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B.  

(P•9) 1 Introduction  

Remarkable advances have recently been achieved in 

the study of organophosphorus compounds and a number of 

interesting results have been obtained for the application of 

these compounds to various fields. With the exception of a 

few; i.e., some aromatic phosphorus derivatives that have 

earned a great deal of  farcie as pesticides because of their 

merit as well as toxicity and some aliphatic derivatiVes 

especially those which possess such substitution croups as CN 
C; 

and F and which . wereAone  tinte  subjected to extensive studies 
•• 

as dangerous nerve gases 1)
, these compounds are used  effective- 

'y in a variety of fields, though in a somewhat inconspicuous 

manner, depending on their characteristics. Among phosphorus 

derivatiVes having'alkyl cha:ins, there are many - compounds of 
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interest which are characterized by dissolubility in such 

organic materials as mineral oil and synthetic resins or by. 

surface active properties when dissolved in water, and their 

use also extends over a wide area. 

Since it is of course impossible to cover all the 

areas of application of these compounds, in this paper recent 

progress in the application of aliphatic phosphorus deriva-

tives mainly as flame retardants, surfactants, antistatic 

agents, lubricant additives, and anticorrosives will be out- 

lined . 

2 Flame Retardants  

There are some difficult points in flameproofing 

plastics and textiles, since this ends in two conflicting 

results - prevention of disasters and waste disposal problems. 

However, from a safety viewpoint such operation is strongly 

demanded, and numerous products have already been in practical 

use, the detailed account of which is given in special works 

of Konishi and Hirao
2) . Flame retardation by phosphorus 

compounds is believed to be effected by exclusion of oxygen 

due to formation of nonvolatile membranes on the surface of 

an object by - polyphosphoric acid produced as a pyrolyzate and 

at the saine  time by progression of such changes catalyzed by 

the polyphosphoric acid as dehydration, decarbonation and 

carbonization, leading to the formation of carbon films on 

Throughout this paper bompounds.possessing the structure 
of 0:1'11(01) 2  are called phosphonate diester, whereas those 

wdth the structure of P(OH)(OR) 2 phosphite diester. 
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the surface. 

2.1 Flame retardants for textiles  

Flameproofing textiles is developed in response to 

social demand for saving lives and extends over a wide area 

ranging from industrial and military uses to general  publics  

use as exemplified by curtains and garments 3) . 

Arney and Kuryla4) have carried out some fundamental 

examination with 11 aliphatic and aromatic esters of phosphite, 

phosphate and phosphonate on the relation between their 

chemical sturcture and flameproofing effect ôn cotton fabrics. 

In this examination the flameproofing effect is expressed as 

** 5) 
oxygen indices 	. Hence it is .obvious that compounds with 

larger oxygen indices are less inflammable. Oxygen indices 

of the 11 phosphorus derivatives used are shown  in Table 1. 

The cotton fabrics showed an Oxygen index of 18.5.  Judging 

from Table 1, the oxygen indices of these derivatives them-

selves are not so large, but they represent values in/the air 

phase, whereas the index for the fabrics is . the value for 

solid-phase pyrolysis, the combustion conditions being entire- 

ly different between the two. Fig. 1-demonstrates,Lthe 
• 	req--few exampfe-7-6D 

relation between the oxygen index of the treated cotton and 

the phosphorus content of the derivatives. Of the aliphatic 

The index is obtained from the minimal concentration of 
oxygen required for the flaming of an object Under various 
atmospheric 02 /N 2  ratios by using an equation 

° 2 
oxygen index = 	. 	x 100 

	

-1\ 2 	02  

* * 
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Derivative Oxygen index 
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Fig. 1 Oxygen in-
dices and phosphorus 
contents of cotton 
fabrics treated with 
phosph9rus deriva-
tives4 ) 

Ordinate: Oxygen 
index 

Abscissa: Phosphorus 
content ()) (fab-
ric plus treating 
agent) 

A: Triethyl phos- . (p.10) 
phite 

B: Diethyl ethane-
phosphonate 

C: Triethyl phosphate 

Table 1 Oxygen indices of various phosphorus derivatives 4)  

19.2 
18.0 
18.0 
23.0 
19.0 
22.0 
22.0 
24.0 
26.0 
19.0 
19.0 

Trimethyl phosphite 
Triethyl phosphite 
Isopropyl phosphite 
Phenyl neobenzyl phosphite 
Didecyl phosphite 
Dimethyl methanephosphonate 
Diethyl ethanephosphonate 
Diethyl benzenephosphonate 
Trime thyl phosphate 
Triethyl phosphate 
Tributyl phosphate 

PHOSPHORUS derivatives, phosphate 

esters have the greatest flame-resist-

ing effect, followed.in decreasing 

order by phosphonate esters and 

phosphite esters. However, the 

aromatic derivatives show the opposite . 

pattern. This difference may be effect-

ed by the dissimilar pyrolysis mecha-

nism between alkyl and allyl esters. 

For flameproofing fabrics, 

flame retardants must be selected also 

in consideration of tensile strength, 

.washing durability; air-holding 

ability, weather resistance, and 

toxicity. Lence, although a number of 

flame retardants have been introduced, 

only a few are in practical use. Those 
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recognized as semipermanent, flameproofing reactants are

tetrachis (hydroxyriiethyl) phosphonium chloride (TIIPC) ,

(11, OC1'i2)4PC1; tris (1-aziridinyl) pli.osphine oxide (APO),

(CII2 CI12\fi) 31'0;^\-methylol-3-(dimeti-iylphosphono) propionate
<ând^

amide (I.'yrovatex. CI'), (CH30)2P(0)CIi2ClI2CUMICII?OIi.

TIII'C is synthesized from phosphine, formaldehyde and

hydrochloric acid as folloj^,s:

Pil3 + 4 ClI2)O + ici = (l.i0CH2) 4PCl

and there are a var iety of flameproofing procedures for

textiles using this compound. Ivishino6) has compared each of

these procedures. On the other hand, Goynes et a1.7) have

observed the surface of cotton fibers treated with TI1I'C-11KI,3

with scanning and transmission electron microscopes to examine

the flame resistance mechanism.

Cotton and polyester blends (Tétron) are recently in

very wide use and therefore a proper means of flameproofing

these products is earnestly being sought. A few available

methods have been discussed by Tesoro et al.8). For example,

when the li' r.ie-resisting effect is compared bett<<een `l'£ïPC-1VH3

and Pyrovatex CP as each is used to treat a pure cotton

product and a cotton blend (Fig. 2), the effect is less in

the blend than in the pure product with the same amount of

phosphorus, indicating that the former product is more inflam-

m.able than the latter. When fibers preimpregnated with ZT-

iuethyl-3-(diallylphosphono) propionamide8'9) havi_n8 unsatu-

rated bonds are brominated in chloroform solution at room

temperature, the results are as shown in Table 2. Without
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100:14: 

• TIIIIC -NII, 

O l'yrovatex (:I' 

1 	L_ 	 
0, 5 	1.0 	1.5 	2.0 	2.5 	3.0 	3.5 

_1)  

Table 2 Treatment of fibers 
with N-methylo1-3-(diallylphos-
phono) pvopionate amide and 
bromine8 ) 

	

oh% 	; 

- N% e7a . 	 • 
	IIr  

A 	Pl! 1 	1.4. 2 . 	• 	 16.9 	- . 	. 	_ 

• pp 	i1;:  27 	t 0.7 5.8 25.8 	1.1 11.5 5.2 
c 5 Hie) !./ f1;• ; 27.4 1.1 0.6 	• 25.4 0.9 	-- 5.2 

• 2511 11e 	is; 	!!.;.:( 	1.1 	('.6 	5.1 • 25.0 	0.9 	0.1 	3.9 
27.8 

I  100o  cotton 
11 50/50 cotton-polyester 
* Oxygen index 

Fig. 2 Flame-resisting  of- A Before treatment 
feet in products of pure 	B After treatment 
cotton and of cotton blend8 ) C After washing 5 times 

D After washing 20 times Ordinate: Oxygen index 
E After solvent extraction Abscissa: Per cent phos- 

phorus 
• 

Solid line: 1005'0 cotton, 	using bromination the oxygen 
Interrupted  lino: cotton- 

polyester 	 index of the fibers is 22.0. 

It is said that the production of APO is now suspended 

because of safety and cost. 

N-methylol compounds of dialkyl phosphonocarbonate 

amide such as Pyrovatex  OP  were developed by Ciba, and pro-

perties of 15 different compounds of this series as flame 

retardants have been examined by Aenishânslin et al. lo) . Of 

these, dimethyl and diethyl esters of N-methylol phosphono-

propionate amide show good quality. Pyrovatex CP, as com-

pared with APO and TMPC, has very low toxicity (LD
50 

= 69/kg), 

and products treated with this compound are superior in 

softness and durability to washing and cleaning. 

2.2 Flame retardants for plastics  

With increasing consumption of plastics especially as 



a k

building i.iaterials, the flaii;eproofing of these materials is

increasingly in demand. Ilowever, in the development of flame-

proofing agents suppression of smoke production will also

have to be considered. Available flameproofing agents for

plastics are discussed in detail in the afc-rementioned book

of Konishi and Ilirao2) and a few others"). ti.ethods of

flameproofing plastics are generally divided into two; in one

of which plastics themselves are made flameproof, whereas in

the other flanieproofing agents are added to plastics. The

former concerns the formation of polymers containing phos-

phorus elements within the6lji molecules; i. e. , the field of

high polymer sy4nthesis, an outline of which is given for

example in a treatise of Yokoyarna12) , whes,eas the latter-is

g;enera].lymore wide use. For example, in Table 3 the amount

of flameproofing agents used for plastics in the U.S.A.13) is

listed. In this table the amount of those used as additives

shows a 1.5-fold annual increase. Since phosphorus deriva-

tives has advantage of not producing any irritating poisonous

gas on heatin^;, they are in use in large quantities as flattie-

proofing additives and flZrrieproof plasticizers14) .

Since urethane foam either in form of soft foam as

beddinr; materials or in form of hard foam as heat-insulating

materials has been in such a great demand that flameproof

foaia is in great demand. For this class of products phos-

phorus derivatives are used either as reactants (e. f;. ,phos-

phorus-containinf; polyols) or.as additives. When the relation

between the phosptiorus content in the foam and the burning

^.n.

(p.11)



distance (ASTM-D 1692-59T) 

as a parameter of self 

fire-extinguishability
11) 

 

is shown (Pig. 3), it is 

clear  that flameproofing 

effect occurs within certain 

limits of phosphorus con- 

11) 
tents 	. In other words, 

flameproofing effect is 

not expected to rise beyond 

a certain phosphorus content. 

29,000 • 

7,000 	' 

7,700 

1,800 

20,000 

6,000 

71,500 

15,000 

7,800 

1,300 

1,800 
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I) 
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e 	• 

- 	' 
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100 
1 	 2 	 3 

8 

Table 3 Amount" of flameproof-
ing agents used for plastics 
in the U.S.A. (ref.-13) 

1971 Ir 	iqi2 41. 

L,; 	 d 

fk 	 4i -1. 	 r I') 

	

q ". , 	..„ 

c iv, fr. ," • 	' 
-3> .1 	0; 	.'•• n .. 	;*1 
E. IV. Â; 	; 
F 

.17.100 

"- 

' 	 epulft: 
f 

• !' 	'11 HI If 
7 .; 

22 ,900 	1 	28, 900 

I As additives 
A Phosphate esters (con- 

taining r.o halogen) 
B Phosphate esters (con-

taining halogens) 
C Antimony oxide 
D Boron compounds 
E Chlorinated paraffin 
P Others 

:CI As reaction products 
G Polyester intermediates 
H Urethane intermediates 
I Epoxy intermediates 
J Others 

Papa and Proops
15) 

syn- 

12,000 

6,800 

90n 

1,20n 

22,700 

1,000 

6,800 

900 

10,000 

1,000 

thesized soft urethane foam pro-

ducts using three commercial 

polyol preparations; i.e., 

phosphate-containing - polyol 

(phosphate ester type), diethyl 

ester of N,N-bis(2-oxyethyl.)- 

aminomethane phosphonate 

Fig.  3 Relation between 
phosphorus  content and  
burning distance") 

Ordinate: Burning dis- - 
tance (mm) 

Abscissa: Phosphorus 
content N 

Plameproofing agents: 1) 
Polypropyleneglycol 
phosphate, 2) Polyalky-
leneglycol phosphite, 
3 Tricrezyl phosphate, 

• ' 4 Ammonium illosphate 



21 2 

22.8 

22.4 

22.0 

21.6 

21.2 

20.8 

20.4 

20.0 

0.2 	11 1 	0.1 	0.5 	0.0 

• 	 (j) 

0.7 	018 	0 9 

Fig. 4. Relation between 
phosphorus content and, 
oxygen index of foam 1 5) 

Ordinate: Oxygen index 
AbscisSa: Phosphorus con- 

tent 

1) Phosphate ester 
2 Phosphonate ester 
3 Phosphite ester 

9 

(phosphonate ester type), and tris (dipropyleneglycol) phos-

phite (phosphite ester type), and have examined the relation 

between chemical structure and flame-retarding ability for 

each type of the phosphorus reactants and also the existence 

of synergism for the flameproofing effect between phosphorus 

and halogens. Fig. 4 shows the relation between the phos-

phorus content and the oxygen 

index of the forms prepared 

with the three types of  polyols.  

For the phosphate ester type, 

the flameproofing effect is 

greatly affected by the phos-

phorus content and it is in-

ferior to that with the phos-

phonate or phosphite ester 

type - at P contents of below 

0.4';'; but increases with in-

creasing phosphorus-concen- 

tration above 0.4). On the other hand, the effects with the 

phosphonate and phosphite ester types become nearly constant 

at P contents over 0. 3%. 

Other methods of manufacturing self fire-extinguishable 

hard foam are treatment of polyols with addition compounds of 

amino gr oup-c ont ain in p: ph osphonat  ; e . g. , CH3N [0112PO ( OM ) 2] 16) 2 • 	' 
(-ethylene oxide 

use of an addition compound of phosphorus-containing glucose- 

17) 
propylene oxide as a polyol, and use of a 1:1 reaction 
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product between pentaerythrite and phosphoryl chloride as a 

part of polyols is) . Phosphorus-containing compeunds as flame- 

proofing additives for urethane foam are often used in com-

bination with bromine or chlorine-containing flameproofing 

agents rl'ather than by themselves. Generally •aromatic esters 

such as tricrezyl phosphate and triphenyl phosphite are used 

for the flameproofing of both soft and hard types of urethane 

foam, whereas aliphatic derivatives are employed mostly for 

soft foam. The use of a reaction mixture of diethyl phosphite 

and hexamethylene tetramine is also effective in the prepara-

tion of self fire-extinguishable foam 19) , and addition of 

dialkyl beta-U(acetamide methyl)-carbamoylj ethane phospho-

nate results in flame-retarding products 20) 

Chlorinated plastics such as polyviny l .  chloride are 

less inflammable than the other plasties. However, a demand 

for flameproofing is great for soft polyvinyl chloride that 

requires large quantities of inflammable plasticizers for its 

manufacturing. Flame-resistant plasticizers must be selected 

in consideration of plasticizability, cold resistance and 

other physical properties. Aromatic phosphorus compounds 

such as tricrezyl phosphate and crezyl diphenyl phosphate are 

good flame retardants but have such defects as an offensive 

odor and low cold resistance. 

* Table 4 com?ares the results of experiments in which 

di long-chain alkyl phosphoroamidates and tricrezyl phosphite 
• 

were used as plasticizers of polyvinyl chloride 21 
). The • 	. 	, 
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TUPI 
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31) 

Il 

2 X 101  

2 X 10° 

3 10' 

10 °  

•10" 

1:‹10; 

- 

-51 

-51 

-27 

-- 12 

37 

-10 

II 

0.2 

2.9 

3.8 

3.5 

11 

Table 4 Polyvinyl chloride 
prepared with dialkyl phos-
phoryl amidates (R0) 2 PONH2 

as plasticizer21) 

A 	
q14. 
B 	c 

n 	 4 ' 11 . 
1 isgb-1.0 	 m ) 1 04 	(sec) 

187 	:119 1 

179 I 	317! 

MG 	:1G8 

1 .1. 9 	328 

191  2x1  

177 

 

I .  308 

18:1 	29'2 .1! 

181 	:101 

None 
TCP = tricrezyl phosphate 

A Ratio of (R0) 2 PONM2 to 
POP (dioctyl 17)hthalate) 

B Tensile strength 
C Expansion 
D Fragility point 
E Surface specific re-

sistance 
F Flame resistance  

dialkyl compounds are/equal to 

POP in tensile strength  and 

better than  POP in expansion 

and thus are judged to pos-

sess good mechanical proper-

ties as plasticizer. They 

are also superior to POP in 

cold resistance and have 

fairly good antistatic ability 

too and thus can be regarded 

as excellent flame-retardant 

plasticizers. 

Flame retardants as (p.12) 

additives must be effective 

50 

in small quantities and must not impair the property of the 

materials to which they are added. 

retardants; i.e., long-chain alkyl 

An example of such flame 

esters of trichloromethyl 

phosphonate, when added 1.5(fO to soft polyvinyl chloride, is 

shown in Table 522) . It is apparent that these esters are 

effective flame-retardant additives which have also about the 

same chelating effect as the commercial chelate and are as 

antistatic as the commercial amine antistatic agent. 

Other effective flame-retardant trihaloalkane phos-

phonates are 3-chloro-2,3-di-bromopropane phosphonate dialkyl. 

esters that are synthesized by bromination of reaction pro-

ducts between 1,3-dichloropropane and trialkyl phosphites 23) 

311 

:10 

and these compounds when added ih an amount of 1 5  to plastics 



	

5.0 	' 	0.90 

	

1.8 	; 	11.75 

	

1.3 	0.1;5 

	

1.8 	0,65 

2.8 

2.9 

' 4.2 

1.8 

0.65 

0.55 

0,58 

0.78 

0.70 

1* 	 •  

12 

Table 5 Polyvinyl chloride to 
which 1.5 C1 3CP(0)(0R) 2  is 

. added22)  

A  
»1 	11 jr.;,  'ui 	; 	 YU 	e ';;;*. n: 
R) 	 ("20) 	I 	(see) 	(1iN) 

8, ;.1 

PrI)P 	 89.2 

• 	88:4 

C.11, 	 90.8 

88.5 

CJ1, 87.9 

87.9 

81.2, 

2) 

A Additive (R) 

2
1 None 

Commercial antistatic 
agent 

B Transparency 
C Flame resistance 
D Static voltage 

DPDP: Commercial chelating 
additive, diphenyl decyl 
phosphite 

with an oxygen index of 18.7 

increased the oxygen index 

value to 23.9. Not only 

flameproofing plastics but 

also rendering them low-

smoking are requested nowa- 

days. According to a 

recent report
24) 

use of isophthalic acid and 

phosphorus-cohtaining flame 

retardants such as (di-

.ethanolamino)methane phos-

phonate dialkyl esters re-

duces smoke production of 

combined 

plastics by 30;ô. 

When paints are flameproofed, vesicant paints that 

expand to foam on heating are used, and polyvalent alcohols 

and ammonium phosphate are employed as additives. Waterproof, 

vesicant and flame-retardant paints are also in demand. 

Blair et al.  25) conducted a combustion test (ASTM D 1360-70) 

on paint films prepared 1)3/coating 0.5 mm thick with an epoxy 

resin-based paint to which one of 21 different organophos-

phorus compounds as shown in . Table 6 was added 10. Fig. 5 

shows the volume of carbonization and the foam heiht pro-

duced. Generally the flame-retarding effect varies with 

chemical structure of the phosphorus compounds and is approxi-

mately in the following order: 
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Table 6 List of organophosphorus compounds added 
to a paint and their abbreviation forms 2 5) 

Bis (hydroxywethyl) phosphinate 	 BHMP 
Tris (2-chloroethyl) phosphate 	 TCEPA 
Trimethylthiono phosphate 	 TMTPA 
Trimethyl phosphate 	 TMPA 
Triallyl phosphite 	 TAP 
Tris (chloropropyl) phosphate 	 TCPPA 
Triphenyl phosphite 	 TPP 
Trimethyl phosphite 	 TMP 
Diethyl trichloromethane phosphonate 	 DETCPH 
Phosphoryl trianilide 	 PTA 
Triallyl phosphate 	 TAPA 
Phosphoric acid - aniline condensate 	 DIP 
Tris (2-chloroethyl) phosphite 	 TCEP 
Tributyl phosphite 	 TBP 
Tributyl phosphate 	 TBPA 
Dipheny1 methane phosphonate 	 DPMPH 
Dimethyl methane phosphonate 	 DMMPH 
Diallyl propane phosphonate 	 DAAPH 
Tricrezyl phosphate 	 TCPA 
Polyol phosphonate 	 POPH 
Tetraallyl phosphonosuccinate 	 TAPH 

(„ 5„,.... 
, E 	Fig, 5 Structure and 
!L2 - 	flameproofing effect of 

_ organophosphorus com- 
1.0 
2 34 • 	pounds2 5) 	(See Table 

:.,. 6 for abbreviations) 
2m, 

Ordinate: (Left) Carboni-
zation rate in in3 04 	i .Lo. 	(m1) 

02 	(Right) Expansion rate '051. 
in in(cm) 

acid> phôsPhate ester --;-;phosphite ester> phos- 

phonate ester 

3 Surfactants  

Although inorganic phosphate and polyphosphate salts 

have been in use as detergent builders*for a long time, it 

•• 
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was only about 10 years ago that organophosphorus compounds 

were introduced into the field of surfactants. Since aliphatic 

phosphorus derivatives possess alkyl groups as hydrophobic 

groups on one hand and phosphonyl groups as hydrophilic groups 

on the other hand, there among these are very large numbers 

of compounds displaying surface active properties
26) 

Sakurai 27)  has carried out a detailed study with long- (p. 1 3) 

chain alkane phosphonate derivatives possessing a variety of 

substitution croups to examine the relation between the 

substitution groups and surface active capacity  of the 

derivatives. On the other hand, Maurer et al.
28) compared 

wetting, foaming, detergent, and/other surface-active proper-

ties of q-phosphono and «-sulfo fatty acids of C
9 

to C 18 . 

Aliphatic phosphorus derivatives are used not only as 

surfactants themselves but also as surfactant  ingredients 

depending on their characteristics; e.g., as inhibitors of 

lime soap dispersion and aggregation, stabilizers of bleach-

ing solutions, solubilizers of cleaning liquids, germicides, 

anticorrosives, blocking agents of metallic ions, and builders. 

Properties and manufacturing procedures of these derivatives 

are discussed in detail in a treatise of Maier29) . Comparisons 

of various surface-active properties between salts of sulfate 

esters and sulfonate esters are given in Table 7. 

Phosphated castor oil has better surface-active 

quality but costlier than sulfated one (turkey-red oil). 

Similarly, dodecylbenzenè phosphate salt is as effective as 

but costlier than the corresponding sulfonate salt and 
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• a) 	 • 
Wetting time by the method 
of braves in 250 solution. 

0.2% solution with hardiness 
of 300 ppm. 

100 bedng the maximum. 

Table 7 Surface-active proper-
ties of aliphatic phosphorus 
derivatives29 ) 

c • : 	-ID '. , 	 c 
.'  

:1'1,11 1  )1 i .1. +, 	• 	1 
(see) 	 ;:,, 5,eM 1)"; ( clytte/ein ..) 

70 	. 	42 	! 	39 

2 
	. 	' ' 	I 	lui 	180 	18 	3  

I R 	I 	e:... i 	- - r- . , i i 	13,8 	39 	- 	3 	
1 	

43 

4 r....1:::. 	t 	-r 	, i ! 	180 	2:1 	100 	! 	31; 

• - . 	.: 	• 	" : 	
1 j 	

1 	. 
j '. • : ,,.: , 	, 	. 0 , ,' ■ 	/,0 	83 	1 	39 

83 	ui 	:11; 

M 	 H 	n 

A Compound 
1 Phosphated castor oil 
2 Turkey-red oil 
3 Octyl phosphate 
4 Octyl sulfate 
5 Sodium dodecyl benzenephos-

phonate 
6 Sodium dodecyl benzene-

sulfonate 
7 Sodium dodecyl phosphonate 
8 Sodium nonyl phosphonate 

B Wetting powera) 
C Detergencyb) 
D Lime soap dispersion power c)  
E Surface tensiond) 

b) 

d) In 0.255 solution.  

accordingly is limited 

in use. Also 4-(dimethyl 

dodecyl phosphonio) lac- 

tate salt (C 12 1 25 )(Ch 3 ) 2 

PC
3
H
7
COONa has been 

patented as a detergent 

suitable for use at low 

temperatures of 4 to 

35
o c 3°) 

Disodium phos-
phate salts of addition 

compounds of long-chain 

alcohol propylene oxide 

have been shown by 

Matsuda et al. 
 31) 
to be 

surfactants with low 

foaming and low bubble 

stability. Many com-

pounds are patented as 

low-foaming additives of 

detergents; e.g., salts 

of phosphoric acid-acidi- 

fied hexa- and octadecyl
;32) , phosphoric acid-acidified poly-

oxyethylene-2-eth3rl-hexyl 33) , salts of mono-dodecyl and mono-

tetradecyl phosphites
34) (all of which are alkaline metal or 

amine salts). 
. 	. 	_ 

1rupin35) compared effectiveness of phosphoric acid 
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ester sal.ts and aromatic sulfonate salts (both sodium salts)

as low-foaming solubilizers of non-ionic liquid detergents

and has found. that sodium salts of phosphoric acid-acidified

esters are excellent hydrotropic agents. There is a patent

in which addition of 0.1 - 0.2;'-o per lb phosphine oxides such

as ^(1:0}2Y(0}CIi^J33'U and I(RO}2P(0}CF:2^2POII where P. = C8H1 7

or C12 I+_^25, in lieu of sodium polyphosphite is claimed to be

effective in preventing recontamination36}.

Surfactants are also in use in flotation. According

to Yaria.da et al.3r}, when monoalkyl (CS to C18) phosphates

(disodium salts) were used for ion flotation as collectors to

remove Zn, Cd, Cu and Ca from aqueous solution, mono-octa-

decyl phosphate was found superior* in elimination rate and

selectivity.

4 Antistatic Agents

Detailed discussion of static electricity and its

prevention are ffiven in textbooks such as the one by Tv:aru-

shige38} . I•Iany of surface active phosphorus derivatives are

effective also as antistatic agents, and such derivatives as

mono and disalts (alkaline metals and amines) of phosphinate,

phosphonate, phosphite, and phosphate esters are employed.

The method of synthesizing alkane phosphonate deriva-

tives by blowing oxygen into trichloride solutions of hydro-

carbons and various long-chain alkyl compounds was introduced

at first by Clayton and Jensen39}. When this r,iethod is ap-

, unique40}
4

pliéd t*o satu.rateci fatty acids or wax estersl}
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phosplionate derivatives containing carboxyl groups are ob-

tained. Sakurai and Ukarnoto4i ) have shoztn that phosphonate

derivative sodium salts obtained from sperm whale solid wax

are effective not only as antistatic agents but also as

softners of synthetic fibers and these useful properties have

been attributed largely to the presence of ester groups.

^42
Tlley also examined antistatic properties toward synthetic

fibers of a variety of phosphonate derivatives obtained as

addition cor:_Z;oiinds of dialkyl phosphites containing long-

chain unsaturated alkyl bonds. A part of the results is

shown in Table S. The diethyl phosphonate derivatives

Table 8 Antistatic capacity (surface resistan^e,r.Q,)

of lon^;-chain alkane phosphonate derivatives`+?

::•. 1: _^.,:.

6
;--

1. 1: .
..In1_

'Ii

• I (Il. , I11,:

• lu'o 1l1': Ill" I ! x lou

III" 4 lit"

j 7 • l u ' . ¶ 1 . 1 ' ) ' In•.

I. ^^ • jI1T 3.:, ^ Pi` tl ^ 4 1W

I. ilr 2.7 III^ 7.o.- il•" :I 1 o-

t1 C ompound
^

1

î • Illio

1=1o" 2

3

No treatment
Reaction product
ethyl oleate and
phosphite

between
diethyl

Reaction product between
oleyl acetate and diethyl
phosphite

Reaction product between
oleyl alcohol and diethyl

phosphite

It Reaction .product between liquid wax ester from sperm

In-

5
6

whales and diethyl phosphite
Sodium salt of 1 -hydrolyzate
Sodium salt of 2-hydrolyzate

B Fiber
a
b
c
d
e

Tevilon

Vinilon
Ny1on

Tetlon

Kashimilon
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designated as compounds 1 to 4 in Table 4 have almost no 

effect, whereas the sodium salts (compounds 5 and 6) are high-

ly effective antistatic agents. 

Also there is a patented method in which dialkalina 	(p.14) 

metal salts of mono dodecyl phosphite are added 0.5 to 5% to 

fiber materials before spinning 43) . Other compounds such as 

polyoxyethylene alkyl ether (C 12 - C 16) ethylene oxides2 to 

10 mol), phosphoryl chloride, N-aminopropane phosphonamide 

ester synthesized from N,N-dimethy1-1,3-propanediamine are 

also patented as effective antistatic agents
44) 

Rendering plastics antistatic is carried out in two 

ways; an exterior process in which antistai4c agents are painted 

and an interior 9%4 in which agents are incorporated into 

plastic materials, the latter being in wider use than the 

former. The long-chain dialkyl phosphoro amidates shown in 

Table 3 (should be 4; Translator's note) are effective not 

only as plasticizers•for polyvinyl chloride but also as anti-

static agents. When phosphate ester metal salts of . ad-

dition compounds of higher alcohol ethylene oxides, for 

example di(polyoxyethylene dodecyl ether) phosphate barium 

salt, are combined with metallic salts of ampholitic surfact-

ants as internal antistatic agents for polyvinyl chloride 

sheets, it is claimed that the product possesses good thermo- 

10j2 stability with high antistatic property in/the order of 10 

surface specific resistance 45) 

As for antistatic agents of exterior type, there is a 

report by Suga et al.
46) that antistatic capacity of mono 



octyl phosphite and mono 2-ethylhexyl phosphite when painted 

on vinyl chloride resin is remarkable. As antistatic agents 

for photographic film, .monoalkyl phosphates, alkane phospho- 

47) nates 	and monoalkyl alkane phosphonate salts
48) 

are 

patented. 

5 Additives for Lubricatin -  Oil and Gasoline 

Sometime in the last half of the 19th century the 

practice of adding beef tallow to mineral oil to improve the 

lubricating quality of steam cylinder oil began, and this is 

said to be the beginning of lubricating oil additives. In 

recent years, with increasing quality of machines the demand 

for botter  lubricating oil also become ine;reasingly severe, 

and development of new additives is being carried out at a 

good pace. A number of oganophosphorus derivatives are in 

practical use as antioxidants, detergents -, extreme pressure 

resistance agents, and anticorrosives for lubricating oil. 

5. .1 Antioxidants • 

Of high temperature antioxidants for internal combus-

tion engine lubricating oil, the most widely used are metal 

(mainly zinc) salts of dialkyl dithio phosphates (RO) 2P(S)S-

ZnS(S)P(OR) 2 where.R.= straight or branched chain alkyl 

groups havine-  C to C 8  . Akamatsu and Negoro
49) 

have examined , 3   
oil solubility and antioxidant properties of dithio phosphate 

esters having different alkyl groups and observed synergism 

between these  esters and amine and phenolic antioxidants. 

In  addition to the "dithio  esters, phosphate esters 
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obtained by reaction among 2,6-di-tertiary butyl hydroquinone, 

phosphoryl chloride (or thiophosphonyl chloride), and octa-

decanol display antioxidant properties such as suppression of 

chain reactions and decomposition of peroxides 5°) . A bypro-

duct of the above reaction, bis (3,5-di-tertiary buty1- )4- - 

hydroxyphenyl) octadecyl phosphate, is reported to show 

synergism with didodecyl thiodipropionate
51) . On the other 

hand, reaction products among dimeric acids, N-beef tallow-

1,3-propylene diamine, and 2-ethylhyxyl phosphate are found 

effective as antioxidants and antistatic agents for diesel 

oi1 52) . 

5.2 Detergents  

As detergents as well as dispersants that prevent 

engine deposits, effective are phosphate compounds obtained 

by neutralization with metal oxide (barium) or amines or 

esterification with ethylene oxide of a hydrolyzate of a 

reaction product betWeen polybutane polymer and phosphorus 

pentasulfide, and each class of these compounds, be it salt, 

amide, or ester type, is used,for different kinds of engines 

(ref. - 53). Monobutyl phosphate 54) is effective as a deter- 

gent for airplane gas turbine engines, whereas N-oleylpropane 

diamine salt of octyl phosphate55) and vanadium and chrome 

salts of decyl phosphate 56)  for gasoline engines. Diocta-

decyl ester of N-propyl-N-dodecyl phosphoroamidate is also 

effective as a gasoline detergent 57) 



21 

5.3 Extreme  pressure additive 

Additives of this class are added to prevent seizure 

of met a]. surface by allowing these compound to react with 

metal surface at high temperature under high pressure to form 

low-shearing compounds. However, these additives at the saine 

 time are required to exhibit  sosie  lubricating property to 

reduce the wear and tear. 

Davey58)  determined a few properties of 21 esters of 

phosphate and phosphite compounds, both aliphatic and aromatic 

and when used as extreme pressure additives, in a four-ball 

testing machine, and has found that phosphite esters are 

superior to phosphate esters, that long-chain aliphatic 

derivatives are better than the aromatic ones, and that phos-

phorus derivatives containing Cl and S are effective, especial-

ly those containing Cl
3

0-  C-roups being extremely so even at 

low concentrations. It is generally said that phosphorus 

derivatives are inferior to additives of halogen-sulfur series 

in extreme pressure resistance but that they are about equal 

to lead soap - sulfur series additives. 

On the other hand, Sakurai and Sato59) examined 

reactivity at high temperature toward iron of lubricating oil 

to which was added one of the following five aliphatic phos-

phorus derivatives: didodecyl phosphite, tridodecyl phosphite, 

a mixture of mono and didodecyl phosphates, tridodecyl phos-

phate, and tridodecyl trithiophosphite. Reaction products 

formed between iron and the  treated lubricating oil prepara-

tions were also examined to determine seizure load capacity 



22

of the five derivatives. Neutral esters showed low reactivity,

whereas acidic esters and the thiophosphite es^^ÿr were high

in reactivity. X-ray analyses confirmed that some of the

reaction products; i.e., 2FeFe4(POj,)3(0Ii)5, Fe30"0Id 2, and

Fe}.'OL1, contributed to the extreme pressure-resisting effect.

The extreme pressure-resistant effectiveness of compounds

;ied as films on the metal surface were in the following

increasing order: chloride, sulfide, phosphate and phosphide,

whereas the antiwear effectiveness were in the order of

phosphide < phosphat e < sulfide.

Table 9 shows seizure load and friction coefficients

of C18 phosphono fatty acid. Table 9 Properties of C18

methyl esters obtained as phosphono fatty acids as 60)
extreme pressure additives

radical addition compounds of (four-ball machine testing)

diethyl phosphite to methyl

ol eat e , methyl l inol eat e, or

acetylated lr.ethyl ricinoleate

and used as 100c addi.tives60) .

Dialkyl ( l ong--chain ) esters of

C13C-^ roup-c ontaininL; trichloro-

i;iethane phosphonate are also

very effective extreme pres-

sure additives 22) , and colu-

parison of these with the

(A)
ii ^':IfiQ (Ict!irur) Pfi11^f;1,(

I 6.U

7.11

11, in!1!1

II.11;):I 1

(A) Additive
1 Methyl diethylphosphono-

stearate
2 Reaction product between

3

methyl l inol eat e and
diethyl phosphite
Reaction product between
acetylated methyl rici-
noleate and diethyl
phosphite

13 Spindle oil '(no additive)
^i Seizure load
C Friction coefficient

corresponding trialkyl phosphites, when both are used as 1`•,Q

additives, is shown in Table 10 and sai)e extreme/pressure-re-

sistant properties of the phosphonate esters when used in low (p.15)
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in comparison with tricrezyl 

phosphate
21) . Also Forbes 

and Silver
61) determined 

Table 12 Extreme pressure-
resistant properties 9f alkyl 
phosphoryl amidates 21 ) 5.0 

0.0 
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0.0936 

0.0990 

0.73 

0.50 

0.25 

2 3  

Table 10 Extreme pressure-
resistant properties of tri-
chloromethane phosphonate 	„) 
esters and phosphite triesters' 
(Top) (Pour-ball li,achine test- 

Table 11 Extreme pressure-
resistant properties of tri-
chloromethanc phosphonate di-
esters at various concentrations 
(ref. 22) (Bottom) 

A Additive 
* None 

B Seizure Load 
G Friction coefficient 

A Additive 
B Amount added 
C Seizure load 
D Friction coefficient 

concentrations are demon-

strated in Table 11. 

Table 12 shows proper-

ties of dialkyl (long-chain) 

phosphoryl amidates as 

extreme pressure additives 
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substitutes of dibutyl phos-

phorylamidate and 14 amine 
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TCP = tricrezyl phosphate 
* None 

B Seizure load 
C Friction coefficient 
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salts of dibutyl phosphate, and have found that the \-substi-

tutes are more effective than tricrezyl phosphate, mono-

substitutes being superior to disubstitutes, and that the

phosphate ester amines have higher seizure load, though the

effect is independent of the extent of N-substitution. Seizure

load capacity of Sn, Zn and Ba salts of monoalkyl (C6 to C1 8)

phosphates when used as additives at different levels has

been determined by Suga et a1.62) . Although these salts have

high seizure load, they are sparingly soluble in lubricating

oil. There is also a report stating that amine salts of di-

alkyl phosphites have large extreme pressure-resistant effect

but that amine salts of mono alkyl phosphates have little63).

Dibutyl phosphite '-phenylamine salt serves as an extreme

pressure additive for synthetic lubricating oil of ester

series64), whereas dioctadecyl phosphit.e or dioleyl sulfide of

a mixture of am±ms and vegetable oils (P 0.1°0, S 0.9°0) exhibits

an ii.ia l
synergistic extrenie -pressure-resistant properties and

registers as hig^-.^as above 70 lbs in the Ter:^lcen's testing

ra valu
mach^ine^5^ . Other effective compounds found in patent records

are dialkyl phosphites, ZnF2, complex salts of t-alkyl

ariines66) , mixtures of a partial hydrolyzate of triocta'Vdecyl

phosphite and alkenyl succininiide67) r3.n.d reaction products

between trialkyl pbosphites and polybutenyl succinic acid an-

6 8)
hydride

j.4 Wea.r-_resist ant aL.c.nts

- One',.,,') addition of dialkylphenyl. phosphates (R = C8 to
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1 8 ) results in a wear constant of 0.26 mm
69) , whereas 

lubricating oil to which is added 1c,:) a reaction product among 

2-methy1-2-octadecyl-propanedio1- 1 ,3, phosphoryl chloride, 

and 3-amino-1,2,4-triazol shows a value of 0.39 rum70) . Another 

recent patent states that use of an addition compound of 

tetradecan phosphonate ethylene oxide as a 0.04 additive to 

turbine oil or diesel oil results in a reduction in the wear 

constant from 0.49 mm to 0.36 mm and the product is also 

anticorrosive 71) . 

5.5 Additives for rollinir oil 

Although palm oil and beef tallow have been used as 

lubricating oil in the cold rolling process of iron, the 

recenilLrend is the use of emulsifiable soluble oil. Tri-

othanolamine salt of oleyl phosphate
72) dodecan phosphonate 

disodium  sait, and phosphate esters of addition compounds • 

of alkylamine (c16, 0 18  and oleyl) ethylene oxides 74) are 

claimed to act as eMulsifiable, extreme pressure-resistant and 

anticorrosive additives. 

5.6• Motor oil 

Phosphate esters as fireproof, flame-resistant oil 

usable at high temperature under high pressure are an impor-

tant ingredient of synthetic motor oil preparations75) 

Flashing and combustion points of various types of motor oils 

are listed in Table 13 and the temperature at which their 

spontaneous combustion initte air occurs and the time required 
, 

for recognition or their ignition (ignition lag) are shown in 
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Table 13 Flashing and com-
bustion points of various 
types of motor oi17 0 ) 
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A 'otor oil type 
1 Mineral oil, type e.L 90  

Turbine oil 
2 Water droplet type oil 
3 Water-glycol series oil 
4 Phosphate ester series 

oil 
5 Phosphate ester - Chlo-

rinated oil series oil 
6 Phosphate ester - Chlo-

rinated oil - Mineral 
oil series oil 

D Flashing point (°C) 
C Combustion point ( °C)  

Fig. 6 Relation between 
spontaneous combustion temper- 

- ature and ignition lag/ 6 ) 
(ASTM D 2155) (See Table 13 
for sample numbers) 
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76)  Fig.  676).  Oils of phosphate 	Ordinate: Spontaneous com- 
bustion temperature 

ester series are about the 	Abscissa: Ignition lag 

sanie in  • lashing point as but 

have about 100 0  C higher combustion points than mineral oil. 

Also the former does not continue to burn for more than 7 or 

8 seconds, has considerably high spontaneous combus%on tem-

perature and accordingly, can be considered safe motor oil. 

6 Anticorrosives  

Anticorrosives for metals, both oil-soluble and 

aqueous, some of which have already been mentioned in this 

paper as additives for lubricating oil and gasoline, are in 

(p.16) 
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wide use and inclnde a very large variety of compounds. 

These agents exhibit their anticorrosive effect by forming 

adsorptive fi}J by way of adsorptive orientation of polar 
rITO 

molecules on the metal surface. Hence aliphatic phosphorus 

derivatives possessing suitable hydrophilic  as  well as hydro-

phobic groups are naturally considered highly effective. 

As for oil-soluble anticorrosives, there is a report 

by Sakurai et al." )  of anticorrosive effect of long-chain 

alcane phosphonates and alcane phosphinates possessing 

carboxyl and hydroxyl groups when used as additives. They 

also compared the anticorrosive effect among 9(10)-phosphono-

stearic . acid and stearic acid derivatives obtained by intro-

ducing carboxyl, hydroxyl, mercapto, or amino groups into 

9(10) position and have found that the phosphono derivatives 

are highly effective
78)

. 

As aquous anticorrosives, sodium salts of octyl phos-

phate, dioctyl thiophoSphate and octyl mercaptomethane phos-

phonate have been compared by Umehara and Kato79) . Also 

comparison among sodium salts of 1-oxynonan phosphonate, 

octyl oxymethane phosphonate and octyl mercaptomethane phos-

phonate has been conducted by them.« The same group of 

investigators has pointed out that there is a 
e
rge difference 

in the anticorrosive effectiveness of aliphatic phosphorus 

derivatives between moisture-rich and moisture-poor environ- 

SO) 
ment 

Hydrolyzates of a reaction product between phosphoryl 

amidate and phosphorus pentachloride, dialkyl K-phosphono- 
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phosphoryl  antidates (R0) 2P(0)NHP(0)(011) 2' are water soluble, 

and aqueous solutions of their free salts, monoalkaline salts 

and dialkaline salts in concentrations of 10 	to 10
-4-3 	 mol/ 

liter at a wide pH range of 3 to 10 exhibit excellent anti-

corrosive quality to iron and àluminum
81) . Also solutions in 

ethyleneglycol monoethyl ether of monophosphate esters of un-

saturated, long-chain alcohols such as oleyl alcohol, linoleyl 

alcohol and linolenyl alcohol are effective as anticorrosives 

for iron and aluminum
82) . Trimethyl phosphate in vapor phase 

is also effective in preventing corrosion of aluminum pro-

ducts during storage and for this purpose it has been flmndx 

used at vapor tension ranging from 0.1 to 10 mmHg83) - 

Hellsten and others
84) have stated that mono long-

chain alkyl phosphate esters are effective in preventing 

metal corrosion caused by detergents containing trichloro-

acetate or super borate salts of nitroso compounds. The ef-

fect of alkyl phosphates having  010 
to  C 18 at various concen-

trations on corrosion of copper in the presence of nitroso 

trichloroacetate is shown in Fig. 7. The esters of 012 
to 

C 16 show anticorrosive effect 

-above  a  level of about cmc, but 

the 018 ester is effective 
even 

below cmc level. Also the anti-

corrosive effect of alkyl phos- . 

phosphates at various con- phates is augmented by addition 
centrations \ on copper 
corrosion64 ) 	 of long-chain alcohols or alkyl 

Ordinate:,Amount of cor- polyglycol ethers, and thus 
rosion 

Abscissa: Concentration 
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these phosphorus derivatives may be of value as ingredients

of heavy-duty deteraents. Also addition of disodiur,i salt of

hexadecyl or octadecyl phosphite in the order of 0.02;Q to

alkaline detergents has been found to be an effective anti-

corrosive procedure85).

7 Conclusion

Aliphatic organophosphorus compounds have extremely

various uses and among them there are a large nui;iber of deri-

vatives of good quality. l.xowever, it is a fact that their

use is limited because of their high price. It can be

expected that perfecting any suitable methods of synthesizi.n{;•

t}tesn as low-priced industrial materials; e.g., a direct

synthetic inethod of or„anophosphorus compounds fror.; red or

yellow phosphorus86) , results in development of more interest-

ing and larger areas of their application. However, in doing

so sufficient consideration must be given to some negative

effects such as those which were observed in the past as in

contamination and toxicity of organophosphorus agricultural

chemical s.

In this paper recent advances in a few main application

areas of aliphatic phosphorus derivatives are outlined. I?ow-

ever, the areas covered represent only a very small portion

of the total. AJC(YLs) the data quoted herein were obtained under

different conditions by different :nethods and therefore it is

difficult to c o;.iapre these on equal bases. Especially in the

case of additives, when they are put to practical use, the

(p•17)
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effects including synergism of coexisting additive(s) must be 

considered. The author will be pleased to hear any comments 

from specialists in each application field. 

(Received on September 11, 1973) 



) 

31 

1) 

2)  
3)  

Ref er enc e s 

Naturewissenschaften, 60, 177 (1973) 

pl .., - veer'!" (1972). 
y„  2. 687 (( 969) 

W .(. Amer 	W.C. Kuryla, J. Fire & Fl,un  - 

inability, 3, 183 (1972) 

5) 	 21 (9), 7 (1970) 

1 ,9 1,1 1 i, 	 (7, 218 (1968) 

7) W.R. Coydes,  L. 1..  Muller, E. K. Boylston, Prod. 

Electron .\liero , c. SOC. ;1 Me r., 30, 210 ( (972) 

C.C.Tc,oro, j. Rivlin, 1).R. Moore, Ind. Eng. Chem. 

( Prodm t. Research. DeveloPment), 11, 161 ( (972) 

G.C: Tesoro (Burlington Industries), Ger. Offen. 

2,219,810 (197:3) 

1 (1) R. Aenishiinsline, C. Guth, A. Maeder, 11. Nachbur, 

'Textile Req. .1., 39, 375 (1969) 

11) . 11111. 1,  (012), (1970) 

12) 11Rf.1.-.. 28, 443 (1970) 

(3) Moil. Plum'. Int•rn., 2 (9),  72' (1972) 

11) 	1 11/ 	1 1. 1i '1. I* I:0i., 20, 535 (1971) 

13) A.J. Para, W.R. l'roops, J. 	p pl. l'olymer 
16, 2361 (1 972) 

i61 K.I  1.  Richert, U. Von C,izyeki (Farbenfahriken  A.-

()  Ger. 	2,103,729 (1972) 

ei..1111') 	 *.:P!). 1 '1 	 26,198  ( 1 972) 

('hem. Specialties, 45 0), 

35) 

37)  
38)  

39)  

40)  

41)  

' ( 2) W 1 1, 14 1.  I'M'. 65, 1579 (1972) 

43) DPI', 	 13,135 (1972) 

44) F.S. Eii-etoan Jr.  cl  ill. (GAF), U.S. 3,6811.3 68 (1972/ 

' 1 5) 	 f 	 18,220 (1972) 

46) IritY. "I'Ç.h. .1 .111 1 1, 	 1i11{0:. 15, 598 (19 6(1) 

47) liloilalt•Pallie, Jr.  2,098,609 (1912) 

48) P. Collet et al. (Kodak.Puthe), Fr. Demande 

2,071,674 1  (19i1') 

49) 11 .121, 	 17, 359 (1968) 

50) J.('. \Vo)lens:11.„ E.V. Zaweksi (Ethyl Corp.), 

:1,058,051 (1972) 

Si) BR. l\lelsuu•r (E(hyl Corp.), U,S, 3,6 1) 7>,7iO3 (1((72) 

52) L.A. Filetchrh,  SIS. 12akow (Cities Service Oil), 

U.S. 2,671,450 (.1972) 

53) G.M. Lome, 13.12. Kaill, R.V. Watson, R.A. Sholts, 

12. 252 (1969) 

5.1) 19.1.N". Bowler, V.A. Parry (British Petroleum), (;er. 

0,1.fen. 2.201,515 ( (972) 

53) 13. Iliteminerle et al. (F.1,I, ), Fr. 2,079,593 (1 ( 1 71 1  

56) FA_ Voelz, (". S. 3,6118,232 (1971) 

57) J.F. Definer (Gulf), (1.5. 3,371,072 (19 66) 

58) NV. Davey, 	Eno. Chem., 42, 1811 (1950) 

59) S. Sakurai, K. Sal 5, Arne!' . SOC. liubrie.  En.,  

'Iran,>..  13, '252 (197 (1 ) 

(10) 	11 11 1 1. , kil, 51g1:.•-f. , 18, 7(3 (1959) 

61) F.S. Forbes, 11.13. Silver, ,/. inst. Petro/., 56 (2181, 

90 (19701 

(12) 	",t'i'tV, 	 1 1;111, 	10, 911 (196(11 

63) ;(i'Ci. 	 19, 910  (197 0 ) 

(3.1) P. Flowel.las.. R. Robson (Esso), Ger. Offen. 

2.2.08,81 .1  

05) ILI\ (vets Mobile (01 ), Ger. ()en. 1,917,213 (197 111  

(16) F.C. 	 Fiederic, E.C. 12.nowles (TVN;le(1), 

11, -it. I , I 6”1 ,11 1  (1969) 

67) NI. N;110 1 1(o. S. ugnra (Japan C/i1), /hit. 1,153,161 

(1(l6(» 
514) W.T. 111.•neen Stand:nil 	'.5. 3,1157,39; (PO 

1,9) A.K, 	han, 

0//en. 	 119721 

701 	I.i 	(SI-II), (Sr. (11fen.2,2111 ■ ,93:1(1'.(7::, 

71) R.C. S. 	lo 	 "..ç. 3,701,1(17 

72) f\..1.C. Unit», 1 4.11. Davis (Mobile ()tl), f;er• Ol 1 en • 

2,2117,5111 (1972) 

17) 

18) K.A.  I huilles. R.N. Redline (Uniroyal), Ger. Offen. 

2,238,558 (1(173) 

(9) 11.E. 	E. Neuhirehen (Chem. Fahrik G.m. 

1 , .111, Ger. (7/11.n. 2,128,060 ( (972) 

20) 11. Naclilmi„. laeder (Ciba-Geigy 	Ger. 

0,1.fen. 2,22).7S5+ (1972) 
111 1 11, 1111 	it1111 .27- , 21, 824 (1972) 

S. Nalmsato, 	lliguelii, .1. fluter. (Jil ('hem. 

Soc., 47, 215  11970'1 

2 . ■ .. 

 

• Beni/IMO 	venial 011 Products), U.S. 3,601,275 

(11172) 

:' I / 1 ).1'. I 	 \Vituner (PPG Industries), Ger. 

(7//en. 2, 168,951 .1972) 

N.D. 	1). \Vitsehard, R.R. Ilitalerminit. J. Point 

"Pei 	44 	:1; l), 75 (1972) 

26) 	35 ,11, /1;21), 44, 	 «", 

(1970), 	1 

1>.: 1 1 	tikfj.'. In,  620 119117) 

E.W. Nkomo, A.J. Stirlon, 1V.C. Ault, .1.K. Weil, 

J. Amer. Oil Chen>. Soc.. 41, 205 (1 (161) 

) 
2!!) 

281 

I 

291 	I.. SI 	tom:a, 23, .123 ( 1059) 

F.L. Diehl.  III"  Drew, R.G. Laughlin (Proeter 

Gamble ., /IS •t,301,0 71 	1 6 70) 

31) 1 1111. 	1 	I, ,111117('', 20, 155 ((971) 

32) \\*.l . . 	Jr., Prot.ter & (;amble), Fr. 1,357,515 

(1972) 

33) C. Th. B.... 1 1,11e. K. Jung (13nehme), Ger. Olfen. 

2,105,557 ( 1917 

31) ('.1.. 	t al. '1 ..nilever), ()et-. Offen. 2,225,250 

(1972) 

:15) F. Erunin„s;oor 
i(I69) 

1.. Nlaiell 5(l,>1'1lfl(U) U.S. 3,619,281 (1972) 

IBM, /HR. 111 	11fL, 1972, 1900 

J 	119(18). 	I....". bi 
J.O. c'fla y mn, \V.I... Jensen, I. A În Cr. Client 	, 

70, 3880 (1918) 
1111R, 	 16, .(57 (1967) 

101, . 	011fl...q, 9 , 688  (1950) 



32

;;) S. 5hitn;,cln,T. Alurixc(Yutcnln Irnn), (!.S. i, 196,101

/ ','%n)

.I. I)uhnurK ( K l,nnr •I bulcurc• ), (:.r. U,(lru. 1%215,492

r !17:!)

1,111, Ill,lt• il'.ljft• 18, aGn (!!n's)

t I,11• 16, :16•1 (11171)

?r )i, I;i.II " i'.. i^ll.l'I(III, ^tIIfL'Ï=. 14, 123 (1965)

11111!, ('I! . r.' I^'. 71^If^:rf•. 14, Cili:S (lclfi5)

18, 886 (1969)

IN )11•dr. jlil(I:.'r. 20, 431 (1c.)71)

11 1.11!. U11•r, ilhfl'r • 22, 14 (I97:1)

H•l) II.r1. \i•!:al, ^ I;unlr I?slr, Oy), I•ïrur. • 15,7ti!1 (!!)72)

H.I l 4\`. ^r^•,lili•.. I> ?.. Venni^yr , f(irnr•ruf l'.{c•ctrir ),

H•1 ) N. I Irll•o.•n, ( i. Kn,1^.,,n, J. I:n,unuvlan m. 7'^n^irlr ,

8. :::Si (l'.)i1 i

85) K.M.V. I Irl1 ar,,. J.G. l:n,; nnt•14vOn (MO cx•IL Ik,mvjn

Aklirhulr•t:;, •tirrr,/. :114,758 ( 1972)

-96 ) 1.. \taic•r "'! nl•ir- in ('urrenl Clu•iil istry, 19; 'l'l,e

Chc•tninlry (( (.hk;mopl,osphcrrus ( ou,{x,utuls I

( 1971 ), Sln'in(ccr-1'vrln^{

2) Konishi, hi.rao, "I-annenzai (Flame 1;etardants)" (1972),

3)

Saiwai Shobo Publishing Co.

Kobayashi, Seni to KossTyo (Fibers and Tndust._^^) 687

(1969)

Suga, Plastics, 21(9), 7 (1970)

Nishino, Senshoku 1Co&yo (i^eint^^ Tndustry), 17, 218 (1968)

Io-,o Gaj.ro (I^nMineerin :`at:erials), 1F5(2), (1970)

1 2) Yokoyama, Yukli Gosei KaL;•alcu (J. Soc. Org. Synth. Cl.iem. ),

Z-_8, 443 (1970)

14) t:atano, Kobunshi k>ako (Resin Finishin;; and Annlications) ,

20, 535 (1971)'

17) Monta et al. (llaiichi Kogyo Seiyaku) , rl`okkyo Koko]_u

(Patent Gazette) 26,198 (1972)

21 ) Nakasato, lliguch.i, YvikfV;zku (J^.. Jap. Ox.l Ci.rçll, Soc.) ,

21 , 821+  (1972)

26) Takahashi, PNanba, }ioike, Kobayashi, "Kainlen Kasseizai

27)

31)

37)

3tandbook (I`pîâdbook of Surfactants)" (1970), Kogaku Tosho

Publ. Co.

Sakurai, YL1^C^1i1^C11 (J. Jap. Uil Cher,,. Soc.) , 16,

:t`at suda, Yano, Kimura, :lbid ., 20, 165 (1971 ')

539 (1967)

Yalnada, Koide, 'I'affan)i, \i,)J?on lia,^zalcu Zasshi Q. Chelrl.



33

Soc . Jap. , Pure Chern. Sect .), ^^, 1 900

38) :-iarushige, "Taiden Boshizai (Antistatic Agents)" (1968),

Saiwai Shobo Pub.L. Co.

40) i\akasato, II:.;:^Uuchi, Yukalrai:u (J. Jap. Oil Cher,,. Soc.),

16, 457 (1967)

41) Sakurai, Ükaluoto, Ibic1., 2, 658 (1960)

42) Sakurai, Ukamota, ];n^4yo IïoE,aku 7,asshi (J, Chern. Soc.

Jap •' Ind. Che,:. Sect.), j5, 1 579 (1972)

I+3) Tanaka, N:atsuura (Toyo 'Rayon), Tokkyo Kokoku (Patent

Gazette) 13,135 (1972)

I15) "Marushige et al. (Lion Yushi), Tolclcyo Kokoku (Patent

Gazette) 18,220 (1972)

1-l6) Suga, 1,:iyash:ige, Takeda, Watanabe, Goria, Yulcaf;aku (J.

Jap. Oil (hc:u. soc-), L5, 598 (1966)

49) Akamatsu, Negoro, Ibid., 17, 359(1968)

53) C.M. Loane, R.L. Karll, R.W. Watson, R.A. Sholts, Sekiyu

lasshi (I?etr. olel.irn I•^aLazine), 12, 252 (1969)

60) Nakasato, Iiiguchi, Yukaj;aku Q. Jap. Oil Chem. Soc.),

18, 76 (1969)

62) Suga, Watanabe, Miyashige, i,:oriyama, Ibid., 18, 911 (1969)

63) Suga, Watanabe, Miyashige, :•:oriyama, Ibid. , 18, 910 ( 1969}

75) lyeda, Tanaka, Jun)Latsu Q. Ja.p. Soc. Lub.ri.cating En,rine-

ers), 18, 460 (1973)

76) ;ioritei, IIomma, Ibid., 16, 364 (1971)

77) Sakurai, Ükarnoto, Kasahara, Tenit;uchi, '^tachida, Yi.ikap,aku

( J . Jar). Oil C.heri. Soc'. ), 14, 123 (1965)



it 3 a 

34 

78) Machida, Okamoto, S akurai, Yukairaku (J. Jap. Oil Chem. 

Soc.) 	14, 563 (1965) 

79) Umehara, Kato, Ibid., 18, 886 (1969) 

80) Umehara, Kato, Ibid., 20., 434 (1971) 

81) Nakasato, Miguchi, Ibid., 22, 14 (1973) 


