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A number of N,N'~liacylalkyldiamines were prepared from 
the reaction of acid chlorides with 1,&diaminooctane and 
1,12~iiaminododecane and screened for anti-rust properties 
and antimicrobial activity in spent coolants of wate~based 
cutting fluids. Aqueous solutions of N,N'-dihexanoyl4,~ 
diaminooctane and N,N'-isobutyroyl-1,12-diaminododecane 
showed good anti-rust properties for water-based cutting 
fluids. Aqueous emulsions of N,N'~libutyroyl-, dipentanoyl; 
dihexanoyl- and dioctanoyl-l,12-diaminododecane showed 
good lubricities and antimicrobial activity for water-based 
cutting fluids. 
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A variety of water-soluble cutt ing fluids are used for mach- 
ine operations. For water-soluble cutting fluids, good anti- 
rust, lubrication and anti-bacterial properties are essential 
(1). We have previously reported that  para-alkoxybenzoic 
acids have excellent properties as anti-rust additives for 
wate~soluble cutt ing fluids (2). We examined the anti-rust 
properties, lubricity characteristics and antimicrobial ac- 
tivities of various N,N'-diacylalkyldiamines. This paper  
describes our recent evaluation of these new additives for 
use in wate~soluble fluids. 

EXPERIMENTAL PROCEDURES 

Preparation of N,N'-diisobutyroyl-l,8~liaminooctane [III ,  
R -- (CH3)2CH]. Isobutyroyl  chloride (5.33 g, 0.05 mol) in 
tetrahydrofuran (30 mL) was added to tetrahydrofuran (30 
mL) solution of 1,8-diaminooctane (1) (7.21 g, 0.05 mol) 
and pyridine (5.0 g) at  0°C and stirred for 6 h. The reac- 
tion mixture was quenched by adding water and extracted 
with ether. The ether extract  was washed with water, dried 
over anhydrous sodium sulfate and evaporated to give 
crude N,N'-diisobutyroyl-l ,8-diaminooctane ( I I I ,  R = 
C3H7). I t  was  recrystallized from ethanol  and melted a t  
143-145°C. The microanalysis  was in sa t i s fac tory  agree- 
men t  with the calculated values: C +- 0.30%, H +_ 0.05 
%. I t  showed the  following spectral  data: Infrared (IR) 
(cm-1): 3280 (-NH), 1630 (<C-O); nuclear magnet ic  reson- 
ance (NMR) (d,ppm): 1.07 (12H, d, J = 4.0HZ, CH 3 × 4), 
1.23 (12H, m, CH2 X 6), 2.09 (4H, m, -CH2NH X 2), 3.10 
(2H, m, (CH3)2CH X 2), 5,50 (2H, broad, -NH X 2); mass  
spec t rum (MS) (m/e): FAB method  (M + 1) + = 285.2540 
(M = C16H3202N2). Other  diamides were prepared in a 
similar manner.  

Lubricity characteristic tests. As the solubilities of 
these amides in water  were low, two kinds of tes t  solutions 
were prepared as follows. Test solution A: Aque0ussolu-  
tions of triethanolamine (2.0 g), a diamide (0.2 g) and water 
(100 g) were used as the tes t  solutions. Test solution B: 
Aqueous emulsions of water  (97 g), a diamide (1.0 g) and 

*To whom correspendance should be addressed. 

polyoxyethylene nonylphenylether  (EO 5 mols) (2.0 g) as 
an emulsifier were used. Japanese  ci ty water  (Osaka and 
Chiba) was used for all tests.  The same results were ob- 
tained in all tes ts  as with distilled water. 

Corrosion tes ts  wi th  cas t  iron chips were carried out as 
follows. Two grams of cas t  iron chips (J IS  G5501, GC-20, 
gray iron casting; N E O S  Central Research Laboratory,  
Shiga-ken, Japan),  which had been washed with benzene, 
were immersed  in a sample  solution (5 mL) of cu t t ing  
fluids in a watch glass. The container was covered. After  
10  min, the solution was removed by t i l t ing the watch 
glass. The rust-preventive effect (the amount  of rus t  on 
the cas t  iron chips) was determined as shown in Table 1. 
This method is a s tandardized tes t  in J a p a n  and is based 
on the I.P. Corrosion Test 125/63 T (3). 

The coefficient of friction was measured at  25°C by a 
pendulum-type  oiliness and friction tes ter  (Shinko 
Engineering Co. Ltd., Toky~ Japan)  (4). A desirable value 
for the coefficient of friction is under  0.23. 

Welding loads (kgf/cm 2) were measured on a Soda-type 
four-ball lubr icat ing oil tes t ing  machine a t  200 rpm. The 
welding load should be as high as possible, the desirable 
value being more than  5.0 kgf/cm 2 (5). This tes t ing  
machine and friction tes ter  ment ioned above have been 
officially authorized by the Agency of Indust r ia l  Science 
and Technology of J a p a n  as J I S  K2519 and 2219. 

Surface tensions (dyrdcm) were measured at  25 ° C with 
a DuNoiiy tensiometer. The desirable value of surface ten- 
sion is under 60. These results are shown in Tables 2 and 3. 

Antimicrobial activity tests for spent coolants of water~ 
based cutting fluids (6,7). Agar  (20 mL) was placed in a 
sharle with a d iameter  of 90 m m  and solidified. One m L  
of bacterial  culture was dropped on the center of the agar 
and spread uniformly with  a sterile, bent  glass rod, and 
dried for 10 min a t  room temperature.  The above-men- 
tioned bacterial  culture was prepared as follows: a spent  
coolant (live fungi above 107/mL) was collected f rom an 
industr ial  factory, and the bacter ia  were cultured on a li- 
quid broth  for 48 h a t  30°C. On the center of the agar  in- 
oculated with this culture, one mL of the sample  solution 
of the new cu t t ing  fluids was dropped, and the agar  was 
kept  a t  30°C. After  1, 2 and 3 d, the degree of increase 

TABLE 1 

Valuation of Anti-Rust Effect 
Time (h) The amount of rust Valuation point 
72 No appearance of rust 10 
48-72 1-2 Points of rust 9 
24-48 . 1-2 Points of rust 8 
24 1-2 Points of rust : 7 
24 Some points of rust 6 
12-24 Some points of rust 5 
8 Some points of rust 4 
6 Some points of rust 3 
3 Some points of rust 1 
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TABLE 2 

Cutting Fluid Characterization of Aqueous Solutions (Test solution A) for Various N,N'-diaeylalkyldiamines a 

Rust-inhibition Surface Welding 
test for time (h} Friction tension load 

R pH 24 48 72 coefficient (dyn/cm) (kgf/cm 2) 1 

Antimicrobial 
properties 

for time (d) b 

2 3 

RCONH(CH2)sNHCOR 
CH 3 10.2 1 0  8 8 0.16 49 8,5 + + +  + +  
CH(CHs) 2 10.1 10 10 8 0.20 65 10.0 + + + + + 
C4H 9 10.1 10 10 9 0.21 55 15.0 - + + +  
C5Hll 10.0 10 10 10 0.23 46 20,0 - + + + + 
C6H13 9.9 10 10 10 0.20 49 18,0 - + + + + 
C7H15 9.8 10 10 9 0.18 51 17.0 - + +  + + +  
C17H33 9.7 8 8 7 0.12 53 16.5 + + +  + + +  
C6H 5 9.9 8 7 7 0.17 65 18.5 + + +  + + +  

RCONH(CH2)12NHCOR 
CH 3 9.9 10 9 8 0.17 53 
C2H 5 10.0 10 9 8 0.17 51 10.0 
C3H 7 (3b) 10,5 10 9 8 0.18 48 12.0 + + +  + + +  
CH(CH3) 2 10.7 10 10 10 0.18 45 14.0 + + +  + + +  
C4H 9 10.3 10 9 8 0.19 50 14.5 + + + +  + + +  
C5Hll 10.1 10 9 8 0.20 55 15.5 + +  + + +  + + +  
C6H13 9.9 10 8 7 0.18 60 16.0 + +  + + +  + + +  
C9H19 9.7 9 8 7 0.16 65 17.0 + + + 
CllH23 9.9 8 8 7 0.11 62 18.0 + +  + + +  + + +  
C13H27 9.8 8 8 7 0.18 63 18.5 + +  + +  + +  
C17H33 9.6 8 8 7 0.15 37 20.0 + +  + +  + +  
C6H 5 9.0 8 8 7 0.11 63 11.5 + + +  + + +  

Triethanolamine 
(2% aq. sol.) 10,3 7 6 5 0,21 70 8.5 + +  + + +  + + +  

Triazine type antiseptic 
1% aq. sol. -- -- 
0.5 % aq. sol. -- -- + 
0.1% aq. sol. + + +  + + +  + + +  

Blanc + + +  + + +  + + +  

~Test solution A: Aqueous solutions (aq. sol.) of adduct (0.20 g), triethanolamine (2.0 g) and water (100.0 g) were used as the test solutions. 
bAntimicrobial properties: --, increase of bacteria was not observed; +, a very little increase of bacteria was observed; + +, a little in- 
crease of bacteria was observed; + + +, large increase of bacteria was observed. 

of bac te r ia  was observed.  Scor ing  was per formed as fol- 
lows: - is no bac te r ia l  growth,  + is very  l i t t le  bac ter ia l  
increase. + +  is l i t t le  bac te r ia l  increase, + + +  is a large 
bac te r ia l  increase. This  m e t h o d  is a modi f ica t ion  based  
on the  reference's m e t h o d s  (6,7}. 

I t  is known  t h a t  spoi lage m a y  be caused  by  several dif- 
ferent  o rgan i sms  work ing  toge ther  (8-12). The spen t  
coolant  con ta ins  microorganisms,  such as Staphylococcus 
aureus, Desulfovibrio desulfuricans, Pseudomonas 
aeruginosa, P. oleovorans, Klebsiella pneumonia¢ Escher- 
ichia coli, Proteus mirabilis and Fusarium sp. The bacter ia  
con t en t  of the  spen t  coo lan t  was over 107/mL. 

RESULTS AND DISCUSSION 

We previous ly  repor ted  t h a t  p-a lkoxy-benzoic  acids have 
excellent properties for r u s t  inhib i t ion  (2). I n  t ha t  research 
(2), aqueous solut ions of t r i e thanolamine  sal ts  of these fat: 
t y  acid der iva t ives  were eva lua ted  as c u t t i n g  fluid ad- 
ditives.  I n  th i s  paper, we descr ibe a new type  of c u t t i n g  
fluid addit ives.  We prepared  var ious  N,N'-diacylalkyldi-  
amines  from the  reac t ion  of 1 ,8-octyldiamine (I) or 1,12- 
dodecy ld iamine  wi th  acid chlorides and  examined  char- 
acter is t ic  proper t ies  of water-soluble  c u t t i n g  fluids pre- 

pared from them. N,N'-di isobutyroyl- l ,8-octyldiamine (III,  
R = i-C3H 7) was  p r e p a r e d  f rom t he  r e a c t i o n  of 
1 ,8-diaminooctane  (I): 

NH2(CH2)aNH 2 + RCOCI 

(I) 01) 

RCONH(CH2)sNHCOR 

(Ill) 
S C H E M E  1 

a nd  i sobutyroy l  chloride (II, R = i-CvH7) in the presence 
of pyr id ine  (Scheme 1). 

As  the  solubi l i t ies  of these  d iamides  to water  were low, 
two types  of sample  so lu t ions  were employed as tes t  solu- 
t ions  as shown in  the  E x p e r i m e n t a l  Procedures  section.  
Aqueous  so lu t ions  (0.5%) of these  samples  (Test so lu t ion  
A) were evaluated  as c u t t i ng  additives,  and  the resul ts  are 
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TABLE 3 

Cutting Fluid Characterization of Aqueous Emulsions (Test solution B) for Various N,N'-diacylalkyldiamines a 
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Antimicrobial 
Rust-inhibition properties 

test for time Surface Welding 
(h) Friction tension load for time (d) b 

R pH 24 48 72 coefficient (dyn/cm) (kgf/cm 2) 1 2 

RCONH(CH2)sNHCOR 
C3H 7 8.7 10 10 8 0.18 42 9 -- - -- 
C4H 9 8.6 10 10 8 0.18 41 10 -- -- - 
C6H13 8.6 10 10 8 0.17 41 11 - - + 
C7H15 8.4 20 20 8 0.17 40 13 -- -- + 

RCONH(CH2)I2NHCOR 
C2H 5 8.4 10 10 8 0.17 38 12 - - + 
C3H 7 8.6 10 10 10 0.18 35 23 - - + 
C4H 9 8.5 i0 10 10 0.15 39 15 -- -- + 
CsH u 8.3 10 10 20 0.14 39 15 - -- + 
C7H15 8.3 10 20 20 0.12 39 16 - - + 

Polyoxyethy2enenonylphenylether 7.2 8 7 6 0.28 31 2 - + + + 

Triethanolamine (2% aq. sol.) 10.3 7 6 5 0.21 70 8.5 + +  + + +  + + +  

Triazine type antiseptic 
1% aq. sol. -- - -- 
0.5% aq. sol. -- -- + 
0.1% aq. sol. + + +  + + +  + + +  

Blanc + + +  + + +  + + +  

aTest solution B: Aqueous solutions (aq. sol.) of adduct (1.0 g), polyoxyethylene nonylphenylether (2.0 g) and water (98.0 g) were used 
as the test solutions. 
bAntimicrobial properties: - ,  increase of bacteria was not observed; +, a very little increase of bacteria was observed; + +, a little in- 
crease of bacteria was observed; + + +, large increase of bacteria was observed. 

l i s ted in  Table 2. Aqueous  so lu t ions  of these  compounds  
(III)  c o n t a i n i n g  amide groups have excellent  an t i - rus t  a nd  
ant i -wear  propert ies .  Thus ,  aqueous  so lu t ions  of N,N'- 
di isobutyroyl,  N,N'-dipentanoyl,  N,N,'-dihexanoyl or N,N,'- 
d ihep tanoy l - l , 8 -d iaminooc tane  and  N,N' -d i i sobutyroyl -  
1 ,12-diaminododecane  d e m o n s t r a t e d  excel lent  corrosion 
res i s tance  in  a tes t  wi th  cas t - i ron chips. The  load capaci- 
t y  of th i s  so lu t ion  was a b o u t  14-20  kgf/cm 2 a t  200 rpm. 
Aqueous  emuls ions  of c o m p o u n d  (III)  w i th  polyox- 
ye thy lene  n o n y l p h e n y l e t h e r  were eva lua ted  as c u t t i n g  
fluid addi t ives ,  and  the  resu l t s  are l i s ted  in  Table 3. N,N'- 
dibutyroyl- ,  dihexanoyl-  a n d  d ioc tanoyl - l ,12-diaminodo-  
decane  showed excel lent  corrosion res i s tance  and  load 
capacity.  

Water-soluble  c u t t i n g  f luids  are eas i ly  degraded  by  
var ious  microorganism.  M a n y  mater ia ls ,  such as alkanol- 
amines,  were s tud ied  for the i r  an t imic rob ia l  proper t ies  
aga in s t  a mixed  flora of fung i  and  bac te r i a  in  c u t t i n g  
f luids (10-12). We examined  the  an t imic rob ia l  proper t ies  
of these  amides  in  water -based  c u t t i n g  fluids.  Af te r  in- 
c u b a t i n g  t h e m  a t  38°C, the  bacter ia l  con t en t s  of the  sam- 
ple so lu t ions  were observed.  As  shown in  Tables 2 and  3, 
aqueous  emuls ions  of N,N, ' -diacyl-l ,12-diaminododecanes 
showed a fair an t imic rob ia l  p rope r ty  in  spen t  coolants ,  
together  wi th  an t i - rus t  properties.  T h o u g h  aqueous  emul- 
s ions  of N,N'-diacyl- l ,8-  d i a m i n o o c t a n e s  showed fair an- 
t imicrobia l  propert ies,  the i r  corrosion res i s tances  are 

somewha t  inferior  to those  of N,N'-diacyl-1,12-diamino- 
dodecanes.  The new addi t ives  descr ibed  above for water- 
ba se d  c u t t i n g  f luids  were no t  p rev ious ly  evaluated.  
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