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LIQUID ANI) SOLID WASTES* 
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Lenthm Indiistries K i w n r r h  Institute 

I S 5  Grnfrrittistown. 6740 South Africa 

INTRODUCTION 

A paper on no-effluent tanning processes by Williams-Wynn was read 
a t  this convention four years ago. Since that time considerable progress 
has been made by leather chemists in tannery process modification to 
eliminate intractables in the effluent, and many tanneries are  using these 
modifications successfully with considerahle savings in materials, as well 
as making a major contribution to the effluent problem. 

WATER USAGE 

Traditionally tanneries were established near rivers, from which water was 
extracted free of charge, and mostly in unlimited supply. Countries such as 
South Africa have had to conserve water to  an increasing extent, and much 
attention has heen paid to water economy. Changing from continuous to  batch 
uashing has been a major factor. Other  steps have included liming in second 
soak waters, chrome tanning in pickle liquors, and using reduced floats with 
drums and mixers and inore concentrated liquors generally. 

A recent successful developinent in South Africa has been the recycling of 
water from effluent ponds for use in the hearnhouse. Two major South African 
tanneries are using this system and others are  preparing to follow. A 30 percent 
economy in water is achieved, plus an equivalent reduction in evaporation pond 
area required, which has enahled these tanneries to expand their production 
without additional water or pond area. In  an evaporation pond system the water 
is recycled from the middle of the series as the final ponds are niore saline. 

Whereas  the normal tannery water usage is stated ( 1  ) to he SO liters per kg. 
of hide, South African tanners are down to 11.2.5 liters per kg. O n e  problem 
of water economy is that the effluent analyses are proportionately worse. T h i s  
aggravates the acceptance prohleiii where local authorities set limits based on 
analyses rather than on total content. 

*Presented at the 72nd Annual Meeting, June 20-22, 1976, French Lick Sheraton 
Hotel, French Lick, Indiana. 
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SALTS 

‘I‘lie need to eliiiiinate dissolved salts f roni  tannery effliient varies widely. 
I n  countries like the U.S.A., with vast rivers and estuaries, tlie autliorities have 
not yet set ceilings for total dissolved solids. I lowever, hlaine and Sundgren ( 2 )  
have stressed tlie desirability of using salt-free hides ~ v l w e  et71iient disposal is 
hy irrigation of land. I n  Soiitli Africa, the ’1’1)s ceiling of 1000 p.p.m. is iin- 
posshly strict tzliere tanners purchase salt-cured hides. I-Iou.ever, as pointed out 
in a recent ptper froni the U. S. ICastrrri 12rgional Research Center ( 3 ) ,  tlie 
tlesirahility of eliminating tlie use of salt in curing is already heiiig anticipated 
h y  u w r k  on comparisons hetn-een uncured and salt-cured hitlrs in tanning. Al- 
tliough a good deal of processing of fresh hides f roni the s1;tiighter Iiouse or 
ahattoir is xlreatly taking place in m a n y  parts of the \vorld,  the majority of tan- 
neries are not situated sufliciently close to this soui-ce to take advantagc. of it. 
Furtlier~iiore the regular daily xvailahilitp of the correct hide weights arid types 
does not  generally match the tanners’ reqiiirements. ’llie prodiiction of wet hlue 
and crust vegetable using unciired hides f r m i  freshly slaiiglitered animals is one 
solution to  this salt elimination problem. Another solution is the use of alterna- 
tive curing iiietliods and much progress has been rnade in this direction ( 3 - 7 ) .  
I n  South Africa two types of cure are envis:tged. One of these is a short cure 
of seven to ten days to enahle hides to be carted h y  road transportation and to 
he sorted a n d  s t o r d  at the tannery. ‘ l h  otlier is a longer cure aimed a t  more 
distant markets. Such hides \vo111d have to he purchased on green m i g h t ,  as 
variations in moisture content would provide too great an area of dispute, salt 
curing having the virtue of a reasonahl!, stahle product in terms of yield. 

LIME 

1,ime has provided tanners wit11 a low cost, \zdl Idfered  alkali for unhairing, 
and it has heen traditional to use it in excess. 7‘Iiis lias heen desirable i n  non- 
agitated pit systems, where a coating of lirne on the hides offsets the problem 
of low soliihility. However, \r-itli tlw I I S C  of drums ;mi misers, this coating is no 
longer needed. 1,iiiie in the effurnt huffers tlir high pH of Iwamliouse liquors 
against neutralization and is ;in intractalde constitirent of solid waste. 

;ZIuch w o r k  is being carried out on lime-free unliairing systems (8-1 1 ) ,  b r i t  
1 do not propose to overlap witli Peter van Vlinirneren’s paper a t  this convention. 

LVork carried out a t  I,.I.R.I. on hotli chroiiie- and  veget;thle-tanned leather 
( 12-15) indicates that lime levels can lie rrdiicrd to a s  low as 0.5 percent with- 
otit tlie m e  of caustic soda, using either sulfide o r  sulf1iydr:tte as sharpening 
agent. 1 he me of caustic ~ i d a  instead of lime is also frasihle for upper leather 
and is in fact cstensively irsrd in 1~:ngIand for gloving leather. 1,.1.12.1. n v r k  
( I O )  suggests that not iiiore tIi:ui one  percent shoiild he iiseci anti that sodiuni 
sulfhydrate is the hest sliarpening agent. 
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, l l o s t  South African tannrrs have reduced their lime level to t\vo percent on 
soaked \.r,eiglit, and tlie r w i l t  is that a surface aerator tlsed on the 1)eamliouse 
effluent will eliminate sulfide and d r o p  the p1-I helow 9.0 in a fen, h o ~ r s  without 
complaint hy the nriglihors, nit11 sulwantial reduction in solid wastes. 

A statistical evaluation of the effects of lime reduction on the physical and 
aesthetic properties of chrome-tanned sidc leather ( 1 7 )  has indicated that this 
reduction can he halanced hy choice and level of sharpening agent. Of the physi- 
cal tests applird in this esprriment the lastometer extension in mm. gave the 
hest indication of property variables, the other physical tests showing little or 
no significant differencrs. ‘1’;thles I to 1V sliow these results. 

7‘AIZI,T;: I 
__- - - ~- - --___ _____ 

Level of Level of I.ime Addition 
Mean Sharpening Agent- - - - ~- ___.__- 

Add i t i o ri 2.0% 2.5% 1.0% 0.5% 
-. . - _ _  - ~ _  

13.25 14.35 11.90 11.20 12.68 3.0% 

2.5% 1 3 . 1 5  
2.0% 13.10 

11.0 11.35 12.80 12.08 

14.75 13.00 12.80 13.35 
12.20 11.70 12.30 12.33 

1.5% 12.85 

13.08 11.99 12.28 12.61 Mean 13.09 
- - - _ _  _ _  _ -  

Lime Addition 
T y p e  of Sharpening Agent - 

2.0% 1.0% 
Mean 

__.____-- - --__ 
Sulfide 
Si1 1 f h vtl ra te 
Mea n 

13.26 11.60 12.43 
12.9 12.66 12.78 
13.08 12.13 12.61 

-__ ~ _ _ - _ _ _ - _ -  -___ 

__ 
I.evel of Addition of S/A 

Mean T y p e  of Sharpening Agent - 
3.0% 2.5% 

1 1 . 5 3  13 .34  12.44 

-- - --  - -- - -- - - ~ 

su 1 fit1 e 
Sulfhydrate 
Mean 

13.48 12.08 12.78 
12.51 12.71 12.61 
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Level o f  S/A Addition 
Mean Float Length - - 

3.0% 2.5% 
~- 

12.93 12.26 12.61 
12.06 13.16 12.61 
12.51 12.71 12.61 

50% 
75% 
Mean 

r .  1 he norinal acceptance levcl for a footwea~- factory is 8 nini., and all samples 
passed this, the averages heing well ahove this limit. Kxainination of aesthetic 
properties did not reveal any guidelines. 

Spent lime liquor froni a low lime system I I I ~ J J  be eliminated altogether hy 
heing used up in the second soak of a dou1)le soak system, tlie first soak being 
to wash out  the surplus salt and hreak open the pack ( 17) .  ‘I‘he spent sulfide 
o r  sulfhydrate plus spent lime act as soak accelerators. ’I‘he systern is illustrated 
in Figure 1. 

F I G U R E  1 
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Table  V shows the analytical results from a two percent lime-3 percent sodium 
sulfide unhairing system. The  table clearly indicates that, by using a system such 
as the one proposed, it is quite possible to remove all lime from the beamhouse 
effluent before that effluent reaches the treatment plant. A statistical evaluation 
of the leathers produced showed no  significant effects on the physical test results 
or aesthetic properties. 

TABLE V 

Liquor Description 

g. Ca  ( O H z )  /liter 

After Final 
Unhairing Effluent 

Spent Liquor (U/L) cycle 1 0.139 
Wash water cycle 1 0.032 
W/water cycle 1 as  pre-soak cycle 2 
UJL mixed with W / W ,  soak cycle 2 
Spent Liquor (U/L)  cycle 2 

W/water cycle 2 as  pre-soak cycle 3 
U/L mixed with W/W, soak cycle 3 

0.139 
W/water cycle 2 0.051 

0.0 
0.0 

0.0 
0.0 

Spent liquor (1J/L) cycle 3 
Wlwater  cycle 3 
W/water cycle 3 as  pre-soak cycle 4 
U/L mixed with W/W, soak cycle 4 

Spent Liquor ( U L )  cycle 4 
W/water cycle 4 
W/water cycle 4 as  pre-soak cycle 5 
U/L mixed with W / W ,  soak cycle 5 

0.111 
0.043 

0.131 
0.037 

Spent Liquor cycle 5 0.134 
W/water cycle 5 0.064 
W/water cycle 5 8 5  pre-soak cycle 6 
U/L mixed with W/W, soak cycle 6 
Spent Liquor cycle 6 0.148 
W/water cycle 6 0.028 

0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

T h e  following code has been used : 
U/L = IJnhairing lime liquor. 
W/W or W/water  .-- lime wa\h water. 

Another possibility is the recycling of Iwanihoiise liquors. hloney and Adminis 
( 18) have shown that lime sulfide liquors can be recycled more than 20 times 
on pilot-plant scale without apparrnt loss of quality in the resulting leather. O n e  
of the larger South African side leather niariiifacturers is a t  present adopting a 
liiiie recycling iiiethod and hopes to achieve economies in lime arid sulfide usage, 
as well as assisting the effluent prohlriii. 



CHROME 

Although it can he rstal~lislicd that siierit clironi- taiinery liqiiors are not as 
toxic as tlie prevailing acceiitiincr standards sug:gcst, it is difliciilt to  achieve 
a rel:iscitioii of tlicse staritlartls. I'recipit;ition of tlir cliroiiiiiiiii by  hlciidiiig with 
the lieamhouse liqiiors iiierely transfers the piddeiii from the liquid to the solid 
effluent. 

Recovery of 1-liroiiiiiiiii froiii spent chrome liquors Iias heen investigated by 
F-IarriIey ( 10) a i d  IIiit1ck (3)) and Iias Iwen in I:ir:ge s c d r  practice in iriany 
c-ountries. Some forty yrars xgu the writer visited a tii11~irry at  Ixeds, Ing land ,  
d i e r e  the spent cliroi~ie liquor I\X treatrd u.itli sodiiitii ciirhtinate and the pre- 
cipitated cliroiiiiiitii Ii!drositle coiiipactcd 1'4; centrifuge. ~-edissolved, and reused. 

In recent years nirtliotls of rrcjdiiig in tlic tan y a r d  Iiavr heeri studied hy 
ill iller (21 ) and Ilnvis and Scroggica ( 2 2 ) .  \.$'e have cliecked this w o r k  in pilot 
plant and factory trials, and  iihout half of our  Soi i th Africiin tanneries are now 
using chroine recycling f o r  reasons of economy to offset the increased cost of 
ch iwme tanning s;ilts. 

, I  I liere are two metliods used in practice. '1'11~ siiiiplest inrtliotl, requiring very 
little control, is to reuse tlie spent c1ir1)iiie as the pickle. 'Ilie main precaution 
is that tlie pickle wid sliould he added to the spent chrome liqiror hefore running 
into the druiii froiii the storage tank. Otheiwise die Ixisic liquor will overtan the 
grain. 

hlany niotlerii tanneries, lio\\wri-, a t l d  the chi-oiniiiiii salts in powler  form 
to the drum a t  tlie end of the pickling oixr;ition. In tliis cxse tlic spent chrome 
is pumped oiit to the storage tiink. acidified, and then trsc'd as the next pickle. 
'l'lir acid could he either sulfui-ic o r  formic, arid the pvohleiii is ir.hetIiei- changes 
in liquor character \rill rc'sult in  ~ l i i i ~ i g ~ i  in leather tlirality. 'I'his Iias heen studied 
( 2 3 )  in tlie I,.I.K.I. pilot plant. 'I'ihle LTI slio\vs the analytical (lata of the 
spent chrome tanning liquors for either. sulfuric or  formic acids. N o  salt \vas 
ittldcd, apart froiii tliat carried over \\.it11 tlic hide pirces. 'l'lie sodium foriniite 
added for- 'l'l.eiitr1ielit A \\'iis t c I i  percwit of tlir \\.eight of the cliroine tanriirig 
powder addrd. 'l'lie latter \vas cdculated to give a total, \\.it11 the spent clirome. 
of eight Iirrcent of tlir liiiietl hide weight. 

I t  is evident that the sulfiite content of the spent chrome tanning liqiiors rapidly 
reached eqiiilihriuiii ant1 n-as fairly constant ;if t r r  four cycles. ' l h  Iiiglier sulfate 
concentration of 'l'i-eatmerit A is diir to higher sitlfuric acid plus formate mask- 
ing. 'l'lie ciiloi-itle coiitent of the spent liquors decreased f r o n i  1.8 percent for 
i ~ i n  1 to 0.08 percent f o r  run 6 f o r  both ti-catiiirnts, h i t  tliis w;is conipensated 
for I?). t h c ~  incrt~nsetl sulfate coiitriits iiricl cliemiciil aiiiil!.sis iintl physical tests 
s l i o \ i ~ d  no trends 01- deficieiicics. 
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'I'ARLE VI 
A N A L Y T I C A L  D A T A  OF S P E N T  C H R O M E - T A N N I N G  LIQUORS 

- - - ~  ._ __ _ _ _  ~ 

Treatment A Treatment R 
(1% HzSOI + Sodium Formate) (0.8% f32sos  Only) 

Run 
Cr2O,i% SOa% Cr203% SOr% 
- 

1 0.76 1.84 0.65 1.74 

2 0.74 2.41 0.62 2.30 

3 0.71 2.88 0.52 2.61 
4 0.72 3.38 0.44 2.82 

5 0.72 3.59 0.47 2.75 

6 0.74 3.67 0.51 3.23 

7 0.70 3.73 0.45 2.91 

8 0.74 3.67 0.62 3.03 

9 0.70 3.81 0.65 2.92 
10 0.68 3.67 0.59 2.85 
11 0.72 3.84 0.55 3.02 

12 0.74 3.91 0.5 1 3.16 

1 3  0.70 3.81 0.55 2.98 

14 0.57 3.08 

checks subsequently. Screening of flesh and other particles removed by drumming 
would also hr needed. 

VEGETABLE TANS 
? ?  I he 'l'anning Extract Producers Federation survey of modern vegetable tan- 

nage (24) describes a nuinher of processes d i e r e  a minirnuni of vegetable tan- 
nins is discarded. Of these Inethods the only one which takes care of the con- 
siderable ainount of tannin disc;irded in wash and Ideach liquors appears to he 
the 1,iritan system ( 2 5 ) .  'I'his also has the advantage of retaining the quality 
characteristics of an all-pit method, regarded by many as essential to the reten- 
tion of the quality market for vegetable leather. Methods where the tannin is 
drummed into the leather in spray-dried form involve protection of the grain 
and this may be accoinplislied h y  prechroming, Calgon treatment, treatment 
with syntans, o r  the w e  of sodium sulfate, which is suhseqwntly ivashed out to 
fix the tans. 'I'lirse processes are  facilitated by the modern availability of spray- 
dried extracts. 

Alost tanners are  adopting n~ethods aiined at reducing vegetable tans in the 
effluent, a s  these are high in ouypm dernand. W h e n  mixed with beamliocrse liquors, 
a bulky sludge results, ivhile any iron present produces a Hack ink. No efNHuent 
processes eliminate these problems. 
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RETANNING 

\York at  I,.I.R.I. has sliown (26, 27)  that dry o r  low-float retanning gives 
a stronger leather, particularly d i e r e  vegetable tannins are used, as there is more 
filling action and less crosslinking. Crosslinking gives a more rigid structure, 
with reduced grain elasticity and lower breaking strength. 'These dry o r  very low 
float retannages are  more economical and avoid aggravation of the effluent prob- 
lem. 

DYEING 

IYork on cold leather dyeing processes lvithout float has been carried out by 
Rosenbusch and Munch (28 ) .  M o r e  recently L.I.K.1. has been experimenting 
with a foam dyeing process. and successful large scale trials have been carried 
out. T h e  method has not yet been adopted on the large scale. Little o r  no effluent 
results from the method, as the dye is taken up completely. A great deal of 
modern upper leather is not drum-dyed before finishing and this assists the efflu- 
ent color prohlein. 

GENERAL CONCLUSIONS 

I t  is apparent that great strides have been made in eliminating the intractables 
from the liquid and solid effluents of the modern tannery, and many tanners are 
enthusiastic about these developments, not only because of the reduction in efflu- 
en t  prohlems, but also because of the economics involved. I t  is possible to  envisage 
the tannery of the future using unsalted hides and producing mainly proteinaceous 
effluent which can be utilized as food for  pigs or  chickens or as fertilizer. 
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DISCUSSION 

MR. L. K. ~ ~ R R E I I  (A.  C. Lawrence Leather Company) : T h a n k  you very 
much, Stanley. I think that Stanley has given us an especially valuable overview 
of his assessment of trends in the tanning world today from a very practical 
point of view. 1 his paprr is certainly worthy of detailed study. ?. 

O n e  especially interesting point is the use of lime as many as twenty times. 
W h e n  you reuse something as many as twenty times that  hegins to suggest perma- 
nency of reuse. Perhaps it is possible to reuse rather than sewering our  lime 
liquors with the resultant prohlems in coping with the lime solids in the effluent. 

W e  have not gone far  enough to really prove it out, but a t  one of our  sole 
leather tanneries we started ahout four months ago to stop sewering lime solids 
from our  hair-saving rcel-over tein. W e  are not sewering any lime solids f rom 
three of our six lime rows at that tannery. So fa r  we  can not detect any differ- 
ence in the appearance, feel, plumpness, and other properties of the hides corning 
out of lime. T h e y  rinhair equally well, perhaps a little better. T h i s  approach 
looks especially promising because it saves money instead of spending it in waste 
water handling. Are  there questions from the floor? 

T)R. SHIITTLEWOKTH : W e  questioned the French about their work. Thei r  
conclmion was that, in view of consistmcy since the eighth re-use, they could 
regard it as a permanent solution, \.\.it11 lime sewwing never being necessary. 

, 2 1 1 ~  S. S. SARYAN (Wolverine \.Vorld \Vide, Tnc.) : Dr.  Shuttleworth, do 
you expect any difficulties on the reuse of chrome many times on the production 
of suede leather 7wrs11s side upper leather? 
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L)K. SHI”rTI,Eivorxni: Our tanneis make a wide vaiiety of leathers in a single , .  tannery. 1 hey don’t observe any difficulties with a wide variety of leathers. 

Ma. S A K Y A N  : Do you expect any unlevelness in  suede leather ? 

Ilrc. SII UTTI.EWORTH : No, 1 do not think so. Use of th r  chronie in the pickle 
won’t cause any p i  ohlenis. ‘l%e main requit ement i n  making wcde leather is to  
get firm fihet s which “stand” up for hufting. In chronie recycling you simply 
restore the chronie to the nornxil levels. W e  produce a lot of suede without 
colol ing prohleins. 

hlii. SIGMUND E’ANZEK ( Kobson-Lang Leathers Ltd.)  : Would  you please ex- 
pand on foam dyeing? 

I )K .  SHIITTLEWOKTII: ive are  not yet ready to publish this. I h w e v e r ,  it has 
heen found in the textile industry tli;it a h e 1  shade c m  he secured with prac- 
tically no float by carrying the dye on the surface of a foam. ’I‘his works very 
well. However, for use on a commercial scale you must know that it works with 
all the d;es that are  used. We n a n t  to evaluate the process with all the dye- 
stufis used in South Africa. We have alieady used it on simple types of black 
and brown leathers without prohleins in f u l l  scale runs. Of course, drum dyeing 
is used less today. People are now coloring with a spray gun which will reduce 
dye in the effluent. 

DK. Koss (>. I h N O V A N  (Canada Packers I d . )  : 1 ani sorry that time requires 
us to  terminate this discussion. T h a n k  you, Dr .  Shuttleworth. 
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