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Af fL  ICATION OF MODIFIED L IGNOSULFONA TES 

I N  ADHESIVES FOR INSULATION BOARD 

MANUFACTURE BASED ON MINERAL WOOL 
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Pulp and Paper M i l l ,  YU-61215 Medvode 
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Lignosulfonates (SL I, U l t r a f i l t r a t i o n ,  Phenol-formalde- 

hyde resins,  Adhesives, I nsu la t i on  boards, Mineral wool 

ABSTRACT 

Extensive laboratory invest igat ions and m i l l  scale t r i a l s  confirmed 
the a p p l i c a b i l i t y  of  u l t r a f i l t r a t e d  high molecular weight Ca-ligno- 
sulfonates i n  adhesive composition w i th  phenolic res in  f o r  insula- 
t i o n  board manufacture based on mineral wool. I nsu la t i on  mater ia ls 
produced w i th  adhesive components w i th  a formulat ion o f  l ignosul fo-  
nate/PF res in  between 10/90 and 30/70 have appropriate technical 
and commercial propert ies.  

TNTRODUCTION 

Relat ively expensive phenol-formaldehyde (PF) res ins have been 

used as binders i n  i nsu la t i on  board manufacture, f o r  example i n  
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5 32 BUDIN, SUSA, AND VOLCIC 

mineral wool products. 

between 1 - 5 %, mostly 3 % and i t  represents a considerable ma- 

t e r i a l  cos t .  

p lace a pa r t  o f  t he  PF r e s i n  w i t h  cheaper l ignosu l fonates .  

L ignosul fonates a re  poss ib le  s u b s t i t u t e s  f o r  convent ional  re- 

s i n s  i n  wood adhesives. As a polyphenol, l i g n i n  conta ins  r e a c t i v e  

s i t e s  capable o f  condensation reac t ions  w i t h  formaldehyde or  methy- 

l o 1  groups o f  phenol reso ls  and in t ramolecu la r  reac t ions  leading 

t o  cross- l inked s t ruc tu res .  Owing t o  the  ortho- and para p o s i t i o n s  

o f  t he  aromatic r i n g s ,  occupied t o  a l a r g e  ex ten t  by -OCHJ groups 

or propane s ide  chains,  i t s  r e a c t i v i t y  i s  reduced . 
A comprehensive review o f  l i g n i n  a p p l i c a b i l i t y  as coreactant 

The r e s i n  content i n  mineral  f i b e r  mats i s  

For t h i s  reason, many attempts have been made t o  re- 

1 

2 i n  PF adhesives for wood composites p roduc t ion  i s  g iven by Nimz, 

Ayla e t  a1 , Coughlin e t  a1 . The in f l uence  o f  the  molecular 

weight o f  l i g n i n s  t o  the  adhesive p roper t i es  i n  P F / l i g n i n  mixtures 
5 has been repor ted  by Lange e t  a1 . 

mann6' 7, the s i z e  o f  the  l i g n i n  macromolecule i s  very important 

f o r  the e f f i c i e n c y  o f  l i g n i n  copo l imer iza t ion  w i t h  PF res ins .  

The greater e f fec t i veness  o f  h igh  molecular weight l i g n i n  i s  due 

t o  a higher l e v e l  o f  c ross l i nk ing ,  which requ i res  l e s s  phenol- 

formaldehyde f o r  the  format ion o f  an i n s o l u b l e  copolymer than do 

low molecular weight l i g n i n  molecules. 

e r  l i g n i n  molecules and phenol-formaldehyde cannot c o n t r i b u t e  t o  

the  three-dimensional network. A commercial r e s i n  based on t h i s  

research - Karatex - has recen t l y  been marketed. 

3 4 

According t o  Forss and Fuhr- 

Condensates between small- 

L ign in  u t i l i z a t i o n  i n  PF adhesives f o r  i n s u l a t i o n  ma te r ia l s  

i s  a l so  known. 

hesives f o r  mineral  wool i s  described by Sar jeant . Commercial 

products based on urea mod i f ied  a l k a l i  l i g n i n s ,  e.g., Reax , are  

already known. 

and Straussl ' ,  t he  binder composit ion f o r  g lass f i b e r  wool compri- 

ses, i n  a d d i t i o n  t o  a pheno l ic  reso l  r e s i n ,  animal bone glue, d i -  

cyandiamide, a l s o  a s u l f i t e  spent l i q u o r .  

I n  t h i s  paper, our experiences a re  presented o f  t h e  appl ica- 

t i o n  of u l t r a f i l t r a t e d  h igh  molecular weight Ca- l ignosul fonates i n  

The procedure f o r  a l k a l i  l i g n i n  a p p l i c a t i o n  i n  ad- 
8 

9 

According t o  the  procedure described by Z e l l a r  
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MODIFIED LIGNOSULFONATES IN ADHESIVES 533 

adhesives f o r  mineral  wool o f  e rup t i ve  stones o r i g i n .  

s t i g a t i o n s  the  condensation a b i l i t y  o f  d i f f e r e n t  l i gnosu l fona tes  

w i t h  PF r e s i n  the  b ind ing  p roper t i es  o f  adhesive mix tu res  prepared 

on a labora tory  sca le  were tes ted .  

i n d u s t r i a l  t r i a l s  on i n s u l a t i o n  board product ion.  

A f t e r  inve- 

The r e s u l t s  were confirmed by 

EXPERIMENTAL 

Mate r ia l s  and Methods 

High molecular weight l i gnosu l fona tes  (UFCaSL) were separated 

from C a - b i s u l f i t e  l i q u o r  by u l t r a f i l t r a t i o n  techniques. 

system w i t h  membranes having a nominal molecular weight c u t o f f  o f  

20.000 was used. 

su l fonates  were evaluated by ge l  permeation chromatography using 

Sephadex G-75 gel  column ( 1 , 5  cm diam., 90 cm l e n g t h )  w i t h  0,75 M 

NaCl as e luant  a t  the  f low r a t e  21 m l /h .  Ca- l ignosul fonates were 

transformed i n t o  sodium and ammonium l i gnosu l fona tes  by t r e a t i n g  

spent s u l f i t e  l i q u o r  w i t h  Na2S04 and fNH4)2S04, respec t i ve l y .  

According t o  the  Westwaco procedure for  a l k a l i  l i g n i n 9  w i t h  urea 

mod i f ied  calc ium and ammonium l i gnosu l fona tes  f UFCaSLmod., 

UFNH4SLmod, ) were a l so  prepared. 

r i a l s  based on mineral  wool was used. 

The DDS UF 

The molecular weight d i s t r i b u t i o n s  o f  t he  l i gno -  

A standard commercial PF r e s i n  adjusted f o r  i n s u l a t i o n  mate- 

The adhesive mixtures were prepared by a s imple b lend ing  o f  

the  PF r e s i n  w i t h  l ignosu l fonates .  

fonzjtes was prev ious ly  adjusted t o  8,5 using NHJ. 

Condensation a b i l i t i e s  were determined by a mod i f ied  Rof fae l  ’s 

method’. The p r i n c i p l e  o f  t h i s  method i s  t ha t  r e a c t i v e  phenol re- 

sols are  transformed by means o f  heat ing,  i n t o  water i n s o l u b l e  con- 

densates w i t h  c ross l inked s t ruc tu res .  The water s o l u b i l i t y ,  dete- 

c ted  by UV spectroscopy a t  280 nm before  and a f t e r  thermal t r e a t -  

ment, i s  a measure o f  the  c r o s s l i n k i n g  or c u r i n g  l e v e l .  

method based on the  determinat ion o f  the  bonding p roper t i es  o f  mo- 

de l  specimens prepared from quar tz  sand impregnated w i t h  adhesive. 

A f t e r  cu r ing ,  the  bending s t reng th  i n  the dry  and wet s t a t e  was me- 

The pH value o f  t he  l i gnosu l -  

The adhesive q u a l i t y  was q u a n t i f i e d  us ing  a l abo ra to ry  t e s t i n g  
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5 34 B U D I N ,  S U S A ,  AND VOLCIC 

sssured. 

possible i n  the phase o f  f i b e r s  formation from the melt a t  h igh tem- 

perature. A laboratory method i s  therefore recommended f o r  an e s t i -  

mation o f  whether the adhesive q u a l i t y  j u s t i f i e s  d i r e c t  m i l l  scale 

t r i a l s .  

The spraying o f  an adhesive onto mineral f i b e r s  i s  only 

I n d u s t r i a l  t r i a l s  o f  i n s u l a t i o n  board manufacture 

The i n s u l a t i o n  boards were produced from mineral wool obtained 

from the melts o f  erupt ive stones, e.g., diabase. Thin f i b e r s  were 

formed from molten mater ia l  on r o t a t i n g  spinning wheels by the cas- 

cade p r i n c i p l e .  

components i n  a reactor and, a f t e r  d i l u t i o n  t o  the correct  dry so- 

l i d s  content, were sprayed onto the f i b e r s  i n  the phase o f  t h e i r  

formation. The adhesives were hardened i n  a blowing chamber a t  a 

temperature o f  220 - 24OOC. 

various amounts o f  bonding agent were produced. 

dard requirements f o r  delamination i n  the dry and wet s ta te .  

t i s t i c a l  analys is  was used f o r  delamination t e s t  r e s u l t s  t o  deter- 

mine i f  any s t a t i s t i c a l l y  s i g n i f i c a n t  d i f ferences ex i s ted  among the  

PF contro l  and the adhesive mixtures data. The parametric analys is  
2 o f  variance which tes ts  equa l i t y  o f  mean values was performed . 

The adhesives were prepared by homogenization o f  

Boards o f  d i f f e r e n t  dens i t i es  and w i t h  

The i n s u l a t i o n  boards were tested according t o  D I N  18 165 stan- 

A sta- 

RESULTS AND DISCUSSION 

Prppertie-onents and th-eir- -mixtures 

The molecular weight d i s t r i b u t i o n  o f  l ignosul fonates i s  shown 

I t  can be seen tha t  about 67 X o f  u l t r a -  i n  Figure 1 and Table 1.  

f i l t r a t e d  l ignosul fonates (UFNaSLI have a molecular mass greater 

than 5000. 

One o f  the most important var iab les a f f e c t i n g  the performance o f  

board composites i s  the degree o f  adhesive cure. A r e s i n  w i t h  a 

high degree o f  cure forms a h igh ly  cross- l inked s t ructures w i t h  low 

water s o l u b i l i t y .  The condensation a b i l i t y  o f  adhesives i s  inver-  

se ly  corre la ted t o  t h e i r  water s o l u b i l i t y  a f t e r  thermal treatment. 
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MODIFIED LIGNOSULFONATES IN ADHESIVES 535 

TABLE 1: Molecular Weight D i s t r i b u t i o n  o f  UFNaSL as Measured on 

a SeDhadex G 75 Column 

Proport ion o f  UFNaSL w i t h  

molecular weight 

% ( w / w )  
MW 

-- - 
67 % > 5.000 

50 % > 10.000 

34 % > 20.000 

25 X > 30.000 

20 % > 40.000 

E lu t i on  volume ( m l )  

FIGURE 1 Sephadex G-75 gel chromatograms o f  l ignosul fonates using 

0,75 M NaCL as eluant.  
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536 BUDIN, SUSA, AND VOLCIC 

The r e s u l t s  of t e s t i n g  the  condensation a b i l i t y  o f  pure PF r e s i n  

and i t s  mixtures w i t h  d i f f e r e n t  weight p ropor t i ons  o f  UFNaSL as me- 

asured by water s o l u b i l i t y  a t  d i f f e r e n t  pressing temperatures a re  

shown i n  F ig .  2. 

and the amount o f  UFNaSL s i g n i f i c a n t l y  i n f l uence  the  s o l u b i l i t y  o f  

cured adhesives. Higher a d d i t i o n  o f  UFNaSL increases the  water so- 

l u b i l i t y  o f  the  copolymer, espec ia l l y  a t  a lower cu r ing  temperature, 

I n  view o f  these r e s u l t s ,  we decided t o  prepare and t e s t  the  q u a l i t y  

o f  adhesive mix tu res  w i t h  20 % t o  maximal 65 % l i gnosu l fona te .  

pend t o  some ex ten t  on the  spent s u l p h i t e  l i q u o r  cooking base. The 

ammonium l ignosu l fonates  (NH4SL) i n  combination w i t h  an a l k a l i n e  PF 

r e s i n  posses adhesive c h a r a c t e r i s t i c s  super io r  t o  those based on so- 

dium (NaSL )-PF or calc ium (CaSL )-PF res ins .  The higher r e a c t i v i t y  

o f  NH4SL toward P f  i s  assumed t o  be r e l a t e d  t o  the  ammonium l i gno -  

su l fonate  f u n c t i o n a l i t y  i t s e l f .  A t  temperatures above 170OC NH4SL 

decomposes i n t o  l i g n o s u l f o n i c  ac id  and ammonia gas, whereafter the  

l i g n o s u l f o n i c  a c i d  condenses and polymerizes, whereas CaSL and NaSL 

do not decompose and polymerize i n  the  presence o f  l i g n o c e l l u l o s i c  

mater ia ls .  

sodium, calc ium and ammonium l i gnosu l fona tes .  The adhesive proper- 

t i e s  a re  given i n  Table 2. The adhesive mixtures demonstrate i n f i -  

n i t e  water d i l u t a b i l i t y .  I n  order t o  ensure c o m p a t i b i l i t y  w i t h  l i -  

gnosulfonates and t o  achieve good mix tu re  s t a b i l i t y ,  i n f i n i t e  water 

d i l u t a b i l i t y  o f  the  PF r e s i n  i s  required. The mix tu res  o f  PF r e s i n  

w i t h  l i gnosu l  fonates d i sp lay  shor te r  c u r i n g  t imes, e s p e c i a l l y  those 

which inc lude urea. 

does not e s s e n t i a l l y  lower the  pH value o f  the  mix tu re .  

derable lowering o f  the  pH value o f  the  mix tu re  w i t h  UFNH4SL i s  cha- 

r a c t e r i s t i c .  

t he  ammonia i o n  and f r e e  formaldehyde present i n  the  mix tu re  and si- 
multaneously l i b e r a t i o n  l i g n o s u l f o n i c  a c i d  . 

mixtures (bending s t reng th  o f  model specimens) were evaluated i n  

comparison w i t h  commercial PF r e s i n  and i t s  mix tu re  w i t h  l i g n i n  ba- 

sed product Reax. 

We can s t a t e  t h a t  the  r e a c t i o n  temperature 

According t o  the  l i t e r a t u r e  data13, t h e  cu r ing  p roper t i es  de- 

I n  our i n v e s t i g a t i o n  we compared adhesive mixtures us ing  

The a d d i t i o n  o f  UFCaSL a t  d i f f e r e n t  pH values 

A consi-  

The l a t t e r  i s  a consequence o f  the  r e a c t i o n  between 

14 

The condensation a b i l i t i e s  and bonding p roper t i es  o f  adhesive 

I t  can be seen from F ig .  3 t h a t  smal l  add i t i ons  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



MODIFIED LIGNOSULFONATES IN ADHESIVES 537 

-i 
n 
'1 

3 
1 
0 
v) 

L 4  
(u 
u 

100 

80 

60 

40 

20 
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FIGURE 2 Condensation a b i l i t i e s  o f  adhesive mixtures as measured 

by water s o l u b i l i t y  w i t h  d i f f e r e n t  UFNaSL / PF r e s i n  

r a t i o s  a t  d i f f e r e n t  temperatures. 

o f  UFCaSL and UFNH4SL as wel l  as t h e i r  urea modif icates,  have no 

major in f luence on the bending proper t ies compared w i t h  the pure PF 

res in .  Higher addi t ions o f  l ignosul fonates enhance water s o l u b i l i -  

t y  and decrease the bending strength.  A t  the same l ignosul fonate 

t o  PF r e s i n  weight r a t i o s  (65 : 35)  the urea modif ied l ignosul fona- 

tes y ie lded bending strengths not d i s t i n c t l y  d i f f e r e n t  from those 

o f  the Reax, but nevertheless they d i d  not reach the values obtained 

w i t h  pure PF res in .  

The laboratory  t e s t i n g  o f  the adhesive mixtures showed no s ig -  

n i f i c a n t  d i f ferences i n  the app l i ca t i on  o f  d i f f e r e n t  l ignosul fona- 

tes.  Small specimen laboratory t e s t s  were sometimes found t o  lack 

s u f f i c i e n t  r e a l i t y  t o  commercial appl icat ion.  For t h i s  reason the 
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i n d u s t r i a l  t r i a l s  o f  i nsu la t i on  board manufacture w i th  l i g n i n  based 

res ins were performed. 

are most appropriate from the economic po in t  o f  view were used. 

The proper t ies o f  i n d u s t r i a l  boards prepared w i t h  d i f f e r e n t  PF 

: UFCaSL r a t i o s  i n  adhesive mixtures were compared w i t h  those manu- 

factured w i th  pure PF res in .  I n  normal board production the urea 

as f ree  - formaldehyde scavenger i n  amount about 10 p a r t s  by weight 

i s  added t o  the adhesive. Therefore some experiments using urea i n  

adhesive formulat ion were included. The r e s u l t s  i n  Table 3 show 

that  a t  20 % replacement o f  PF r e s i n  w i th  UFCaSL board proper t ies 

were equal t o  those made w i th  pure res in ,  whi le a t  30 % replacement, 

the q u a l i t y  obtained was s l i g h t l y  lower. These resu l t s ,  were quan- 

t i f i e d  w i th  a ser ies o f  modified t - t es ts  a t  0,05 and 0.01 confiden- 

ce l eve l s  respect ive ly .  

w i th  10 % and 20 % UFCaSL were not s i g n i f i c a n t l y  d i f f e r e n t  i n  compa- 

r i s o n  w i th  contro l  PF res in .  The wet delamination values o f  the 

adhesive w i th  20 % UFCaSL and contro l  PF r e s i n  were s i g n i f i c a n t l y  

d i f f e r e n t  a t  0,05 l e v e l ,  but they were not d i f f e r e n t  a t  0 , O l  l e v e l .  

The adhesive w i th  30 % UFCaSL provided s i g n i f i c a n t l y  lower delami- 

nat ion values i n  the dry and wet s ta te.  They nevertheless met the 

D I N  standard requirements. 

urea included i n  the adhesive. 

U l t r a f i l t r a t e d  calcium l ignosul fonates which 

The dry delamination values o f  adhesives 

The same i s  t r u e  o f  boards produced w i t h  

CONCL us IONS 

From these invest igat ions i t  can be concluded tha- u l t r a f i l  rated 

high molecular weight calcium l ignosul fonates can be used as a com- 

ponent i n  mineral wool adhesives. 

be included successful ly i n  these adhesives. 

monstrated that  i n  s p i t e  o f  the shorter cur ing times o f  adhesive 

mixtures w i th  l ignosul fonates,  t h e i r  appl icat ion i n  i n s u l a t i o n  ma- 

t e r i a l s  production under conventional condi t ions i s  possible.  

F u l l  scale i n d u s t r i a l  appl icat ion o f  25 % UFCaSL i n  adhesive 

has been appl ied f o r  more than two years i n  one o f  our i n s u l a t i o n  

board m i l l s .  

Up t o  30 % l ignosul fonates may 

The experiments de- 
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