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TECHNICAL APIINOPOLYMETHYLENEPHOSPHONIC ACIDS 
AS SCALE INHIBITORS 

HELMUT BLUM and PETER CHRISTOPHLIEMK 
Laboratories of HENKEL KGaA, Dusseldorf, FR Germany 

Abstract Aminopolymethylenephosphonic acids are complexing 
agents which can easily be synthesized technically and which, 
referring to their strong threshold effect, are used to a 
large extent as scale inhibitors. As a consequence.of their 
increasing use, especially in the oil industry, they now re- 
present the largest group of commercially available phosphonates 

TEST !?.ETBODS 

A number of easy and prac t ice- re la ted  t e n t  mcthods 
!lave been developed f o r  the cha rac t e r i s a t ion  of t!ieir 

corr?lexina a b i l i t y  ax? sca l c - inh ib i t i nn  y r o p r t i c s .  The 
hamps!iirc t z s t  nskes U S E  of a t i t r a t i o r ,  of a ooiliun: 
carbonate Iihosphonatc r,olutior. w i t h  a calcium s z l t  

so lu t ion  u n t i l  prccipi t3t io: i  of czilcitc occurs .  I n  con- 
t r a s t  # i n  the n w d i f i r 4  iJ,am;is!iirn tes t ,  f r e sh ly  Frccipi- 

t a tcd  c a l c i t e  is dissolved h;. the  addi t ion  of corn- 
plcxing aqcnts.  2es ides t  t!lc inh ib i t i on  of c a l c i t e - ,  
gypsum- and haryte  sca l e  is dcterrnincd accordina to  an 

in t e rna t iona l ly  cmmon s t a t i c  t e s t  ( 7 2  i i )  as wcll as 
accordinc t o  a mixec! dynamic (= 2 1  h ) / s t a t i c  ( =  I F  !-I) 

m t ‘ i o d  undt.r d i  f f n r e n t  nL- ard t m p c r a t u r c  co??dl t i ons  
3EI i  a t  d i f f c r c n t  foreicn e l e c t r o l y t e  c o n c m t r a t i o r s .  

13 t’ie eucl1Jsivcly dynamic test, syn the t i c  North Sca 

-gater i.: ~~r~nscc i  t’lrouc:h 7 s t e e l  sa:>i l lary a t  70 and 
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Test-lbttd O V n r l C  q n l i c i s t a t i c  stat ic  
swl cyldi Y '1 6W.U (5.0 g/l) 61fflll (12.0 g/l) 

5g/161psuy 9 g / l  
pm!qp&jctmlyts 1.5 10.3 11.9 15.3 

6.4 6.2 6.0 6.0 PH 
T q a r a t v r  (%I 90 m lo 9 0 7 0 9 0  
lnhlbila / pp 1 3 JI 40 1 5 2 0 2 0  

90 OC, and the pressure increase resulting from a 
constriction of the steel capillary as a result of 
scale formation is measured. 

Cynaicfltattc Static 
ULCllE (0.25 g / l )  ULCm (4 g/l) 

33 

70 

30 

9.5 1.3 
05 

2.5 5 10 20 40 

TEST RESULT 
The values established by means of the Hampshirn, test 
show that the conplexing ability in mg CaCO3/q acid 
does not correlate with the number of methylenephos- 
phonate (= m pa) qroups : 

Amino (mpa) 8 20 
Ethylcnediamine (mpa) 1000 

Diethylenetriamine (mpa) 1 0 2 0  

Bis (hexamethylene) triaminc (mpa) 2 30 
Hydroxycthylethylcnediminc(mpa)3 > 2 5 0 0  

Hydroxyethylcthylcncdimine(mpa)2-3 5000 

The effect of the pure hydroxyethylethylenedi&minc 
(mpa), is even exceeded by that of mixtures of bis- 
and tris(methy1enephosphonic acid). 

m % im 

48 62 92 

90 1 M  1 M  

~~ 

!&bJ lnhibltim ur& difftnnt cmditlma a) total r a n t  of  GlpSul OT CILCllE r e v .  nwltlnq f r o  d' ud 
nprivalant m t s  of aulfate P carbonate ralpectively 
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TECHNICAL AMINOPOLYMETHYLENEPHOSPHONIC AClDS ... 621 

Table 1 summarizes examples of scale inhibition under 
exclusively static, mixed static/dynamic and exclu- 
sively dynamic conditions. In the static test all 
aminomethylenephosphonic acids give excellent inhibi- 
tion results at 70 OC towards CaSO scale. At 90 OC 
and 9 g CaS04/1, diethylenetriamine(mpa)5 proves to 
be the most effective representative of this product 
group. Over a pH-ranqe from 4 to 10 as well, this 
compound inhibits CaS04 formation ( 5  g/l) completely 
at 90 OC at concentrations from 3 ppm onwards, folbwed 
by bis(hexamethylene)triamine(mpa)5. Ethylenediamine 
(mpa), has an optimum effect at pH 4-6, and amino(mpa) 
displays an increasing inhibition effect from pH 4 to 
10. 

Under mixed dynamic/static and also under exclusively 
dynamic test conditions, both penta(mpa) compounds 
display the best inhibitive effects. Althouqh bis(hexa- 
methylene) triamine (mpa) displays the lowest com- 
plexing ability, its inhibitive effect exceeds that 
of most other aminomethylenephosphonic acids. Under 
dynamic/static conditions all aminornethylenephosphonic 
acids inhibit calcite scale formation completely from 
5 ppm onbards at pH 3.5 and also at a very  high elec- 
trolyte concentration. The test results obtained under 
static conditions show that, at hiqher calcite concen- 
trations ( 4  a / l )  , it is again the (rnpa), types and 
also the bis/tris (methylenephosphonic acid) mixture 
that prove to be the most effective inhibitors €or com- 
plete scale inhibition. 
SYNERGISTIC EFFECTS 
A remarkably hiqh degree of barytc scale inhibition 
can be attained when using aminomethylenephosphonic 
acids in combination with low-viscosity polyacrylate 
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types : 
Hydroxyethylethylenediamine(mpa)2-3 4 0  % inhibition 
Polyacrylate (viscosity <lOOOO mPa) 49 % inhibition 
Mixture, weight ratio 1:l 100 % inhibition 
MANUFACTURING 
Aminomethylenephosphonic acids are synthesized from 
the corresponding amine, phosphorous acid and formalde- 
hyde in the presence of hydrochloric acid. In this 
reaction, exhaustive methylenephosphonylation only 
takes place if adequately high hydrochloric acid con- 
centrations are present (Fiy. 1). To achieve the tech- 
nically desired optimum effectiveness of the bis/tris 
(methylene phosphonic acid) mixture, a mole ratio of 
amine to HC1 of 1:l is required. 

100 

80 

60 - 
!5 
v) 
Q) + m c 
0 c 

0 r 
840 
n 

20 

a Trisphosphonic acid from pure amin c from crude amin 

b Bisphosphonic acid from pure amin d from crude amin 

,.-c 
/ -  

I 1 I I 

1 2 3 4 5 
mole HC1 per mole amin 

Fig.1: Formation of  Phosphonates vs. Excess o f  HCl 
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