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1 Introduction

(p.9)

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 fame as pesticides because of their
merit as well as toxicity and some aliphatic derivatives

especially those which possess such substitution groups as CN
. o _

and T and which werejone time subjected to extensive studies
1)
as dangerous nerve

gases ', these compounds are used effective-

ly in a variety of fields, though in a somewhat inconspicuous

manner, depending on their characteristics. Amnong phosphorus

derivatives having alkyl chains, 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 anticorrésives 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 numierous products have already been in practical

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

2)

of Konishi and Hirao”™/. 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 same 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 compounds. possessing the structure
of 0:P1i(UR), are called phosphonate diester, whereas those
with the structure of P(0II)(OR), phosphite diester. »
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the surface.

2.1 Plame 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 public's

3)

use as exemplified by curtains and garmenis”’/,

)

Arney and Furyla have carried out some fundamental
examination with 11 aliphatic and aromatic esters of phosphité,
phosphate and phosphonate on the relation between their
chemical sturciure and flameproofing effect ®n cotton fabrics.
In this examination the flameproofing effect is expressed as
oxygen indices%% 5). 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‘ié.5. Judging
from Table 1, the oxygen indices of these derivatives them-
selves are not so large, but they represent values iqkhe air
phase, whereas the index for ﬁhe fabrics is the wvalue for
solid-phase pyrolysis, the combustion conditions being entire=-
1y different between the two. Fig. 1-demonstrates the

(3 Tew examples of>

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/N2 ratios by using an equation
. o,
2 (€ i v = PR ; x 100
oxygen index Ny + 0 T X




Table 1 Oxygen indices of various phosphorus derivatives

k)

Derivative

Oxygen index

Trimethyl phosphite
Triethyl phosphite
Isopropyl phosphite

Phenyl neobenzyl phosphite
Didecyl phosphite

Dimethyl methanephosphonate
Diethyl ethanephosphonate
Diethyl benzenephosphonate
Trimethyl phosphate
Triethyl phosphate
Tributyl phosphate
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PIIOSPHORUS derivatives, phosphate
esters have the greatest flame-resist-
ing effect, followed . in decreasing
order by phosphonate esters and
phosphite esters, lowever, 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 alsc

in consideration of tensile strength,

.washing durability, air-holding

ability, weather resistance, and
toxicity. lience, although a number of
flasie retardants have been introduced,

only a few are in practical use. Those

20 -
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1.0 3.0 5.0 7.0

Fig. 1 Oxygen in-
dices and phosphorus
contents of cotton
fabrics treated with
phosphorus deriva-

tivesa)

Ordinate: Oxygen
index

Abscissa: Phosphorus

Az

content (<) (fab-
ric plus treating
agent)

Triethyl phos-  (p.10)
phite

Diethyl ethane-
phosphonate

Triethyl phosphate



recognized as semipermanent, flameproofing reactants are
tetrachis (hydroxymethyl) phosphonium chloride (TIIPC),
(HOCHZ)MPCl; tris (1~aziridinyl) phosphine oxide (APO),

(CHOCHZNH) ')N—methylol-B—(dimethylphosphono) propionate

PO;
3 Cand

amide (Pyrovatex CP), (CHBO)2P(O)CH20HZCONHCH20Hv
THIC is synthesized from phosphine, formaldehyde and
hydrochloric acid as follows:
P, + b Cli,0 + HC1 = (10CH, ) ), PC1
and there are a variety of flameproofing procedures for
textiles using this compound. Nishinoé) has compared each of

)

these procedures. On the other hand, Goynes gt Ql.7 have

observed the surface of cotton fibers treated with THPC-NH3
with scanning and transmission electron microscopes to examine
the flanie resistance mechanism,

Cotton and polyester blends (Tetron) are recently in
very wide use and therefore a proper means of flameprdofing
these products is earnestly being sought. A few available
methods have been discussed by Tesoro et gl.8). For example,
when the lﬁ ne-resisting effect is compared between THPC-NH3
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-
mable than the latter. When fibers preimpregnated with N-
methyl—B—(diallylphosphono) propionamide8’9) having unsatu-

rated bonds are brominated in chloroform solution at room

temperature, the results are as shown in Table 2. VWithout




- e Table 2 Treatmnent of fibers

28 phono) pfopionate amide and
) 100% v 7 - bromineﬁ
261~ oo )
; . . L AN/A0E A e
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22}~ Y " 1] N : o . - ! e aom
. R W 3 HIYRILL 0T S5BIKIIL 0,5 5.2
! 2 ‘fg . _ C SR #{E 278 11 05 -2 25,4008 - .3
.9 B OASELE 4 L8 L 0 5,125,009 0.1 3.9
8 / ¢ THPC -NH, E o i 278 N 2 B R
1 o P'yrovatex CP I
S

100% cotton

. L ! i - ! 1 I
0.5 L0 1.5 2.0 25 3.0 3.5 II 50/50 cotton~polyester
*

T Oxygen index
'Fig. 2 Tlame-resisting ef-~ A Before treatment
fect in products of pure B After treatment
cotton and of cotton blend&) C After washing 5 times
. . . D After washing 20 times
Ordinate: Oxygen index y .
. . E After solvent extraction
Abscissa: Per cent phos-
) phorus
Solid line: 100% cotton, using bromination the oxygen
Interrupted line: 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 CP were developed by Ciba, and pro-
perties of 15 different compounds of this series as flane

retardants have been examined by Aenish#nslin et §;.1O). orf

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 (LD50 = 69/kg),
and products treated with this compound are superior in

softness and durability to washing and cleaning.

2.2 Ylame retardants for plastics

With increasing consumption of plastics especially as

with N-methylol-3-(diallylphos~-



building waterials, the flameproofing of these materials is
increasingly in demand. llowever, in the developmenﬁ of flame-
proofing agents suppression of smoke production will also
have Lo be considered. Available flameproofing agents for
plastics are discussed in detail in the afclrementioned book
of Konishi and Hiraoz) and a few others11). Methods of
flameproofing plastics are generally divided into two; in one
of which plastics themselves are made flameproof, whereas in
the other flameproofing agents are added to plastics. The
former concerns the formation of polymers containing phos-
phorus elements within thqﬂy molecules; i.e., the field of
high polymer sy_nthesis, an outline of which is given for
examplé in a treatise of Yokoyama1?), whereas the latter-is
generall}«$ore wide use. For example, in Table 3 the amount
of flame;?oofing agents used for plastics in the U.S.A.13) is
listed. 1In this table the amount of those used as additives
shows a 1.5-fold anngal increase. Since phosphorus deriva-
tives has advantage of not producing any irritating poisonous
gas on heating, they are in use in large quantities as flame-
proofing additives and flameproof plasticizers1h).

Since urethane foam either in form of soft foam as
:bedding materials or .in form of hard foam as heat-insulating
maﬁerials has been in such a great demand that flameproof
foam is in great demand. Tor this class of products phos- (p.11)
phorus derivatives are used either as reactants (e.g., phos-

phorus—-containing pdlyols) or as additives. VWhen the relation

betwéen»the phosphorus content in the foam and ‘the burning
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Table 3 Amount of flameproof-

ing agents used for plastics
in the U.S.A. (ref.-13)

| 1A g

T m ! !
Ao vacany AP 22,700 i 29,000 -
bR s s oy ) g0 f 7,000
o A R G0 17,700
- RN (R G0 1 1A
SR 10,000 | 20,000
S " e 40004 6,000
al a0 | 71,50
@ ek 12,000 1 16,000
e e app g G800 | 7,800 .
Lo i } | qo0 1,0
T o fin boomam + 0 80
Al [ 22,900 | 28,900

I As additives
Phosphate esters (con-
taining 110 halogen)
Phosphate esters (con-
taining halogens)
Antimony oxide
Boron compounds
Chlorinated paraffin
Others
ITI As reaction products
G VYolyester intermediates
{ Urethane intermediates
I ZEpoxy intermediates
J Others

HESC o >

=
Papa and Proops‘J) syn-

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

distance (ASTM-D 1692-59T)
as a parameter of self
fire—extinguishability11)

is shown (Fig. 3), it is
clear that flameproofing
effect occurs within certain
limits of phosphorus con-
tents11). In other words,
flameproofing effect is

not expected to rise beyond

a certain phosphorus content.
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Fig., 3 Relation between
phosphorus content and
Q burning distance!

\\ Ordinate: Durning dis-
- tance (mm)
Abscissa: Yhosphorus
content (%)

Flameproofing agents: 1)
Polypropyleneglycol
phosphate, 2) Polyalky~-
leneglycol phosphite,
jg Tricrezyl phosphate,

" 4) Ammonium jphosphate



(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 f{lameproofing effect between phosphorus

and halogens. I'ig. 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-

PN ' ' (IR SRR
22K
22.4
22,04
21.4
21.2
20,8}
20.4}.
200 /
149.6

- LUy Y [ S S
2 ot . 0.4 0.6 0.7 0.8 1.9

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

Ordinate: Oxygen index
Abscissa: Phosphorus con-
tent

1) Yhosphate ester
2) Phosphonate ester
3) Phosphite ester

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

phosphonate and phosphite ester types become nearly constant

at P contents over 0.23%.
Other methods of manufacturing self fire-extinguishable
hard foan are treatment of polyols with addition compounds of

amino group-~containing phospbhonater ; e.g., CHBN[CHZPO(OH)2]21§),

(ethylene oxide

use of an addition compound of phosphorus-containing glucose-

propylene oxide as a polyol1/), and use of a 1:1 reaction
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product between pentaerythrite and phosphoryl chloride as a
part of polyols18). Phosphorus-containing compounds as flame-
proofing additives for urethane foam are often used in com-
bination with bromine or chlorine-containing flameproofing
agents rZather 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 foam19), and addition of
dialkyl.beta—[ﬁ(acetamide methyl)—carbamoyl] ethane phospho-
nate resulits in flame-retarding productszo).

Chlorinated plastics such as polyvinyl chloride are
less inflammable than the other plastics. Howéver, a demand
for flameproofing is great for soft polyvinyl chloride that
requires large quantities of inflammable plasticizers for its
manufacturing. Flameuresistaht plasticizers must be selected
in consideration of plasticizability, cold resistance and
other physical properties. Aromatic phosphorus compounds
such as tricrezyl phosphate and creiyl diphenyl phosphate are
good flame retardants but have such defects as an offensive
odor and low cold resistance.

‘Table U comyjares the results of experiments in which

di long-chain alkyl phosphoroamidates and tricrezyl phosphite

wvere used as plasticizers of polyvinyl chlorid321), The
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Table 4 Polyvinyl chloride dialkyl compounds aququal to”
prepared with dialkyl phos-
phoryl amidates (RU),PONHp DUP in tensile strength and
- 21) N
as plasticizer . . .
as piast _ _ better than DOP in expansion
A un' ¢: D E F .
R o ET ““Wiﬂﬁﬁth-Wﬁw and thus are judged to pos-
' kT h R 3. I Lol

ol ' tlpfent) ; (%) |'\‘“C) : ) ! (sec)
C, m»m)i 18 ;wml_mizﬂw! 0 sess good mechanical proper-
Clud 2o 30 a9 ) 7y 51 [ 2x |02
Gl 200 30§ 1sa Imm:mm acte b0 ties as plasticizer. They
Culyd 2o o | 1y RRTEN R TRT l 2y
R A L O 2 B LN are also superior to DOP in
Cld a.m! bl oo ixaens gk
TR s 221 a7 | owpgnl .
. ¥ o ‘, C 0%, 8 cold resistance and have
Aol L Tk LA I [T I

* None fairly good antistatic ability

TCP = tricrezyl phosphate
A Ratio of (RQ),FONI, to

too and thus can be regarded

DOP (dioctyl ﬁhthalate) as excellent flame-retardant
B Tensile strength
C Ixpansion plasticizers,
D Fragility point )
E Surface specific re- Flame retardants as (p.12)

sistance
I Plame resistance additives nmust be effective

in small quantities and must not impair the property of the
materials to which they are added. An example of such flame
retardants; i.e., lohg—chain alkyl esters of trichloromethyl
phosphonate, when added 1.5% to soft polyvinyl chloride, is

22). It is apparent that these esters are

shown in Table 5
effective flame-retardant additives which have also about the
same chelating effect as the commercial chelate and are as
éntistatic as the cémmercial 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-
23)

'

ducts between 1,3—Qichloropropane and trialkyl phosphites

and these compounds when added in an amount of 15% to plastics




Table 5 Polyvinyl chloride to
vhich 1.5% 0130p(0)(oz<)2 is

addedzz)
. oL L —
A \ :
L L I (N | 3 A I T I8
tR) . (%) i (see) p kW)
0 S O T
prrbp o L8
Colle T ra b s
Cal, E s LR ! 0.6
(SR PN v BAET 2.8 1 06
Caly, S8R . 29 1 o8
Coal s Yosra a2 0 o
Coalle, N IR B O
7) el ol - i 0,70
A Additive (R)
1 None
2 Commercial antistatic

agent
B Transparency
C Flame resistance
D Static voliage
DPDY:
additive,
phosphite

Conmercial chelating
diphenyl decyl

plastics by 30%%.

12

with an oxygen index of 18.7
increased the oxygen index
value to 23.9. Not only
flameproofing plastics but
also rendering them low-~
sroking are requested nowa-
days,., According to a
recent reportzu), combined
use of isophthalic acid and
phosphorus-containing flame
retardants such as (ai-
ethanolamino)methane phos-

phonate dialkyl esters re-

duces smoke production of

When paints are flameproofed, vesicant paints that

expand to foam on heating are used, and polyvalent alcohols

and anmonium phosphate are employed as additives.

vesicant

Waterproof,

and flame-retardant paints are also in demand.

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

on paint

resin-based naint to which one of 21
phorus compounds as shown in Table 6 was added 10%,

shows the volume of carbonization and the foam

duced.

films prepared bykcoating 0.5 mm thick

with an epoxy
different organophos-
Fig. 5

hei;ht pro-

Generally the flame-retarding effect varies with

chemical structure of the phosphorus compounds and is approxi-

wately in the following ordex:
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Table 6 List of organophosphorus compounds_added
to a paint and their abbreviation forus

Bis (hydroxywethyl) phosphinate BHMP
Tris (2-chloroethyl) phosphate TCEPA
Trimethylthiono phosphate THTPA
Trimethyl phosphate TMPA
Triallyl phosphite TAP
Tris (chloropropyl) phosphate TCPPA
Triphenvl phosphite PP
Trimethyl phosphite TP
Diethyl trichloroviethane phosphonate DETCPI
Phosphoryl trianilide PTA
Triallyl phosphate TAPA
Phosphoric acid - aniline condensate nIpP
Tris (2~chloroethyl) phosphite TCEP
Tributyl phosphite TBP
Tributyl phosphate TBPA
Diphenyl methane phosphonate DPMPH
Dimethyl methane phosphonate : DMMPH
Diallyl propane phosphonate DAAPH
Tricrezyl phosphate TCPA
Polyol phosphonate YOPrH
Tetraallyl phosphonosuccinate TAPII

DI st ek 4
T
. ity : i e i I ] Ly = . .
S N Ao asn g Fig., 5 Structure and
o2 0Qa §d ~ [ o -
&t ' s ~
= IS | Lz flameproofing effect of
-~ a3l SNt Pl 108 S &
RN :7ﬂ7% I - organophosphorus com=-
S IR S B N R pounds25) (See Table
N P \ 3< 0p 6 for abbreviations)
- . . ' ‘ IS 2.00
(L vt ' f . ~ s
o o % i Py pp Ordinate: (Left) Carboni-
e | §’l<;;;%ﬂ’ z}%\il | o“' zation rate in in
' C ~ ¢
14 1 :-—-‘l-—nwr—‘r"‘)’M/‘] % ! - "l ? rk\"'\ h o Inl )
; T ] ST e Right) Expansion rate
S S T U N i s 051 . Iy
RENVE ISR 1A TR PETOPI 1ARY FOET THEA BMMUR TORPY Al v in 1n ( cm

TEERA TRV TCIRL JNP PTA DIP THE DEMIH DAAPH ORI

acid » phosphate 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

6)

of compounds displaying surface active propertie32 .

Sakurai27) has carried out a detailed study with long- (p.13)

chain alkane phosphonate derivatives possessing a variety of
substitution groups to examine the relation between the
substitution groups and surface active capacity ‘of the
derivatives., On the other hand, Maurer et §;.28) compared
wetting, foaming, detergent, and@ther surface-active proper-
ties of {-phosphono and ¢-sulfo fatty acids of C9 to C18'

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 dispersioﬁ 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 omne (turkey-red oil).
Similarly, dodecylbenzene phosphate salt is as effective as

but costlier than the corresponding sulfonate salt and
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Surface—-active proper-

Table 7
ties of aliphatic phosphorus
. N 4]
derivatives~
; W
" A . ! BT "1 : h ’
f 1Y | ,{”l}; |/\a_» /,- IR lfuf .“
| (seey ;¥ I (dyae/en)
o e | | 180 0. 42 39
v ! M:IM 18 T
LIRS O IR ) R ER a9 - Bopds
T S TR B P T R} o a6
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R IR LT 5 - 15 a6
1 P ;
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A Compound

C oW

1
2
3
b4
5
6

7
8

a)

b)

c)

d)

¥Yhosphated castor oil
Turkey-red oil

Octyl phosphate

Octyl sulfate

Sodium dodecyl benzenephos-
phionate

Sodium dodecyl benzene-
sulfonate

Sodium dodecyl phosphonate
Sodiumn nonyl phosphonate
¥etting poweras
Detergency?)
Lime soap dispersion powerc)
Surface tension

time by the method
t¢ solution.

Wetting
of DLraves in 25

0.2% solution with hardiness
of 300 ppni.

1004% being the maximum,

In 0.25% solution,

15

accordingly is limited
in use. Also L4-(dimethyl
dodecyl phosphonio) lac-

tate salt (C (cug)2

12 25)
PCBL7LOONa has been
patented as a detergent
suitable for use at low
temperatures of 4 to

350 ¢39),

Disodium phos-—
phate salts of addition

compounds of long-chain
alcohol propylene oxide
have been shown by
Matsuda gﬁ §£.31) to be
surfactants with low
foaming and low bubble
stability. Many con-
pounds are patented as
low~foaming additives of

detergents; salts

e.{?’,‘.,

of phosphoric acid-acidi-

fied hexa- and octadecyﬁ?z), phosphoric acid-acidified poly-

oxyethylene~2—ethyl—hexy133), salts of mono-dodecyl and nono-

tetradecyl phosphiteth) (all of which are alkaline metal or

amine salts).

35)

Krupin

compared effectiveness of phosphoric acid
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estergsaifs and aromatic sulfonate salts (both sodium salts)
as ldw¥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% per 1lb phosphine oxides such
as [(1-10)21)(0)01{2]31)0 and ['(RO)ZP(O)CHZJQPOH where R = Cgl,,

in lieu of sodium polyphosphite is claimed to be

36)

or 012H25,
effective in preventing recontamination
Surfactants are also in use in flotation. According
to Yamada et gl.37), when monoalkyl (Cg 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.

L Antistatic Agents

Detailed digcussion of static electricity and its
prevention are given in textbooks such as the one by Maru-
shige38). IMany of ;urface 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

39)

at first by Clayton and Jensen When this method is ap-

plied to saturated fatty aéidsuo) or wax estersh1), unique'
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phosphonate derivatives containing carboxyl groups are ob-
tained. Sakurai and Okamotou1) have shown that phosphonate
deriva%ive sodiun salts obtained from sperm whale solid wax
are e{fective not only as antistatic agents but also as
softners of synthetic fibérs and these useful properties have
been attributed largely to the presence of ester groups.
Theyhg) also examined antistatic properties toward synthetic
fibers of a variety of phosphonate derivapives obtained as
addition compounds of daalkyl phosphites containing long-
chain unsaturated alkyl bonds. A part of the results is

shown in Table 8. The diethyl phosphonate derivatives

Table & Antistatic capacity (surface resistgnge,JL)
of long-chain alkane phosphonate derivatives+?

3

A " 8 ” A C onthound
W a - fh“.wh{ﬁ.qw__udg:“ * No treatment
.X*. R ‘l:::-u:. ;.)ufr::,!-,-lu.‘_,:/i!.;/‘;- 1 Reaction pI‘OdLI.Ct between
Hig e S e ethyl oleate and diethyl
! T TR U PR LI I PRI phosphite
3 o ggqen e ey o 2 TReaction product between
S L LA A U L oleyl acetate and diethyl
AT phosphite
B I g s de et g 3 Reaction product between

: oleyl alcohol and diethyl

' phosphite
i Reaction product between liquid wax ester from sperm
whales and diethyl phosphite

Sodium salt of 1-hydrolyzate

Sodium salt of 2-hydrolyzate

B  IMiber

Tevilon

Vinilon

Nylon

Tetlon

Kashimilon

aAw;

o LOoOoT®
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designated as comﬁounds 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 dialkaline (po1lh)

metal salts bf mono dodecyl phosphite are added 0.5 to 5% to
43)_

fiber materials before spinning Other compounds such as

polyoxyethylene alkyl ether (C - C16) ethylene oxides2 to

12
10 mol), phosphoryl chloride, N-aminopropane phosphonamide
ester synthesized from N,N—dimethyl-1,3—propanediamine are

also patented as effective antistatic agentshu).

Rendering plastics antistatic is carried out in two
ways; an exterior process in which\antista%f agents are painted
and an interior qag}in which agents are incorporated into
plastic materials, the latter being in wider use than the
former. The long-chain dialkyl phosphoro amidafes shown in
Table 3 (should be 4: Translator's note) are effective not
only as plasticizers-fof polyvinyl chloride but also as anti-
static agents. When phosphate.éster nietal 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-
stability with high antistatic property inkhe order of 1010 L.
surface specific resistance45).

As for antistatic agénts of exterior type, there is a

report by Suga et gi.“6)

that antistatic capecity of mono
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octyl phosphite and mono 2-ethylhexyl phosphite when painted
on vinyl chloride 1esin is remarkable. As antistatic agents
for photographic film, monoalkyl phosphates, alkane phospho-

L) 4g)

nates and nionoalkyl alkane phosphonate salts are

patented.

5 Additives for Lubricating 0il 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 better lubricating oil also become increasingly severe,
and development of new additives ié being carried out at a
good pace. A number of ogganophosphorus derivatives are in
practical use as antioxidants, detergeﬂts; 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)ZP(S)S-

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

L9)

groups having C,, to CS' Akanatsu and Negoro have examined

3
0il 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 estefé} 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

. . 50
chain reactions and deconiposition of perox1des) ).

A bypro-
duct of the above reaction, bis (3,5—di—tertiary butyl-4-
hydroxyphenyl) octadecyl phosphate, ié reported to show
synergism with didodecyl thiodipropionate51). 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

oi152).

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
pentasulfi@e, and each class of these compounds, be it salt,
amide, or ester type, is used for different kindé of engines
(ref. - 53). Monobutyl phosphatesh) is effective as a deter-
gent for airplane gas turbine engines, whereas N-oleylpropane

55)

diarnine salt of octyl phosphate and vanadium and chrome

salts of decyl phosphateSé) for gasoline engines. Diocta-
decyl ester of N-propyl-N-dodecyl phosphoroamidate is also

effective as a gasoline detergentgf).
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5.3 Extreme pressure additive

Additives of this class are added to prevent seizure
of metal surface by allowing these compound to react with
metal surface at high temperature under high pressure to form
low-shearing compounds. MNowever, these additives at the same
time are rcequired to exhibit some lubricating property to
reduce the wear and tear.

58)

Davey determined a few properties of 21 esters of
phosphate and phosphite compounds, both aliphatic and aromatic
and when used as extreme pressure additives, in é 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 C130~groups being extremely so even at

low concentrations. It is generally said that phosphorus
derivatives are inferior to additives of halogen-~sulfur series
in extrenme pressure resistance but that they are about equal

to lead soap - sulfur series additives.

59)

On the other hand, Sakurai and Sato 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 nixture of niono and didodecyl phosphates, tridodecyl phos-
phate, and tridodecyl trithiophosphite. Reactioﬁ products

forned between iron and the treated lubricating oil prepara-

tions were also examined to determine seizure load capacity
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of the five derivatives. Neutral esters showed low reactivity,
whereas acidic esters and the thiophosphite es§@r were high
in reactivity. X-ray analyses confirmed that some of the
reaction products; i.e., 2FeFe4(I’Oh)3(OH)5, FeB(POh)Z, and
FePOu, contributed to the extreme pressure-resisting effect.
The extreme pressure-resistant effectiveness of compounds %
ﬂﬂgmed 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 < phosphate <sulfide.

Table 9 shows seizure load and friction coefficients

of Cig phosphono fatty acid. Table 9 Properties of C18

methyl esters obtained as phosphono fatty acids as )
extrene pressure additives
radical addition compounds of (four-ball wachine testing)
diethyl phosphite to methyl € ) &”3 kuw\..
ﬁ Arprme )mn'l |

(A)l
I

oleate, methyl linoleate, or ,
1 i Y I o |oa ] s
4

7.0 ool £ WS

nlll’

pivm?®) | (lm/un‘) \ ) IN El"
i
i
!
I 0, HH]

acetylated methyl ricinoleate

(A) Additive

1 BMethyl dlethylphosphono—
stearate

2 Reaction product between
nethyl linoleate and
diethyl phosphite

3 Reaction product between
acetylated methyl rici-
noleate and diethyl
phosphite

and used as 10% additiveséo).
Dialkyl (long-chain) esters of
Cl30~group—containing trichloro-

methane phosphonate are also

sure additiveszz), and com- B §pindle 0il (no additive)
B) Seizure load
C) Friction coefficient

parison of these with the
corresponding trialkyl phosphites, when both are used as 1
addlt1VCb, is shown in Table 10 and some extremg@ressure re-

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




Table 10 Extrenme pressure-
resistant properties of tri-
chloromethane phosphonate ‘di-
esters and phosphite triesters™
(top) (Four—bdll nachine test-

2

Table 11 LExtreme pressure-
resistant properties of tri-
chloromethane phosphonate di-
esters at various councentrations
(ref. 22) (Bottom)

W0 U gl g E AR G s ALY
VOO YR B Y AT e e fAUE R
MRS TALAED)

i ﬁ il | (Ll I(())(()R), (ROMY
2, *"fH JE () . Il 1 H —-:- : .‘~—'—~--
170 (R (;'\w‘_m) I ”.5[-1:&'( U\[« e’ ) ! R
o s | 0.1187 0 :
L U LA a0 ' 0067
Cdle 1 1RS  0.0066 5.5 : 0.0059
Callyy 0 5.0 BLoB6T | 101 00836
e oo L0977 an D onoean
Cally ' 0y 400851 B0 0.0u65
Clly 1 1200 ) 0,0878 3,0 (10955
e D | | Naaa A2 kS = AT
'Jllu\thull KURKSl
c - D
SR I T R AT e
() ( 5) ‘ (k;,/un‘) | HER
0.75 i 12.5 i 0.0773
a5 ! Moo b nooga
CiH, 0.25 | 4.0 i 0.0880
R LR 7.0 0.0978
i 0.05 3 4.5 | 0.0951
. | R
| o 5.0 i 00921
Callys % o0 | 60 | 0.0
| 0.2 i 4.5 l 0.0995
i 0.75 i 7.5 1 oo
i
Crally ; 0.50 i 6.5 ! 0.0963
5 0.25 | 4.5 { 0.1062

extreme pressure- and wear-
resistant effects of 12 N-
substitutes of dibutyl phos-

phorylamidate and 14 amine
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A  Additive
*  None
) B Seizure Load
C IPriction coefficient

Additive

Amount added

Seizure load
Friction coefficient

CQu>

concentrations are demon-
strated in Table 11.

Table 12 shows proper-
ties of dialkyl (long—chain)
phosphoryl amidates as 5%
extreme pressure additives
in comparison with tricrezyl
phosphate21). Also Forbes

and Silver61) determined

Table 12 Extreme pressure-
resistant propertles yf alkyl
phosphoryl amidates®

™ v LLNEE T Y PN PR 7 [ CAY R

c A B C

.,WHUWJflh"n:/;.uh:W}\uswmrv
Ry (lrdhan®) l Coin ) ;. ! l(l(;, c?) l G )
[GNI A wooobopLaan ll N 6.6 l.(lI&H .
(S0 nooo Ty e I G0 ey
(um; R N B A LA N BT

{

A Addltlve
TCP = tricrezyl phosphate
¥ None

B Seizure load

¢ fPfriction coefficient
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salts of dibutyl ﬁhosphate, and have found that the N-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 ié independent of the extent of N-substitution. Seizure
load capacity of Sn, Zn and Ba salts of monoalkyl (06 to 018)
phosphates when used as additives at different levels has

62).

been determined by Suga et al. 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 extremne pressure~resistant effect
but that amine salts of mono alkyl phosphates have little63).
Dibutyl phosphite ﬁ—phenylamine salt serves as an extreme
pressure additive for synthetic lubricating oil of ester
serieséu), whereas dioctadecyl phosphite or diéleyl sulfide of
a mixture of mmime and vegetable oils (P 0.1%, S 0.9%) exhibits
aninal _
synergistic extreme pressure-resistant properties and
registers as highaas above 70 1lbs in the Terken's testing

65) a value
. Other effective compounds found in patent records

machine
are dialkyl phosphites, ZnFQ, complex salts of t-alkyl
amine566), mixtures of a paritial hydrolyzate of trioctq:decyl
phosphite and alkenyl succinimide67) and reaction products
between trialkyl phosphites and polybutenyl succinic acid an-
68) '

hydride

-

5.4 VWear-resistant agents

. One% addition of dialkylphenyl phosphates (R = Cg to
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69)

018) results in a wear constant of 0.26 mm , whereas
lubricating oil to which is added 1% a reaction product among

2-inethyl-2-octadecyl~propanediol-1,3, phosphoryl chiloride,

and 3-amino-1,2,4~-triazol shows a value of 0.39 mm70). Another

recent patent states that use of an addition compound of
tetradecan phosphonate ethylene oxide as a C.0L4s% additive to
turbine oil or diesel o0il results in a reduction in the wear
constant from 0.49 mm to 0.36 mm and the product is also

, . 71
antlcorroslve/ ).

5.5 Additives for rolling oil

Although palm oil and beef tallow have been used as
lubricating oil in the cold rolling process of iron, the
recen#trend is the use of emulsifiable soluble oil., Tri-

72)

cthanolamine salt of oleyl phosphate , dodecan phosphonate

disodium sa1t73), and phosphate esters of addition compounds

74) are

of alkylamine (016’ C18 and oleyl) ethylene oxides
claimed to act as enulsifiable, extreune 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-

75)

tant ingredient of synthetic motor oil preparations .
ilashing and combustion points of various types of motor oils
are listed in Table 13 and the temperature at which their
spontaneous conbustion infthhe air occurs and the time required

{for recognition of their ignition (ignition lag) are shown in



Table 13 Flashing and con-
bustion points of ggfious
types of motor oil/

i i ) l SRR Y
A il ] il 'B ) ;(, %
Loahds g A g 2 210
R L R - ..
Ao BV e i . —

R P Y O AR TO 1 220 452
S e I3 157
G 0 T P gl 198 244

A  Motor oil type

fMineral oil, type #90
Turbine oil

Yater droplet type oil
Water-glycol series oil
Yhosphate ester series
oil

Yhosphate ester - Chlo-
rinated oil series oil
Phosphate ester - Chlo-
rinated oil - Mineral
0oil series oil

B Flashing point (°C)

C Combustion point (°C)

-—

O\ £LoN

Fig. 676). 0Oils of phosphate
ester series are about the

same in flashing poiﬁt as but
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kiR (*C:

3

—_—

—— T rsee)

Fig. 6 Relation between
spontaneous combustion temper-
ature and ignition lag76?
(AsTH D 2155) (See Table 13

for sample nunbers
Ordinate: Spontaneous com-

bustion temperature
Abscissa: Ignition lag

have about 100° ¢ 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 lhave already been mentioned in this

paper as additives for lubricating oil and gasoline, are in

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

These agents exhibit their anticorrosive effect by forming
adsorptive fikﬁ\by way of adsorptive orientation of polar
nolecules on the metal surface. Illence 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 g;.77) 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 effective78).

As aquous anticorrosives, sodium salts of octyl phos-
phate, dioctyl thiophoéphate and octyl mercaptomethane phos-
phonate have been compared by Unehara and Kato79). Also
comparison among sodium salts of 1-oxynonan phosphonate,
octyl oxymethane phosphonate and octy} niercaptomethane phos-~
phonate has been conducted by them.’ Tﬁe same group of
investigators has pointed out that there is a,%Fge difference
in the anticorrosive effectiveness of aliphatic phosphorus
derivatives between moisture-rich and moisture-poor environ-
mentso).

liydrolyzates of a reaction product between phosphoryl

amidate and phosphorus pentachloride, dialkyl N-phosphono-
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phosphoryl anidates (RO)ZP(O)NHP(O)(OH)Z, are water soluble,
and aqueous solutions of their free salts, monoalkaline salts *
and dialkaline salts in concentrations of 10'"3 to 10—2‘l mol/ I
liter at a wide pll range of 3 to 10 exhibit excellent anti-
corrosive quality to iron -and éluminum81). 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 aluminumSz). Trimethyl phosphate in wvapor phase
is also effective in preventing corrosion of aluminum pro-
ducts during storage and for this purpose it has been Xammux
used at vapor tension ranging from 0.1 to 10 mmHgSB).’

Hellsten and othersgh) 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 nitrosc compounds. The ef-
fect of alkyl phosphates having C10 to C18 at various concen-
trations on corrosion of copper in the presence of nitroso
trichloroacetate is shown in Fig. 7. The esters of C to

12

C16 show anticorrosive effect

TN, |
\ilj above -a level of about cmec, but |

cac vales f00,00,

WL cme vabey i
0.0050.01 0.0507 "0 {7

—_— ]

; R
[ the C18 ester is effective even

below cmc level, Also the anti-

|

|
¥
-
bl

deuey, 4
Q100

5710
corrosive effect of alkyl phos-
Pig. 7 Effect of alkyl
phosphates at various con- phates is augmented by addition
centrations, on copper
corrosion® ) of long-chain alcohols or alkyl

Ordinate: Amount of cor-
rosiorn
Abscissa: Concentration

polyglycol ethers, and thus
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these phosphorus derivatives may be of value as ingredients
of heavy-duty detergents. Also addition of disodium salt of
hexadecyl or octadecyl phosphite in the order of 0.02% to
alkaline detergents has been found to be an effective anti-

85? *

corrosive procedure

7 Conclusion

Aliphatic organophosphorus compounds have extremely
various uses and among them there are a lérge number of deri-
vatives of good quality. lowever, it is a fact that thedir
use is limited because of their high price. It can be
expected that perfecting any suitable methods of synthesizing
these os Low-priced industrial materials; e.g., a direct
synthetic method of organophosphorus compounds from red or
yellow phosphoru586), results in development of more interest~ (p.17)
ing and larger arecas of their application. However, in doing
so sufficient consideration must be given to some mnegative
effects such as those which were observed in the past as in
contamination and toxdicity of organophésphorus agricultural
chemicals.,

In this paper recent advances in a few main application
areas of aliphatic phosphorus derivatives are outlined. ITlow-
ever, the areas covered represent only a very small portion
of the total. ANoY the data quoted herein were obtained under
different conditions by different methods and therefore it is
difficult to couapre these on equal bases. Especially in the

case of additives, when they arée put to practical use, the
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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 Septemwber 11, 1973)
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