 . 106 

10 0.0602 186,000 3.10 . 106 

20 0.0039 27.000 3.05 . lOG 

251 

It can be seen from the results that the specific intensity of the labelled 
greases remained constant within ~ 10 per cent during the clegreasing 
processes. 

Thus, 65Zn -naphthenate, similarly to iodinized oils, proved to be a 
suitable radioactive indicator. (Cathodic degreasing in alkaline media forms 
an exception!) 
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The heha"iour of thin, tracer-containing grease layers on metal surfaces 
during degreasing 

In case of thin grease layers which cannot be followed by 'weighing 
(where the constancy of the specific intensity cannot be proved), the suitability 
of the indicator was investigated as follows: 

The grease to be traced was labelled with iodinized linseed oil and zinc 
naphthenatc. It. is to be assumed that when the ratio of the two indicator 

i 

10" ~ 

~o. 60 90 channel 
102~~~~~~~,~~~~~~~~~~~~~~~~~~~~~~~~ 

0,1 0,2 0,3 0,4 0,5 0.6 0, 7 0,8 0.9 1,0 U 1,2 1.3 Ne V 

Fig. 1. 1311 x-x. G5Zn 0-0. 1311 + G5Zn (1-. 
Apparatus: single channel analyser. Hv: d = 2; f- 8. Gain 10 x. Channel width: 1 V. 

Time: 6 scc 

compounds of different types (131I-linseed oil and 65Zn -naphthenate) does 

not change during degreasing, the quantity of the traced greases (e. g. rapeseed 
oil, cutting oil, vaseline) will also decrease at the same ratio, and the process 
is adequately traced by the indicators. 

In the knowledge of the individual gamma-spectra of 1311 and 65Zn and 
the spectrum of their mixtures (Fig. 1), those two spectrum intervals have 
been determined, at which 1311 and 65Zn intensities can be measured unequi­
vocally. These 'were found to be the photo-peaks corresponding to a gamma­
energy of 0.36 lVIeV in case of 1311 and to 1.11 lVIeV in case of 65Zn . For 65Zn , 
the intensity of the photo-peak is to be considered in first approximation 
as proportional to the quantity of the isotope, without the need of any cor­
rection. However, the 0.36 MeV peak of 1311 is superponed onto the Compton-
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region of 65Zn , necessitating a correction. For this purpose, the simplified 
method of COVELL [2] proved suitable. 

After certain degreasing periods, the isotope 131I ,',ras determined in 
the interval corresponding to 0.36 :NIeV, the isotope 65Zn in the discriminator 
voltage range corresponding to 1.1. }IeV, at a channel width of 9 V. Measuring 
results are shown in Tahles VII-XII. In view of the mechanism of degreasing 
processes, it may he assumed that up to a monomolecular layer, the ratio 
of the traced greases and the indicator compounds remains practically constant. 
This conclusion was also reached on comparing the hehaviour - the rate and 
the efficiency of degreasing - of the greases labelled as described above 
with the dissolution of stearic acid lahelled with l-lC isotope. 

Table VII 

Type of grease: ya;eline 
Isotope tracer (;(impounds: D('gre3sing agent: tri{'hloro 
1nl-linseed oil and c;;Zn_ '- -ethylene 

naphthenate 

Trace isotope 

lS1! (;;Zn 
Dcg-reasing 
time (min:) 

Iutensit\' Residual Residual 
qnantitv 

0.5 

1.5 

4,.5 

(epm) , 

129,450 

57,834 

4.00 

80 

Type of grease: .... aseline 
Isotope tracer compounds: 
l:;!I-linseed oil and cSZu_ 

naphthenate 

Degrens-iu!! 
ti~e (min') 

0.5 

Intensity 
(epm) 

432,852 

153 

Table VIII 

Hesirlu111 
quantity 

(?o) 

100 

0.04 

• (%)' 

100 

40.6 

0.3 

0.12 

Degrea::in,g agent: ?\aOH­
soI~tion, 200 illit. at 100 cC 

Intensity Residual 

(epm) quantity 
(~~) 

91,770 100 

26 0.03 
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Type of greasc: ,:u5elinc 
Isotope traeer compoulld~: 
::::lJ~lin5eed oil and 65Zn _ 

n:.lphthenatc 

Degreasing 
time (min) 

0.3 

3 
., 

.;) 

0.2 

Intensity 
(epm) • 

690.400 

et.300 

93~ 

240 

Type of grea:::c: stearic acid 
Isotope tracer compound:::: 
131I_liu:,ced oil unrl 65Zn _ 

nuphthemlte 

Degreasing 
tin;e (min) 

n . .') 
1.0 

5.0 

9.5 

17.0 

57.0 

1.0 

Intensity 
(epm) 

596,693 

37'7.420 

110,537 

2.600 

2.351 

910 

293 

159 

Tahle IX 

T r a (' e r 

R('sidu.1J 
quantity 

(0.,) 

100 

0.62 

0.1-1 

0.035 

Tahle X 

:::11 

Residual 
qt!<lntity 

(°0) 

100 

63.2 

18.5 

OA·j 

0.39 

0.15 

O.O~ 

0.03 

Degreasing aa-£>nt: ::\aOH­
sol~tion. 100'-gilit.. 90 ~C. 
and eJcclwlytic degrf'a:;;iIlg: 

i :; 0 top (> 

';5Zn 

Rr::.iduul 
qllantity 

(i\d 

100 

0.40 

0.15 

" 0.01.') 

Degrea::iIl!! agent: TriehJoro 
eth~y!ene ;rHl elel'trolytic 

de~rea:-ing 

i S (l top C 

IntC'Ilfity Residual 

(epm) quantity 
C);)) 

62.410 100 

.')2.760 81.8 

16.910 27.3 

20·1- U.33 

198 0.31 

HO 0.17 

21 0.03 

18 0.03 

Efficiency and performance of degreasing solvents and alkaline de greasing haths 

The isotope tracer technique described above was applied for the 
evaluation of the degreasing efficiency of a few organic soh-ents and alkaline 

clegreasing baths. 
In our inyestigations the following "grease impurities" were used to 

study their removability: 
rapeseed oil (glycerine ester) labelled with 1311 and G5Z-naphth(>nate, 
cooling-cutting oil (liquid paraffine hydrocarbons) 
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Type of grease: ~tearic acid 
Isotope tracer compounds: 
::;lJ-linseed oil and 6;;ZIl_ 

naphthenat(> 

DegrC'U3ing 
time (mill) 

Jntf:m:.ity 
(cpm)" 

Table XI 

Degrear:ing agent: ::\"a011-
::,olution. 100 gt1it.. 100 ~C. 
.mu elcl'trolytilC degreasing 

TrHc'pr i.;otope 

Rc::;.idual Intensity Residual 
qtJ<1!ltity «'pm) quantity 

(HU) 
~-------

300.650 

:2 252..100 

3 8,14.7 

11 3,068 

~ 1..':;32 

Tvp(' of grea::t': stearie arid 
I;otopt> tracer compounds: 
;,"nI-linseed oil amI s:;Zn_ 

naphthenate 

DegreaF'ing 
tiu~(> (mill) 

3.0 

9.0 

Intt"w::ity 

«'pm)-

1 .1)611.388 

906.560 

55.262 

3J)28 

stearic acid (fatty acid), 

100 

31.2 

l.00 

0.38 

0.20 

Table XII 

91.809 100 

15,500 16.9 

727 0.79 

658 0_72 
'1,," 
,) I.) OAO 

Degrea:"ing agent: 30°;) 
::'\a!SiO:;-so}l1ti0U: 75 cC 

Tracer isotopC' 

Rp;;idllal 
quantity 

(00) 

100 

91 

5.2 

0.30 

Illtel1~ilY 
(cpm) . 

127.6,W 

118,7·W 

6..1-65 

179 

~SZn 

Rf';:;idllal 
quantity 

100 

93 

5.05 

0.37 

vaseline (ointment-type paraffinc hydrocarbon). (These last three 
greases were labelled with 65Zn -naphthenate.) 

Degreasing lritlz organic solvents 

The cfficiency of organic soh-ents used in practice, thus that of benzine, 
benzene, trichloroethylene, carbon tetrachloride and ethyl alcohol, was 
inyestigated. Tests werc carried out on deep-drawn steel plates of 4 X 4, cm, 
artificially contaminated. The quantity of grease on the surface of thc plates 
was determined by measuring the actiyity. ~ext, the plates were placed 
for a known time into the solvent. After this period, the plate was taken 
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out of the solvent, and the average quantity of the grease, remammg on the 
surface, was determined by again measuring the activity. This procedure 
was repeated until the quantity of the grease remaining on the surface was 
reduced no further. 

The decrease in the quantity of grease attained by the degreasing with 
solvents is plotted on diagrams. Degreasing in various solvents is shown by 
Figs 2-4. Fig. 5 sho,vs the results of three parallel experiments carried out 

I 

10 20 3D 50 min 

Fig. 2. Solvents: 1. Benzene. H. Ethyl alcohol 
Temperature: 20°C. Greases: Rapeseed oil /1-0 Cooling-cutting oil !;"--A 

Vaseline 0-···-0 Linseed oil 0-··-0 Stearic acid 0-·-0 

in 50 ml of carbon tetrachloride with two test plates. Figs 6 and 7 illustrate 
the results obtained in a three-step degreasing experiment. In these experi­
ments, the plate to be degreased was placed into 25 ml of the solvent. When 
the grease on the surface of the plate was not reduced further in this solvent, 
the plate was transferred into the next fresh 25 ml of the solvent. When also 
in this step, the quantity of grease did not decrease further, degreasing was 
continued in a fresh 25 ml portion of the solvent. In the same solvents, further 
two contaminated test plates were degreased in a similar way. The figures 
illustrate clearly processes taking place in tree-step counter-current industrial 
degreasing equipment of batch wise operation. It can be seen that, even in 
a fresh portion of solvent, the degreasing rate decreases considerably with 
the decrease of the superficial grease layer. 
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jJg 

cm2 

tOOO 
+ 

\ 
tOO ~ ---------__ 1 

1--'""""0 

'I •• _ •• _ •• _ •• _ •• --+ .. 
"-"-·T--+-

to 2D 3D 40 50 min, 22 hour 

Fig. 3. Solvent: Trichloro ethylene 
Temperature: 20°C. Greases: Rapeseed oil 0-. Vaseline 0- -0 Linseed oil 0-' :J 

Stearic acid 0-·-0 

Alkaline degreasing baths and the efficiency of their individual components 

According to experiences gained in practice, alkaline degreasing is 
more economic and efficient, than degreasing with solvents. Therefore, in 
the further part of our experiments, these methods were studied, with partic­
ular emphasis on degreasing rate (on account of the long operational times 
required in practice) and on the efficiency of degreasing, to then compare 
experimental results with those obtained in degreasing ,\'ith solvents. The 
usual components of the costumary alkaline decreasing baths are sodium 
hydroxide, carbonate, phosphate, cyanide and silicates. The aqueous solutions 
of these alkalies - together with surface tension decreasing and emulsifying 
additives - constitutes the baths for the degreasing of metal surfaces. These 
components are compounded on empirical basis, according to a great number 
of formulations, by the various plants, and a great variety of bath com­
positions are also repoTted in liteTatlue. This may be ascribed to the fact 
that the action and the role of the single components is not completely cleared. 

In our experiments also the individual efficiency of the single component 
has been investigated. 

The efficiency of sodium hydToxide was investigated in aqueous solutions 
of 50, 100 and 200 g/lit. concentrations (in accOTdance with the concentration 
of degreasing baths used in practice) without additives, at 50 and 95 cC. 
Measuring results are shown in Figs 8-10; the quantity of grease on the 
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surface was plotted in units of ,ug/cm2 on a logarithmic scale; on Fig. 9, results 
obtained in experiments with distilled water are shown as comparison. 

Curves of similar shape were obtained in aqueous solutions of N aCN, 
Na~Si03' Na3P01 and Na 2C03 (in our experiment no mechanical agents were 

.J.lg/cm2 

12000 

'0000 

\ 
\ 
\ 

:000 \ 
\: . 
I \ \ 

I i \ 
:DOr_~ \ 

! \ . 

1

1 \ \-._._-\ 

\ ., 0 

:0 I' . '-';-"-

I 
20 30 min. 

Fig. ·1. Soh-ent: Carbon tetrachloride 
Temperature: ZO GC. Greases: Rapeseed oil El)-El} Vasdine IA--§i. Linseed oil 0- .. -0 Stearic 

acid 0-'-0 

used, the plates 'were immersed into resting liquid, similarly to the experiments 
on the degrcasing with solvents). 

The tcmperature of the solution plays a very important role in the 
process. Therefore, similarly to plant practice, our experiments were undcr­
taken at 95 "C, and also further findings refer to degreasing in baths at this 
temperature. 

On evaluating the individual efficiency of the components of degreasing 
baths, the following can be stated: 
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a) The investigated alkalies exert also alone, without wetting agents, 
a degreasing action. 

b) From the point of view of efficiencv and rate of degreasing, the 
aqueous solution of sodium hydroxide proved to be the best. For the inves1 i­
gated components, the following order can be establi:;hed: 

:DaaD ~ 
f 

50000 t 

~ 
'5000 tl 

'0n01 1\ 
0000 i 

\ 
1000 \ 

500 

100 

50 

10 

5 

l 

~ 
\ 
\ 

~ 
L.::_.:--

1 2 3 If 5 1 2 3 If 5 , 2 3 4 5 min. 

Fig, 5. Solvent: Carbon tetrachloride 
Temperature: 20 QC. Volume of solvent: 50-50 Ill!. Grease: Linseed oil (labelled with 131J) 
Degreased plates: 1. 0---0 (1-1, em2). 2. 0-.-.-0 (U cm"). (The vertical straight line 

indicates new, pure solvent) 

1. NaOH (optimum concentration: 100 g/lit.) 

2. NaCN 
" 100 g/lit. ) 

3. Na 2Si03 " 
10 I" ) glllt. 

4 .. Na3PO.1 " " 
200 g/lit.) 

5. Na ZC03 " 
200 g/lit. ) 
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The above order corresponds to the decreasing order of the pH-values 
of the listed alkalies in a 10 per cent aqueous solution (in the range from 14 
to 11.6 pH) at 20 QC. 

The important role of sodium hydroxide also becomes apparent from 
experiments with solutions containing two or more components. It can be 

pfJ/cm2 

lOOOO 

10000 

5000 

1000 

500 

100 

50 

10 

51 

2 3 

/f 

ff!. 

c------,..~ 0,0000" 

5 6 8 min. 

Fig. 6. Degreasing in three steps on three plates. Solvent: Carbon tetrachloride 
Temperature: 20°C. Volume of solvent: 25-25 ml. Grease: Linseed oil. Degreased plates: 
1. 0---0 2.0-.-.-.-0 3.0- .. - .. -0 Steps: I, n, III (Numbers above the curves 

indicate the grease contamination of the solvent in g of grease per 100 ml of solvent) 

seen from Fig. 11 that the solution not contammg sodium hydroxide gave 
the lowest degrcasing efficiency. (In these experiments the mixture of the 
four grease types mentioned above was applied as contaminant.) 

The efficiency of industrial baths of various composition has also been 
investigated. Fig. 12 shows the degreasing process in two baths of different 
compositions. Degreasing proceeded at the same rate and with the same 
efficiency in the bath containing a "wetting agent as additive and having a 
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surface tension of 35 dyn/cm, and in that containing no wetting agent and 
having a surface tension of 69 dyn/cm. 

According to our observations, the rate and the efficiency of degreasing 
is not practically influenced by the surface tension. It was unequivocally 
found that efficiency is determined primarily by the pH-value of the bath. 

pg/cm' 
10000 

5000 

1000 

500 

100 

50 

10 

5 

L 

2 3 

Jl. 

!If. 

5 6 8 min. 

Fig. 7. Degreasing in three steps on three plates 
Solvent: Benzene. Temperature: 20 QC. Volume of solvent: 25-25 ml. Grease: Linseed oil. 

Symbols: identieal with those used in Fig. 6 

The "wetting agent", that is to say the surface tension of the bath plays 
a role in the emulsification and the prevention of the reabsorption of the 
grease removed from the metal surface. Our experiences show th e rate of 
degreasing to be independent of the type of the grease impurity, of its chemical 
composition, and, with the exception of sodium hydroxide, to a certain extent 
even of the nature of the components of the bath. It was found that the rate 
of removal of grease impurities met within practice (102 - 103 pg/cm2) in 
the first 5 minutes of degreasing, during which the superficial grease impurities 
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are reduced to about 10 pgicm2, can be described with an equation of the 
type 

19 G = -At B. 

After the first 5 minutes of the operation, the rate of degreasing decrt'ases, 
and the process can be represented hy the following type of equation: 

20 30 ~o .'Tlln. 

Fig. 8. Degreasing agent: Sodium hydroxide (:'-IaOH) solution. Concentration: 50 g(lit. 
Temperature: 95 and 20 cC, respectiyely. Greases: Rapeseed oil .--. Vaseline /£:--A 

Linseed oil Stearic acid -.-

where G is the quantity of the grease impurity on the surface (.ug/cm2), t is 
the time of operation (min), and A, B, C, D are constants, depending on the 
composition and the temperature of the degreasing hath. 

(In the "standard" haths shown in Fig. 12, the rate constants are as 
follows: .1'1=0.5 to 1; B = 3 to 4; C = 2.5 to 4.5; D 0.15 to 0.20.) 

It may he stated as a requirement of alkaline degreasing baths that the 
efficiency should attain a value corresponding to 19 G = 4.5/t 0.2, or more, 
that is to say, that after an operational time of 10 to 15 minutes, not more 
than 2 to 5 ,ug/cm2 of grease impurity should remain on the surface. 
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-----... ~........- .. 
72 hour '", 
20 CO • 

"'" 

20 30 40 min 

Fig. Y. Degreasing agent: Sodium hydroxide (:\"aOH) solution. Concentration: 100g/lit. 
Temperature: 95°C. Greases: Rapeseed oil 0-0 Cooling-cutting oil a - - - -... Vaseli­
neL.----i:, Linseed oil 0-·-·-0 Stearic acid S:-"-"-S (Curves marked with Windieate 

the decrease of grease quantity obtained in distilled water at 95 QC) 

5 10 20 3D rnin 

Fig. la. Degreasing agent: Sodiumhydroxide (:\"aOH) solution 
Concentration: 200 g!lit. Tp-mperature: 95 and 50°C. respectively 

Greases: Rapeseed oil .-. Cooling-cutting 
oil A-A Vaseline x-x Linseed oil -.-.- Stearic acid S-"-"-~: 

3 Pcriodica Polytechnica Ch. X.'3. 
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1 

t 

iO'I-H---, 
I " 

5 :D 20 

Fig. 11. Degreasing agent: }fulticomponent 
alkali solution (1-5) 
Temperature: 95 QC 

Composition of the degreasing baths: 

1. NaOH 50 g/lit. 3. NaOH 
Na 3P0 4 50 g/Iit. Na 2SiOa 

2. NaOH 'r ~;) g/lit. ,t, Na
2
C0

3 

Na3P0 4 25 g!lit. "ia3PO.1 

5(2ja, 3/a) NaOH 9-~;) g/Iit. 
Na 2C03 

9-~;) g/Iit. 
Na3PO.1 

9-~;) g/Iit. 
Na 2Si03 

9-~;) g/lit. 

Symbols: - - - Vaseline 
. -- Ra peseed oil 

Linseed oil 
- .. - Stearic acid 

50 
50 

50 
50 

g/lit. 
gllit. 

g!lit. 
gllit. 

b 
pg r', 
cm2 , 

.I 

:0 

2 . 

20'0 .'e 20 min, 

Fig. 12. Degreasing agent: Alkaline indus­
trial degreasing bath 
Temperature: 95 QC 

Composition of the degreasing baths: 

1 2 
Components glUt. g/Iit. 

"iaOH 9-
-;) 100 

:\-a3P01 25 20 

Na 2C03 20 ·10 

Na 2Si0 3 1 1 

Symbols: 0-0 without the addition of a 
wetting agent 

0-8 with the addition of IglIit. 
of wetting agent P.F~8 

This quantity can be reduced by electrolytic degreasing. In this procedure, 
the work-pieces placed into the alkaline bath are connected as anode and 
cathode, respectively, and electrolyzed for 2 minutes. The superficial grease 
impurities can be reduced 'with this method ",-ithin a relatively short time 
(1 to 2 minutes) to 1 to 0.5 ,Llg/cm2. With this method in our experiments, 
grease impurities could be reduced to as Iowa value as 0.1 ,ug/cm2. 

In the initial period of alkaline degreasing, the removal of the relatively 
thick grease layer from the metal surface is not uniform. This fact is verified 
also by the autoradiograms No. 1 3, showing the superficial distribution 
of a grease layer of an average thickness of 500-250 pg/cm2 after a degreasing 
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Photo 1 

Photo 2 

3* 



Photo .3 

Photos 1-3. Autoradiograms. The distribution of vaseline, labelled with the isotope ,;oZn. 
on the metal surface after 2-:) minutes of degreasing in an alkaline solution 

period of 2 - 3 minutes. On the basis of these autoradiograms, the rate 
equations discussed above can be explained by the assumption that the high 
emulsifying action of the bath is not influenced by the metal surface in case 
of thick grease layers, while in the case of thin grease layers emulsifying 
power is decreased, and sometimes even practically compensated by adsorptive 
forces acting between the greases and the metal surface. It is reasonable to 
assume that in thick grease layers molecules, already present initially in the 
dimeric form, are emulsified, while molecules in direct contact with the surface 
have also to be dimerizetl during their emulsification. 

The required purity of the surface 

For variOUS anticorrosive coatings that maXImum permissible residual 
quantity of grease impurity on the surface was determined, 'which does not 
detrimentally influence the adherence, tbat is to say, the protective value 
of the coatings. It was established that degreasing before the application 
of the lacquer coat has to be carried out to such a degree, so that a grease 
layer of maximum 5 pg/cm2 shall remain on the surface. This quantity of 
grease still does not influence the adherence of the lacquer coat. In electro­
plating, maximum permissible residual grease is 1 ,ug/cm2 • Therefore, before 
electrodeposition also electrolytic degreasing must always be applied. 
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Summary 

A method, using radioactive tracer technique, was developed for the accurate determi­
nation of grease impurities on metal surfaces. This method permits the evaluation of the suita­
bility and the efficiency of various degreasing methods. Greases may he labelled by the iodiza­
tion of unsatnrated oils with the isotope 1311, and with the aid of zinc naphthenate containing 
isotope "·'Zn. From the point of view of measuring techniques, this method is 1110re advanta­
geous than grease indication with isotope llC. 

Experiments showed that the rate and the efficiency of degreasing is practically inde­
pendent of the chemical eomposition of the grease impurities. 

The rate of degreasing follows an exponential curve, and the process practically stops 
at a thickness of 2-5 !lg!cm2• For the decreasing of this grease layer, electrolytic degreasing 
can be applied with good results. With this method, the quantity of grease on the surface can 
be reduced to 1-0.5 Ilg'cm2 • The efficiency of alkaline degreasing baths and the rate of degreas­
ing can be increased by increasing the temperature and the pH-value. In baths of 95 QC and 
of a pH-value above 13, current in industrial practice. the superficial grease layer can be reduced 
\\'ithin 15 to 20 minutes to 2-5 llg!cm2• ho\\·ever. at this value deagresing is terminated. 

From the point of view or'cfficiency and rate of degreasing, the role of the surface ten­
sion of the bath is nnimportant. 

I1l\'estigations showed that grease impnrities on the surface have to be reduced to 2-5 
Ilg!cm2 before lacquer-coating, and to 1 /lg'cm2 before electrodeposition, to ensure the good 
adherence of the coatings. 
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