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. 1-

t  in tro d u c t io n

The ta n n in g  in d u s try  o f  th e  U nited  S ta te s  i s  la rg e ly

d ependen t upon im p o rts  from  fo re ig n  m arkets f o r  i t s  supp ly  

©f n a tu r a l  ta n n in g  m a te r ia ls .  Because o f  th e  r i s i n g  c o s ts  

o f  th e se  im p o rts  and w ith  th e  p o s s i b i l i t y  o f  a  f u tu r e  c r i t i c a l  

sh o r ta g e  due to  th e  d e s t ru c t io n  o f  dom estic  c h e s tn u t t r e e s  by 

th e  b l ig h t ,  o r , due to  im port f a i l u r e s ,  th e  need f o r  some 

program  to  a l l e v i a t e  th e se  c o n d itio n s  i s  o b v ious. T h is re s e a rc h  

i s  p a r t  o f  a  program  d i r e c te d  tow ard th e  developm ent o f  a 

rep lacem en t supp ly  o f  ta n n in g  m a te r ia ls  to  m eet t h i s  contingency* 

In  making a  souree o f  ta n n in g  m a te r ia ls  a v a ila b le  one i s  

le d  to  s e v e ra l  p o s s ib le  c h o ic e s . One d i r e c t io n  tow ard t h i s  

g o a l  l i e s  i n  th e  c u l t iv a t io n  o f  so u rces o f  n a tu r a l  v e g e tab le  

ta n n in s  i n  t h i s  co u n try  and th e  U. S . D epartm ent o f  A g ric u ltu re  

i s ,  a t  p re s e n t ,  ta k in g  an a c t iv e  i n t e r e s t  i n  t h i s  developm ent 

by  c u l t iv a t in g  c a n a ig re .

The n a tu r a l  ta n n in s  a re  known to  c o n ta in  p h en o lic  groups 

and t h i s  knowledge su g g e s ts  th e  use o f  compounds w ith  p h en o lic  

g roups as  rep lacem en t ta n n in g  m a te r ia l s .  Some such s y n th e t ic s  

have been  p rep a red . T urley  (52) has d e sc r ib e d  a  pheno l aldehyde 

condensate  which h as  re c e iv e d  com m ercial a c cep tan ce . However, 

th e  g r e a te r  a d a p ta tio n  o f  s y n th e tic  ta n n in g  m a te r ia ls  aw a its  

th e  tim e when s u i t a b le  m a te r ia ls  become more co m p e titiv e  w ith  

n a tu r a l  ta n n in g  m a te r ia l s .

E conom ically , one lo g ic a l ly  tu rn s  to  th e  u t i l i z a t i o n  o f
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low  c o s t  com m ercial p ro d u c ts , which su g g e s ts  l i g n i n  w astes , 

and th e se  m a te r ia ls  a re  n o t on ly  abundant i n  t h i s  co u n try , 

h u t  t h e i r  ta n n in g  p o te n t ia l  has been  w idely  s tu d ie d  and 

d e f i n i t e l y  dem onstra ted  (2 8 ) . The u t i l i s a t i o n  o f  t h i s  m a te r ia l  

w i l l  n o t on ly  p re v e n t any c r i t i c a l  sh o rtag e  o f  ta n n in g  m a te r ia ls ,  

b u t  w i l l  a lso  p a r t i a l l y  reduce th e  stream  p o l lu t io n  problem  

fa c e d  by th o se  f irm s  who must now d isp o se  o f  such w astes* L ig n in  

w a s te s , th e re fo r e ,  appear to  be a  J u s t i f i e d  raw m a te r ia l  f o r  

t h i s  program  from  a  p r a c t i c a l  as  w e ll as an economic p o in t  o f  

v iew .

I I  DEVELOPMENT OF THE RESEARCH

A* The Mechanism o f  V egetab le Tannage

The th e o r ie s  con cern in g  th e  mechanism o f  v e g e tab le  

tannage a re  many and v a r ie d .  I n  th e  p a s t ,  th e re  has been  a 

g e n e ra l  tendency  to  c l a s s i f y  th e se  th e o r ie s  as ’’chem ical" 

and " p h y s ic a l" . The form er n e c e s s a r i ly  im p lie s  a  s to ic h io m e tr ic  

r e la t io n s h ip  betw een th e  ta n n in  and sk in  su b s tan ce , w h ile  th e  

p h y s ic a l  th e o ry  r e q u ir e s  tannage to  be a su rfa c e  ty p e  ©f 

phenomenon in  which th e  a d s o rp tio n  iso th e rm s o f  F reu n d lieh  

a n d /o r  Langmuir a re  obeyed. As we s h a l l  see t h i s  d i s t i n c t i o n  

i n  th e  ta n n in g  th e o ry  i s  no lo n g e r  v a l id .

An e x c e l le n t  rev iew  o f  th e  l i t e r a t u r e  concern ing  th e  

th e o r ie s  o f  v eg e tab le  tannage p r io r  to  th e  l a s t  war may be 

found i n  th e  monograph by McLaughlin and T heis (2 9 ) . A more 

r e c e n t  rev iew  i s  t h a t  o f  S h u ttlew o rth  and Cunningham (48) who
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em phasise th e  modern Hydrogen Bond Theory o f  tannage* Tu and 

L o l la r  a ls o  fa v o r  t h i s  modern concep t and i n  t h e i r  r e c e n t  

p u b l ic a t io n  (53) p re s e n t r a th e r  co n c lu s iv e  ev idence tow ard 

i t s  co n firm a tio n . Since t h a t  th e o ry  i s  fundam ental to  th e  

developm ent o f  t h i s  th e s i s  i t  w i l l  be c o n s id e red  in  some 

d e t a i l .

The hydrogen bond was f i r s t  p o s tu la te d  by Moore and 

W inm ill (3 3 ) . I n  t h i s  type  o f  bond th e  hydrogen atom se rv e s  

a s  th e  b r id g in g  atom betw een two o th e r  atoms* There i s  a  

c o n s id e ra b le  amount o f  ev idence t h a t  such a  bond e x i s t s ,  

b u t  i t s  n a tu re  i s  s t i l l  n o t com plete ly  u n d ers to o d . I t  i s  

g e n e ra l ly  reco g n ised  (38 ,58) t h a t  resonance i s  n o t a  m ajor 

f a c t o r  in  th e  hydrogen bond, b u t  t h a t  i t s  p a r t i c u l a r  c h a ra c te r  

can  be ex p la in e d  by a c o n s id e ra tio n  o f  th e  e l e c t r o s t a t i c  

f o r c e s  o f  th e  atoms in v o lv e d . Thus th e  on ly  atoms t h a t  can 

be b rid g ed  by th e  hydrogen atom a re  th e  most e le c tro n e g a tiv e  

o n es : P, 0 , and M.

A lthough th e re  i s  l i t t l e  v a l id  evidence f o r  th e  

c o n t r ib u t io n  o f  resonance to  th e  hydrogen bond p e r  se , t h i s  

d o es n o t im ply t h a t  re s o n a tin g  s t r u c tu r e s  do n o t in f lu e n c e  

hydrogen bonding* In  f a c t ,  q u ite  th e  converse i s  t r u e .  Je n k in s  

(22) has shown a  r e la t io n s h ip  betw een re s o n a tin g  s t r u c tu r e s  

in v o lv in g  hydrogen bonding and th e  d i s s o c ia t io n  c o n s ta n ts  

o f  s e v e ra l  c a rb o x y lic  a c id s . G i l l  and S to n e h i l l  (15) have 

shown t h a t  many dyes, th e  c o lo r  o f  which h as  been  a t t r i b u te d  

to  reso n an ce , can  form  hydrogen bonds. Tu and L o l la r  (53) have
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shown t h a t  on ly  th o se  hydroxy d e r iv a t iv e s  o f  b enzhydro l, 

benzophenone, d i -  and tr i-p h e n y  1-m ethane, and xanthene which 

can  p a rta k e  o f  qu in o id  resonance a re  ta n n in g  compounds. From 

a c o n s id e ra tio n  o f  th e  resonance s t r u c tu r e  in v o lv ed  i t  fo llo w s  

t h a t  t h i s  qu in o id  resonance enhances hydrogen bonding and 

th u s  th e  s ig n if ic a n c e  o f  hydrogen bonding and th e  ta n n in g  

mechanism i s  dem o n stra ted .

In  th e  heterogeneous system  e x is t in g  d u rin g  tannage ( i . e .  

p r o te in ,  ta n n in s ,  n o n -ta n n in s , and s o lv e n ts )  th e re  a re  many 

a c t iv e  c e n te r s  a t  which i t  i s  p o s s ib le  to  sp e c u la te  t h a t  

r e a c t io n  betw een ta n n in  and c o lla g e n  o c c u rs . The f r e e  amino 

and ca rb o x y l groups, q u an id y l g roups, hydroxy g ro u p s, and 

th e  p e p tid e  l in k  i t s e l f  a re  a l l  p o s s i b i l i t i e s  f o r  r e a c t io n  

l o c i .  As Tu and L o lla r  (53) p o in t  o u t, such h e te ro g e n e ity  

d o es n o t  in d ic a te  t h a t  v e g e ta b le  tannage o ccu rs  by a  s in g le  

mechanism, b u t t h e i r  d a ta  c l e a r ly  in d ic a te  t h a t  i n  th e  case 

o f  the  p heno lic  ta n n in g  m a te r ia ls  s tu d ie d , hydrogen bonding 

o f  th e  p h en o lic  groups o f  th e  ta n n in  to  th e  p e p tid e  lin k a g e  

o f  th e  c o lla g e n  p la y s  a  v e ry  s ig n i f i c a n t  ro le*

B. The Tannins

The chem ical c l a s s i f i c a t i o n  o f  th e  ta n n in s  i s  

com p lica ted  by s e v e ra l  f a c to r s .  F i r s t ,  i t  i s  n o t c o r r e c t  to  

assume t h a t  th e  s t r u c tu r e  o f  any o f  th e  v e g e ta b le  ta n n in s  i s  

e x p l i c i t l y  known. Secondly, th e  most common method o f  a ssay in g  

th e  ta n n in s  ( t h a t  i s  by t h e i r  up take on h id e  powder) i s  a 

v e ry  u n s a t i s f a c to r y  method. N e v e rth e le ss , s e v e ra l  c l a s s i f i c a t i o n s
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have evo lved .

E a r ly  c l a s s i f i c a t i o n  ©f th e  ta n n in s  was based  upon 

th e  c o lo r  r e a c t io n s  o b ta in ed  by t r e a t i n g  ta n n in  s o lu t io n s  

w ith  i r o n  s a l t s ,  o r  based  upon th e  end p ro d u c ts  o b ta in ed  

by h e a tin g  th e  ta n n in s  a t  abou t 200 d eg ree s  C. S ince th e  

im p u r i t ie s  i n  th e  ta n n in s  had th e  same n u c le i  and th u s  gave 

th e  same end p ro d u c ts , and a lso  s in c e  th e  c o lo r  r e a c t io n s  

in d ic a te d  on ly  f r e e  p h en o lic  g roups, th e se  c l a s s i f i c a t i o n s  

were n o t s a t is f a c to ry *  in  1918 P e rk in  and E v e re s t (41) 

c l a s s i f i e d  ta n n in s  in to  th re e  g roups:

a . D epsides o f  g a ll© tan n in s

b . D ipheny lm ethy lo lid  o r  e l la g i ta n n in s

c .  P h lo b a tan n in  o r  c a te c h o l ta n n in

However, th e  m ost w idely  accep ted  c l a s s i f i c a t i o n  i s  t h a t  o f  

^reudenberg  (13) and has been  used by N ie re n s te in  (35) i n  

h i s  book eoneern ing  th e  o rg an ic  ta n n in s .  Under t h i s  

c l a s s i f i c a t i o n  th e  ta n n in s  c o n s is t  o f :

1 . h y d ro ly zab le  Tannins

These a re  composed o f  benzene n u c le i  u n ite d  i n  

a  l a r g e r  complex by e s t e r  l in k a g e s  and a re  degraded in to  

sim ple components by th e  h y d ro ly z in g  a c t io n  o f  a c id s  o r  

enzymes.

a . M utual e s t e r s  o f  p h en e lca rb o x y lie  a c id s  o r  

w ith  hydroxy a c id s  (d e p s id e s ) . As an example, co n s id e r  

le c a n o ic  a c id :

b .  E s te r s  o f  p h en o lcarb o x y lie  a c id s  w ith  poly'

:
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a to n ic  a lc o h o ls  and su g a rs .

c .  GLucosides ©f th e  g a llo tan n im  and e l la g ita n n im  

ty p e s .  F is h e r  (9) e s ta b l is h e d  t h a t  g a ll© ta n n in , th e  n a tu r a l  

ta n n in  developed from  th e  d e p s id e s , was penta-m e t  a - d ig a l le y  1- 

a -g lu e o se :

N ie re n s te in , however, ta k e s  e x c ep tio n  to  t h i s  s t r u c tu r e .  

He b e l ie v e s  t h a t  some o f  th e  R groups may be l a r g e r  th a n  

d im ers and co n seq u en tly , n o t a l l  o f  th e  OH groups need be 

in v o lv ed  i n  th e  e s t e r i f i c a t i o n .

E l la g i ta n n in s ,  d e r iv a t iv e s  o f  e l i a g i c  a c id

O
a ls o  occur as g lue© sides and a re  c h a ra c te r is e d  by th e  ta n n in  

i n  B^yrobalan n u ts  and by v a lo n ia .  C hestnu t ta n n in , on th e  

o th e r  hand, y ie ld s  e l i a g i c  a c id  as w e ll  as  g a l l i c  a c id  and 

q u e r c i t in  on h y d ro ly s is , b u t  i s  g e n e ra lly  n o t co n s id e red  to  

be  a g lu c o s id e . I t  has been  in d ic a te d  by F lin n  (10) to  be

where R i s

CHt O%

pC/sMfOt fa uerc/7»V»)
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b u t  i t  i s  p o s s ib le  t h a t  during ' th e  p u r i f i c a t io n  ©f th e  ta n n in  

f o r  exam ination , th e  g lu co se  p o r t io n  may have been  c leav ed  and 

th u s  l e s t  f o r  i d e n t i f i c a t i o n .

2 . Condensed Tannins

These ta n n in s  have t h e i r  n u c le i  h e ld  to g e th e r  hy 

earhon  lin k a g e s  and th u s  canno t be h yd ro lysed  by a c id s  ©r 

enzymes. This group (commonly c a l le d  c a te c h o l ta n n in s  o r 

p h lo b o tan n in s)  makes up th e  m a jo r ity  o f  th e  com m ercial ta n n in s .  

Freudenberg  (13) b e l ie v e d  t h a t  th e  ta n n in s  i n  t h i s  c la s s  were 

polym ers o f  3-hydroxy-polyhydroxy f la v a n . R u s s e ll  (46) however, 

used  th e  e h a te e h in  model to  develop  h is  th e o ry  th a t  th e  ta n n in s  

i n  t h i s  c la s s  a re  h is -h y d ro x y fla v o p in a c o Is  and h is  s y n th e s is  

o f  th e se  m a te r ia ls  (46) do i n  many r e s p e c ts  c lo s e ly  approxim ate 

th e  n a tu r a l  ta n n in s .  R u s se ll  a c tu a l ly  c la im s th e  s y n th e s is  o f  

quebracho, w a tt le  and o th e r  ta n n in s .

There a re  however, c e r t a in  d is c re p a n c ie s  such as  m o lecu lar 

s iz e  and th e  phenomenon o f  phlobaphene co n d en sa tio n  t h a t  

le a v e s  h i s  s y n th e s is  open to  q u e s tio n . F u rth e r , th e  r e c e n t  

work o f  White (57) h as  shown n a tu r a l  quebracho ta n n in  to  

c o n ta in  a t  l e a s t  14 e n t i t i e s  d is t in g u is h a b le  by paper 

chrom atography and s o l u b i l i t y  s tu d ie s .  F lin n  (10) th in k s  i t
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i #  l i k e ly  th a t  th e  condensed ta n n in  m olecule i s  made up e f  

lo n g  ch a in  polym ers w ith  th e  f la v o p in a c o l ©i* an ©pen r in g  

form  as  th e  b a s ic  u n i t .

C. The Mature o f  L ig n in  W astes

D esp ite  th e  f a c t  t h a t  th e  s y n th e s is  ©f gymnosperm 

l i g n i n  h as  been claim ed by R u s s e ll  (4 5 ), h i s  work has been 

c r i t i c i s e d  by such l ig n in  e x p e r ts  as  Erdtman (7 ), Brauns (2) 

and o th e rs  and th e  t r u e  s t r u c tu r e  o f  l ig n in  rem ains unknown. 

R u s se ll* s  s y n th e s is  c o n s is ts  o f  f i r s t  p re p a r in g  2 -hydroxy-3- 

aethoxy-5-fo rm ylacetophenone from  v a n i l l i n  ao n o a ee ta te  by 

th e  F r ie s  rearran g em en t. T his th e n  undergoes re p e a te d  i n t e r -  

m o lecu la r condensation p o ly m e risa tio n  (a id © lis a t io n , lo s s  o f  

w a te r , C la ise n  cond en sa tio n ) to  g ive  th e  ©pen c h a in  s t r u c tu r e  

w hich i s  i n  e q u ilib r iu m  w ith  th e  l ig n in  s tru c tu re *
cM

—>
II -»

R u s s e ll  c la im s t h a t  t h i s  p ro d u c t i s  in d is t in g u is h a b le  from 

n a tu r a l  spruce l ig n in ,  b u t Brauns (2) p o in ts  o u t t h a t  th e  

c a lc u la te d  carbon, hydrogen and raethoxyl do n o tag ree  w e ll 

w ith  th e  v a lu e s  o b ta in ed  by a c tu a l  a n a ly s is  o f  sp ruce l ig n in .  

A lthough Ereudenberg has n o t s p e c i f i c a l ly  claim ed a l ig n in
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s y n th e s is ,  he h as  r e c e n t ly  re p o r te d  (11) th e  fo rm a tio n  o f  

l i g n i n - l i k e  p ro d u c ts  by th e  a c t io n  o f  a  dehydrase on e o a i f e r y l  

a lc o h o l .  A ulin-Erdtm an (1) has a lso  suggested  t h a t  l ig n in  

fo rm a tio n  i s  p robab ly  due to  such a  r e a c t io n .  T h is would len d  

su p p o rt to  F reudenberg1s co n cep tio n  o f  th e  l ig n in  macro- 

m olecu le as b e in g  formed from d ihydro  eugenol as fo llo w s :

T his s t r u c tu r e  has been f u r th e r  supported  by th e  u l t r a v i o l e t  

a b s o rp tio n  s tu d ie s  o f  A ulin-Erdtm an (1 ) , b u t  she a s s ig n s  th e  

F reudenberg  form ula to  on ly  a p a r t  o f  th e  t o t a l  s t r u c tu r e .  A 

s t r u c tu r e  f o r  l i g n i n  t h a t  would appear th e  e x p la in  m ost o f  

w hat i s  known about i t s  chem ical p ro p e r t ie s  i s  g iv e n  by H olger 

Ercf ------------- —

ChC-c
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N et on ly  i s  t i e  s t r u c tu r e  o f  l ig n in  i n  doub t, b u t  so a ls o  

i s  i t s  r e a c t io n  w ith  b i s u l f i t e .  Erdtman (8 ) has r e c e n t ly  

d is c u s s e d  th e  ch em istry  o f  th e  s u l f i t e  p u lp in g  p ro cess  in  

r e l a t i o n  to  th e  s u lfo n a t io n  ©f l ig n in .  He p o in ts  o u t t h a t  as 

s u lfo n a t io n  in c re a se d  th e  hydroxyl c o n te n t d e c re a se s  and th e  

c o n c lu s io n  i s  th e re fo re  drawn t h a t  th e  s u lfo n a t io n  p ro cess  

i s  e s s e n t i a l l y  a  s u b s t i tu t io n  o f  hydroxyl groups by s u lfo n ic  

a c id  g ro u p s, fn  th e  f i r s t  s ta g e  o f  th e  s u lfo n a t io n  p ro cess  a 

s o l i d  l ig n o s u lfo n ic  a c id  o f  v e ry  la rg e  m olecu lar w eigh t i s  

form ed. Upon a d d i t io n a l  s u lfo n a t io n  under th e  a c id  c o n d itio n s  

employed i n  th e  com m ercial s u l f i t i n g  p ro ce ss , th e  a c e ta l  

l in k a g e s  supposedly  co n n ectin g  l ig n in  u n i t s  to  each  o th e r  o r  

to  carbohydrate  u n i t s  a re  c leav ed . T h is, o f  co u rse , l i b e r a t e s  

hydroxy groups which im p art s o lu b i l i t y  to  th e  su lfo n a te d  

l i g n i n  (K u llg re n 's  l ig n o s u lfo n ic  a c id ) .  M d i t io n a l  s u lfo n a t io n  

now o ccu rs w ith  th e  rep lacem en t o f  th e  hy d ro ay l groups by 

s u lfo n ic  a c id  g ro u p s. A summary ©f th e se  r e a c t io n s  i s  g iv en  

by  Erdtman ass

Although t h i s  mechanism o f  th e  s u l f i t i n g  p ro ce ss  has i t s

te/Mcse
VJo&d

f e e
W-Asfk S u l f t  fa  /Ljty&Vif

opponen ts, i t  i s  Aore o r  l e s s  g e n e ra l ly  accep ted  as th e  b e s t  

r e p r e s e n ta t io n  o f  what a c tu a l ly  o c c u rs .
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D. fbe U t i l i s a t i o n  o f  L ig n in  as  Tannin

L ig n in  d e r iv a t iv e s  have long  been  s tu d ie d  in  

re g a rd  to  t h e i r  ta n n in g  p r o p e r t ie s .  One ©f th e  e a r l i e s t  

a p p l ic a t io n s  o f  l i g n i n  to  th e  le a th e r  in d u s try  i s  th e  p a te n t  

o f  M itsc h e r lic h  (31) i n  1878 who p o in te d  o u t t h a t  th e  w aste 

s u l f i t e  l iq u o r  from  th e  cooking o f  oak wood cou ld  he used  as 

a  ta n n in g  ag en t. S ince t h a t  tim e much has heem p u b lish ed  and 

th e  in te r e s te d  re a d e r  i s  r e f e r r e d  to  th e  r e c e n t  a r t i c l e  by 

Johnson and M arsha ll (23) f o r  a  com prehensive rev iew  ©f th e  

s u b l e t  up to  1948. I t  i s  o f  i n t e r e s t ,  however, to  c o n s id e r  

th e  s a l i e n t  p o in ts  concern ing  th e  th e o r ie s  o f  tannage as 

r e l a t e d  to  th e  a p p l ic a t io n  o f  l ig n i n  d e r iv a t iv e s  to  th e  

ta n n in g  in d u s try .

In  1914 M oeller (32) observed  t h a t  th e  com bination  o f  

l ig n o s u lfo n ic  a c id s  and h id e  substanee  i s  v e ry  s ta b le  and 

t h a t  th e  l ig n in  d e r iv a t iv e  canno t r e a d i ly  be removed by 

le a c h in g  w ith  w a te r . A lthough t h i s  s ta b le  f i x a t i o n  canno t 

be a t t r i b u te d  to  th e  r e a c t io n  betw een th e  s u lfo n ic  a c id  

g roups o f  th e  l ig n in  and th e  f r e e  amino groups o f  th e  c o lla g e n  

because  a s a l t  lin k a g e  o f  t h i s  type would be expected  t© be 

ru p tu re d  by w ate r, th e  in a c t iv a t io n  o f  th e s e  p o la r  g roups, 

n e v e r th e le s s ,  i s  w e ll  e s ta b l i s h e d .  Evidence f o r  t h i s  io n ic  

ty p e  o f  r e a c t io n  can be found i n  th e  work o f G ustavson and 

L arsso n  (19) who showed th e  g r e a t ly  d ec reased  up take o f  

l ig n o s u lfo n ic  a c id  when th e  f r e e  amino groups o f  th e  c o lla g e n  

were in a c t iv a te d  by s y n th e tic  ta n n in s  o f  th e  s u lfo n ic  a c id  

ty p e . Gustavson a lso  found (17) t h a t  desalina ted  c o lla g e n
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f ix e d  l e s s  l ig n o s u lfo n ic  a c id  th a n  th e  norm al m a te r ia l .  

S upporting  evidence f o r  t h i s  io n ic  r e a c t io n  can be found in  

th e  r e c e n t  p u b l ic a t io n  o f  L ip s i tz ,  Kremen, and L o l la r  (28) 

who used th e  n in h y d rin  r e a c t io n  ©n l e a th e r  made w ith  a l ig n o ­

s u lf o n a te .  Since i n  th e  case o f  th e  n a tu r a l  ta n n in s  th e  

r e a c t io n  was p o s i t iv e ,  in d ic a t in g  t h a t  f r e e  amino groups 

were p re s e n t,  th e  in a c t iv a t io n  o f  th e se  groups i s  in f e r r e d  

by  th e  n eg a tiv e  t e s t  o b ta in ed  i n  th e  ease  o f  th e  l ig n o s u lfo n a te  

tan n ed  l e a th e r .  Thus th e  r e a c t io n  betw een th e  s u lfo n ic  a c id  

g roups o f  th e  l ig n in  and th e  h id e  su b stan ce  i s  g e n e ra l ly  

a c c e p ted .

T his io n ic  r e a c t io n ,  however, i s  n o t th e  on ly  com bination  

t h a t  o ccu rs  betw een l ig n o s u lfo n ic  a c id  and h id e  su b s tan ce . I t  

w i l l  be r e c a l le d  from  th e  above th a t  th e  ta n n in g  mechanism 

i s  a t t r i b u te d  to  hydrogen bonding between th e  p h en o lic  hydroxyl 

g roups o f  th e  ta n n in  and th e  p ep tid e  l in k  o f  th e  p r o te in .  

L ip s i t z  e t  a l .  (28) have produced le a th e r  from  l ig n o s u lfo n a te s  

t h a t  have th e  " f e e l"  and appearance o f  v e g e ta b le  tanned  l e a th e r .  

The co n c lu s io n  i s  drawn t h a t  t h i s  le a th e r in g  q u a l i ty  o f  th e  

l i g n i n  d e r iv a t iv e s  i s  due n o t to  amino s p e c i f i c i t y ,  b u t "t© 

some o th e r  mechanism". I f  t h i s  co n c lu s io n  and th e  th e o ry  o f  

th e  ta n n in g  mechanism i s  c o r r e c t ,  i t  fo llo w s t h a t  th e  "o th e r  

mechanism" i s ,  to  a  g r e a t  e x te n t ,  hydrogen bonding a t  th e  

p e p tid e  l i n k .  O p p o sitio n  to  t h i s  view  has v e ry  r e c e n t ly  been  

ex p ressed  by G ustavson (1 8 ) . Gustavson r e f e r s  to  th e  work o f
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Kremen and L o lla r  (25) who produced a m a te r ia l  w ith  le a th e r  

c h a ra c te r is t ic ®  from  desalinated  c a l f s k in  and he argues th a t  

'•the l ig n o s u lfo n a te  f ix e d  by deam ino -co llagen  i s  ad eq u a te ly  

accoun ted  f o r  by io n ic  in te r a c t io n  w ith  th e  rem ain ing  e-am ino 

g roups o f  ly s in e  re s id u e s  and th e  q u an id y l groups o f  th e  

a rg in in e  r e s id u e s .” Such an arguememt, however, does n o t 

in v a l id a te  th e  th e o ry  m ain ta in ed  by L o l la r  and h i s  a s s o c ia te s  

t h a t  l e a th e r in g p r o p e r t i e s  (n o t sim ply f ix a t io n )  o f  l ig n o ­

s u lfo n a te  s i s  due to  hydrogen bonding a t  th e  p ep tid e  l in k .

Thus th e  f a c t  t h a t  X l e a th e r  made fro®  a l ig n o s u lfo n a te  does 

n o t  have an in c re a se d  sh rin k ag e  tem p era tu re  i s  a t t r i b u te d  to  

th e  few a v a ila b le  lo c i  f o r  hydrogen bonding to  o ccu r.

T his low degree o f  hydrogen bonding p o te n t i a l  i s  e v id e n t 

fro®  a  com parison o f  th e  n a tu r a l  ta n n in s  w ith  th e  v a r io u s  

l i g n i n  d e r iv a t iv e s .  In  th e  form er ca se , an abundance o f  

p h en o lic  hydroxy l groups i s  e v id e n t, w hile  th e  l ig n in  d e r iv a ­

t i v e s  have a  s c a r c i ty  o f  th e se  groups o r  o th e r  hydrogen 

bond ing  fu n c tio n s .

In  view  o f t h i s  in t e r p r e t a t i o n ,  i t  i s  f e l t  t h a t  p ro p er 

chem ical m o d if ic a tio n  o f  l ig n in  d e r iv a t iv e s  w i l l  le a d  t© an 

im proved p ro d u c t t h a t  w i l l  overcome th e  o b je c t io n  o f  th e  

unm odified  m a te r ia l  and w i l l  meet th e  minimum req u irem en ts  

n e c e ssa ry  f o r  the production of a commercial l e a th e r .  O bviously , 

i t  w i l l  be n ec essa ry  to  m odify th e se  m a te r ia ls  i n  such a 

manner t h a t  t h e i r  a b i l i t y  to  hydrogen bond a t  th e  p e p tid e  l in k  

w i l l  be h e ig h ten ed  and t h e i r  n a tu r a l  a f f i n i t y  f o r  com bination  

w ith  th e  f r e e  amino groups d ec re a se d .
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The P re d ie te d  M o d ifica tio n s

As h as  j u s t  been p o in te d  o u t, th e  th e o ry  o f  tannage

su g g e s ts  to  th e  chem ist a m o d if ic a tio n  o f  l ig n in  d e r iv a t iv e s

i n  such a manner a s  to  in c re a se  t h e i r  hydrogen bonding a b i l i t y

a t  th e  p ep tid e  l in k  o f  th e  s k in  p ro te in *  The v a r io u s  methods 
o f  m o d if ic a tio n  w i l l ,  o f  co u rse , depend upon th e  ty p e  ©f 
l i g n i n  d e r iv a t iv e s  a v a i la b le .  Since th e  use ©f any such

m odified  m a te r ia l  by th e  l e a th e r  in d u s try  w i l l  depend upon

th e  a v a i l a b l i l i t y  o f  th e  raw m a te r ia ls ,  a program o f  such

m o d if ic a tio n s  m ust l im i t  th e  su b stan ces  to  be in v e s t ig a te d  to

com m ercially  a v a ila b le  and p re fe ra b ly  low c o s t  l i g n i n s .  In

a d d i t io n , th e se  com m ercial l ig n in s  must a lso  meet th e

req u irem e n t o f  h av ing  a  f a i r l y  c o n s ta n t com position  so t h a t

r e p r o d u c ib i l i ty  o f  any ehea& dilippoeess will be obtained.
Mgmin p ro d u c ts  a re  now b e in g  produced in  t h i s  co u n try  t h a t

v e ry  n e a r ly  meet th e  s ta te d  req u irem e n ts : f o r  example, a

magnesium lig n o s u lfo n a te  which i s  a  b y -p ro d u e t o f  th e  s u l f i t e

p ro cess  o f  wood p u lp in g  (21) and two a l k a l i  l i g n in s ,  o b ta in ed

from  th e  soda p u lp in g  p ro cess  (42) a re  a v a i la b le .

Having e s ta b l is h e d  a s a t i s f a c to r y  source o f  raw m a te r ia l  

we can tu r n  our a t te n t io n  to  th e  s p e c i f ic  chem ical r e a c t io n s  

t h a t  w i l l  co n v e rt l i g n i n  w astes to  s a t i s f a c to r y  ta n n in g  

m a te r ia l s .  On th e  b a s is  o f  th e  s p e c i f i c i t y  o f  th e  lig n o su lfo n a te®  

f o r  f r e e  amino groups o f  th e  h id e  p ro te in  and th e  f a c t  th a t  

le a th e r in g  p ro p e r t ie s  a re  im parted  to  th e  sk in  by hydrogen 

bonding a t  th e  p ep tid e  l in k ,  i t  i s  n o t d i f f i c u l t  to  p r e d ic t  

th e  type o f  chem ical m o d if ic a tio n  b e s t  s u i te d  to  t h i s  pu rpose . 

There i s  an o th e r f a c to r  t h a t  must be co n s id e red , however, when 

ch em ica lly  m odifying th e se  m a te r ia ls .  The ta n n in g  e x t r a c t s
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t h a t  a re  used  today  a re  w ate r so lu b le  m a te r ia ls  aM  a l l  

ta n n in g  p ro ced u res and equipment a re  geared  to  an aqueous 

tan n ag e . The lig n o s u lfo rd e  a c id s  a re  w ate r so lu b le  by v i r tu e  

o f  t h e i r  s u lfo n ic  a c id  groups and so l e t  us f i r s t  co n s id e r  

th e se  m a te r ia ls  w ith  re g a rd  to  t h e i r  p o s s ib le  chem ical 

m o d ifica tio n s*

A chem ical m o d if ic a tio n  t h a t  would reduce th e  amino 

s p e c i f i c i t y  o f  th e  l ig n o s u lfo n a te s  and su b seq u en tly  enhance 

hydrogen bonding a b i l i t y  i s  t h a t  o f  minimum d e s u lfo n a tio n . 

T h is  would in v o lv e  on ly  p a r t i a l  rem oval o f  th e  s u lfo n ic  a c id  

groups so t h a t  w ate r s o lu b i l i t y  would n o t be too  g r e a t ly  

red u ced . Another method o f  d e c re a s in g  amino s p e c i f i c i t y  and 

c r e a t in g  a d d i t io n a l  hydrogen bonding p o s s i b i l i t i e s  would be 

th e  co n d en sa tio n  o f  th e  s u lfo n ic  a c id  groups w ith  p h en o lic  

su b s tan ces  to  form  su lfo n e s . Recent German work (36) ©n th e  

su lfo n e  b rid g e  type  o f  s y n th e tic  ta n n in  su p p o rts  th e  view  

t h a t  t h i s  type o f  m o d if ic a tio n  w i l l  in c re a s e  th e  ta n n in g  

p o te n t i a l  o f  l ig n in  m a te r ia ls .  In  a d d it io n , th e  p a r t i c l e  

s i t e  o f  th e  l ig n in  u n i t s  w i l l  be in c re a se d  which i s  presumed 

to  be a d v isa b le . Such a m o d if ic a tio n , however, w i l l  p robab ly  

r e s u l t  i n  a w ater in s o lu b le  m a te r ia l  and th u s  i t  w i l l  be 

n e c e ssa ry  to  s u b je c t  th e  p ro d u c t to  a minimum s u lfo n a t io n  to  

r e g a in  w ate r s o l u b i l i t y .

A nother p o s s ib le  m o d if ic a tio n  o f  th e  s u lfo n ic  a c id  

g roup o f  th e  l ig n o s u lfo n a te s  i s  th e  co n v ers io n  to  th e
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su lfonam ide th rough  th e  s u lfo n y l c h lo r id e . .A lipha tic  s u lfo n y l

c h lo r id e s  have v ery  r e c e n t ly  assumed c o n s id e ra b le  im portance
(3)

a s  ta n n in g  m a te r ia ls^  A l ig n o s u lfo n y l  c h lo r id e , however, by 

v i r t u e  o f  i t s  a f f i n i t y  f o r  amino groups would n o t be expected  

to  produce a • 'f u l l '1 le a th e r  o f  th e  so le  le a th e r  ty p e , b u t i t ,  

to o , may be u s e fu l  in  th e  p ro d u c tio n  o f  o th e r  l e a th e r s .  The 

lig n o su lfo n am id e , on th e  o th e r  hand, has g r e a te r  p o s s i b i l i t y  

f o r  com bination a t  th e  p ep tid e  l in k  and m ight p o s s ib ly  be o f  

v a lu e  in  heavy le a th e r  ta n n in g .

The m o d if ic a tio n s  o f  th e  l ig n o s u lfo n a te s  j u s t  d isc u sse d  

a re  unique in  t h a t  th ey  concern  th e  su lfo n ic  a c id  p o r t io n  o f  

th e  m olecu le . O ther ty p e s  o f  m o d if ic a tio n  a re , o f  co u rse , 

p o s s ib le  and should  be in c lu d ed  i n  any program d es ig n ed  to  

improve th e  tan n in g  p o te n t ia l  o f  th e  l ig n in  w a s te s . The rem oval 

o f  m ethoxyl groups i n  th e  l i g n i n  m a te r ia l ,  f o r  example, would 

in c re a s e  th e  p h en o lic  hydroxyl c o n te n t. C ostw ise, t h i s  

o p e ra t io n  m ight be d i f f i c u l t  to  j u s t i f y  and o th e r  e f f e c t s  on 

th e  l ig n in  m olecule may be to o  d r a s t i c .  However, i t  would 

seem w ise to  c o n s id e r  t h i s  p o s s i b i l i t y .  The l ig n o s u lfo n ic  

a c id s  as  w e ll as th e  a l k a l i  l ig n in s  c o n ta in  s e v e ra l  r e a c t iv e  

a lc o h o lic  groups whose chem ical r e a c t i v i t y  p erm it com bination  

w ith  ca rb o x y lic  and s u lfo n ic  a c id  c h lo r id e s  to  form  e s t e r s .

By p ro p er s e le c t io n  o f  th e  a c id  c h lo r id e  th e  p h en o lic  hydroxyl 

g roups o f  th e  l ig n in  can r e a d i ly  be in c re a s e d . L ig n in  e th e r s  

can  be p rep ared  to  g iv e  s im ila r  r e s u l t s .  L ig n in  d e r iv a t iv e s  

can  be r e a d i ly  n i t r a t e d  and h e re , to o , th e  degree o f  h y d ro x y la tio n  

m igh t be in c re a se d  th rough  d ia s o t i s a t io n  o f  th e  reduced  n i t r o
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d e r iv a t iv e .

A d isad v an tag e  in h e re n t  to  th e  a l k a l i  l ig n in s  i s  t h e i r  

w a te r i n s o l u b i l i t y .  Because o f  th e  com para tive ly  la rg e  s iz e  

o f  th e  l ig n i n  m olecule i t  would appear rea so n ab le  to  assume 

t h a t  th e  d isc u sse d  d e r iv a t iv e s  o f  th e  a l k a l i  l ig n in s  a re  a lso  

w a te r  in s o lu b le .  Even though s o lv e n t tannage has been  su c cess­

f u l l y  accom plished i n  th e  la b o ra to ry  (44 ), th e  ta n n e r  i s  n o t 

y e t  p rep ared  f o r  such a r e v o lu tio n a ry  change from  h i s  p re s e n t 

m ethods. W ater s o lu b i l i t y  cou ld  no doubt be im parted  to  

th e s e  d e r iv a t iv e s  by a minimum s u lfo n a t io n  p ro ced u re , and 

a lth o u g h  t h i s  p ro ce ss  would in v o lv e  an a d d i t io n a l  c o s t  f a e to r ,  

th e  p ro d u c t may s t i l l  meet th e  economic req u irem en ts  o f  a 

rep lacem en t ta n n in . From t h i s  v iew po in t th e  l ig n o s u lfo n ie  

a c id s  may o f f e r  a d is tin c tjk d v a n ta g e .

F« P lan  o f  th e  Be se a reh

■Hie ehem ieal m o d if ic a tio n s  j u s t  d isc u sse d  a re  many 

and v a r ie d  and w i l l  r e q u ire  c o n s id e rab le  tim e f o r  t h e i r  com plete 

e v a lu a t io n . The p la n  and purpose o f  t h i s  program i s  fo u r fo ld ,  v iz :

1 . To o b ta in  a p re lim in a ry  e v a lu a tio n  o f  some o f  th e se  

p re d ic te d  m o d if ic a tio n s  o f  th e  l i g n i n  d e r iv a t iv e s .  T his was 

accom plished by p re p a r in g  th e  d e r iv a t iv e s  and s u b je c tin g  them 

to  th e  e v a lu a tio n  by ta n n in g  c a l f s k in  sq u a res  w ith  them. The 

tanned  sq u ares  were th e n  examined w ith  re g a rd  to  " f e e l 11, 

sh rin k ag e  tem p era tu re , and g e n e ra l appearance.

2 . To s e le c t  th o se  d e r iv a t iv e s  w ith  th e  g r e a t e s t  

prom ise and f u r th e r  s tu d y  them by means o f  a  c a l f s k in  p ieae
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ta n n ag e . T his p e rm itted  a  more c o m p ie ^ a n a ly s is  o f  t h e i r  

ta n n in g  p o te n t ia l  by means o f  l e a th e r  a n a ly s is ,  m icroscop ic  

ex am in a tio n  and r e s is ta n c e  to  p r o te o ly t ic  enzymes.

3 . To o b ta in  fundam ental chem ical in fo rm a tio n  

co n ce rn in g  th e  m ost p rom ising  d e r iv a t iv e s .  T his in c lu d ed  

e le m e n ta l a n a ly s is  where re q u ire d  ( i . e .  s u l f u r ,  magnesium, e t c . )  

and fu n c tio n a l  group a n a ly s is  ( i . e .  methoxy and hydroxy).

4 .  To c o r r e la te  th e  in fo rm a tio n  i n  2 and 3 w ith  th e  

p o s tu la te d  th e o ry  o f  th e  ta n n in g  mechanism.
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t l l  EXPERISEIfTAL

A. P re p a ra tio n  o f  th e  D e r iv a tiv e s

Three ty p e s  o f  com m ercial l ig n in  m a te r ia ls  were 

u sed  i n  th e  fo llo w in g  s y n th e s is .  These c o n s is t  o f :

1 . Me ado 1—  a  p u r i f i e d  hardwood l ig n i n  

2* In d u lin — a p u r i f i e d  a l k a l i  softw ood l ig n in  

3 . M arathon Tan A— a magnesium l ig n o s u lfo n a te  

r e s u l t i n g  from th e  s u l f i t e  p ro cess  o f  wood cooking.

These names w i l l  he used  as  an a id  in  c la s s i f y in g  th e  

d e r iv a t iv e s  p rep a red .

A ll o f  th e  d e r iv a t iv e s  to  he d e sc r ib e d  were e v a lu a ted  

i n  re g a rd  to  t h e i r  ta n n in g  p o te n t i a l .  The d a ta  f o r  t h i s  

e v a lu a t io n  w i l l  be found i n  T ables I-A , I-B , and I-C .

1 . Meado1 D e r iv a tiv e s

a . M eadol-po lv-2 .4  diiiydroxyfeenzoate

L ig n in  e s t e r s  have been d e s c r ib e d  fey Lewis, Brauns e t  a l .  

(2 6 ) . T h eir method o f  p re p a ra t io n  was to  r e a c t  an a l ip h a t i c  

a c id  c h lo r id e  w ith  th e  hydroxyl groups o f  th e  Meadol i n  th e  

p resen ce  o f  p y r id in e . To employ t h i s  method f o r  th e  s y n th e s is  

o f  a  polyhydroxy arom atic  a c id  e s t e r  o f  a l ig n in  m a te r ia l  

would be most im p ra c tic a l  because i t  i s  d o u b tfu l t h a t  th e  

a c id  chloride o f  2,4 dihydroxy benzoic a c id  ( b e ta - r e s o r c y l ic  

a c id )  cou ld  s u c c e s s fu l ly  be p rep a red . T herefo re  a  method o f  

d i r e c t  e s t e r i f i e a t i o n  was u sed . T h is c o n s is te d  o f  r e f lu x in g  

th e  l i g n i n  p ro d u c t w ith  th e  ac id  i n  d ioxane s o lu t io n  i n  th e
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bulfe p o r t io n  o f  a S oxh le t e x t r a c to r  and s h i f t i n g  th e  

e q u ilib r iu m  by a llo w in g  th e  condensed dioxane v ap o rs  

c o n ta in in g  th e  w ate r o f  r e a c t io n  (B. P . d ioxane 101° C .) to  

p a s s  th ro u g h  anhydrous sodium s u l f a te  p laced  in  th e  e x t r a c to r  

cup.

20 g . o f  Me ado 1 were d is s o lv e d  i n  200 m l. o f  d ioxane,

1 4 .7  g . o f  b e ta - r e s o r c y l ic  a c id  and 5 ml. o f  c o n c e n tra te d  

h y d ro c h lo r ic  a c id  added. The m ixture was re f lu x e d  in  th e  bu lb  

p o r t io n  o f  a  S o x h le t e x t r a c to r  f o r  16 hours a llo w in g  th e  

condensate  to  p ass th rough  th e  cup which was packed w ith  

anhydrous sodium s u l f a t e .  A fte r  co o lin g , th e  s o lu t io n  was 

s lo w ly  poured in to  e th e r  w h ile  s t i r r i n g  v ig o ro u s ly  and th e  

p r e c i p i t a t e  f i l t e r e d ,  washed w ith  e th e r ,  and d r ie d  i n  

vacuum o v er s u l f u r ic  a c id .  Y ie ld  o f  p ro d u c t: 20 g .

b .  D em ethvlated Meadol 

Moore, W right and H ib b e rt (33) d e s c r ib e  a p rocedure  f o r  

th e  d em eth y la tio n  o f  a spruce l ig n i n .  The method was a p p lie d  

to  Meadol and i t s  d e t a i l s  fo llo w :

20 g . o f  a i r  d ry  Meadol was d is s o lv e d  i n  1600 m l. o f  

g l a c i a l  a c e t ic  a c id , 200 m l. o f  57 p e r c e n t h y d rio d ic  a c id  

(Sp. G. 1 .7 )  added and th e  m ix tu re re f lu x e d  f o r  two hou rs i n  

an  atm osphere o f  carbon  d io x id e . A fte r  c o n c e n tra t io n  o f  th e  

s o lu t io n  to  about 200 m l. i t  was poured in to  6 l i t e r s  o f  0 .1  N 

sodium b i s u l f i t e  s o lu t io n .  This decomposed th e  ex cess  h y d rio d ic  

a c id  and caused th e  l ig n i n  m a te r ia l  to  be p r e c ip i t a t e d .  The
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p r e c ip i t a t e d  m a te r ia l  was se p a ra te d  by c e n t r i  fu g a tio n , 

washed w ith  w ate r, and d r ie d  i n  a i r .

The d r ie d  m a te r ia l  was th e n  e x tra c te d  w ith  e th e r  to  

remove any t a r - l i k e  p ro d u c ts  and th e  t a r  f r e e  d e r iv a t iv e  

d is s o lv e d  i n  g l a c i a l  a c e t ic  a e id  and re f lu x e d  in  th e  p resence  

o f  s in e  d u s t  to  remove any io d in e  i n  th e  l ig n in  m a te r ia l .

A f te r  f i l t e r i n g  th e  r e s id u a l  z in c  from th e  s o lu t io n , i t  was 

poured  ( a f t e r  f i r s t  c o n c e n tra t in g  i t  to  200 m l .) in to  2 l i t e r s  

o f  w a te r . The p r e c ip i t a t e  was c e n tr ifu g e d , washed w ith  w ate r 

and d r ie d  over s u l f u r ic  a c id  i n  a  vacuum d e s ic c a to r .  6 g . o f  

a  d a rk  brown powder was o b ta in e d .

c . H y d ro ly sis  P roduc t o f  C h lo rin a te d  Meadol 

Aromatic c h lo r in e  compounds can be h y d ro ly sed  to  pheno ls 

and th u s  a h y d ro ly s is  p ro d u c t o f  a c h lo r in a te d  l ig n in  m ight 

have an in c re a se d  number o f  p h en o lic  g ro u p s. To p rep are  such 

a  p ro d u c t, Meadol was suspended i n  w ate r a t  80° C. and c h lo r in e  

p assed  th ro u g h . The c h lo r in a te d  p ro d u c t was th e n  su b je c te d  

to  h y d ro ly s is  by  r e f lu x in g  w ith  a l k a l i .  A fte r  c o o lin g , th e  

m od ified  l ig n in  was reco v ered  by pou ring  th e  s o lu t io n  in to  

a c id , f i l t e r i n g  th e  p r e c i p i t a t e ,  washing and d ry in g  i n  a i r .

d . A lk a lin e  H y d ro ly sis  P roduct o f  Meadol 

P en is to n  and McCarthy (40) have claim ed th e  co n v e rs io n  

o f  m ethoxyl groups i n  sp ruce l ig n in  to  p h en o lic  hydroxy l groups 

b y  a  m ild  a lk a l in e  h y d ro ly s is .  Meadol was th e re fo r e  su b je c te d  

t o  a  10 p e r  c e n t sodium hydroxide s o lu t io n  and re f lu x e d
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f o r  abou t fo u r  h o u rs . The s o lu t io n  was dropped in to  a 

h y d ro c h lo r ic  a c id  s o lu t io n , th e  p r e c ip i t a t e  f i l t e r e d  o f f ,  

washed w ith  w ate r and d r ie d  i n  a i r .

e .  C ondensation P roduc t w ith  E than^ lfff ln e  

B eid , Dryden, and Aronovsky (43) shew t h a t  m onoethanolanine 

condenses w ith  corncob l ig n in  and th e  condensate  can he 

rem e th y la ted . They conclude th e re fo r e ,  t h a t  th e  condensate  

h a s  a  g r e a te r  number o f  hydroxy l groups p r e s e n t .  A lthough 

i t  i s  b e lie v e d  t h a t  th e  i n t e r p r e t a t i o n  o f  t h e i r  experim ent 

i s  ©pen to  some q u e s tio n , t h i s  r e a c t io n  was employed i n  t h i s  

r e s e a r c h  w ith  a l k a l i  l i g n i n  by adding monoethanolamine 

t o  a  dioxane s o lu t io n  o f  Meadol and th e  condensed p ro d u c t 

f i l t e r e d .>o f f ,  washed w ith ..w ater .and...dried..in .a i r .

f .  R esorcinol-M eadol Condensate 

100 g . o f  Meadol (d r ie d  i n  vacuum o ver s u l f u r ic  a c id )  and 

300 g . o f  R e so rc in o l were in t im a te ly  mixed and p la ced  in  a  

two necked f l a s k  f i t t e d  w ith  a  w ater coo led  r e f lu x  condenser 

and a  therm om eter. 100 m l. o f  e th y l  e th e r  was added and 

th e n  10 ml. o f  a  c o n c e n tra te d  h y d ro ch lo ric  a c id .  A fte r  r e f lu x in g  

f o r  th re e  h o u rs , th e  h o t re s in o u s  mass was poured in to  

v ig o ro u s ly  s t i r r e d  w a te r .

The brown p r e c ip i t a t e  was allow ed to  s e t t l e ,  washed w ith  

w a te r  s e v e ra l  tim es by d e c a n ta tio n , f i l t e r e d ,  washed re p e a te d ly  

W ith w ate r and d r ie d  i n  vacuum. 10 g . o f  vacuum d r ie d  m a te r ia l  

was o b ta in ed .
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2 . In d u lin  D e r iv a tiv e s

a . In d u lin -t> o ly -2 .4 d ihydroxv benzoate  

20 g . o f  In d u lin  was t r e a te d  e x a c tly  a s  was Meadol.

A y ie ld  o f  24 g . o f  a i r  d r ie d  p r id u c t  was o b ta in e d .

b . D em ethvlated In d u lin  

The p rocedure f o r  d em eth y la tio n  was e s s e n t i a l l y  t h a t  

d e s c r ib e d  f o r  Meadol. A sodium fu s io n  .of th e  m a te r ia l  b e fo re  

d e io d in a t io n  and a  subsequen t t e s t  f o r  io d id e  w ith  s i l v e r  

n i t r a t e  was n e g a tiv e . There was no need th e re fo r e  f o r  th e  

d e io d in a t io n  p ro ced u re . 19 g . o f  dem ethy lated  In d u l in  was 

o b ta in e d  from 20 g . o f  th e  o r ig in a l  l ig n in .

c . Aluminum C hlo ride t r e a te d  In d u lin  

I t  i s  w e ll  known t h a t  anhydrous aluminum c h lo r id e  i s  a 

good d em eth y la tin g  agen t (2 0 ) . I t  was hoped t h a t  i t  cou ld  

be made to  c o n v e rt th e  a ro m atic  methoxy groups o f  l ig n in  

to  p h en o lic  hydroxyl g ro u p s. In d u lin  was suspended i n  n i t r o ­

benzene, aluminum c h lo r id e  added and th e  m ix tu re re f lu x e d  

f o r  an h o u r. The m odified  l ig n i n  was th e n  f i l t e r e d  o f f ,  

washed w ith  e th e r  and a i r  d r ie d .

d . Phosphoric Acid t r e a te d  In d u lin  

100 p e r  c e n t phosphoric  a c id  i s  r e p o r te d  to  co n v e rt 

a ro m atic  e th e r s  to  pheno ls (5 1 ) . A pproxim ately pure phosphoric
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a e id  was p rep ared  fey th e  a d d i t io n  o f  phosphorous pen tox ide  

to  85 p e r  c e n t phosphoric  a c id  u n t i l  th e  s p e c i f ic  g r a v i ty  

o f  th e  pure a c id  was o b ta in e d . A check by t i t r a t i o n  in d ic a te d  

a  p u r i ty  o f  98 .6  p e r  c e n t .  When In d u lin  was suspended i n  t h i s  

a c id  and h ea ted , co n s id e rab le  f r o th in g  o cc u rre d . The l ig n in  

m a te r ia l  was reco v e red  fey pouring  th e  m ix tu re  in to  w a te r, 

f i l t e r i n g  o f f  th e  p ro d u c t, washing w ith  w ate r and d ry in g  in  

a i r .

e .  Rearrangem ent o f  E th e r  s t r u c tu r e  o f  M g n in  to  P h en o lic

Hydroxyl

A lky l-pheny l e th e r s  undergo rearrangem en t i n  th e  pres/fence 

o f  c e r t a in  re a g e n ts  to  form  s u b s t i tu te d  pheno ls ( 6 ) .  S ince 

l i g n in  i s  s a id  to  c o n s is t  o f  a  p h e n y l-p ro p y l-e th e r  type 

s t r u c tu r e  (12) i t  i s  co n ce iv ab le  t h a t  c e r t a in  re a g e n ts  m ight 

produce a  l ig n in  d e r iv a t iv e  w ith  a g r e a te r  p h en o lic  e o n te n t.

A m ix tu re  o f  g l a c i a l  a e e t ic  and s u l f u r ic  a c id s  i s  an e f f e c t iv e  

ag en t f o r  t h i s  rearrangem en t and i t  was th e re fo re  employed 

w ith  in d u l in  fey adding th e  l ig n in  to  th e  ac id  m ix tu re  and 

h e a t in g .  The gummy p r e c ip i t a t e  formed was se p a ra te d  fey pou ring  

in to  w a te r, f i l t e r i n g ,  w ashing w ith  w ater and d ry in g .

f .  Kvdro Iff zed C h lo rin a te d  In d u lin  

in d u l in  was c h lo r in a te d  and th e n  hydro lyzed  e x a c tly  as 

was Meadol. The p ro d u c t o b ta in ed  was reco v ered  and d r ie d  in
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th e  manner p re v io u s ly  employed.

g» C ondensation w ith  Phenol 

5 g . o f  In d u lin  was d is s o lv e d  in  60 g . o f  Phenol and 

12 m l. e th y l  e th e r  and 1 m l. c o n c e n tra ted  h y d ro c h lo r ic  a c id  

added. -After r e  f lu x in g  f o r  one hour, p a r t  o f  th e  excess 

pheno l was removed by vacuum d i s t i l l a t i o n  and th e  r e s t  

s e p a ra te d  by d is s o lv in g  th e  r e a c t io n  m ix ture i n  150 m l. o f  

d ioxane and adding th a t  s o lu t io n  dropw ise in to  1500 ml. 

o f  w a te r . The p r e c ip i t a t e  was f i l t e r e d  o f f ,  washed w ith  e th y l  

e th e r ,  petro leum  e th e r ,  and d r ie d  i n  a i r  to  y ie ld  7 g . o f  

m a te r ia l .

h . C ondensation w ith  R eso rc in o l 

I n d u lin  was condensed w ith  r e s o r c in o l  i n  e x a c tly  th e  

same manner d e sc r ib e d  f o r  Meadol. The r e s u l t in g  p ro d u c t 

had c h a r a c te r i s t i c s  s im ila r  to  th e  o th e r  r e s o r c in o l - l ig n in s .

i .  A lk a lin e  H y d ro ly sis  P ro d u c t o f  In d u lin  

I n d u lin  was hydro lyzed  w ith  10 p e r  c e n t sodium hydroxide 

e x a c t ly  as  was Meadol. The r e s u l t in g  s o lu t io n  was a d ju s te d  

to  p ro p er pH (5 .0 )  and used f o r  th e  p re lim in a ry  ta n n ag e .

3 . D e r iv a t iv e s  o f  Magnesium L ig n o su lfo n a te

a . A lk a lin e  H v d ro lv sis  P roduc t 

As a lread y  n o ted , P e n is to n  and McCarthy (40) have shown
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•that m ild  a lk a l in e  h y d ro ly s is  o f  a spruce l ig n o s u lfo n a te  

r e s u l t s  i n  d em eth y la tio n  w ith  an in c re a se  i n  p h en o lic  g ro u p s. 

Magnesium lig n o s u lfo n a te  was th e re fo re  su b je c te d  to  a lk a l in e  

h y d ro ly s is  in  th e  manner p re v io u s ly  d e sc r ib e d  f o r  th e  a l k a l i  

l ig n in s .

b .  H ydriodic Acid t r e a te d  P roduc t 

An a ttem p t was made to  deme th y  l a t e  magnesium l ig n o s u l f -  

©nate i n  th e  manner used f o r  th e  a l k a l i  l i g n i n s . I t  was 

observed  th a t  a lth o u g h  th e  lig n o sm lfo n a te  was so lu b le  i n  

57 p e r  c e n t h y d rio d ic  a c id , c o a g u la tio n  o ccu rred  upon h e a tin g  

and th e  p ro d u c t became v e ry  d i f f i c u l t  to  h a n d le . For t h i s  

re a so n  an aqueous medium was u sed . The p r e c ip i t a t e  formed 

a f t e r  re  f lu x in g  th e  l ig n o  s u lfo n a te  w ith  h y d rio d ic  a c id  was 

se p a ra te d  by c e n tr i fu g a t io n ,  t r e a te d  w ith  a  s o lu t io n  o f  

sodium b i s u l f i t e  to  remove io d in e  and th e n  washed w ith  w ate r, 

f i l t e r e d ,  washed ag a in  and a i r  d r ie d .  When an aqueous 

su sp en sio n  o f  th e  m a te r ia l  was t e s te d  w ith  s i l v e r  n i t r a t e  

no p r e c ip i t a t e  was o b ta in e d .

c . Magnesium L ig n o su lfo n a te -R eso re in o  1 Condensate 

100 g . o f  d ry  magnesium l ig n o s u lfo n a te  was in t im a te ly  

mixed w ith  100 g . o f  R e so rc in o l, 100 m l. o f  e th y l  e th e r  and 

10 m l. o f  co n c en tra te d  h y d ro c h lo r ic  a c id  were added and th e  

m ix tu re  re f lu x e d  a t  120-160° C. f o r  two and o n e -h a lf  h o u rs .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-2 7 -

W hile s t i l l  m olten , th e  p l a s t i c  mass was dropped in to  w a te r, 

th e  p r e c ip i t a t e  f i l t e r e d  o f f ,  washed th o ro u g h ly  w ith  w a te r 

and d r ie d  i n  a i r  to  y ie ld  80 g . o f  m a te r ia l .

B. P re lim in a ry  E v a lu a tio n  o f  banning P o te n t ia l

A ll o f  th e  l ig n in  d e r iv a t iv e s  p rep a red  were su b je c te d  

to  a  p re lim in a ry  e v a lu a tio n  o f  t h e i r  ta n n in g  a b i l i t y  by 

means o f  tannage o f  c a l f s k in  sq u a re s . S ince most o f  th e  

p ro d u c ts  o b ta in ed  were in s o lu b le  i n  w ate r, i t  was n ec e ssa ry ,
■ ‘J f e f

i n  th e se  in s ta n c e s  to  employ a  s o lv e n t system  o f  ta n n ag e .

Tu and L o lla r  (53) have shown t h a t  m ethanol i s  th e  most 

s a t i s f a c to r y  s o lv e n t and i t  was th e re fo re  s e le c te d  f o r  u se .

The procedure f o r  tannage was e s s e n t i a l l y  t h a t  used  by Tu 

and L o lla r  (53) and c o n s is te d  o f  im m ersing s e v e ra l  ace to n e - 

d eh y d ra ted  c a l f s k in  sq u ares  (p rep ared  as  d e sc r ib e d  by 

L ip s i t s ,  e t  a l .  (27) ) i n  a  20-40 p e r  c e n t m ethanal 

s o lu t io n  o f  th e  l ig n in  d e r iv a t iv e .  A fte r  p e n e tr a t io n  had 

o ccu rred  (16-24 h o u rs ) , th e  sq u ares  were p la ced  in  w ate r f o r  

s e v e ra l  hours to  p e rm it f i x a t i o n  to  occur and th e n  th e  p ie c e s  

a llow ed to  a i r  d ry  i n  th e  d a rk  o v e rn ig h t o r  lo n g e r .

Where a  w a te r so lu b le  m a te r ia l  was e v a lu a te d , a  s in g le  

b a th  tannage was conducted i n  an aqueous system , th e  pH b e in g  

gradually reduced from 5 .0  to  3 .0  b e fo re  rem oval from  th e  

ta n n in g  l iq u o r s .

The d r ie d  sq u ares  were th e n  examined v i s u a l ly  fo r  "feel** 

f>r>d appearance and a  sh rin k ag e  tem p era tu re  d e te rm in a tio n  a lso
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made on th e  T heis Shrinkage M eter. The r e s u l t s  w i l l  be 

found in  Table 1-A, I-B, and i-c.
. The JP ro n is in g  D e r iv a tiv e s  and th e  Problem  o f  W ater 

S o lu b i l i ty

I t  i s  r e a d i ly  observed from Table I  t h a t  f iv e  o f  

th e  l ig n in  d e r iv a t iv e s  produce le a th e r  w ith  d e s ire d  

c h a r a c t e r i s t i c s  and d eserv e  f u r th e r  s tu d y . These a res

(1) dem ethy lated  Meadol

(2) dem ethy lated  In d u lin

(3) th e  r e  so re  ino1-Me ado1 condensate

(4) th e  r e s o r c in o l - I n d u l in  condensate

(5) th e  condensate  o f  r e s o r c in o l  w ith  magnes­

ium lig n o s u lfo n a te

A ll  o f  th e se  p ro d u c ts  w ere, th e re fo r e ,  p rep ared  on a l a r g e r  

s c a le ,  b u t under e s s e n t i a l l y  th e  same c o n d itio n s  as  p re v io u s ly  

d e s c r ib e d .

Hone o f  th e se  m a te r ia ls ,  however, i s  so lu b le  i n  w a te r , 

ttoder th e  p re s e n t  commercial ta n n in g  c o n d itio n s  i t  i s  

e s s e n t i a l  to  th e  s u c c e s s fu l developm ent o f  any com m ercial 

ta n n in  th a t  th e  substance  be so lu b le  o r  a t  l e a s t  d isp e n sa b le  

i n  aqueous system . S ince th e  ch eap est a v a ila b le  source o f  

l i g n i n  i s  th e  magnesium lig n o  s u lfo n a te , i t s  d e r iv a t iv e  was 

chosen  a s  th e  m ost lo g ic a l  m a te r ia l  f o r  s o lu b i l i z a t io n  s tu d ie s .
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A common method o f im p artin g  w ater s o lu b i l i t y  i s  by 

s u lfo n a t io n . One method o f  s u lfo n a t io n  i s  by r e a c t io n  w ith  

b i s u l f i t e  and when s u e c e s s fu l , i s  sim ply c a r r ie d  o u t .  A 

p re lim in a ry  experim ent i n  which th e  magnesium lig n o  s u lfo n a te  

condensate  was re f lu x e d  w ith  a sodium m e ta - b is u l f i te  s o lu t io n  

in d ic a te d  t h a t  a  w ate r so lu b le  p ro d u ct r e s u l t e d .

In  o rd e r  to  determ ine th e  optimum c o n c e n tra t io n  o f  

b i s u l f i t e  re q u ire d  a s e r ie s  o f  r e a c t io n s  a t  v a ry in g  b i s u l f i t e  

c o n c e n tra tio n s  was allow ed to  proceed , and a f t e r  co o lin g , 

c a l f s k in  sq u ares  immersed i n  th e  r e s u l t in g  s o lu t io n  and th e  

sh rin k ag e  tem p era tu re  o f  th e  tanned  sq u ares  d e te rm in ed . The 

ex p e rim en ta l d a ta  w i l l  be found in  Table I I .

I t  i s  e v id e n t from Table I I  t h a t  b i s u l f i t i n g  a t  th e  

5 p e r  c e n t l e v e l  i s  most e f f e c t iv e .  Subsequent b i s u l f i t i n g  

o f  th e  in s o lu b le  condensate was c a r r ie d  o u t a t  t h i s  co n een tr  -  

a t io n  and th e  ta n n in g  p o te n t i a l  o f  th e  so lu b le  d e r iv a t iv e  

e v a lu a te d .

D. Complete E v a lu a tio n  o f  Tanning P o te n t ia l

In  a d d i t io n  to  th e  f iv e  l ig n in  d e r iv a t iv e s  ta b u la te d  

above, th e  w ate r so lu b le  p ro d u c t was in c lu d ed  in  t h i s  more 

com plete e v a lu a tio n . For t h i s  e v a lu a tio n  o f  th e se  p rom ising  

d e r iv a t iv e s ,  p ie c e s  o f  ace to n e -d eh y d ra ted  c a l f s k in  (ab o u t 3 M 

by  5 ” ) were su b je c te d  to  tan n ag e . The w a te r  in s o lu b le  m a te r ia ls  

were employed in  a  manner i d e n t i c a l  to  t h a t  used  f o r  th e  

c a l f s k in  square tannage , th e  s k in  to  ta n n in  ra ti©  b e in g  2 s1
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and a  volume t© s k in  r a t i o  o f  10s i .  I n  th e  case  o f  th e  w ater 

so lu b le  d e r iv a t iv e ,  a  s in g le  b a th  tannage a t  pH 5 .0  was u sed .

The sk in  to  ta n n in  ra ti©  was a ls o  1 :1 , b u t th e  s o lu t io n  to  

skim  r a t i o  was 20s i .

A fte r  tannage , th e  p ie c e s  were b leach ed , f a t l iq u o re d  

and d r ie d  i n  th e  manner d e sc r ib e d  in  a  p rev io u s  p u b l ic a t io n  (2 8 ).

The le a th e r s  th u s  produced were th e n  examined w ith  re g a rd  

to  th e  u s u a l  c r i t e r i a  o f  l e a th e r  q u a l i ty .  T his c o n s is te d  o f :

1 . V isu a l o b se rv a tio n  f o r  c o lo r  and g e n e ra l  l e a th e r  

c h a ra c te r

2. A m odified  A.L.C.A. l e a th e r  a n a ly s is .  T h is c o n s is te d  

o f  d e te rm in in g  h id e  su b stan ce , g re a se , ami ash i n  th e  u su a l 

manner and d e te rm in in g  w ate r s o lu b le s  by means o f  W ilson-K ern 

washiig-Awith w a te r .

3 . M icroscopic exam ina tion . H is to lo g ic a l  exam ination  o f  

c ro s s - s e c t io n s  was made f o r  ta n n in  and f a t l i q u o r  p e n e tr a t io n .

In  a d d it io n , th e  c ro s s - s e c t io n s  were su b je c te d  to  th e  n in h y d rin  

t e s t  as d e sc r ib e d  by M p s i t s  e t  a l .  (2 8 ).

4 .  A sh rin k ag e  tem pera tu re  d e te rm in a tio n  on th e  T heis 

sh rin k ag e  m eter.

5 . A d e te rm in a tio n  o f  th e  le a th e rs*  r e s is ta n c e  to  

p r o te o ly t ic  a t ta e k  and a  le a th e r  made from  magnesium lig n o -  

su lfo rnate  alone was a lso  e v a lu a te d  f o r  com parison. The 

method employed i s  t h a t  r e c e n t ly  developed by Undeutsch (5 4 ) . 

E s s e n t ia l ly  i t  i s  conducted in  th e  fo llo w in g  manner:
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About 0 .5  g . ©f f in e ly  ground le a th e r  sample i s  weighed 

in to  two b o t t l e s .  In to  fiLne b o t t l e  25 m l. o f  a 0 .2  p e r  c e n t 

s o lu t io n  o f t r y p s in  i n  0 .1  H sodium b ic a rb o n a te  i s  added 

and th e  same amount o f  a s im ila r  t r y p t i c  enzyme s o lu t io n  

which has been in a c t iv a te d  by b o i l in g  in tro d u c e d  in to  th e  

second b o t t l e .  Both b o t t l e s  a re  th e n  a g i ta te d  a t  104® F. f o r  

18 h o u rs . A fte r  th e  d ig e s t io n  has o ccu rred  th e  s o lu t io n s  are  

made up to  250 ml. i n  v o lu m e tric  f la s k s ,  f i l t e r e d  w ith  

s u c tio n , th e  f i l t r a t i o n  b e in g  a ided  w ith  “C e lite '* . 50 ml. 

o f  th e  f i l t r a t e  a re  th e n  p ip e t te d  in to  ta r e d  d is h e s  f o r  

s o l id s  d e te rm in a tio n . The d if fe re n c e  i n  s o l id s  betw een th e  

c o n t ro l  and ex p e rim en ta l sample d iv id e d  by th e  d ry  sample 

w eig h t r e p re s e n ts  th e  deg ree  o f  t r y p t i c  h y d ro ly s is .

The r e s u l t s  o f  t h i s  e v a lu a tio n  to g e th e r  w ith  th e  d a ta  

o b ta in e d  from th e  o th e r  in d ic a te d  s tu d ie s  w i l l  be found in  

Table I I I  which a lso  l i s t s  th e  p ro p e r t ie s  o f  l e a th e r  made 

from  an  unm odified magnesium lig n o  s u lfo n a te .

E. Fundam ental S tu d ie s  o f  th e  M odified L ig n in s

1 . D ete rm in a tio n  o f  Homo-far H e te ro g en e ity

A ccurate in t e r p r e t a t i o n  o f  a n a ly t i c a l  r e s u l t s  depend 

upon th e  use o f  sam ples r e p r e s e n ta t iv e  o f  a  homogeneous 

e n t i t y .  I t  was th e re fo re  n ec e ssa ry  to  determ ine th e  homo- 

o r  h e te ro g e n e ity  o f  th e  l ig n in  d e r iv a t iv e s  and s in c e  th e  

re so rc in o 1 -c o n d e n sa te s  appeared  to  be th e  most p rom ising  

d e r iv a t iv e s ,  th o se  m a te r ia ls  were su b je c te d  to  ascend ing ,
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one dim ension p aper chrom atography. Two s o lv e n t m ix tu res  

f o r  developm ent o f  th e  chromatograms were u sed ; (1) th e  

b u ty l  a lc o h o l- a c e t ie  a c id -w a te r  m ix tu re (4 :1 :5 )  used  by 

P a r tr id g e  (39) and a lso  by White (57) who se p a ra te d  quebracho 

ta n n in  in to  many components w ith  t h i s  m ix tu re  and $2) a  3 :1  

m ix tu re  o f  e th y l  a c e ta te  and m ethyl a lc o h o l used  by Grassman 

(16) i n  h i s  work on v eg e ta b le  and s y n th e tic  ta n n in s .  S tr ip s  

(2 .5  by 30 cm.) were c u t from Whatman #2 paper which was 

e x tra c te d  w ith  m ethanol to  remove a f lu o re s c e n t  im p u rity  and 

sp o tte d  2 .5  cm. from one end w ith  0 .5  m l. o f  s o lu t io n  

c o n ta in in g  10-15 micr»gram s o f  s o l id s .  The s t r i p s  were th e n  

suspended in  th e  so lv e n t m ix tu re s  i n  a  c lo se d  c o n ta in e r  

(a  covered b a t te r y  j a r  was used) and th e  d ev e lo p in g  l iq u id  

a llow ed to  r i s e .  When th e  advancing f r o n t  had t r a v e l l e d  two- 

t h i r d s  o f  th e  le n g th  o f  th e  s t r i p ,  th e  s t r i p s  were removed, 

a i r  d r ie d  and examined under u l t r a v i o l e t  l i g h t .

Table IV in d ic a te s  th e  r e s u l t s  o b ta in ed  and i t  i s  

e v id e n t from th e  two bands o b ta in ed  in  th e  case o f  th e  

m a g n e s iu m -lig n o su lfo n a te -re so rc in o l condensate , t h a t  i t  i s  

composed o f  a t  l e a s t  two components.

2 . S ep a ra tio n  o f  th e  Components in  th e  Magnesium L igno- 

s u lfo n a te -B e s o rc in o l Condensate

P re lim in a ry  experim en ts w ith  a chrom atographic 

column o f  calc ium  carbonate  in d ic a te d  a lso  t h a t  two su b s tan ces  

were p re s e n t .  Both m a te r ia ls  were m ethanol s o lu b le , b u t one
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f lu o re s c e d  w ith  a  yellow  c o lo r  when i t s  m ethanol s o lu t io n  

was p la ced  under u l t r a v i o l e t  l i g h t  w hile  th e  o th e r  su b stan ce  

gave a b lu e -w h ite  f lu o re sc e n c e . N e ith e r  calcium  ca rb o n a te , 

alum ina, no r h id e  powder produced a com plete ly  s a t i s f a c to r y  

chrom atographic column, b u t th e  h id e  powder column in d ic a te d  

t h a t  th e  use o f  h id e  powder i n  a b a tch  tre a tm e n t m ight 

p r e f e r e n t i a l l y  adsorb  one o f  th e  com ponents. I t  should  th e n  

be p o ss ib le  to  le a c h  o f f  th e  f r a c t io n  adsorbed on th e  h id e  

powder w ith  a 50-50 w a te r-ace to n e  m ixture which M e r r i l l  (30) 

h a s  shown to  be v ery  e f f e c t iv e  i n  removing many ta n n in s  

f r o a  h id e  powder. D e ta i ls  o f  th e  method employed fo llow s

312 g . o f  a  g rease  e x tra c te d , m ethanol washed h ide  

powder was w etted  w ith  w ate r and allow ed to  s tan d  f o r  30 

m in u tes . A fte r  f i l t e r i n g  w ith  s u c tio n  th e  h id e  powder was 

added to  5 l i t e r s  o f  m ethanol c o n ta in in g  18 .7  g . o f  th e  

m a g n e s iu m -lig n o su lfo n a te -re so rc in o l condensate and th e  

m ix tu re  was s t i r r e d  v ig o ro u s ly  f o r  one h o u r. The tanned  

h id e  powder was washed once w ith  m ethanol and allow ed to  a i r  

d ry  o v e rn ig h t. The f i l t r a t e s  were combined f o r  f u r th e r  

t re a tm e n t.

The a i r  d ry  tanned  h id e  powder was th e n  e x tra c te d  by 

re p e a te d  shak ings w ith  fo u r  2 l i t e r  p o r tio n s  o f  5©-50 aee to n e - 

w a te r  m ix tu re . A lthough a l l  o f  th e  m a te r ia l  was n o t removed, 

th e  fo u r th  e x t r a c t io n  removed v e ry  l i t t l e  m a te r ia l .  These 

e x t r a c t s  were th e n  c o n c e n tra te d  to  y ie ld  6 .4  g . ©f m a te r ia l
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(d e s ig n a te d  106-T) which r e p re s e n ts  3 4 .2  p e r  c e n t o f  th e  

amount tak en  (18 .7  g . ) When d is s o lv e d  i n  m ethanol th e  

m a te r ia l  e x h ib i t s  a b lu e -w h ite  f lu o re sc e n c e  under u l t r a ­

v i o l e t  l i g h t .

The f i l t r a t e  and w ashing which c o n ta in  th e  m a te r ia l  

n o t adsorbed by th e  h id e  powder were combined and co n c en tra ted  

to  y ie ld  3 .9  g . o f  s o l id s  which i s  20 .9  p e r c e n t o f  th e  

t o t a l  amount ta k en  (18 .7  g . ) .  This m a te r ia l  when d is s o lv e d  

i n  m ethanol e x h ib ite d  a  ye llow  f lu o re sc e n c e  under u l t r a ­

v i o l e t  l i g h t .  Each o f  th e se  f r a c t io n s  were ag a in  chrom ato­

graphed and in  each case a s in g le  band was o b ta in e d . Thus 

i t  appears t h a t  a  s e p a ra t io n  was ach ieved .

3 . Chemical A nalysis o f  th e  D e r iv a tiv e s  and F ra c tio n s  

In  o rd e r  to  have a b e t t e r  knowledge o f  th e  comp­

o s i t io n  o f  th e  m odified  l ig n in s  i t  was n e c e ssa ry  to  s u b je c t  

them to  e lem en ta l and fu n c t io n a l  group a n a ly s is .  S ince 

th e  s t r u c tu r e  o f  the  l ig n in s  employed i s  unknown and th e  

fundam ental u n i t  q u ite  la rg e  (ab o u t 840) l i t t l e  va lue  

cou ld  be o b ta in ed  from th e  u su a l earbon-hydrogen a n a ly s is .

Of much g r e a te r  i n t e r e s t  a re  such fu n c t io n a l  groups as 

m ethoxyl and hydroxy l and th e  elem ents o f  s u l f u r  and 

magnesium in the case of th e  magnesium lignosulfonate 
d e r iv a t iv e s .  The methods employed f o r  th e se  an a ly se s  fo llo w :
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a . M ethoxyl:

The s ta n d a rd  method (T2M-43) o f  th e  T ech n ica l 

A sso c ia tio n  o f  th e  Pulp  and Paper In d u s try  was used (5 0 ). 

E s s e n t ia l ly  i t  i s  a  m odified  method o f  Viebock and Schwappach 

(5 5 ) .

b . Hydroxyl:

The method used was t h a t  d e sc r ib e d  by S ig g ia  (49) 

and ta k en  from th e  p u b lic a t io n  o f  Ogg, P o r te r  and W i l l i t s  (3 7 ). 

I t  c o n s is ts  o f  a c e ty la t in g  th e  m a te r ia l  w ith  a known amount 

o f  a c e t ic  anhydride and d e te rm in in g  th e  ex cess  by t i t r a t i o n .

c .  S u lfu r

The method o f  S alvesan  and Hogan (47) was used f o r  

s u l f u r  a n a ly s is .  I t  i s  a w et o x id a tio n  method (p e rc h lo r ic -  

n i t r i c  a c id s )  w ith  subsequent p r e c ip i t a t io n  o f  barium  s u l f a t e .

d . Magnesium:

Magnesium was determ ined  in  th e  s o lu t io n  o b ta in ed  

by th e  p e r c h lo r i c - n i t r i c  a c id  o x id a tio n . 8 -hydroxyqu ino line  

was used  as  d e sc r ib e d  by K o lth o ff  and S an d e ll (2 4 ).

The r e s u l t s  o f  th e se  a n a ly s is  w i l l  be found i n  Table V.
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IV DISSCUSSION

I t  i s  i n t e r e s t i n g  to  no te  i n  Table I-A  and I-B  t h a t  

th e  l ig n in -p o ly -2 ,4 dihydroxy ben zo ates produced le a th e r  

sam ples t h a t  had good appearance, b u t no in c re a se d  sh rinkage 

te m p era tu re . At f i r s t  t h i s  m ight appear c o n tra d ic to ry  to  

th e  hydrogen bonding th e o ry  o f  th e  ta n n in  mechanism s in ce  

p h en o lic  hydroxy l groups have been added to  th e  l ig n in s .

Tu and L o lla r  (53) have shown t h a t  ta n n in g  p r o p e r t ie s  cannot 

be expected  from meta s u b s t i tu te d  p h en o lic  hydroxy l groups 

n o r  can th e y  be expected  from arom atic  hydroxy ca rb o x y lie  

e s t e r s .  The ca rb o n y l group o f  th e  e s t e r  lin k a g e  l im i t s  to  

a  la rg e  degree th e  qu in o id  resonance i n  th e  r e s o r c in o l  r in g  

and th e re fo re  th e  hydrogen atoms o f  th e  hydroxy l groups 

have l i t t l e  tendency  to  hydrogen bond. T his in t e r p r e t a t i o n  m ight 

be q u es tio n ed  on th e  grounds t h a t  h y d ro ly zab le  ta n n in s  a re  

arom atic  hydroxy ca rb o x y lie  e s t e r s  and t h a t  th e y  do co n v e rt 

h id e  p ro te in  in to  l e a th e r .  But th e  a d d i t io n a l  f a c t  rem ains 

t h a t  L ip s i tz  e t  a l .  (27) have r e c e n t ly  shown t h a t  c h e s tn u t 

ta n n in , a r e p r e s e n ta t iv e  o f  th e  h y d ro ly zab le  ta n n in s , does 

n o t make a le a th e r  t h a t  r e s i s t s  p r o te o ly t ic  a t ta c k .  This 

r a i s e s  th e  i n t e r e s t i n g  q u e s tio n  as to  w hether o r  n o t o th e r  

ta n n in s  in  t h i s  c la s s  e x h ib i t  th e  same c h a r a c t e r i s t i c s .  I t  

i s  t ru e  t h a t  t h i s  c la s s  o f  ta n n in s  produces le a th e r  w ith  

an  e le v a te d  sh rinkage tem p era tu re  (a lth o u g h  c h e s tn u t tanned
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l e a th e r  h as , i n  g e n e ra l, a low er sh rinkage tem p era tu re  th a n  

l e a th e r  made from th e  condensed ta n n in s  type} v iz .  quebracho 

and w a t t le )  and e x p la n a tio n  f o r  th e  ta n n in g  a b i l i t y  o f  

c h e s tn u t can be found i n  th e  q u e r c i t in  p a r t  o f  th e  c h e s tn u t 

ta n n in , which s t r u c tu r e  i s  p e c u la te d  by F lin n  (1 0 ) . This 

po ly -hydroxy-flavanone s t r u c tu r e  c o n ta in s  p h en o lic  hydroxy 

groups which can  tak e  p a r t  i n  q u in o id  resonance and a re  

th e re fo r e  lo c i  o f  hydrogen bonding. Thus th e  hydrogen bond 

th e o ry  ad eq u a te ly  accoun ts f o r  th e  f a c t s  observed .

A m ild  a lk a l in e  h y d ro ly s is  o f  th e  l ig n in s  m ight be 

expected  to  produce s u i ta b le  ta n n in g  m a te r ia ls  s in c e , as 

a lre a d y  no ted , P en is to n  and McCarthy (40) have shown t h a t  such 

tre a tm e n t in c re a s e s  th e  p h en o lic  hydroxy l c o n te n t and d e c re a se s  

th e  s u lfo n ic  a c id  c h a ra c te r  o f  th e  l ig n in .  U n fo rtu n a te ly , 

t h i s  tre a tm e n t a lso  r e s u l t s  i n  c o n s id e rab le  breakdown ©f 
th e  l ig n in  m a te r ia l .  I t  i s  w e ll  known t h a t  p a r t i c l e  s iz e  o f  

th e  ta n n in g  m a te r ia l  i s  an im p o rtan t f a c to r  i n  a f f e c t in g  a 

ta n n ag e . Very p robab ly , th e  f a i l u r e  to  o b ta in  a s a t i s f a c to r y  

ta n n in g  m a te r ia l  from an a lk a l in e  h y d ro ly s is  m o d if ic a tio n  i s  

th e  r e s u l t  o f  such extrem e l ig n in  breakdown.

The f a c t  t h a t  some o f  th e  o th e r  m odified  l ljgnins f a i l e d  

to  y ie ld  th e  d e s ire d  improvement i n  tanning ability must be 
a t t r i b u t e d  to  th e  p o s s i b i l i t y  t h a t  r e a c t io n  o ccu rred  o th e r  

th a n  was ex p ec ted . Since th e  s t r u c tu r e  o f  th e  l ig n in  m a te r ia ls
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i s  n o t known and s in c e  i t s  chem ical p ro p e r t ie s  a re  n o t 

com plete ly  un d ersto o d , unexpected  and u n ex p la in ab le  r e a c t io n s  

a re  q u ite  p o s s ib le .  N ev e rth e le ss , th e  l ig n in  d e r iv a t iv e s  

w hich were p rom ising  in  th e  p re lim in a ry  e v a lu a tio n  and which 

were s e le c te d  f o r  com plete e v a lu a tio n  d id  f u l f i l l  th e  p r e d ic t ­

io n s  made i n  re g a rd  to  th e  improvement o f  ta n n in g  p o te n t i a l .

Table I I I  in d ic a te s  th e  d a ta  o b ta in ed  from th e  com plete 

e v a lu a t io n  o f th e  m odified  l ig n in s .  i t  i s  e v id e n t t h a t  th e  

dem ethy la ted  l ig n in s  produced le a th e r  w ith  a poor g e n e ra l 

appearance, b u t which d id  have an e le v a te d  sh rin k ag e  tem p era tu re  

and was co n s id e ra b ly  more r e s i s t a n t  to  t r y p t i c  a t ta c k  th a n  

th e  le a th e r  made from  th e  unm odified  lig n o  s u lfo n a te .  The 

le a th e r s  made from  th e  r e s o r c in o l  condensate d e r iv a t iv e s  a re , 

i n  g e n e ra l, e x c e l le n t  i n  re g a rd  to  v is u a l  o b se rv a tio n  and 

“f e e l "  c h a r a c t e r i s t i c s .  They, to o , have an e le v a te d  sh rinkage 

tem p era tu re  and a re  q u ite  r e s i s t a n t  to  t r y p t i c  a t ta c k ,  h av ing  

th e  same range o f  h y d ro ly s is  as  v eg e tab le  tanned  le a th e r s  (6 4 ).

The y ie ld  o b ta in ed  and th e  degree  o f  tannage was, i n  a l l  

c a se s  somewhat low w hich i s  a r e f l e c t i o n  o f  th e  h ig h  h id e  

su b stan ce  v a lu e . U n fo rtu n a te ly  th e  r e s u l t s  o f  th e  n in h y d rin  

r e a c t io n  are  n o t as  d e f in i t e  as one would l i k e .  Only i n  th e  

e a se  o f  th e  b is u lf i te d - re s o re in o l-e o n d e m s a te  was th e re  a 

d ec id ed  b lu e  c o lo ra t io n .  Tn the  o th e r  in s ta n c e s ,  th e  le a th e r
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c r o s s - s e c t io n s  were so d a rk  t h a t  no b lu e  c o lo ra t io n  cou ld  be 

se en . There was, however, a d ec id ed  f u r th e r  dark en in g  ©f 

th e se  c ro s s - s e c t io n s  when t r e a te d  w ith  th e  n in h y d rin  re a g e n t 

w hich would in d ic a te  a  p o s i t iv e  r e a c t io n .  The in t e r p r e t a t i o n  

o f  th e  p o s i t iv e  r e a c t io n  i s  t h a t  in a c t iv a t io n  o f  th e  f r e e  

amino groups o f  th e  h id e  p r o te in  has n o t o ccu rred  and th e re fo re  

th e  ta n n in g  mechanism does n o t in v o lv e  r e a c t io n  a t  th e se  l o c i .  

The s ig n i f i c a n t  d a ta  o b ta in ed  in  th e  t e s t  i s  t h a t  th e  b i s u l f -  

i t e d - r e s o r e in o l  condensate produced a  p o s i t iv e  r e a c t io n  

in  c o n t r a s t  to  th e  unm odified magnesium lig n o  s u lfo n a te  ta n n ag e . 

S ince th e  b i s u l f i t e d - r e s o r c in o l  condensate i s  th e  r e s u l t  o f  

in c re a s in g  th e  hydrogen bonding lo c i  o f  the  magnesium lig n o -  

s u lfo n a te  t h i s  i s  a d d i t io n a l  evidence t h a t  th e  b a s ic  con ten­

t i o n  o f  th e  ta n n in g  mechanism ( i . e .  hydrogen bonding) i s  

o f  c o n s id e ra b le  s ig n i f ic a n c e .

Table V in d ic a te s  th e  a n a ly t i c a l  d a ta  o b ta in ed  from  th e  

m od ified  l ig n in  d e r iv a t iv e s .  The a n a ly s is  o f  th e  dem ethy lated  

l i g n i n  d e r iv a t iv e s  (Table V-A) in d ic a te s  t h a t  th e  h y d rio d ic  

a c id  tre a tm e n t reduced th e  methoxy c o n te n t about 12 p e r  c e n t .  

A lthough on ly  a  sm all in c re a s e  i n  hydroxy c o n te n t i s  e v id e n t 

i t  must be remembered t h a t  tre a tm e n t w ith  h y d rio d ic  a c id  

destroys th e  aliphatic hydroxyl groups and thus th e  p e r  c e n t 

h y d ro x y l r e p re s e n ts  p h en o lic  h y d ro x y l. In  a d d i t io n  to  

d e s t r u c t io n  o f  th e  a l ip h a t ic  hydroxy l g roups, c o n s id e ra b le  

d e g ra d a tio n  o f  th e  l ig n i n  p robab ly  occu rred  s in c e  th e  l ig n in
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s t r u c tu r e  i s  re p o r te d  to  c o n ta in  e th e r  lin k a g e s  i n  i t s  

fundam ental u n i t  (2 1 ). T his "breakdown i s  r e f l e c te d  in  

th e  r a th e r  poor le a th e r  q u a l i ty  o b ta in ed  from  tannage 

w ith  th e se  m a te r ia l s .  Thus, th e  on ly  co n c lu s io n  w arran ted  

i s  t h a t  th e  p h en o lic  hydroxy l c o n te n t has been  c o n s id e ra b ly  

in c re a s e d  w ith  a subsequen t in c re a s e  i n  sh rin k ag e  tem p era tu re  

and r e s is ta n c e  to  t r y p t i c  a t ta c k  o f  le a th e r  made from  such 

m o d ified  l ig n in s .

The a n a ly s is  o f  th e  Me ado1 -re s o rc in o 1 condensate  i s  

compared w ith  t h a t  o f  ^%adol in  Table V-B. i f  one assumes 

t h a t  th e  l i t e r a t u r e  i s  c o r r e e t  and Meadol has a  u n i t  w eight 

o f  860 and t h a t  t h i s  u n i t  c o n ta in s  6 methoxy groups (26 ), 

some in t e r e s t i n g  c a lc u la t io n s  can be made. I t  fo llo w s  fro®  

th e  n a tu re  o f  th e  m o d if ic a tio n  t h a t  th e  number o f  methoxy 

groups was n o t a f f e c te d  and th e re fo r e ,  th e  u n i t  w eigh t o f  

th e  Me ado1-re s o rc in o l  condensate  can be c a lc u la te d  th u s :

6 x 31 x  100 z p e r  c e n t methoxy = 14 .5
U nit Wt.

U nit w t. -  1285

From t h i s  u n i t  w eigh t, th e  number o f  hydroxy l groups p re s e n t 

i n  th e  Meadol d e r iv a t iv e  can be o b ta in ed .

Ho. o f OH grouos x 17 x 100 -  p e r c e n t OH r  17 .0
1285

Ho. o f  OH groups * 12 .9  o r  13

T h ere fo re , s in e e  f iv e  hydroxy l groups a re  p re s e n t  i n  th e  

unm odified  Meadol, e ig h t  hydroxy l groups m ust have been added
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by th e  r e a c t io n .

As a jfu rth e r check on t h i s  co n c lu s io n  i t  i s  fo u n t t h a t  

th e  u n i t  w eight o f  th e  Meadol d e r iv a t iv e  i s  1300 i f  fo u r  

r e s o r e in o l  m olecu les have been added p e r 860 u n i t : [860+(4 x  110 

1300* T h is i s  a good check on th e  v a lu e  c a lc u la te d  from  th e  

a n a ly t i c a l  d a ta .  Thus i t  ap p ears t h a t  th e  r e a c t io n  Between 

Meadol and r e s o r c in o l  in v o lv e s  th e  a d d i t io n  o f  fo u r  r e s o r c in o l  

m o lecu les p e r  l i g n i n  u n i t  o f  860 and th e  d a ta  f u r th e r  su g g e s ts  

t h a t  th e  r e a c t io n  does n o t in v o lv e  hydroxy l g roups.

S im ila r  rea so n in g  from  th e  a n a ly t i c a l  d a ta  f o r  th e  In d u lin  

r e s o r c in o l  condensate (Table V-C) in d ic a te s  t h a t  s ix  hydroxy 

g roups have been added p e r  In d u lin  u n i t  o f  840. The u n i t  w eigh t 

c a lc u la te d  from th e  a n a ly t i c a l  d a ta  i s  1410 which i s  i n  ag ree­

m ent w ith  th e  v a lu e  o b ta in ed  (1390) on th e  assum ption  t h a t  

f iv e  r e s o r c in o l  m olecules combine w ith  In d u l in .  Thus i t  would 

appear t h a t  th e  r e a c t io n  betw een In d u lin  and r e s o r c in o l  in v o lv e s  

th e  a d d i t io n  o f f iv e  r e s o r c in o l  m olecules p e r  l i g n i n  u n i t  o f  

840 and th a t  fo u r  hydroxy l groups a re  in v o lv ed .

The in t e r p r e t a t i o n  o f  th e  a n a ly t i c a l  d a ta  o b ta in ed  in  

th e  case  o f  th e  magnesium lig n o s u lfo n a te  r e s o r c in o l  condensate 

(T able V-D) i s  l im ite d  because th e  m a te r ia l  i s  n o t  homogeneous. 

The two f r a c t io n s  t h a t  have been o b ta in ed  a re  d ec id e d ly  

d i f f e r e n t ,  b u t no o th e r  co n c lu s io n s  about them ean be made.

Of co n s id e rab le  i n t e r e s t  however, a re  th e  hydroxy l to  

m ethoxyl r a t i o s  o f  th e  w ate r in s o lu b le  and b i s u l f i t e d  d e r iv a t iv e s  

Again making th e  lo g ic a l  assumption t h a t  th e
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m ethoxyl c o n te n t should  n o t change w ith  b i s u l f i t i n g  i t  i s  

a t  ©nee ap p a ren t from th e  r a t i o s  t h a t  th e  hydroxy l groups 

w ere n o t a f f e c te d  by th e  s u l f i t i n g  r e a c t io n  s in c e , i f  th ey  

had  been, a  d ec rease  in  th e  r a t i o  would have been n o ted . 

B ucherer (4) and Fuchs and E isn e r  (14) found t h a t  r e s o r c in o l  

can  be su lfo n a te d  w ith  b i s u l f i t e  and p o s tu la te d  t h a t  th e  

r e a c t io n  would in v o lv e  the  tau to m eric  en o l form as fo llo w s : 

O H  O  H a . ^ 3 ^

The r e s u l t in g  p ro d u ct has one s u lfo n ic  a c id  group f irm ly  

a t ta c h e d  to  th e  r in g  and th e  o th e r  two a re  b i s u l f i t e  a d d i t io n  

compounds o f  earb o n y l g ro u p s. Wise (58) p o in ts  o u t th e  f a c t  

t h a t  th e  r a t i o  o f  th e  f irm ly  bound to  th e  lo o s e ly  bound 

s u lfo n ic  ac ids,.,is  n o t com parable to  t h a t  in d ic a te d  by th e  

above e q u a tio n  and concludes t h a t  t h i s  i s  s tro n g  evidence 

a g a in s t  t h i s  concep t o f  th e  r e a c t io n  betw een b i s u l f i t e  and 

l ig n i n .  But, even i f  t h i s  r e a c t io n  were to  occur a t  th e  

condensed r e s o r c in o l  groups i t  i s  t ru e  t h a t  th e  hydroxyl 

to  m ethoxyl r a t i o  would n o t change, b u t th e  r e s u l t in g  compound 

would n o t be a ta n n in g  m a te r ia l  because th e  arom atic  

c h a ra c te r  o f  th e  hydroxy l groups no lo n g e r e x i s t s .  S ince 

th e  b i s u l f i t e d  d e r iv a t iv e  has good ta n n in g  a b i l i t y ,  th e
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o r ig in a l  d ed u c tio n  th a t  th e  hydroxy l groups a re  n o t in v o lv e d  

i n  th e  b i s u l f i t i n g  r e a c t io n  would appear to  h o ld .

As a g e n e ra l co n c lu sio n , i t  i s  e v id e n t t h a t  t h i s  

program  f o r  th e  improvement o f  th e  ta n n in g  p o te n t i a l  o f  

l ig n in  d e r iv a t iv e s  i s  w e ll  founded. I t  i s  obv ious, however, 

t h a t  a d d i t io n a l  re s e a rc h  must be c a r r ie d  o u t to  make any 

p ro cess  tow ard t h i s  g o a l econom ically  sound. I t  i s  f e l t  

t h a t  th e  n ex t lo g ic a l  s te p  should  be d i r e c te d  tow ard t h i s  

end.
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V SUMMARY

The hydrogen bond th e o ry  o f  tannage suggests t h a t  

m o d ified  l ig n in  d e r iv a t iv e s  a re  a  p o te n t ia l  source o f  

ta n n in g  m a te r ia ls .  Three ty p e s  o f  com m ercially  a v a ila b le  

l ig n in s  have been  su b je c te d  to  chem ical m o d if ic a tio n s  

d es ig n ed  to  in c re a s e  t h e i r  hydrogen bonding a b i l i t y .  The 

d e r iv a t iv e s  th u s  o b ta in ed  were g iv en  a p re lim in a ry  e v a lu a tio n  

by means o f  a  c a l f s k in  sq u a re , so lv e n t tannage and th e  

m ost p rom ising  d e r iv a t iv e s  s e le c te d  f o r  f u r th e r  s tu d y .

in  a d d i t io n  to  th e  w a te r  in s o lu b le  p rom ising  d e r iv a t iv e s ,

v iz :

a . a  dem ethy lated  a l k a l i  hardwood l ig n in

b . a  dem ethy lated  a l k a l i  softwood l ig n in

c . a condensate o f  r e s o r c in o l  w ith  an a l k a l i  hardwood 

l ig n in

d . a  condensate o f  r e s o r c in o l  w ith  an a l k a l i  softw ood 

l ig n i n

e . a condensate o f  r e s o r c in o l  w ith  a magnesium lig n o -  

s u lfo n a te ,

a  w ate r so lu b le  d e r iv a t iv e  was a ls o  p rep ared  by b i s u l f i t i n g  

th e  re  so re  i  no 1-magne sium lig n o  s u lfo n a te  co n d en sa te . These 

s i x  l ig n in  d e r iv a t iv e s  were used  to  ta n  p ie c e s  o f  c a l f s k in  

and th e  r e s u l t in g  le a th e r s  g iv en  a  com plete e v a lu a tio n  in
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re g a rd  to  sh rinkage tem p era tu re , g e n e ra l l e a th e r  “f e e l ” 

and appearance, chem ical and m icroscop ic  a n a ly s is ,  and 

r e s i s ta n c e  to  p r o te o ly t ic  enzymes.

In  a d d i t io n  to  th e  above e v a lu a tio n , fundam ental 

in fo rm a tio n  concern ing  th e  d e r iv a t iv e s  them selves was 

o b ta in e d , f h i s  c o n s is te d  o f  e lem en ta l a n a ly s is  (Hg and S 

where n e c essa ry ) and fu n c t io n a l  group a n a ly s is  (OCHg and 

OH). A stu d y  was a lso  made o f th e  homo- o r  h e te ro g e n e ity  

o f  th e  compounds by paper chrom atography and where a  

s e p a ra t io n  o f  th e  components was made, each f r a c t io n  was 

a ls o  su b je c te d  to  chem ical a n a ly s is .

The d a ta  o b ta in ed  i n  t h i s  in v e s t ig a t io n  p e rm it th e  

fo llo w in g  co n c lu sio n s  to  be made:

1 . As p re d ic te d , in c re a s in g  th e  p h en o lic  hyd roxy l 

c o n te n t o f  l ig n in  d e r iv a t iv e s  co n v e rts  them to  ta n n in g  

m a te r ia l s .  T h is i s  a d d i t io n a l  ev idence f o r  th e  s ig n if ic a n c e  

o f  hydrogen bonding in  th e  ta n n in g  mechanism.

2 . L ea th er produced from  such m odified  l ig n in s  have 

l e a th e r  c h a ra c te r  n o t o b ta in ed  from  th e  unm odified  l ig n o -  

s u lfo n a te  tannage, i . e .  in c re a se d  sh rinkage  te p e ra tu re  

and r e s is ta n c e  to  enzym atic h y d ro ly s is .

S. L ig n in - re s o rc in o l condensates a re  b e t t e r  ta n n in g  

m a te r ia l s  th a n  dem ethy lated  l ig n in s .

4 .  A b i s u l f i t e d  magnesium l ig n o s u lfo n a te - r e s o rc in o l  

condensate  i s  an e x c e l le n t  w a te r so lu b le  ta n n in g  m a te r ia l .
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—46“*
5 . The r e a c t io n  betw een sodium b i s u l f i t e  and th e  

magnesium lig n o s u lfo n a te  condensate does n o t in v o lv e  hydroxy 

g ro u p s.

6 . The r e a c t io n  betw een an a lk a l i  hardwood l ig n in  and 

r e s o r c in o l  r e s u l t s  i n  th e  in tro d u c t io n  o f  fo u r  r e s o r c in o l  

m o lecu les p e r  l ig n in  u n i t  and th e  d a ta  su g g e s ts  t h a t  th e  

hy d ro x y l groups a re  n o t in v o lv ed .

7 . The r e a c t io n  betw een an a l k a l i  softw ood l ig n in  and 

r e s o r c in o l  r e s u l t s  in  th e  a d d i t io n  o f  f iv e  r e s o r c in o l  

m o lecu les and th e  d a ta  su g g e s ts  t h a t  fo u r  h yd roxy l groups 

a re  in v o lv ed .

8 . The magnesium l ig n o s u lfo n a te - r e s o rc in o l  condensate  

i s  a  m ix ture o f  two com ponents. P r e f e r e n t ia l  a d so rp tio n  

o f  one f r a c t i o n  p e rm its  a s e p a ra tio n  y ie ld in g  two d i s t i n c t  

f r a c t io n s .
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Table I-A

Preliminary Evalnation o f  the Tanning 

P o ten tia l o f Modified Lignin Derivatives

Lignin Source -  Meadol

Li gain Derivative _____

Meadol-poly-2,4 Bihydroxy- 
bensoate Solvent

Demethylated Meadol Solvent

Hydrolysis product o f  
Chlorinated Meadol Aqueous

Alkaline hydrolysis product Solvent

Condensation product with  
ethfanolamine Solvent

Resorcinol-Meadol Condensate Solvent

Type of Tannage wFeel* Color

E xcellent Tan

E xcellent Dark brown

Pair

Good

Poor

E xcellent

Very dark 
brown

Brown

Dark brown 

Tan

Shrinkage Temperature

6 7 °C .

81

62

66

80

i
CJ1
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lO fab le  I-B

Preliminary Evaluation o f  the Tanning P oten tia l o f  

Modified Lignin Derivatives

Liffdn Source - Indulin

Lignin D erivative Type o f  Tannage “Feel1* Color Shrinkage 1

Indulin-poly-2,4  dihydroxy 
benzoate Solvent Very good Broun 65*

Demethylated Indulin Solvent Excellent Dark brown 85

Aluminum Chloride treated  
Indulin Solvent Pair Black 62

Phosphoric Acid treated  
Indulin Solvent Poor Black -

Rearrangement o f  Ether Structure
to Phenolic hydroxyl Solvent Good Brown 64

Hydrolysed Chlorinated Indulin Solvent Pair Black 57

Pheaol-Indulin Condensate Solvent Good Brown 70

Resorcinol Indulin  Condensate Solvent Excellent Tan 79

Alkaline hydrolysis product Solvent Pair Black 61

cnto
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8  Table I-C
i

Preliminary Evaluation o f  the Tanning P oten tia l o f  

Modified Lignin Derivatives

Lignin Source -  Magnesium Lignosulfonate

Lignin D erivative Type of Tannage "Peel* Color

Alkaline hydrolysis pro­
duct Aqueous Pair Tan

Hydriodic acid  treated
product Solvent Very poor Black

lesorcinol-Oondensate Solvent Excellent Tan

Shrinkage Temperature 

68

81

i
§
»



54-

Table I I

C o n c en tra tio n  S tu d ie s  f o r  Optimum B i s u l f i t in g  C o n d itions 

Magnesium L ig n o su lfo n a te -R eso rc in o l
Condensate tak en — ——  ----------------------------- 3 .

Aqueous s o lu t io n  volume  -----------       —30.

R e flu x  tim e--------------------------------------------------  24.

C o n cen tra tio n  o f Shrinkage
Sodium B is u l f i te *  Tem perature

1 % 74 °C.

2 75

3 77

5 80

10 77

15 76

20 75

* Based on l ig n in  d e r iv a t iv e

g .

ml.

h r s .
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Table I I I

Complete Evaluation o f Leathers Made from Modified Li gains

Resorcinol B isu lfited
Resorcinol Resorcinol Magnesium Resorcinol

Demethylated Demethylated Meadol Indulin Ligaosulfonate Magnesium Magnesium
Tanning Material Meadol Indulin  Condensate Condensate Condensate Lignoaulfonate Lignosulfonate

H e ld  % (hide 
substance basis) 160 152 164 169 157 164 192

F ullness Poor Poor ©ood Sood dood Excellent E xcellent

Firmness Si,, s t i f f S I. s t i f f Firm Firm Firm Firm Firm

Color Broun
Black

Broun
Black Tan Broun Broun Tan Tan

Shrinkage T. °C. 77 77 83 85 88 79 @8

Moisture % 10.1 10.4 9 .6 8.8 10.2 10.0 11.1

Total Ash++?g 0.01 0.02 0.04 0.05 0.11 0.82 0 .7

Side Substance44^ 62.4 66.7 61.0 59.2 63.8 61.1 62.1

Chloroform Extract*"*-̂  4 .7 4 .6 7 .8 8.3 4 .3 3.4 4 .4

la te r  Solubles44̂ 3 .0 3.7 9 .9 7 .3 S.© 12.1 2 .3

Combined Tannin++$ 29.9 26.0 21.3 25.2 23.8 22.7 40 .1

Degree o f  fanaage4+j£ 48.0 39.5 35.0 42.5 37.4 37.1 76.8

Tryptic Hydrolysis 22.5 11.1 2 .3 8.7 5.4 3.0 43 .2

Tannin Penetration E xcellent 

Ninhydrin Reaction + ?

Excellent

+?

E xcellent

+?

Excellent Excellent

+?

Light through 
center 

+

——

+ Analysis on dry basis  
? Leather too  dark for absolute detection  o f blue co lo ra tio n , but darkening occurred



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

Lignin PsriTative

R esorcinol-Indulin

Resorcinol-Meadol

Resorcinol-Magaesitsa 
Lignosulfonate

Fraction 1G6-T 

Fraction 106-E-T

fa b le  IV

Paper Chr ornate graphy o f  Modified Lignins

Beveloping Mixture

Ethyl Acetate-Methanol
( g « D  ___ _

S-Butyl Alcohol-Acetic Aoid-Water 
(4*1*6)

Rf, Y is ib le  Color Color under U ltra v io le t Rf. V isib le  Color Color tinder U ltra v io le t  

1.0

1.0

Orange

Orange

Yellow

Blue-white

1.0

1.0

Orange

Orange

Yellow

Yellow

1.0

1.0

1 .0

Orange

Orange

Orange

Blue-white

Blue-white 

Blue-white

1.0
0.96
1.0

1.0

C olorless
Orange

Orange

Orange

Blue-white
Yellow

Yellow

Yellow

t
£
i
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Table V-A

A nalysis  ©f D em ethylated L ign in  D e r iv a tiv e s  

(A ll d a ta  ©n d ry  b a s is )

in d u l in  D em ethylated In d u lin

% Methoxy 13.9* 1 .1

% Hydroxy 1 4 .5  15 .8

% Methoxy 

% h y d r o x y

Meadol

21.6

9.9**

D em ethylated Meadol 

9 .2  

14 .7

♦ Id e n t ic a l  t© v a lu e  found in  th e  m an u fac tu re rs  b u l l e t i n  (5 ) 

♦ ♦ C alcu la ted  from  l i t e r a t u r e  s ta tem en t o f  5 OH groups 

p e r  l ig n in  u n i t  o f  860 (26)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table V-B

A n a ly s is  o f  Meadol and th e  Meadol R e so rc in o l Condensate

(A ll d a ta  on d ry  b a s is )

Meadol R e so rc in o l Meadol

21.6* 14 .5

9 .9*  17 .0

Table V-C

A n a ly s is  o f  In d u lin  and th e  In d u l in  R e so rc in o l Condensate

(A ll d a ta  on d ry  b a s is )

In d u lin  R e so rc in o l In d u lin

% Methoxy 13 .9  8 .8

% Hydroxy 14 .5  16 .8

* Taken from  l i t e r a t u r e  (26)

% Methoxy 

% Hydroxy
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Table V-D

A n aly sis  o f  Magnesium L ig n o su lfo n a te  D e r iv a tiv e s  

(A ll d a ta  on d ry  h a s is )

D e r iv a tiv e  % Mg % S % OCHq % OH OH : OCHg

Magnesium
L ig n o su lfo n a te  2 .5  6 ,5  10 .0  11 .0  --------

Magnesium Ligno- 
su lfo n a te  R eso rc in o l
Condensate Q.2 2 .0  7 .9  16 .6  2 .8  : 1

B is u l f i t e d  Magnesium 
L ig n o su lfo n a te
R e so rc in o l Condensate —  4 .2  7 .2  16 .9  4 .3  : 1

F ra c t io n  106-T*   1 .3  7 .4  1 6 .1

F ra c tio n  106-1 - T** —  0 .94  8 .1  18 .8

* A m ethanol s o lu t io n  o f  t h i s  f r a c t io n  gave a fclue-w hite 

f lu o re sc e n c e  when p laced  under u l t r a v i o l e t  l i g h t .

** A m ethanol s o lu t io n  o f  t h i s  f r a c t i o n  gave a  ye llow  

f lu o re sc e n c e  when p laced  u n d er S l t r a v io l e t  l i g h t .
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