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TREATMENT, OF TEST SAMPLES FOR LABORA- 

One iniportant condition for investig:itions of corrosion :ittack 
is that :I satisfactory procedure for the stundnrdization of  the 
test muterinl has been developed (IrliZig 1948, Eurrns 1960). In 
the present work, the pr imiry aini was to study the corrosion 
inhibition c:iused by the :iddition of various substances to the 
corrosive ~iiediuni. In studies on corrosion and its inhibition dur- 
ing the sterilization of surgical and dental instruments of carbon 
steel in the autoclave, relatively short experimental periods :ire 
necessarily employed. The iiiiiount of corrosion products formed 
per unit surface area is therefore small and thus an accurate 
st:indardizatioii of the test inaterial is especially important. For 
this reason the instruments were replaced by test sninples pre- 
pared in different groups, each group corresponding to a par- 
ticular type of dental or surgical instrument made of carbon 
steel. The dimensions, composition and pretreatment of the sam- 
ples were the same in each group. However, during pre1iniin:iry 
investigations, it w a s  found that test samples from the same 
group exhibited considerable differences despite careful clean- 
ing with ether and repeated rinsing with de-ionized water. The 
reason for this may have been, among other things, that the 
surfaces were oxidized to different degrees and that the surface 
crystals were probably cold-deforined to different extents during 
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the final polishing. I'icl<ling of the test solnples in diluted acids 
containing pickling inhibitors gave :I surface of uneven quality. 
The sand blasting o f  inetnl surfaces prior to  laboratory corro- 
sion tests is considered to result in  :I consistent corrosion p:rt- 
tern hut is liable to  leave 1):irticles of s n n d  enibedded in the  
ii1ateri:tls. (Ewrns 19(iO, IJrprriincrn, 1)rrrruincX.s LS- Ostrof/'sX.!l 
1 WiO. 1 

Ostrrninn (1959) ,  Koontz c t  .Iinron (1959) and  Gollmick 
(1062)  iunintnin that,  for the electroplating of met:iI surfaces, 
:I inechanicnl cleaning hy ultrasonic treutiiient gives better re- 
sults th:in nny known c1ieiiiic:il melhod.  In the present work, the 
effect o f  :I 1)retre:ituient o f  test s:i~nples by nie:ins of ultrasonic\ 
was therefore more closely investig:ited. 

The ii1:iteri:il used for the test s:iiiiples wiis iiiatle by S:ind- 
vilt en s .Jernverlt , :I nd the s:i I 11 1)les thei usel ves were iii;inu f:ic t 11 r- 
ed by AB ,J. Sjiiding, Stockholni. The shape of the s:iiiiples TWS 

cylindrical, 43 nini long : i n d  5 i i i i i i  in di:iiiieter. An:ilytic:il data 
etc. :ire given in TaMe 1. 

A N:rrdo ultrnsonic :ippar:itusf:) ~ v a s  eiiiployed. I1 consists of 
a generator, c1e:rning tank nnd a transducer h i l t  into the bot- 
tom of the tank. Electrical impulses f r o m  the  generator :ire con- 
verted by the t rmsducer  into iiiec1ianic:tl vibrations. This causes 

~ - 
7 )  Ser. 600. Generator:  Rloclel 60 1 .  Frequency: 40 KC. Power i npu t :  117 V, 

.50/60 cps, 2.0 :imp, l'raiisduceriaed l ' ; ink~  : hlotlel  602 T y p ~  Titanntv. Fre- 
quency: 40 KC. Comp:irtment 1)imciisioiis: 5x9 % x6 i l l ,  
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the bottoiii of the tank to vibrate :ind produces cavitation in the 
liquid in the t:ink, i.e. the rapid collapse of thousniids of iuicro- 
scopic bubbles within the solution. The bubbles grow in  size until 
they collapse violently with the production of  high loc:il veloci- 
ties :ind pressure (Noltinyk 1959 ) . The cavitation occurring dur- 
ing ultrasonic cleaning, however, causes erosion (sotiietiiiies ac- 
coiiip:uiied by corrosion 1 to take p1:ice 011 the iuet:il surfaces of 
the probe (Kheingrrns 1958). 

I,hllOIlhTOIlT ‘jTEAM-(,OIiI:OSIO h 1 ESTS 

1’ 11 IN C I PLE 0 1’ ST.i N DA11 I)  I % A’I‘I ON 1‘ ISCH N I() V IS 

If :I nuinher of test s:itiiples, which :ire siiiiilar :IS far  :IS coiii- 
position and method of production :ire concerned, :ire placed in 
separate test tubes containing the same cleaning liquid and it’ 
the tubes :ire then iinniersed in :iii ultrasonic tnnk in definite 
positions, chosen so thut each tube is subjected to  the same 
tre:itiiient during the u1tr:isonic cleaning, then after n certain 
time the surfaces of the saiiiples will becoine iiiore ”siinil:ir” to 
e:icli other than they were in  the beginning. If this ”cleaning 
tiiiie” is divided up  into a number o f  e c p i l  cleaning periods, in 
which each s:iuiple is placed, before each new c1e:ining period, 
in :I new tube (containing fresh cleaning liquid) in  the saiiie 
place in the tml ;  :IS before, then it is  possible to  study c p n -  
titatirely the effect of the u1tr:isonic cleaning by malysing the 
cleaning liquid for dissolved Fe. When the :mounts  of Fe in the 
cleaning liquid becoine coust:iiit, one can consider the surfaces 
of the different samples to be stmdardized and iiiutally similar 
and  thus similar with respect to their way of reacting to this 
treattileiit. One condition is of course that  the cleaning tiiethotl 
itself is accurately stn1id:irdized and that the cleaning systeiu is  
not ove r 1 oaded . 

In  order to produce, :IS far :IS possible, :in effective and con- 
stant cleaning procedure and :I suitable surf:ice state for the 
su b se clue n t invest ig :i t ion of t h e se test sa 111 1) le s, the Lt 1 t r a s o  iiic 
cleaning was stand:irdized with respect to:  

(1) Frequency and p h t e  current, 
(‘2) Aiiiount o f  water in the cleaning tank, 
( 3 )  Temperature of the water in the tank,  
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(4) The cleaning tubes and their positions, 
(5 1 Cleaning liquid, 
( 6 )  Cleaning time. 

(1). The frequency w a s  40 K C  and the plate current 60-80 
scnle divisions. A voltage stabilizer w a s  connected between the 
mains :ind the generator. 

( 2 ) .  The amount of water in the tank w a s  1800 in1 ( t ap  wit- 

ter) .  The dissolved gases in the water were removed by subject- 
ing it to c:ivi:rtion for 4 inin (degassing).  

( 3  ) .  In order to avoid too great a n  increase in the teinpernlure 
of the water in the tank, it m:is considered advisable to replace 
the water every 14th ininute. The water teinperature was regis- 
tered after gas removal (i.e. after 4 inin) :111d after each fifth 
2 inin shalting period (see section ti below). The temperature 
after degassing w i s  14-15' (1 and after five 2 inin shaking 
I'eriods 18-20° C. 

(4 ) .  After rinsing in ether, the s:iinples were pl:iced in flnt- 
bottonied pyrex tubes containing de-ionized water ( i . e .  cleaning 
liquid) (see section 5 ) .  The dimensions of the  tubes were: height, 
outer 100 nini, inner 98.5 ~ 99 niin; diameter, outer 13.5-14 mni, 
inner 11-1 1 . 5  i i i i i i .  During the ultrasonic cleaning, the lubes 
were placed directly over the transducer a n d  were iniiiiersed to 
:I depth of 2 ciii froiii the bottom of the tank. 'I'he surface of the 
t:inlt water was thus  :those the level of the cleaning liquid in 
the tube. The tube holder was claniped to the edge of the tank 
in such a way that  its lower surface was jus t  above the liquid 
level in  the tunlt. (Fig. 1 ) .  

Preliminary experiments showed that  the cleaning effect is 
reduced if the tubes are placed in the holder s o  that  they are 
in contact with the bottom of the tank iiniiiedi:rtely above the 
transducer. In order to obtain reproducible results in ultrasonic 
experiiiients on the kinetics of the oxidation of ferrous iron, 
Miller (1951) also found that it is  essential to iiiaintain the 
"cell" in a fixed position with respect to the source of sound. 

( 5 ) .  The cleaning liquid consisted of 5 1111 de-ionized water 
in which the samples were coiuplctely inimersed during the ul- 
trasonic treatment. In order to remove dissolved gases, the liquid 
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Fig. 1 .  Cleaning tank ;inti tube holder. T h e  full  line inrlicalc:s the internal 
bottom surface and the dashed line the \vater level i n  the tank. Thc distance 
A shows how the lower surface of t h e  liolder is situated relative t o  the water 
surface i n  the fank while H indicates  how the tubes :ire placcd i n  rclnliori 

to the bottom ot' the tank.  C is the height of water in the tank .  
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W I S  :illoweti to  cayitate for 4 tiiin itiiniedintely hefore the sample 
was immersed in i t .  

( 6 ) .  A teiiiperature increase in the cleaning liquid c:in :ilso 
result in  increased erosion and corrosion :ittacks 011 the surface 
of the sutiiple (Hheingrtns 1858, Ostermrrn c t  Strnttr Liicin lB(iO\. 
For this reason, the ultrasonic treatnient has heen divided up 
into 2 tiiin cleaning periods. At the heginning o f  each new clean- 
ing period, the saniple w a s  shifted to  :I fresh tube containing 
.5 nil de-ionized water (see section 5 ) .  Each s:iinple was alto- 
gether subjected to 10 cleaning periods, i.?. i t  w:is ultrnsonic:illy 
c1e:inetl for 20 niin. 

I~E'lEli~lIN.A'l'ION OF 1110s 

The :iniouiit of dissolved Fe in the cleaning liquid w a s  tleter- 
mined by :I modified ortho-phen:inthroliiie method (Holml irnt f  
1963) .  1)uplic:ite tleterniin:itions were performed for each s:iiii- 

ple and cle:iiiing period. The :itiiount of dissolved iron is given 
:IS , p g / c i n z  test sample surface area. 'I'he error in the method w:is 
found to  wiry between k 0.01 (3) and ? 0 .02  ( 8 )  Fe/cni2. 

€ ' l lOCl< l )~Tl iE  IN THE PRESENT IN\'I~STIG,\'I'IOh' 

In :I prelimin:iry series o f  experiments with :in increasing 
nuinber of test snniples, it was found that the effect on the sur- 
face of the ultrasonic treatnient described nhove was still ap- 
parently siiiiilar when 5 test pieces, placed directly over the 
transducer built in to  the bottom of the tank,  were c1e:ined si- 
inu1t:ineously. For this reason and since five saniples was ;i satis- 
factory nuinber for the investigations pl:rnnetl, it was decided 
that the studies in this work would comprise 12 series with 5 
test s:iinples in each, each saiiiple being u1trasonic:illy cleaned 
:IS described above for :I total of ten 2 min c1e:ining periods. 

IiESITL'rS 

Fig. 2 shows the ainount o f  dissolved Fe/cniz test sample sur- 
face :ire:i for each cleaning position in the ultrasonic a p y i  ' ratus 
:ind also how the aiiiount of dissolved Fe varies both with re- 
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Fig-: 2 .  Ainount  o f  dissolved Fe/crn' test sninplc, surfacc area f o r  r.ac11 elcaning 
position during the differciit cle:ining periods. T h e  ahterisks iritiic:ite tlic oc- 
currc~iec, during t h e  cleaning pvriod, o f  significant dift'ercnces in tlie amounl 
of  dissolved Fe/cin, between tlic c leaning positions thus indic:tted. Thc other  
symbols itc*nctte: 

&lean valuc, clc2;Lning position I 
0 1. 1, 2 
A ,. ,, 2 
i? ,, 3. 4 
rn 1,  ,, I) 

1 = Stand:irii dc.vi:ltion 
N = 1iu1111~er of  tc\t sainpleb per  

cleaning position. 

spect t o  the different c1e:tning positions in  the app:ir:itos during 
each cle:rning period and :ilso with respect l o  tlie different clean- 
in  g period s. Si % n if ic :) n t cliff ere nce s i 11 the :t niou n t of d i s so Ived 
Fe are observed between the different cle:tning positions during 
cleaning periods 3, 4, 6, :ind 7 whilst the reinaining c1e:ining 
periods do not exhibit any such significant differences, neither 
with respect to the nie:tn values nor t o  the st:indnrd deviations. 
It is :ilso clear from Fig. 2 that the i1ie:in v:ilues for the ainount 
of dissolved Fe for the different c1e:ining positions become suc- 
cessively inore m d  inore sitnilur with increasing nuinber of clean- 
ing periods. 
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Fig. 3 .  Amount o f  dissolt.tci Fe/ertG f o r  a l l  test samples and eacli elcLaning 
prriod. The full line indicates the mean ~ a l u e s  and the  vertical l ines the  
st:itidiird deviat ions.  S denotes  the numlwr o f  test samples per cleaning 
period. 
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If, however, the variation in the amount of dissolved Fe  with 
respect to cleaning period is considered, then it is seen (Fig. 3 )  
-- as is :i lso apparent from Fig. 2 - that this quantity decreases 
up  to cleaning period 5 but reinnins steady thereafter. Moreover, 
the SD also inainly decreases with increasing number of clenn- 
ing periods (Fig. 3 ) .  
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Preliminary investigations on the possibility of st:tnd:irdizing 
various surgical and dental instruments made of carbon steels, 
in order to study during relatively short periods the suscepti- 
bility to corrosion and/or corrosion inhibition, indicated large 
variations from experiinent to experiment. Even after the instru- 
ments were replaced by test samples made froiii the same ma- 
terial a s  the instruments, difficulties were encountered in ob- 
taining, despite careful standardization during inanufacture, the 
experiiiiental material sufficiently uniforiii. Mechanical cleaning 
by inems of brushing and washing did not give a sufficiently 
homogeneous starting material, and pilot studies indicated that 
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Cleaning p e r i o d s  
Fig. 1. Mean values ( fu l l  line) f standard deviations (dashed line) for the 
differences in the amount of dissolved 17e/cm' for each test sample Iiet\veen 
two successive clc~nning periods for the whole experimental material. K = 

number of test samples for which this difference was calculated. 

stnndardiz:rtion using diluted acids cont:iining picltling inhibitors 
results in :I far too wri:ible surface destruction and :i fnr too 
large dissolution in comp:irison with the surface attack occurring 
during the actual corrosion test. Since good results had been ob- 
tained by the ultrasonic cleaning of metal surfaces subjected to 
electroplating ( Ostprman 1959, Koonz c t  dmron 1959, Gollrnicli 
1962, Barber 1063), this iiiethod w:is tried for the standardim- 
tion of the surfaces of the test sainples. 

Fig. 2 and perhaps nitire particularly Fig. 3 indicate that t w ,  
different stages occur during the cleaning process. Cleaning pe- 
riods l to 5 must represent a mechanical cleaning of  the snniples 
in which loosely attnched impurities and also surface crystals 
that have been cold-deformed to different extents during the 
final surface polishing :ire priiiiarily reinoved. 'Hie curve for 
cleaning periods 6-10 is mainly horizontal and the st:indnrd 
deviations decrease. During each of these latter cleaning periods, 
the aqueous medium contains about the sanie auiount of Fe, this 
:imount probably representing iiiainly corrosion products forin- 
ed during the cleaning process. If, for each separate sample, the 
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:tiiiouIit of Fe/ciri-' dissolved out during two successive clenning 
periods is constant, then this t1ie:tns th:it the surf:ice of the saiii- 
I)le under  the exlm%iient:il conditions oper:iting here gives the 
wnie :iiiiount o f  Fe/criiz when i t  is suhjectetl to the satiie action. 

Fig. 4 shows the iiie:in values k SDs for the  difference in  the 
: t i t i o u t i l  of dissolved Fe/ctii2 fro111 one :tiid the  s:iiiie test satiiple 
between two successive clenning periods for the  whole of the 
experitiietit:il inaterial. From this curve i t  is :ipp:treiit t h t ,  i t [ )  

to cleaning periods 4 5, the auiount of Fe  dissolveti out per 
cl e :I i i  i ii  g period d ec re:\ \e s 11 LI t t 1iere:i f t er re 111 :i i n s f ;I i r I y c c) t i  s t a n t 
:is far a s  the iiie:in v:ilue is concerned while the 9)s heconies 
sin:rller towards the end of the curve, i . ~ .  with i1icre:ising ni i i t i -  

her of cle:ttiing periods. Significant differences in the :tinoutit 
of dissol\.etl Fe/cmz did not occur,  for the  test sniiiples in the 
different clenning periods, hetween cleaning periods 8, 9, antl 10. 
Moreover, the atiiount of dissolved F7e/ciiiz does not differ sig- 
nificontly for the s:iinple\ in the ti erent positions in the ultr:i- 
sonic tank during these cleaning periods (Fig. 2 ) .  

The surf:ices of :ill the test saiiiples reacted u~iifortnly during 
this stage of the ultrasonic cleaning, i.c. the  different surfaces 
hod now reached :I state of dynniiiic equilihrium. This would 
therefore itidic:ite that  the ttiuteri:il c:in be considered to be well 
~t:intl:irdized and thus  \uit:tble for corrosion investig:ttions. 

s r A t A l . ~ l ~ Y  

A Inethod for the stnndnrdiz~ttio~i,  by iiieans of ultr:tsonics, of' 
test iiixterixls for corrosion investigations is described. 

1 est s:iiiiples correspontling to one type of dent:il instruiiient 
iiiiide of c:irhon steel were eiiiployed. l h e i r  diiiiensions, coinpo- 
sition, antl pretreatiiient were the saiiie i n  d l  cases. After pre- 
l iminary cle:ining, they were st:tndartiizetf by iiie:ins of ultrasonic 
treatiiient. To do  this, it w i s  necessary to stnndnrdize the various 
st:iges of  the ultrasonic process. 

The results show that this treatment gives a well st:ind:irdized 
material with :I surface which is sufficiently unifortn froiii :I 

corrosion point of view and thus  suit:thle for corrosioI1 investi- 
g:i tion s. 

r .  
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STANDARDISATION, L ilIDE DE THAITEMENT PAR ULTRA.SONS, DES 

E(:HANTII.LONS POUH TGSTS DE CORROSION 'A T.A VAPEUR AU 
I, 4BOHATOIRE 

L':iuteur tlbcrit une inbthotle einploy:int les ultra-sons pour I n  
\ t :i nd arc1 i s:i t io n d e s in;i t 6 ria u x tl'r s s;i i 1") 11 I' recherche s SLI r 1 :I c o r- 
rosion. 

I) e s kc hn n t i I 1 on s d'epre uve co r re s 1) on d ;I n t A u n t 91) e d ' i n s t r u - 
inent dentnire fait d'acier :ILI cnrbone ont  btb utilisbs. Leurs di- 
niensions, leur composition, et le traitcnient prbliniinnire ont &ti. 
les n~i.lnes clans tous les cas. hprks u n  nettoyage prCliniin:iire, 
ils ont dti. st:indnrdisbs ;iu iiioyen tl'un traiteiiient par ultra-sons. 
11:1ns ce hut, i l  :I 6 t b  nbcessaire de s1:iiid:irdiscr les diffbrentes 
ph :i ses d 11 trai teineri t 11 I tr:i son iq u e .  

Les rCsult:its montrent clue ce traiteinent donne un  iiiat6riau 
bien st:ind:irdisb, tlont la  surface est suffis:ininient uniforine tiu 
point de vile tie 1:i corrosion, et par consbquent :ippropri6e aux 
rechcrches snr  1:i corrosion. 

Z I' S .I \ I  11 I.:N FA S S I' N G 

STANDARDISIERUNG DES MATERIALS FOR EXPERIMENTELIJ? DAMPF- 
KOHROSIONSTESTS MIT HILFE VON ULTRASCHALL 

E s w i rd ei n e Met hod e z u r S 1 a n  (la rtl i sie r 11 n g d e s \'er s u ch s ni:i - 
t e ria 1 es fii r Korr o sion sun t e I' 5 uc h u nge n i n  i t Hi 1 f e vo n U 1 t r:i sc h a I I 
heschriehen. 1)entalinstruiiiente e k e s  hestininiten Types :ius Kur- 
hon-Stnhl (H:irtniet:ill) wurden in tler \'ersuch\reihe :ingew.:indt. 
I h re D ini en si o n e n, Z u s:i ni in e n se tz un  g n n tl Yo rheh a nd I u n g ware n 
in :11 1 en F ii I 1 en (1 ie g l eic he n . N:i c h vor a u sg eg a n g e ner R ei nig u n g 
w u r d en sie mitt  el s U 1 t 1-a s ch a I I h eh an d I u n g stand a r (1 i si e rt . Hie r z u 
w a s  es niitig, die einzelnen Studien des ultrasonischen I'rozesses 
zii st:indardisieren. 

Die Ergehnisse zeigen, class n i m  durcli diese Behandlung ein 
gut s t a nd a rdi si er t e s RI :I t er in 1 e rh ii I t ni i t ei 11 e r 0 he r f 1 ache, die hi n- 
reichend gleic1i:irtig ist iiii Hinhlick auf  die Korrosion urid sich 
d :I h er f ii r K orr o sion s u 11 t e r s uc h u nge n ei gn e t . 
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