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Wear  cavities in St.5 steel samples  crea ted  by lets of aqueous solutions containing polymers  
of var ious kinds a re  examined; the cavities a re  evidently formed by an impact  mechanism 
ar is ing as a resul t  of the sudden decelerat ion of v iscoelas t ic  associa tes  of the po lymer  solu-  
tions at the steel  sur face .  

On dissolution in water  cer ta in  po lymers  form associa tes  constituting large,  supramolecular  fo rma-  
tions compris ing po lymer  macromolecu les  and a large  number  of immobil ised molecules  of the solvent [1]. 
The dimensions of the associa tes  in, for example, solutions of polyoxyethylene, with a molecular  weight 
of 4 �9 106, are  of the order  of 1 mm. How much water  occurs  in the associa tes  may be seen f rom the fact 
that the volumetr ic  conentrat ion of the associa tes  of the po lymer  in question amounts to 3~o for a g rav i -  
me t r i c  concentrat ion of the polymer  equal to 10 -5 [2]. 

It was shown in [2] that even for a flow rate  of 3 m / s e c  the elastoviscous associa tes  exhibited the 
proper t ies  of solid par t ic les  on being re ta rded  at the cr i t ical  point of a Pitot tube. In this case  the cha r -  
ac te r i s t i c  t ime of re tardat ion of the associa tes  in the Pitot tube was of the order  of 10-3-10 -2 sec (the r e -  
laxation t ime of the assoc ia tes  is of the same  order) .  

The point of view developed in [1, 2] as to the s t ruc ture  of po lymer  solutions led to the following 
proposi t ion in [3]: if the velocity of a flow incident upon a b a r r i e r  is ra i sed  sufficently, the ra t io  of the 
re tardat ion t ime of the associa tes  to their  relaxation t ime will a ssume such a value that the associa tes  will 
behave as fair ly r igid par t ic les  capable of rupturing the b a r r i e r  [3]. An experimental  verif icat ion of this 
proposi t ion showed that when a jet of a dilute po lymer  solution with a velocity of ~150 m / s e c  s t ruck a 
metal  sample (carbon steel of the St.5 type) open holes and cavities (caverns) were crea ted  on the surface .  

We accordingly attempted an analysis  of the cha rac t e r  and the causes of wear  in steel samples  at-  
t r ibutable to the action of water  jets containing t r aces  of po lymers .  

The samples for the wear tes ts  were made f rom St.5 steel in the as-suppl ied state.  The m i c r o -  
s t ruc tu re  compr ised  f e r r i t e  and pear l i te  with a c l ea r ly - exp re s sed  banded s t ruc ture .  

As working liquid we used aqueous solutions of polyacrylamide  of the AMD brand (molecular weight 
1 .5 .10  s) or  polyoxyethylene -- Polyox WSR-301 --  with a molecular  weight of 4.106, the concentrat ions 
being varied f rom 0.1 to 0.001%. As a solvent we used Moscow city water  without subjecting this to ei ther  
physical  or  chemical  t reatment .  

In order  to compare  the action of the polymer  solution jets on the metal  samples we ca r r i ed  out 
analogous tes ts  without the additives in question and also with the addition of sand. 

In order  to study the effect of the liquid jet on the metal  samples  we used the apparatus depicted 
schemat ical ly  in Fig. 1. F rom the vesse l  1 the solution was directed by means of the centrifugal pump 2 
to the plunger (piston) pump 3, which ra ised  the p r e s s u r e  of the liquid to 320 atm and gave a ra te  of flow 
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Fig. 1. Ar rangement  of the apparatus.  

equal to 1.1 l i t e r / s ec .  The h igh -p res su re  liquid 
passed to the nozzle 4 which had an internal diameter  
of 2 mm. The sample  5 was placed perpendicular ly 
to the jet of liquid, at a distance of 3 mm f rom the 
tip of the nozzle.  

When the apparatus was operated without c i r -  
culation of the liquid, using solutions of both poly- 
ac ry lamide  and polyoxyethylene (concentration 10 -1%, 
supply p r e s s u r e  250 atm, volumetr ic  flow rate  0.7- 
0.8 l i t e r / sec ) ,  a hole was created  in a steel plate 2.5 
mm thick by the jet of solution after  only a few min-  
utes .  In o rder  to d iscover  the charac te r  and causes 
of the wear  due to the jet of polymer  solution we stu-  
died the initial s tages in the wear of the steel s a m -  
ples.  This we did by repeated circulat ion of small  
volumes of the aqueous polyoxyethylene and poly- 
ac ry lamide  solutions.  Under these conditions we ob- 
served  an intensive degradation of the solution, a s -  

sociated with the diminution of the associa tes  and the degradation of the po lymer  molecules by shear  
s t r e s s e s  in the flow and also impact  s t r e s se s ,  as well as the heating of the liquid (up to 50~ These 
facts and also the c i rcumstance  that the most  ser ious  wear  only occurs  during the f i rs t  few cycles of c i r -  
culation of the solution through the apparatus explain the comparat ively  slight wear  suffered by the sam-  
ples in the t ime chosen for the experiment  (20 min)~ The period of operation of the apparatus (without 
circulation) in pure water  was 60 min, and with the addition of sand 5 rain. 

Under the influence of the jets of polymer  solutions, round caverns  were  formed in the samples;  
they had a rough sur face  and a d iameter  of 3.9-4.4 mm, while the depths were varied and nonuniform 
(0.13-0.51 ram). The cha rac te r  and dimensions of the asper i t ies  (rough places) were  almost  identical in 
all the samples .  

After  60 min under a jet of pure water a cavity was only just  noticeable, and was apparently due to 
cavitation. 

In o rder  to p repa re  a longitudinal microsect ion,  the sample  was ground on an emery  stone to half 
the d iameter  of the cavity. Then the sect ion was flooded with plastic,  and emery  cloth and diamond pastes 
were us ed to p repa re  mic ros  ections. After this the microsec t ion  was polished using a cloth coated with a sus-  
pension of chromium oxide. Etching was ca r r i ed  out in a 4% solution of ni t r ic  acid in alcohol. 

On the sample  subjected to the jet of polymer  solution, the edge of the cavern  was charac te r ized  by 
bending of the grains  and se r ies  of slip bands, indicating plast ic deformation (and hence work hardening) 
in a very  nar row zone 1-3 grains  thick. Figure 2 c lear ly  shows the branched slip bands charac te r i s t i c  of 
fe r r i te .  It should be noted that in no case did twins appear  in the fe r r i te  grains of the work-hardened 
layer  or  in its neighborhood. 

The average  mic rohardness  (H20) at the edge of the cavern  was 227 and at a distance of 0.05 mm 
from the edge 170 (in the original s t ruc ture  it was 170). The microhardness  at the edge of the cavity was 

Fig. 2. Slip bands in fe r -  
r i te  grains at the edge of 
the cavity. • 
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Fig. 3. X - r a y  record ings  of the (220) donebe fo re  and 
a f t e r  r emoving  the work-ha rdened  layer :  a) a f t e r  the 
act ion of a je t  of po lymer  solution; b) the s a m e  p lace  
a f t e r  r emoving  the w o r k - h a r d e n e d l a y e r ;  r ,  pulses  
/ m i n ,  0, deg. 

c l ea r ly  h igher  than in the in te r io r  of the sample  as a r e su l t  of work hardening.  

The fine c rys t a l  s t r u c t u r e  of the s amples  was s t u d i e d b y  record ing  x - r a y  diffract ion pa t t e rns  in a 
URS-50I ins t rument ,  using the radia t ion of an i ron anode and record ing  the intensi t ies  with a scint i l la t ion 
counter .  

We used  samples  p rev ious ly  subjected to meta l lographic  ana lys i s .  The x - r a y  beam was d i rec ted  
toward the bot tom of the cavity.  The s amp le  was insta l led in the holder  in such a way that the bot tom of 
the cavi ty  coincided with the r e f e r e n c e  plane of the holder .  X - r a y  di f f rac t ion pa t te rns  were  recorded  be -  
fore  and a f t e r  etching. 

In o rde r  to avoid e r r o r s  during the record ing  of the x - r a y  diffract ion pa t te rns ,  the cavity was etched 
in the sample  holder ,  i . e . ,  the l a t t e r  was not read jus ted .  Af ter  the act ion of the je t  of p o l y m e r  solution, 
the (220) l ines were  broadened and the doublet became  diffuse,  these  effects  vanishing a f t e r  deep etching. 
T h e r e  waz a lso  a sha rp  {~50 t imes)  reduct ion in block s ize ,  an i nc r ea se  of an o rde r  of magnitude in the 
m i c r o s t r e s s e s  within the steel ,  and a lso  an i nc r ea se  in the number  of c r y s t a l - l a t t i c e  defects ,  this being 
a ty~,ical r e su l t  of the p las t ic  deformat ion  of the meta l  (Fig. 3). 

For  compar i son  purposes  we made s o m e  expe r imen t s  to de t e rmine  the effects  of a je t  of s a n d - c a r r y -  
ing water .  The exper iments  were  c a r r i e d  out with s amples  of St.1 s tee l .  The act ion of the water  jet  con- 
taining 4 vol.  % sand was fa r  m o r e  intense than that of the water  containing po lymer  addit ives with the ap-  
pa ra tus  working in the c i rcula t ion  mode; a f t e r  5 min a cavi ty  10 m m  deep appeared  in the s ample .  In this 
cavity we found a work-ha rdened  l aye r  and a l a rge  number  of twins (Fig. 4). The la t t e r  indicated a s e v e r e  
impac t  act ion of the sand pa r t i c l e s .  

Thus the s amp le s  subjected to the act ion of a water  je t  containing p o l y m e r s  acqui re  a work-ha rdened  
l aye r  such as is c h a r a c t e r i s t i c  of all  f o r m s  of mechanica l  wear  [4, 5]. Fo r  the exper imenta l  conditions 
employed ,  a wa te r  je t  without addi t ives  produced l i t t le  wear  on the s tee l .  

The intensif icat ion of the wear  due to the po lymer  addit ives is caused by the ab ra s ive  act ion of the 
a s soc i a t e s ,  which on being sha rp ly  dece le ra t ed  at  the s tee l  b a r r i e r  with a r e t a rda t ion  t ime  much s h o r t e r  
than the i r  re laxa t ion  per iod become  so hard  that they c r ea t e  p las t ic  deformat ion  (work hardening) in the 
outer  l ayer ;  the repea ted  impac t s  cause  fatigue and hence local  des t ruc t ion  of the su r face .  

Fig. 4. Twins in 
f e r r i t e  gra ins  at 
the edge of the cavern .  
x400.  
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The s e v e r e  a b r a s i v e  act ion of the wa te r  je t  containing sand is due to the fact  that the ha rdness  of 
the sand pa r t i c l e s  is g r e a t e r  than the ha rdnes s  of the s tee l ,  as a r e su l t  of which, in addition to w o r k - h a r -  
dening, the sand pa r t i c l e s  cut the s u r f ace  l aye r s  of the b a r r i e r .  

The absence  of twins during the act ion of the wa te r  je t  containing p o l y m e r s  shows that in this case  the 
s tee l  b a r r i e r  is  rece iv ing  impac t s  f r o m  pa r t i c l e s  so f t e r  than sand. It would appea r  that  the wear  of s tee l  
by wa te r  je t s  containing soluble p o l y m e r s  const i tutes  a case  of wear  by pa r t i c l e s  with a ha rdness  lower  than 
the ha rdnes s  of the me ta l .  

These  r e su l t s  indicate  an ab ra s i ve  effect  of the je ts  of po lymer  solution on the hard  obstacle ,  much 
g r e a t e r  than that of pure  water .  We might indicate  a number  of industr ia l  p r o c e s s e s  in which the wearing 
p r o p e r t i e s  of a je t  const i tute  the main  technological  opera t ion,  and in which the use  of po lymer  solutions 
as working media  will c l ea r ly  be de s i r ab l e :  the hydrau l i c -mon i to r  method of breaking  rocks  in open work-  
ing and in deep dri l l ing,  the pe r fo ra t i on  of oil and gas  wel ls ,  and so  on. 

The p o l y m e r  powder i t se l f  and its aqueous solutions a r e  h a r m l e s s  in applicat ion and have no c o r r o -  
s ive  effects  on the meta l .  The v i scos i ty  and densi ty  of the solutions d i f fer  ve ry  l i t t le  f rom the v i scos i ty  
and densi ty  of the solvent .  
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