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The possible applications of phosphorus compounds in Ileather-making
are reviewed. Polyphosphoric acid or ils salts are used as (a) pretanning
agent in vegelable tanning and (b) pretanning or retanning agent or com-
plexing component in chrome tunning. Polyphosphates are also waler
solteners.  The phospho-compound tetrakis (hydroxy methyl) phosphonium
ehloride is o good tanning agent in the presence of resorcinol. Phosphatides
and alicyl phospho-csters sre complexing lubricants.  Chrome complexes of
alkyl phospho-csters are wilerproofing agfents. Phospho-acrylates are good
additives to acrylic finishes for imparting flame-proof characteristics.  Poly-
Muore alleyl phosphates impart oil repellent characteristics to leathers. I'rinryl

phospbates are good plasticisers for vinyl and cellulosic finishes; they ure also

flame-retardents. ) X

Phosphorus products e.g. articles made
out of bone, the mineral turquoise ete.,
had been used as articles by primitive
men. Since the early beginning, appli-
cation of phosphorus products for a
variety of utility purposes has made greal
stridey.  Agriculture industry is the smajor
consumer of phosphorus as phosphatic
fertiliser and animal feed. There are
very many other applications for phos-

phorus compounds, hoth organic and

inorganic? eg, tricalcium phosphate is used

as pigment extender; triaryl phosphates
like tricresyl phosphate are used as
plastlicisers in coating formulations.

In the leather industry the most com-
monly used phospho-compounds are poly-
phosphates which wre used as auxiliary
tanning agents for allering the characteris-
tics of \'zal;iously tanned leathers. Other
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phospho-compounds that are used o
could be used in leather-making arc
(a) tetrakis (hydroxy methyl) phospho-
nium chloride as tanning agent, prefera-
bly in combination with a phenol; ()
phosphatides as lubricant, (¢) alkyl phos-
pho-~esters of long-chain alcohols as com-
plexing lubricant or water-proofing com-
pound, (d) phospho acrylic and other
phosphorus compounds as flame prool
leather finishes and (¢) florophosphates
as oil repellent compounds.

Polyphosphates o5 auxtliary  {anning

agent®18 .

Water  soluble” polyphosphates  like
fripolyphosphaie  (eg. Naz,0,,) are
used in leather making, K

Lindner® of Germany and Wilson? of
United States independently discovered:
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- that_polyphosphales can tan hides and

sking and the carlier work on chemistry
and technology of application of poly-
phosphate as auxiliary tanning agenl was
well documented?

As pretanning ol collagen with poly-
phosphate reduces the fixation of  vege-
table tanninst® and the deamnination ol
collagen reduces the fixation ol poly-
phosphate, 156 it was considered that poly-
phoiphale takes position between puptide
chains - of collagen and  combines “with

themi Lo some extent when polyphosphate

and amino groups of collagen are facing
cach other A8 The involvenient of amino
sites of collagen in polyphosphate tanning
is cvident by the fact that skin tanned
with polyphosphate has less affinity  to
acidd

Polyphosphate pretannage for vegelable
leatherst

Polyphosphate pretannage protecly the
surface of the leather, particularly the
grain, from too rapid fixation of vegelable
tannins especially when strong vegelable
tan liquors arc used in tanuing?

Polyphosphate pretreatment, henee, is
well suited for “rapid fJoatless processing”
of hides and skins with vegetable Laning
extract powders as well as for the proces-
ses wherein the skins come into contact
directly with  strong  vegelable  tan
liquors!®dt as the pretreatment avoids the
possible case hardening or drawn grain
due to rapid excessive fixation ol vege-
table tannins on leather surfuce?  This
advantage alone may not be suflicient
ground for adoption of pulyphosphate yire-
tanning for vegelable tanning in view of
high cost, but saving of tapning time and
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Jabour by the adoption of rupid vegetable

tanning processes using vegetable tuning
exiract powder or strong liquors couplud
with uniform colour and. physical g
tics such  as high tensile strength aned
grain clasticity® makes the polyphosplynte
pretreatment a commercial  proposition,

The improvement in colour is due Lo -

strong sequestering action of poly-phos-
phates on iron and caleium;? during poly-
phosphate prelannage iron stains and
calcium that might have been deposited
as calcium carbonate causing “lime blast
effect” are removed: the hides and skins
are thus rendered free of these defects.
As salts especially chlorides adversely
offeet the combination of polyphosphates
with collagen, delimed hides and skins
are washed well until  these were sall

frec and they werc treated with poly-

A

phosphates in acidic pH of 22-2.3, since’
maximum absorpiion takes place at this
pIL? As this pH is too low lo the vege-
table tannage the polyphosphate tanned
leathers arve thoroughly washed prior to
vegetable tanning. ‘

Polyphosphate treatment i chronie
leather maling™ 14"

Polyphosphates  can be used an th:
manulacture of chrome  tanned Joather

cither before or after chrome tanmage and -

occasionally also during tannage.

Usual Jeed stock for chrome  Lning
with basic chrome salts is pickled hides
and skins as the pickling adjusts the pll
of the skin and the degeee of swelling,
1 the diffecence in plb ol the Tod stock
and acidic chrome tanning salts s Jirgeh,
then there will be excessive fixation o
precipitation of chrome on the surluce of
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i phate
" solves in excess polyphosphate due 1o

ed leather, The classical pickle treatment "33
can be replaced by trcatment with non- po

swelling acids, like polyphosphoric acids.
The benefit of such pre-treatment is
smoothness and tightness of grain. The
pre-treatment also contributes fo a more

hides and skmsnosultmp in.drawn gram- l"rcshl.v prepa)ed “h""mc‘ alum of 0 or

rapid uptake and uniform distribution of

chrome throughout the cross section of .

the pelt. A part of the pdl\n)hmh}mfé
present in the pretanned stock may comp-
Iex with chrome As the phosphate pre-

treatment is done on delimed stock, it is

- 1o be noted that the feed stock cannot b(' a

bated with pancreatic bate which requires
iust alkaline conditions for its activity but
can be bated with fungal hate whu his
active at acidic pH.16

8—‘)/0 of P,O; can be mcmpmatod in

chrome tanned leather by retreating the
chrome tanned leather with polyphos:
phates without causing grain cracking.1?
The treatment with sodium polyphos-
phates ' neutralises the chrome leather
throughout the cross section . of the
leather being treated whereas, carbonate
treatment acts only on the surface.
Chrome leather thus treated has tight

grain and better appearance hecause iron

1mpunty, if any, present in the leather ig
complexed, _’ -

Though polyphosphate can he used in
‘the chrome tanning bath itself, this pro-
cedure is seldom pxactlced since precipi-
.tation may result i[ proper care is
not - taken. With chrome alum dis-
solved in. cold .or with aged diluted
33% Dbasic chrome solution polyphos-
gives precipitate  which  di«-

~the formation of non-cadionic  chrome

| complexes which have no tanning action.

|
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Jaswltv does- uort prccxpttale with
) g éulphate mask-
ing " whichi’ reudcls'th__ ‘qu'or ‘aniomic,
-Hence if polyphosphate is te be added in
“the chrome tanning - bath “then solid
_chrome’ exiract should be:applied to the
feed stock along w1th the_.phosphate a
dlluted aftcr penetratlo E : _
the. leather or freshly Apared'chromo"
: lxquor should be treated’ thh other mask-

ing agents like formate first and then with -
hhosphate eg. chrome hqum masked with -
% mole formate can be fu”hcz maskcd_ !
with % mole of phosphate w1thout any -
- difficulty. - 'The tannage is not done in

~ pickle bath but in a separate hath.18

- As the masking with pu]vpl‘ovphaio
reduces the calionic charge the aflinity
of such leather to anionic dye and ahionic
fatliquors is ddereased and. a{’{'mty to
cationic dye or cationic fatliquor is in-
creased, 121718 while the anionic fatliquor
used in ]uburatmv lIeather is necessarily
less 27 '

Tetralis (hydroxy methyl) phosphoniwm
- chloride as tanning agentt?-?

Tetrakis (hydroxy methyl)  phospho-
nium  chloride  (THPC) [ (HOCH.),
PICI-] can he used alone in tanning of
hides and skins%20 but leather was. thin
and firm, A new tanning process was

d_@velbped wherein THPC and resorcinol - - = -

‘were applied to skin under mildly alkaline’

condition so that they react in situ in the

pelt and develop a compound which tans

cellagen;?0° 2 the lzather has good hydro- -
thermal stability (T.>95°C). The mods
of Lannage is to treat the pelt being de-
pickled with resorcinol 2.5% and THPC:

4.57 (percentages are on pickled weight)

0%

7




‘a good, fatliquor 25

‘complex with chrome.

it 1on tanned leather obtamcd by

.' pretahhmg thh THPC - Resorcinol and '
- retanning;: thh chrome . -was reportcd to . for
possess.. “not: only good hydro thermal”

stablhtv but also good sweat resis-

tance®24 Leather tanned with THPC

and resorcmol alone is full, round and

* ing suedes as it imparts dry feel which

s besieficial in improving the nap of thé
“lcather, ‘The ability of egg yolk to impart
,’drv feel tq the leuthcrs is also the reason

certain fatlxquox

somccs is at hm(‘s used in fathquormg

. composxtwn'-..

mellow and has many properties similar . =

to those of ‘vegetable tanned leathers. It
is suggested . that the reaction’ pmoduct_;-’
of THPC and rcsorcmol Imms ‘amino -
* cthyl linkage! with ¢ amino group of the

lysine ‘residue of collagen The - stxong

covalent’ foxces of thls lmkae;e were
considered to be the reason for hlgh’_;---

hydrothermal stability of THPC tanned
leathers; _
nol itsglf.'\vill also combine with collagen.

Phospho-compounds as leathm lubrzcant{ )

Phosphatldes.' Onc of the: carhest

applications. of phospho-wmpoumk A

leather makmg was the apphcatlon of

phospho-hplds for converting putriscible
Pre-historic -
man rubbed the brain of the animal he

hides and skins into leather.

killed to the hlde or skin of the animal for

making it 1mputrlsc1blc So that it would

not decay on exposure to moist weather
condition. The brain is rich in phospha-
tides, so also the egg yolk. ILgg yolk is
It contains roughly
50% water,.16% protein, 30% fat out of
which 3% is phosphatide and the rest
other matters like sugars.. The phospha-
tide of egg yolk-is bound to the chrome
tanned . leather because of its abilily to
The. fatliquoring
composmon containing egg yolk .is. con-
sxdered to be 1dea1 for leathers like hunt-
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2,it should be noted that resorci-

. ing c0mpdsxtions ior glazéd kid; * Instead - .
of cgg yolk lecnthm obtamcd from “other

aahesmn is due to, mxgratxon “of ’ froe oil
“at-the vulcaniqmg condxtlon to the.leather - '’
surface

chmmo lenthor.“?’ TFatliguoring compogi-
tions contcunm;{ complexmg Iubricant are
lco considered - to be.well suifed for dry

~ cleanable lca«thms The complexing lubri-

cant as the very name mdxcates .complexes
with. chrome leather and hence is firmly
bound to the leather; they do not migrale,
to the surface of leather during wvulca-
nising or do not et dislodged due to dry

cleaning. Alkyl phospho-esters like mono

phosphovie .esters [ROPO(OH).] eg,
mono dodecyl orthophosphate are used as
complexmg lubricant componcnt of the
fatliquoring compositions. The fatliquors
containing complexing lubricants are
called as “complexing fatliquor”. Com-

Use of fathquor;pg composih, n,q.- .~

"--commendpd f0r lubrlca ing' vulcanwuble' '

plexing fatlxquors may contain 10-20.parts ~

of comploxmg, lubr 1cant 40-50 parts of
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' sulphatcd oil 'md the rest may be vaw - "
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and mineral oil; fatliquoring compositions

e

BNdN

having no raw and mmeral ml are alao
used.” :

Complexmg phospho lubricants like

mono dodecyl orthophosphates if used

alone, ie. not in the presence of sulphal-
ed oils after complexing with chrome
render the leather waler/showerproof

hecause . of protruding’ lengthy = alkyl
chain, :
But to use them as waterproofing

_agents they have to be applied in the

“form of sodium or ammonium salts. Such
application, however, may make the grain
surface of chrome leather coarse because
of pH effect. Hence application of chrome
complexes of alkylated phospho- esters
in water d:lutable alcoholic  solvents'
advocated for imparting showerpr oof

chara oterxstlcs ‘to chrome leather. The
phospho-chrome complexes = are morg
stable than chrome fatty acid complexes
which are used for similar purposes; the
'beuer stébxhty of ‘phospho-chrome com-

plexes. '1s;fdue to the hetfer dbility of
phosphates to complex with chrome ag
compared {o’carboxyl.

Leathers, vegelable or chrome, can
also be made waterproof by incorporating
surface active phosphatic emulsifiers like
condensation product of mono lauryl-acid
phosphate and ethylene or propylene’
oxide or amine _salts of alkyl amide
derivatives of mono alkyl acid phosphate.
The surface active agents are incorpo-
rated into leathers in non-polar solvents,
They will swell- within the leather on
contacting with a small quanlity of water,
fill the void space in - the leather and
effectively prevent further’ uptake of
water by’ the leathcr. »

LEATHER SCIENCE VOL. -21, 1974

AWCIN

Phospho compounds in le'uhev fi 1mhes3°-31

wAcrylic products a§ emuquon and solu-

txon ‘polymer are widely - Used in-leather

ﬁmshmg as the leather treau:'d with the -

produit has good wet' rub’ resistance:
These products generally have poor heat
and flame resistance.  This deficiency of
acrylic  finishes can be  overcome by
“incorporating thermosetting flame proof-
ing characteristics; addition of a copoly-

mer of dialkyl phosphono alkyl acrylate.

and methacrylate and vinylidene com-
pounds®® in acr ylxc top Loat may  serve

this purpose.

Alternatively finished Jeather surface
can be made to have flame proof chavacter
hy applving  phospho-compounds like
N=diethyl-amino-phosphoric  acid “dia-
mide¥ in water or solvent phase either
alone or along with other phospho-com-
pounds like phospho-acrylics.

Phospho-compounds as oil repellents?

Polyfluoro alkyl phosphales  having
mvdmm alkvl chain length can be applicd
y leather Tor imparting oil repellent

(h:lracter stics to leather® Products of

this type may find place in induslrind -

gloves and garments.  Oil and soil repel-
lency will be very much appreciated in

marenents; soil yepellency can he acnievad

by - treating the leather with  fluoro

silicones™ 31

Phosplw-compozmd:s.,us plasticisers

Triaryl phosphates like tricresyl |)ho:«'-'_,

phates (CH,CuH g PO, are nsed as
plasticisers  for . vinyl and  cellulosic
leather finishing agents eg. N.C. lacquers.

A They also sctve the . purpose- of flame

retardent!
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Other miscellaneous applications

Polyphosphates- are good . water sol-
teners as they are good sequestrants for

calcium and _magnesium present! in hard

water, hut 1hey are seldom used for ﬂmL
purpose by the leather industry in view
of high cost.

Phosphorus penta sulphide and other
polysulphides eg. those obtained by veact-
ing 8 mol or more of sodium sulphide
with 1 mol of phosphorus penta sulphide
alone or along with sodium thic phosphate
are rccommended for use as unhairing
agent;?53637 {ho cost of the product/s is
an_inhibitive factor for the commoereiali-
sation of this class of unhairing agent,

The possible application of phosphorus
compounds in production of Teather is
reviewed; it is hoped that this review m 1y
catalyse newer approach of application of
phospho-compounds  for improving the
quality of leathers,

REFERENCES ~|J

1. Phosphorus and its cow_npomv.(ls. Vols. T
and II, ed. hy John R, Van Wazer. Inter Sci.

'Pubnqmrq New York (1961).

2. Lindner, K. (‘nllt?f_/imn, BI6, 145 (1938).

3. Wilson, J. A, T Am. Leather Chemists
32, 494 (1937).

4. Chamhard, P. in Chemistry and techno-
logy of leather, ed. O Flaherly et al, Reinhold
Publishing Corporation, New York (1958).

5. Gust')vson K. H. & Nestvold, M I. Soc.
Leather Trades Chemists, 36, 105 (1952).

6. Bnggs,. D. R, J. Biol Chem., 132, 261

(1940).

7. Gustavson, K, H.,, J. Am. ILeather Che-

mists Asszoc., 45, 789 (1") h0) .

8. Riess, C., Dus Ledenr, 3 124 (19)))

. 80

9. Riess. C, Rev. Tech. Cuir, 42, 26 (1951).
10. Kedlaya, K. J., Leath, Sci,, 18, 75 (1971).

1L Bravo, G. A., Cuoio, Pelli. meat concianti,
33, 32 (1963). T

. . o-
12. Riess, C, Ren. Tech. Ind. Cuir, 54, 133
(1962).
13, Erdmann, JI & Ollo, G, Das Le (lm, 13,
244 (I‘Jl'))
4. Brit, Patl, 1,045, 843 (196G5).

150 Ghosh, 8. P, Bose, 8. N. & Savlear, X1,
Bull. Cent. Leath. Res. Inst, 5, 457 (1‘)09)

16. Otlo, G., Das’ Leder, M 205. (196'3)

17. Riess, C. & Feser, F. U Asgociation
Quintica Espanola de la Industna del Cuero,
5, 211 (1962).

18. Riess, C. L_é(ip?‘ wndd H(mtmn.m'lct:t Gcr—
bereiwissenschaft und Praxis, 14, 122 (1961).
19. W. German Pat. 1213, 950 (1966).
-20. US. Pat. 2, 732, 278 (1950).
2. US. Pat. 2992, 879 (1961)."
22. Canadian Pat. 633, 708 (1962).

23. Windus, W. & Happich, W. F,, J. Am.
Leather Cheinists Assoc., 58, 638 (1963)

24. Happich, W. F. & Wmdus, W, J. Am
Leather Chemists. Assoc., 58, 646 (1963)

25. McLaughlin, G. D. & Thesis, E. R The )

Chemistry of Leather Munufactwe, Remhold
Publishing Corporuhon N. York (1945 ), p 733

26, Bril. Pat. 788, 657 (1954).
27, Plnppel’, Jy Das Leder,
28. Heyden, R, Das Leder, 20, 4, (1968).
29. Drit. Pat. 791, 663 (1955),

30 U8, Pat. 3, 030, 347 (1960),

3L. Brit. Pat. 892, 131 (1958).

32. US. Pat. 3, 096, 207 (1960).

33. Drit. Pal. 809, 343 (1959).

3. Kedlaya, K. J, Ramaswamy, D. & Nayu-
damma, Y., Leaih. Su, 18, 155 (1971).

5. U8, Pat 3,365, 265 (1968).
36 US Dat 3415, 610 (1968).
3. US. Pat. 3420832 (1969).

LEATHER SCIENCE, VOL. 21, 1974

1, 136 (1903)'..;"

.
SRy e
\

ety IS

.

=

(S




