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H i e pu rchase r of a concrete r e t a r d e r i s p r i m a r i l y 
in t e res t ed i n the p e r f o r m a n c e of the m a t e r i a l and 
h i s i n i t i a l eva lua t ion i s based on tes ts to show the 
e f f e c t o f the m a t e r i a l on concre te . He mus t , how­
ever , assure h i m s e l f tha t the compos i t i on o f each 
l o t purchased has no t been m a t e r i a l l y a l t e r e d sub­
sequent to h i s i n i t i a l acceptance of the p roduc t . . To 
e x p l o r e the be s t means of do ing t h i s , c h e m i c a l as 
w e l l as u l t r a v i o l e t and i n f r a r e d s p e c t r a l analyses 
w e r e made o n 25 c o m m e r c i a l r e t a r d e r s . The r e ­
su l t s a r e r e p o r t e d i n t h i s a r t i c l e . These m a t e r i ­
a l s w e r e found to be o f t h r ee g e n e r a l types : l i g n o -
sulfonates , sa l t s o f h y d r o x y - c a r b o x y l i c ac ids , and 
carboh3rdrates. I t was f o u n d tha t i n f r a r e d s p e c t r a l 
ana lys i s o f f e r s the m o s t p r o m i s i n g and r a p i d means 
of c l e a r l y I d e n t i f y i n g such p roduc t s . U l t r a v i o l e t 
techniques w e r e a lso found to be of va lue i n i d e n t i f y ­
i n g l ignosu l fona te r e t a r d e r s and i n e s t ab l i sh ing the 
concent ra t ion of the m a j o r ac t ive ing red ien t . C o n ­
v e n t i o n a l c h e m i c a l p r o c e d u r e s , a l though u s e f u l , w e r e 
tedious and t i m e - c o n s u m i n g , and o f t en y ie lded e m ­
p i r i c a l o r d o u b t f u l r e s u l t s f o r c e r t a i n m a j o r o rgan ic 
cons t i tuents . 

• I N the pas t s e v e r a l y e a r s , a d m i x t u r e s to reduce w a t e r content and r e t a r d set i n 
Po r t l and cement concre te have come in to p r o m i n e n t use i n cons t ruc t i on . These m a ­
t e r i a l s a r e u s u a l l y complex o rgan ic p r o d u c t s w h i c h a re so ld under v a r i o u s t rade 
names . A s ye t there a re no s tandard spec i f i ca t ions o r methods f o r t e s t ing r e t a r d e r s , 
b u t the A m e r i c a n Society f o r T e s t i n g M a t e r i a l s ( A S T M ) i s now cons ide r ing these speci­
f i c a t i o n s and methods f o r t e s t ing such a d m i x t u r e s . These inc lude among o ther i t e m s , 
r e q u i r e m e n t s f o r the e f f e c t s of w a t e r - r e d u c i n g r e t a r d e r s on the compres s ive s t r eng th 
of the concre te , r es i s tance to f r e e z i n g and thawing , and change i n v o l u m e . These 
t e s t s m a y r e q u i r e a p e r i o d of 1 y r o r m o r e f o r c o m p l e t i o n and consequently a r e i n ­
tended f o r the p r i m a r y eva lua t ion of such a d m i x t u r e s . 

A f t e r an a d m i x t u r e has been f o u n d acceptable under these spec i f i ca t ions subsequent 
purchases of the sanle m a t e r i a l f o r use on spec i f i c p r o j e c t s may not be subjected to 
extens ive t e s t i n g because of the t i m e and cos t i n v o l v e d . Consequently, the p r e s e n t l y 
p roposed spec i f i ca t ions f o r r e t a r d i n g and w a t e r - r e d u c i n g a d m i x t u r e s suggest that the 
pu rchase r ob t a in assurance tha t the a d m i x t u r e suppl ied f o r use o n each f i e l d j o b o r 
p r o j e c t be equivalent i n compos i t i on to the o r i g i n a l o r r e f e r e n c e a d m i x t u r e subjected 
t o the exhaust ive tes t s r e q u i r e d b y the s p e c i f i c a t i o n s . T o exp lo re the be s t means o f 
doing t h i s , c h e m i c a l analyses, as w e l l as u l t r a v i o l e t and i n f r a r e d spec t r a l analyses, 
w e r e made on 25 c o n m i e r c i a l o r t r ade -name r e t a r d e r s . A l l m a t e r i a l s w e r e analyzed 
f o r spec i f i c p r o p e r t i e s and c h e m i c a l compos i t i on . 

Ano the r ob j ec t ive of the analyses w a s to e s t ab l i sh the c h e m i c a l c o m p o s i t i o n o f 
t y p i c a l c o m m e r c i a l p roduc t s to show poss ib le r e l a t i onsh ips between c h e m i c a l c o m p o s i ­
t i o n and the p e r f o r m a n c e o f concre te p r e p a r e d w i t h the r e t a r d e r s . 
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T Y P E S OF R E T A R D E R S STUDIED 

The r e t a r d e r s inves t iga ted w e r e found to be of th ree gene ra l c h e m i c a l types: l i g n o -
sulfonates , sa l t s of o rgan ic h y d r o x y - c a r b o x y l i c ac ids , and ca rbohydra tes . A gene ra l 
d i scuss ion of the o r i g i n and c h a r a c t e r i s t i c s of these m a j o r types of r e t a r d e r s s tudied 
i s g iven i n the f o l l o w i n g pa rag raphs . 

L ignosu l fona tes 

W i t h one except ion , the l ignosul fona te m a t e r i a l s s tudied w e r e d e r i v e d f r o m spent 
s u l f i t e l i q u o r obtained i n the a c i d p r o c e s s o f wood p u l p i n g . The s ingle except ion was 
d e r i v e d f r o m the K r a f t (a lka l ine) p roces s . M a t e r i a l s w e r e suppl ied as the c a l c i u m , 
sod ium, o r a m m o n i u m sa l t s , and e i the r as a powder o r i n a w a t e r so lu t ion . 

L ignosu l fona tes a re cons idered to be p o l y m e r s o f h i g h m o l e c u l a r we igh t . A s ingle 
sample may conta in molecu les r ang ing i n m o l e c u l a r we igh t f r o m s e v e r a l hundred to 
100,000 w i t h an average m o l e c u l a r we igh t of a p p r o x i m a t e l y 10,000 ( 1 , 2) . S t r u c t u r a l l y , 
these m a t e r i a l s a re p o l y m e r s of a subs t i tu ted phenyl propane g r o u p i i ^ . The repea t ing 
monomer un i t has been represen ted as shown i n F i g u r e l A (2 ) . The f u n c t i o n a l un i t s o f 
I n t e r e s t a re h y d r o x y l (OH), me thoxy l (OCHs), pheny l r i n g , and the su l fon ic group 
(SQiH). I n the l ignosu l fona te sa l t s , a m e t a l o r a m m o n i u m ca t ion r ep l aces the hydrogen 
i n the su l fon ic g roup ing . 

Many c o m m e r c i a l l ignosu l fona tes a lso contain v a r y i n g amounts of r educ ing sugars . 
A t y p i c a l ana lys i s showed the f o l l o w i n g percentages of wood sugars based on t o t a l 
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Figure. 1. Typical chemical structures of retarders studied. 
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sugar content (3): mannose—48 percent ; glucose—15 percent ; xylose—15 percent ; 
galactose—10 percen t ; arabinose—6 percen t ; f ruc tose—under 2 percen t ; and sugars 
unaccounted f o r — 4 pe rcen t . Much of these sugars can be r e m o v e d by sui table p r o ­
cess ing techniques . ^ f 

, / 

Organic H y d r o x y - C a r b o x y l i c A c i d s 

Salts and complexes of o rgan ic h y d r o x y - c a r b o x y l i c ac ids , some t imes r e f e r r e d to 
as sugar ac ids , a re de r ived f r o m the f e r m e n t a t i o n o r ox ida t ion of ca rbohydra tes , such 
as dex t rose , g lucose , o r s t a r c h . They a re c h a r a c t e r i z e d by s e v e r a l h y d r o x y l g roups 
and e i the r one o r two t e r m i n a l c a r b o x y l i c ac id (COOH) groups at tached to a r e l a t i v e l y 
s h o r t ca rbon cha in as i l l u s t r a t e d i n F i g u r e I B . A s r e t a r d e r s , they a r e g e n e r a l l y 
suppl ied as m e t a l sa l ts i n w h i c h the hydrogen i n the c a r b o x y l i c ac id group i s r ep laced 
b y s o d i u m , po ta s s ium, e tc . 

Carbohydra tes / 

Carbohydra tes , such as reduc ing sugars ( f o r example , g lucose) , have been used as 
r e t a r d e r s (4) . However , non- reduc ing sugars , sucrose o r cane sugar , a r e m o r e i l ­
l u s t r a t i v e of the type of carbohydra te evaluated m t h i s study. The s t r u c t u r e of sucrose 
i s shown i n F i g u r e I C . Here again, h y d r o x y l g roups a r e c h a r a c t e r i s t i c of the m a t e r i a l . 

P H Y S I C A L P R O P E R T I E S 

The p h y s i c a l p r o p e r t i e s of each r e t a r d e r evaluated i n t h i s study a re shown i n Table 
1 . M o s t of the m a t e r i a l s w e r e powders , the r e s t w e r e aqueous so lu t ions . The co lo r 
code was obtained by a v i s u a l c o m p a r i s o n w i t h the c loses t c o l o r s tandard ava i lab le i n 
F e d e r a l Standard No. 595. Al though t h i s F e d e r a l Standard i s mtended p r i m a r i l y f o r 
pa in t s , i t i s u s e f u l f o r d e s c r i b i n g c o l o r s of other m a t e r i a l s b y s tandardized code 
number . 

The s p e c i f i c g r a v i t i e s of the l i q u i d samples w e r e d e t e r m i n e d w i t h a h y d r o m e t e r . 
Va lues f o r p H w e r e obtained e l e c t r o m e t r i c a l l y on l i q u i d samples as r e ce ived , and on 
aqueous so lu t ions conta ining 1 pe rcen t of the s o l i d m a t e r i a l s . Ra ther l o w p H va lues , 
i nd i ca t i ng s i g n i f i c a n t a c i d i t y , w e r e obtained on a complexed h y d r o x y - c a r b o x y l i c ac id 

TABLE 1 

PHYSICAL PROPERTIES OF RETARDERS 

Form Code' Odor 

Specific 
Gravity, 

SolubUlty In" 
Foaming ProperUes, 

MUllUtera of Foam A l t e r ' 

-sal. 
Alcohol 
Benzene 

Chloroform 
methyl 

SuUoilde 
1 

Mln 
2 5 

Mln Mln 

Unusual Character-
Istlca of 1 Percent 
Aqueoua Solution 

2 
3 
4 
5 

6 
7 

e 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 

21 
22 
23 
24 
25 

Liquid 
Solid 
Solid 
Liquid 
Liquid 

Liquid 
Solid 
Solid 
Liquid 
SoM 

Solid 
Solid 
SoUd 
Solid 
Solid 

Solid 
Solid 
Solid 
Solid 
Liquid 

Liquid 
Solid 
Solid 
Solid 
Solid 

None 
White 
OUve 
Amber' 
Wine 

Amber 
Brown 
Pbik 
Dark brown 
Medium brown 10091 

Light brown 20400 
Mustard 30286 
Mcdlumbrown 30117 

37778 
30118 
23855' 
20109 

33538 
10091 
30313 
10032 

T4a 
OUve 
Tan 
Light brown 
Tan 
Light brown 
Dark brown 

Dark brown 
Dark brown 
Medium brown 10091 
Tan 31843 
Tan 31643 

31843 
30009 
31643 
20400 
31643 
2O400 
10032 

10032 
30045 

Phenolic 
Woody 
Woody 
Rancid 
Pungent 

None 
Woody 
None 
Rancid 
Woody 

Woody 
Woody 
Woody 
Woody 
Woody 

Woody 
Woody 
Woody 
Woody 
Woody 

Woody 
Woody 
Woody 
Woody 
W ^ 

1 143 

1 182 
1 148 

7 4 
7 8 
7 2 
6 8 
7 1 

2 8 
3 3 
7 6 
8 2 
3 2 

6 8 
6 7 
9 4 
4 8 
7 4 
7 3 
3 8 
7 4 
8 8 
4 8 

0 5 
7 8 
4 6 

PS 
S 

S 
PS 

0 
10 

5 
11 

9 
1 5 
3 5 
0 5 

12 

10 
5 
0 

2 
0 
0 5 

0 
1 5 

0 
0 
1 
0 
0 

0 
1 5 
0 

"Federal Standard No 595 (by visual matchlngs) "Hydrometer method on liquid samples as received ^Elcctrometrlc 
and on solid samples bi 1 percent water soluUon °At room temperahire I = Insoluble Uess than 0 01 g In 10 ml), PS = 

3 
4 5 
2 5 
0 5 

3 
1 
0 
0 5 
7 

0 
0 
0 
1 5 

U V fluorescence 

Mold growth 

Mold growth 
Mold growth 

Mold growth 

0 5 
0 5 

method on liquid samples as received, 
ml), PS = partlaUy soluble (between 0 01 and 1 

g in 10 ml) S = soluble (more than 1 g In 10 ml) ^Twenty mlUuTters of 1 perce^ ^^^ous ^ E S i n In 55-^ s t o T J i r ^ S T ' V e r t e d 30 Umes 
Readings then noted at Indicated Ume intervals (Modified f rom McCutcheon. J W . "Synthetic Detergents," mO, p TO ) Tfey transmitted light By i f rom McCutcheon, J W , 
reflected light, color had a greenish fluorescence (equivalent to Code 14187) 



36 

r e t a r d e r (No. 6) and a l l the a m m o n i u m l ignosul fona tes (Nos. 7, 10 and 17). Severa l 
c a l c i u m l ignosu l fona tes (Nos. 14, 20, 2 1 , and 25) had modera te ly l ow p H va lues , 
p o s s i b l y as a r e s u l t o f incomple te n e u t r a l i z a t i o n o f the su l fon ic a c i d g roups d u r i n g 
p r o c e s s i n g . 

The apparent i n s o l u b i l i t y of samples Nos . 2 and 8 i n wa te r was caused by the l a r g e 
amount of i n e r t f i l l e r i n each m a t e r i a l . U l t r a v i o l e t f luorescence was observed on a 
1 pe rcen t aqueous so lu t ion of sample No . 4, mos t l i k e l y because of a f l u o r e s c e n t dye 
used b y the p r o d u c e r to c h a r a c t e r i z e h i s p r o d u c t . A s noted i n Table 1 , a m o l d g r o w t h 
developed i n s e v e r a l o f the 1 p e r c e n t aqueous so lu t ions a f t e r standing f o r about one 
week . Only r e t a r d e r No. 25 p roduced a l a s t i ng f o a m i n the f o a m i n g tes t . T h i s was 
apparent ly a r e s u l t o f some synthet ic de tergent w h i c h has been inco rpo ra t ed in to the 
a d m i x t u r e . 

Q U A L I T A T I V E C H E M I C A L TEST R E S U L T S 

Table 2 g ives the r e s u l t s of qua l i t a t i ve c h e m i c a l tes ts used to i d e n t i f y and c l a s s i f y 
each m a t e r i a l f o r f u r t h e r eva lua t ion . < 

Sulfonated o rgan ic m a t e r i a l was i d e n t i f i e d w i t h bas ic f u c h s i n . T h i s reagent r e a c t s 
w i t h su l fonates i n a c i d so lu t ion to f o r m a magne ta -co lo red complex w h i c h can be e x ­
t r a c t e d w i t h c h l o r o f o r m . The r e s u l t s a r e g iven i n C o l . 2 . The method has been 

TABLE 2 
QUALTTATrVE TES' 

SuUonated Organics (Basic 
tuchsln testP 

Retarder 
No. 
(1) 

Original 
Material 

(2) 

Alcohol-
insoluble 
Fraction 

(3) 

Alcohol-
soluble 

Fraction 
(4) 

Ligno­ Carbon­
Cal­sulfonate ate Cal­

(Proctor- Chloride Sulfate (acid cium 
Hirst (AgNOi (BaCU effer­ (oxalatt 
testK test) test) vescence) test) 

(5) (6) (7) (8) (9) 
N N N N N 
T N N P N 
P N Q N P 
N N N N N 
N P N N N 
N N N N N 
P N Q N N 
N N N N P 
N P N N N 
P N Q N N 
P P P N P 
P N N N P 
P N N P T 
P N P N P 
P N P N N 
P N P N P 
P N Q N, N 
P N N N P 
P N Q N N 
P N N N P 
P N N N P 
P N Q N N 
P N Q N N 
P P T N P 
P N P N P 

Igh 
2 
3 

el 
7 
8 
9 

10 
U 
12 
13 
14 
15 
16 

18'' 
19 
20 
21 
22 
23 
24 
25 

N 
P 
P 
N 
N 
N 
P 
N 
N 
P 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

P 
P 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
P 

*Code: P = positive indication; N = negative Indication; T = trace indicated, Q = questionable indication. Mbd| 
pp. 616-7. cjour. ALCA, Vol. 51, No. 7, 1956, pp. 353-76. ^pubUc Roads, Vol. 27, No. 12, 1954, p. 26 
3d ed., 1948. *Test procedure given in text. 8A positive indication of phenols was obtained by the Mlllon test 
3d ed., 1946, p. 330). •>A posittve indication of sucrose was obtained by ttie alpha-naphthol test (Griffin, R.C, 
p. 587). *A positive Indication of triethanolamine was obtained by the Kraut test "Official Methods of Analysis, 
Indications of zinc (sulfide test), and boron (flame and turmeric tests) were obtained. ^A negative test for trie 
Kraut test (see footnote i ) . 
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desc r ibed as a quant i ta t ive spec t ropho tomet r i c d e t e r m i n a t i o n of sulfonated and su l fa ted 
o rgan i c m a t e r i a l s (5) . When a p o s i t i v e r e s u l t w a s obta ined o n the o r i g i n a l m a t e r i a l , 
add i t iona l t es t s w e r e made on the a l coho l - inso lub le and a lcohol - so lub le f r a c t i o n s o f the 
r e t a r d e r . A p o s i t i v e r e s u l t on the a l coho l - in so lub le f r a c t i o n suggests the presence of 
l ignosu l fona tes , because l ignosu l fona tes a r e insoluble i n a l c o h o l . A p o s i t i v e t e s t r e ­
su l t on the a l coho l - so lub le f r a c t i o n , as f o r r e t a r d e r No. 25, suggests the presence of 
a sulfonated o r su l fa ted synthet ic detergent . Consequently, the r e s u l t on sample No. 
25 r e i n f o r c e s the f i n d i n g s of the f o a m i n g test , tha t t h i s m a t e r i a l contained a synthet ic 
de tergent . 

A m o r e spec i f i c i nd i ca t i on o f l ignosul fonate i s g iven by the P r o c t o r - H i r s t tes t . I n 
t h i s test , an a c i d i f i e d c l e a r e x t r a c t i s t r ea t ed w i t h a n i l i n e . A r e su l t an t c loudiness i s 
i nd ica t ive of l i gnosu l fona te . The t es t i s cons idered to be r e l i a b l e (6) . I n e v e r y case, 
these r e s u l t s a re i n ag reement w i t h the f i n d i n g s f r o m the bas ic f u c h s i n t es t . 

Co l s . 6 t h rough 1 1 , Table 2, g ive the r e s u l t s of tes ts f o r c h l o r i d e , su l fa te , carbonate, 
c a l c i u m , s o d i u m , and p o t a s s i u m us ing s tandard p rocedure s . Pos i t i ve t e s t r e s u l t s f o r 
c h l o r i d e and sul fa te a re not e n t i r e l y r e l i a b l e i n the presence of some o rgan l c s , such 
as w e r e found i n some r e t a r d e r s , because of the poss ib le p r e c i p i t a t i o n o f o r g a n i c sa l t s 
i n the presence of s i l v e r and b a r i u m reagents . 

T e s t r e s u l t s f o r both ammon iaca l and a lbumino id n i t rogen a re g iven i n C o l s . 12 and 
13. I n the tes t f o r a m m o n i a c a l n i t r o g e n , an a lka l ine so lu t ion o f the sample was b o i l e d 

rS ON RETARDERS^ 

Sodium 
(flame 
phot.) 
(10) 
T 
T 
P 
P 
T 
T 
T 
P 
P 
T 
P 
P 
P 
P 
P 
P 
T 
P 
P 
T 
T 
P 
P 
P 
P 

Potas­
sium 
(flame 
phot.) 
(11) 

Nitrogen 

N 
N 
T 
T 
T 
N 
T 
T 
P 
T 
P 
T 
T 
T 
T 
T 
T 
T 
P 
T 
T 
N 
T 
P 
T 

Ammo- Albu-
nlacal*' mlnold^ 

(12) 

N 
N 

N 
N 
N 
N 
N 
N 
P 
N 
N 
N 
N 
N 
P 
P 
N 

(13) 

Hydroxy Acids (dl-
n^hthol test) 

(14) 

Complexlng Agents 
(CuSO,+NaOH 

test)! 
(15) 

N 
N 

N 
N 
N 
N 
N 
N 
P 
N 
N 
N 
N 
N 
P 
P 
N 

ifled from Wallln, Anal. Chem., Vol. 22, 1950, 
^F. Felgl. QuaUtaave Analysis by Spot Tests, 

l(Felgl, Qualitative Analysis by Spot Tests, 
, Technical Methods of Analysis, 2d ed., 1927,-
" A . O . A . C . , 7th ed, 1950, p. 609. JPoslUve 
thanolamlne was obtained by means of the 

P(green) 
P fclue-green) 

P (light ereen) 
P (green) 

P (light blue) 

P (light blue) 
P (mediumblue) 
P (light blue) 

P (light blue) 
P (blue-green) 

P (light green) 

N 
N 

Melting Point of 
Fhenylhydrazlne 
Derivative, °C» 

(16) 

No derivative 

188 to 189 
189 to 191 
No derivative 

No derivative 
180 to 182 

No derivative 
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and the vapor tested w i t h r e d l i t m u s paper f o r v o l a t i l e a m m o n i a . A blue c o l o r ind ica ted 
the presence of an a m m o n i u m sa l t . F o l l o w i n g the r e m o v a l of v o l a t i l e a m m o n i a , p e r ­
manganate was added and the tes t repeated to detect a l b u m i n o i d n i t r o g e n . Pos i t i ve 
r e s u l t s suggest the presence of amines and s i m i l a r n i t rogenous compoimds. 

Z inc was detected i n sample N o . 6 by p r e c i p i t a t i o n as a wh i t e s u l f i d e , and b o r o n 
by f l a m e tes ts and t u r m e r i c paper . I n sample N o . 1, a phenol ic odor was detected 
w h i c h was a t t r i b u t e d to a phenol - type m a t e r i a l . T h i s phenol ic m a t e r i a l was c o n f i r m e d 
b y the M i l l o n tes t . T h i s m a t e r i a l p robab ly se rves as a f u n g i c i d e . The same r e t a r d e r 
a lso gave a p o s i t i v e tes t r e s u l t f o r suc rose . However , substances s i m i l a r to sucrose 
may give p o s i t i v e r e s u l t s w i t h a lpha-naphthol reagent , so tha t these r e s u l t s w e r e not 
conc lus ive . 

The r e s u l t s of the d inaphthol t e s t w h i c h has been used to i d e n t i f y many h y d r o x y -
c a r b o x y l i c ac ids a re g iven i n C o l . 14. A c i d s such as t a r t a r i c , m a l i c , t a r t r o n i c , 
g l u c o r o n i c , and g luconic r e p o r t e d l y g ive a g reen f luo rescence (7) . W h e r e a pos i t i ve 
t e s t r e s u l t was obtained, the nature of the co lo r w h i c h developed i s shown i n parentheses . 

Tes t r e s u l t s f o r complex ing agents a r e g i v e n i n C o l . 15. A l though not s p e c i f i c , 
the tes t may be used to detect such complex ing agents as t r i e t ha no l a mi ne , sugars , 
h y d r o x y - c a r b o x y l i c ac ids , e t c . (De ta i l s o f the t e s t p r o c e d u r e a r e as f o l l o w s : To 10 
m l of a 1 pe rcen t so lu t ion o f the a d m i x t u r e , add 1 m l of 10 pe rcen t NaOH, m i x , and 
add 1 m l of 3 p e r c e n t CuSO*. M i x and note whether a soluble co lo red copper complex 
i s f o r m e d . ) Where pos i t i ve r e s u l t s a r e shown, the c o l o r of the copper complex f o r m e d 
i s a lso g i v e n . 

A spec i f i c check f o r t r i e t hano l amine was made by means of the K r a u t t es t . Sample 
N o . 5 gave a pos i t i ve i n d i c a t i o n of the presence of t h i s compound, whereas sample 
N o . 18 gave a negative t e s t f o r t r i e t h a n o l a m i n e . 

C o l . 16 g ives the m e l t i n g po in ts o f phenylhydrazme d e r i v a t i v e s of s e v e r a l r e t a r d e r s . 
O r d i n a r i l y , such d e r i v a t i v e s a r e obtained w i t h c a r b o x y l i c ac ids , and the m e l t i n g p o i n t s 
of these d e r i v a t i v e s have been used f o r qua l i t a t i ve analyses . (Deta i l s of the t e s t p r o ­
cedure a re as f o l l o w s : To a tes t tube (35 m l , 20 x 150 m m ) add 1 m l of a 50 pe rcen t 
aqueous so lu t ion of ac t ive ing red ien t , add 4 m l HzO, 0 .7 m l of g l a c i a l ace t ic ac id and 
1.0 m l pheny l hyd raz ine . F i t w i t h r e f l u x tube a ^ o r o x i m a t e l y 8 i n . long , heat i n b o i l i n g 
w a t e r and r e f l u x 3 h r . F i l t e r w h i l e hot , co l l e c t f i l t r a t e , coo l and l e t c r y s t a l l i z e f r o m 
2 h r to ove rn igh t . C o l l e c t c r y s t a l s b y f i l t r a t i o n , wash w i t h 5 m l co ld w a t e r , then 5 m l 
a l c o h o l . D r y a t r o o m t e m p e r a t u r e and d e t e r m i n e m e l t i n g p o i n t . ) T h i s t e s t was sug­
gested by one p r o d u c e r of r e t a r d e r s ; however , i n t h i s study i t was found tha t dupl ica te 
d e t e r m i n a t i o n s f a i l e d to g i v e reasonably r e p r o d u c i b l e r e s u l t s . 

On the bas i s of these qua l i t a t i ve t es t s , the f o l l o w i n g s u m m a r i z a t i o n was poss ib le . 
R e t a r d e r N o . 1 contained a sugar and a phenol ic add i t ive . F i v e samples w e r e found 
to be the f o l l o w i n g d e r i v a t i v e s of h y d r o x y - c a r b o x y l i c ac ids : Nos . 4, 8, and 9 appeared 
to be m e t a l sa l t s ; No . 6 a z inc bora te complex; and No . 5 a t r i e thano lamine sa l t . The 
o ther m a t e r i a l s w e r e l ignosul fona te sa l t s of v a r i o u s types . 

Q U A N T I T A T I V E C H E M I C A L A N A L Y S E S 

Inorganic Const i tuents 

Table 3 g ives the r e s u l t s of the analyses f o r i no rgan ic const i tuents i n each r e t a r d e r 
sample . M o i s t u r e o r w a t e r was d e t e r m i n e d b y oven los s at 105 C except f o r sample 
N o . 5. T h i s m a t e r i a l had a tendency to decompose o r v o l a t i l i z e at that t e m p e r a t u r e , 
and t h e r e f o r e i t s m o i s t u r e content was d e t e r m i n e d b y heat ing a t 50 C under v a c u u m . 

T o t a l ash content was d e t e r m i n e d b y i g n i t i o n at 600 C and H C l inso luble b y t r e a t i n g 
the ash w i t h h y d r o c h l o r i c a c i d (1:5) . The ac id - so lub le ash const i tuents w e r e then d e t e r ­
m i n e d b y convent ional methods of ana lys i s and r e p o r t e d as the ox ides . The a l k a l i e s , 
Na20 and K2O, w e r e d e t e r m i n e d by f l a m e p h o t o m e t r y , and z inc by f e r r o c y a n i d e t i t r a t i o n 
w i t h an e x t e r n a l i n d i c a t o r . Carbon d iox ide was d e t e r m i n e d b y w e t evo lu t ion w i t h h y d r o ­
c h l o r i c a c i d and c h l o r i d e s by the M o h r t i t r a t i o n . B o r o n was analyzed b y d i s t i l l a t i o n 
w i t h m e t h y l a l coho l f o l l o w e d b y t i t r a t i o n us ing an A S T M s tandard p r o c e d u r e . T o t a l 
s u l f u r was obtained b y w e t ox ida t ion f o l l o w e d by p r e c i p i t a t i o n as b a r i u m su l fa te . 
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Summary of Inorganic Resu l t s 

R e t a r d e r s Nos . 1, 5, 7, 10 and 17 appeared to be composed a l m o s t exc lu s ive ly o f 
o rgan ic m a t e r i a l tha t was comple t e ly v o l a t i l i z e d a t 600 C. Re ta rde r No. 2 contained 
l imes tone o r d o l o m i t i c l imes tone along w i t h z inc , perhaps as z inc ox ide . Samples 
Nos . 4 and 9 w e r e composed of sod ium and po t a s s ium sa l t s , r e spec t ive ly , of c a r ­
b o x y l i c ac ids . Sample No . 6 contained z inc and b o r o n , mos t l i k e l y i n the oxide f o r m . 
Re ta rde r No. 8 contained a l a rge amount of inso lub le s i l i ceous m a t e r i a l and i r o n ox ide . 
R e t a r d e r s Nos . 11 and 24 contained c a l c i u m c h l o r i d e and No. 13 contained a subs tant ia l 
amount of sod ium carbonate . 

TABLE 3 
INOHGANIC CONSnrUENTS IN RETARDERS, BY PERCENT OF CONSTITUENT 

Moisture Analyses on Dry Solids Basls^ 
or naier Retarder at 105 Total Ash HCl ( 1 5 ) 

ZnCfi 
Evolution CMorlde Sulfur 

No C at 60O C Insoluble SlOi BiO.= FeaOs CaO MgO NaiO KJO S0> ZnCfi Method as CaCb B,0 ,« asSOi ' 

I 66 7 
0 4 

0 2 
07 2 5 6 Neg 0 8 3 4 3 5 I Neg Nog 0 9 6 7 3 7 8 0 8 

6 e 1 7 7 0 1 0 2 0 4 3 2 1 0 5 2 0 1 6 3 - - 0 0 _ 9 8 
4 6 8 2 24 8 Neg Neg Neg Neg Neg 1 2 8 0 2 Ncj - - - - -

5 7 1 8 0 4 0 0 

72 5 32 5 Neg Neg - - - Neg Neg Neg 15 6 _ _ 1 1 9 _ 
7 4 5 I 3 0 1 Neg Neg 0 3 0 2 0 4 0 2 Neg - - - 1 4 3 

0 7 SO 0 6 7 5' ' 2 2 1 4 0 6 7 5 2 2 0 0 9 0 I Neg - - - ^ _ 
66 5 32 4 Neg 0 8 4 0 Neg Neg 0 5 1 6 5 Neg - - - - -

1 0 5 1 0 7 Neg 0 2 0 1 Neg Neg Neg Neg Neg - - - - 1 4 0 

1 1 6 2 28 2 0 6 Neg Neg 1 1 4 0 2 2 1 0 3 6 7 - _ 0 8 _ 13 2 
12 4 4 2 1 2 0 2 Neg 0 2 1 0 8 0 7 0 2 0 2 6 0 - - 0 0 _ 1 1 4 
13 8 8 47 0 0 2 0 1 0 6 3 1 0 6 16 3 0 1 1 0 I - 1 2 6 _ 9 6 
1 4 6 5 1 5 2 0 1 Neg 0 1 4 6 0 4 0 1 0 3 3 3 - _ _ 9 2 
1 5 7 4 23 7 0 3 0 2 Neg 0 6 1 1 9 2 0 1 9 0 - - - - 1 2 0 

le 5 3 1 8 4 0 2 Neg Neg 6 7 0 5 0 7 0 4 7 I _ _ 0 0 _ 13 5 
1 7 7 6 0 8 Hcg Neg Neg Neg Neg 0 I 0 3 0 2 - - - - 13 5 
1 8 7 2 0 4 0 1 Neg 0 6 5 2 Neg Neg Neg 3 2 - - - - 1 1 8 
19 5 4 25 4 0 1 0 3 0 1 Neg Neg 9 6 0 I 1 3 6 - - _ _ 1 6 0 
20 6 9 0 22 5 Neg 0 2 Neg 0 5 Neg Neg Neg 1 0 8 - - - - 13 1 

2 1 7 0 3 22 3 Neg 0 2 Neg 9 1 Neg Neg Neg 1 1 9 _ _ 1 5 6 
22 8 5 4 5 2 0 3 Neg 0 3 Neg Neg 20 0 0 1 22 2 - - - - 2 7 2 
23 7 2 3 4 7 0 2 Neg Neg 0 6 0 1 1 2 8 0 3 1 0 2 - - - 7 6 
24 4 0 4 4 8 0 6 0 1 Neg n 7 0 3 3 2 0 4 0 5 _ 25 0 _ 16 0 
25 6 5 1 7 2 0 1 Neg 0 1 6 9 0 7 0 7 0 1 6 7 - - - - 1 5 6 

Loss at 105 C, calculated on tiasls of material as received Neg = Negligible FeiOs plus AhOt Volumetric determlnaUon with ferrocyanlde DlstUIattoiT 
method, modified f r o m method C 169-53, sec 18, ASFH Standards Part 3, 1955, p 907 <TAPPI, T e29-m53 SLoss at 60 C, vacuum ><MainIy siliceous 
matter 

TABLE 4 
ORGANIC CONSTITUENTS, IN PERCENTAGES BY WEIGHT OF DRY SOLIDS 

Ligno­ Tbtal 
sulfonate Ugnln, Carbo­ Reducing Anionic rtiirugen 

Volatile (clnclio- Calculated hydrates, Sugars, Sucrose Sulfonated Ammo­ Albu­
Retarder Matter nlnc f r o m as as (AOAC Synthetic Total niacal minoid FUed 

No at eooc Hethoxvl^ method)'' Methoxyl<^ Glucose*^ Glucose^ method)' Detergents Phenol'' ( asN)» (asNH,)» (as N)l (asN)) 
1 99 8 - _ . . 0 0 96 3 _ 1 4 
2 2 8 0 2 1 3 1 ' 0 7 0 6 - _ _ _ _ 
3 82 3 11 8 69 2 92 3 4 0 0 8 - 0 0 _ _ _ 
4 75 2 - - - 0 4 0 2 - - _ _ 
5 99 6 - - - 0 9 0 5 - - - 3 9 0 1 2 0 3 8 
6 67 5 - - _ 0 6 0 01 _ _ _ _ _ _ 
7 08 7 8 2 109 6 64 2 5 0 2 9 _ _ 3 2 2 0 _ 1 7 
8 10 0 - - - 1 0 0 05 - _ _ 

9 67 6 - - - 0 4 0 1 _ _ _ _ 
10 99 3 8 4 43 7 65 2 5 4 3 5 - - - 3 4 1 4 - 2 2 
11 71 8 6 4 100 6 49 8 5 2 1 5 _ _ _ _ 

12 78 8 7 2 103 8 36 2 4 7 2 7 - _ _ 
13 53 0 7 1 123 4 55 5 0 8 0 3 - _ _ _ 
14 84 8 6 6 110 2 51 9 9 1 5 1 - _ _ _ _ 
15 76 3 11 4 104 4 88 6 2 5 0 3 - - - - - - -
16 83 6 7 5 96 9 58 8 7 6 3 8 _ _ _ _ _ _ 
17 99 2 8 2 98 1 63 9 12 2 8 1 - _ _ 3 2 2 7 _ 1 1 
18 90 6 6 0 114 6 53 7 8 6 3 0 - _ - 1 8 0 0 0 5 1 8 
19 74 6 7 1 02 8 54 7 8 9 4 8 _ _ _ _ 
20 77 5 6 2 03 0 48 7 5 4 1 3 - - - - - - -
21 77 7 7 3 117 6 56 9 6 8 2 4 _ _ _ _ _ _ 

22 54 8 5 4 57 5 42 3 0 6 0 02 _ _ _ _ _ 

23 65 3 6 9 65 5 53 7 2 3 0 3 - _ _ 0 0 0 0 _ 0 9 
24 55 2 2 8 93 5 21 9 I 4 0 3 - - - 1 0 0 2 0 6 0 8 
25 82 8 8 6 103 5 67 2 10 0 4 7 - 1 1 - - - - -

"PubUc Roads, Vol 27, No 12, p 268, 1954 "Jour. ALCA, Vol 51, No 7, p 353, 1956 ' 'TAPPl, T629-m53, methoxyl divided by 0 128 "Anthrone 
method, Morr is , Science, Vol 107, 1948, p 254-5 ^Somogyl lodometric volumetric method, Jour B io l Chem , Vol 160, No 1, 1945, p 61 ' A O A C 
method 29 29 BColorimetric method (basic fuchsin), Wallln, Anal Chem , Vol 22, 1950, p 616 "By spectrophotometric absorpUon at 270 mllUmlcrons 
AOAC method 2 37 JCalculatcd f rom total nltrc^en—ammoniacal nitrogen 
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Organic Const i tuents 

The o rgan i c const i tuents d e t e r m i n e d i n each r e t a r d e r a re g iven i n Table 4 . The 
v o l a t i l e m a t t e r a t 600 C i s an approx ima te measure of t o t a l o rgan ic m a t e r i a l p resen t . 
M e t h o x y l was d e t e r m i n e d b y the Z e i s e l method . 

L ignosu l fona tes w e r e d e t e r m i n e d b y a r ecommended cinchonine p r o c e d u r e . I t ap ­
p e a r s f r o m the r e s u l t s shown, as w e l l as the r e s u l t s of diQ)licate d e t e r m i n a t i o n s , that 
the cinchonine p rocedure y i e l d e d e r r a t i c r e s u l t s . L i g n i n content was a lso ca lcu la ted 
f r o m the m e t h o x y l va lues as g iven b y the Techn ica l A s s o c i a t i o n o f the Pulp and Paper 
I n d u s t r y ( T A P P I method T 629, m - 5 3 ) . A l though t h i s p rocedure was e m p i r i c a l , the 
r e s u l t s appeared to be m o r e r e a l i s t i c than those obtained b y the cinchonine method . 

A c o l o r i m e t r i c p rocedure was used to d e t e r m i n e t o t a l ca rbohydra tes b y the anthrone 
method (8), and r educ ing sugars w e r e de t e rmined b y the S o m o g y i - I o d o m e t r i c method, 
a f t e r p r e c i p i t a t i o n o f non-carbohydra tes w i t h bas ic l ead acetate . I n both cases the 
const i tuent was ca lcu la ted as g lucose . 

Sucrose was d e t e r m i n e d b y the A O A C (Assoc ia t ion o f O f f i c i a l A g r i c u l t u r a l Chemis t s ) 
o f f i c i a l c h e m i c a l p rocedure b y d i r e c t we igh ing of cuprous ox ide . The anionic sul fonated 
de tergent was d e t e r m i n e d c o l o r i m e t r i c a l l y w i t h bas ic f u c h s i n a f t e r f i r s t e x t r a c t i n g the 
de te rgent w i t h a l coho l . The method used was s i m i l a r to tha t p r e s c r i b e d by W a l l i n (5) 
except that v i s u a l e s t i m a t i o n was made i n Ness le r tubes because o f the s ta in ing e f f e c t 
b y the reagent on spec t ropho tomet r i c c e l l s . 

Phenol was d e t e r m i n e d f r o m the spec t ropho tomet r i c absorp t ion at 270 m i l l i m i c r o n s , 
u s ing a c a l i b r a t i o n curve of known concent ra t ions of phenol p lo t t ed against absorbance. 

T o t a l n i t r o g e n was obtained by the K j e l d a h l d i s t i l l a t i o n p rocedu re , and a m m o n i a c a l 
n i t r o g e n was de t e rmined b y d i s t i l l a t i o n f r o m an a lka l ine so lu t ion . A f t e r r e m o v i n g a m ­
mon iaca l n i t r o g e n , permanganate was added and a l b u m i n o i d n i t r o g e n obtained b y d i s ­
t i l l a t i o n . F i x e d n i t r o g e n was ca lcu la ted by d i f f e r e n c e . 

C l a s s i f i c a t i o n and Probable Compos i t i on 

Based on the r e s u l t s of c h e m i c a l ana lys i s , the c l a s s i f i c a t i o n and p robab le compos i t i on 

TABLE 5 

CLA8SIFICATI0H AND PROBABLE COMPOSTTION OF RETARDERS, PERCENT OF CONOTITnENT OH DR7 SOLIDS B A S I ^ 

Carbohydrates^ 

Retarder 
Water'> 

Llgno-
sulfonate 

Saltc 

Non-
reducing 

Reduc-

SugarB* 
Calcium 
Chloride 

Iroo 
Oslde 
and 

Alumina 

Organic 
Cartrazyllc 
Materials m f BT] ft m»<>̂  Const! tosnts 

00 
Ammonium fialta 

Calcium salta 

10 
' n 
15 

\lf 
23 
2 
3 

11 
12 
U 
14 

18 
18 
20 
21 
24 
25 

Organic acids 
Metal salts 

Sodium (9 3 % Na) 
Calcium (3 7 %Ca) 
PolasslumdS iXt} 

Trietbanolamlne salt 
Zinc borate complex 

Carbohydrates 
Sucrose 

69 0 
70 3 

S8 2 
0 7 

66 5 
.67 1 
72 5 

78 
77 
76 

94l 

2 
031 
59 
67 
66 
62 

70 
84 
58 
86 
26 
80 

3 0 
1 9 
4 1 

0 6 
2 0 
0 1 
3 2 
3 7 
2 0 
0 5 
4 0 

0 2 
0 9 
0 3 
0 5 
0 6 

2 9 
3 5 
8 1 

0 3 
4 8 
0 02 
0 3 
0 6 
0 8 
1 6 
2 7 
0 3 
5 1 

3 6 
3 0 
1 3 
2 4 
0 3 
4 7 

0 2 
0 1 
0 1 
0 6 
0 01 

0 0 
0 8 
0 0 

90 
10 
86 
57 
73 

80-90 dolomiUe limestone 
0 0 synthetic detergent 

29 sodium carbonate 

1 1 synthetic detergent^ 

71 Inert siliceous matter 

42 triethanolamW 
11 9boricailde(BiOk) 

1 4 phenol 
^ s e d on results given In Tables 1-4 "Based on weight of sample as received '^Approximate vahie obtained by the following empirical calculatlona 
Uethoxyl/0 128 • lignin (TAPPI, T 620 m-53), Ugnln x 1 154 > llgnosulfonlc acid (TAPPI, T 829 m-53), UgnosuUonlc acid * cation equivalent of SCh.in Ugno-
suUonlc acid = Ugnosulfonate salt '•Calculated as glucose 'To ta l carbohydrates-reducing sugars hSaj include such wood sugars as mannose, glucose, 
xylose, galactose, arablnosa and fructose SEstlmatad by difference ^Dertved f rom Kraft process 'Blaximum possible The empirical calculation gave 
unreasonably large values because of Ugh methoxyl contents lEstabUshed as sucrose by Infrared spectral analysis ^Probably alkyi aryl suUonate salt 
iCalculated f rom total nitrogen content 
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of each r e t a r d e r a re g iven i n Table 5. The m a j o r i t y of the r e t a r d e r s analyzed w e r e 
found to be a m m o n i u m , sod ium, o r c a l c i u m sa l t s of l i gnosu l fon l c a c i d . The a p p r o x i ­
mate amount of l ignosul fonate sa l t shown was obtained b y e m p i r i c a l ca lcu la t ions based 
on m e t h o x y l va lues . I n two samples , Nos . 3 and 15, the e m p i r i c a l c a l cu l a t i on gave 
unreasonably h i g h r e s u l t s because of h i g h me thoxy l contents . Consequently, the va lues 
shown f o r these samples w e r e obtained by d i f f e r e n c e and t h e r e f o r e represen ted the 
m a x i m u m amounts of l ignosul fona te poss ib l e . Carbohydra tes , both nonreduclng and 
reduc ing- sugar types, w e r e ca lcula ted as g lucose . 

Only one l ignosul fonate r e t a r d e r . No . 25, was found to conta in a sul fonated synthet ic 
de tergent , w h i c h was pos s ib ly a sod ium a l k y l a r y l su l fona te . Two of the l ignosu l fona tes , 
Nos . 11 and 24, contained subs tant ia l amounts of c a l c i u m c h l o r i d e (9 .8 and 25 pe rcen t , 
r e s p e c t i v e l y ) . Re ta rde r No. 2 contained 80-90 pe rcen t of d o l o m i t i c l imes tone and 
about 7 p e r c e n t z inc ox ide . Re t a rde r N o . 13 contained { ^ p r o x i m a t e l y 29 pe rcen t sod ium 
carbonate . 

The d e r i v a t i v e s of h y d r o x y - c a r b o x y l i c ac ids w e r e found to be m e t a l l i c sa l t s—sodium, 
c a l c i u m , and po tass ium; t r i e thano lamine sal t ; and z inc bora te complex . These m a ­
t e r i a l s contained l i t t l e o r no ca rbohydra tes . Re t a rde r No. 8, a s o l i d m a t e r i a l , c o n ­
tained i r o n oxide and s i l i ceous f i l l e r . The o rgan ic c a r b o x y l i c m a t e r i a l i n each r e t a r d e r 
was e s t ima ted by d i f f e r e n c e . 

Only one r e t a r d e r . No . 1, was found to be a ca rbohydra te . T h i s was e s sen t i a l ly a 
non- reduc ing sugar ( sucrose) . I t contained some phenol to p reven t f e r m e n t a t i o n o r 
m o l d g r o w t h . 

I t i s qu i te poss ib le tha t these r e t a r d e r s may contain m i n o r amounts of o ther o rgan ic 

w CONCENTRAT 
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I 
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substances not d iscussed he re , bu t no e f f o r t was made i n t h i s study to i d e n t i f y a l l such 
m i n o r cons t i tuents . 

U L T R A V I O L E T S P E C T R A L A N A L Y S I S 

Each m a t e r i a l was analyzed by u l t r a v i o l e t spect roscopy to de t e rmine i f i t could be 
i d e n t i f i e d o r c h a r a c t e r i z e d b y i t s u l t r a v i o l e t absorp t ion Eipectrum. The apparatus 
used f o r u l t r a v i o l e t w o r k inc luded a double beam quar t z spec t rophotometer , an u l t r a ­
v i o l e t power supply u n i t , and a hydrogen d ischarge l a m p as a l i g h t source . M e a s u r e ­
ments w e r e made i n 1-cm matched s i l i c a r ec tangu la r c e l l s . 

P rocedure f o r L ignosu l fona tes 

Special B u f f e r . - 4 9 5 m l of 0 . 2 N KHaP04 and 113 m l o f 0 . 1 N NaOH w e r e m i x e d and 
d i l u t ed to 2 l i t e r s . 

Sample P r e p a r a t i o n . —0.5 g of s o l i d sample o r exac t ly 1 m l of l i q u i d sample was 
d i s so lved and d i l u t ed w i t h w a t e r to 100 m l . Insoluble m a t e r i a l was r e m o v e d by c e n t ^ i -
f u g i n g . A 1 0 - m l c l ea r a l iquo t was d i l u t ed to 100 m l , and f i n a l l y a 1 - m l a l iquo t of the 
l a t t e r was d i l u t ed to exac t ly 10 m l w i t h the b u f f e r so lu t ion . F i n a l concent ra t ion was 
0.005 pe rcen t b y weigh t o r 0 . 0 1 percen t b y vo lume i n the case of the l i q u i d samples . 

Measuremen t s . —Absorbance f o r each m a t e r i a l was measured a t i n t e r v a l s between 
220 and 350 m i l l i m i c r o n s i n 1-cm c e l l s . Readings w e r e made a t wavelength i n t e r v a l s 
of 5 to 10 m i l l i m i c r o n s , except whe re peaks appeared near 260 and 280 m i l l i m i c r o n s . 
I n these areas , read ings w e r e obtained at 0 .5 to 1.0 m i l l i m i c r o n i n t e r v a l s . The s ens i ­
t i v i t y of the i n s t r u m e n t was ad jus ted so as to m a i n t a i n the sma l l e s t s l i t openings. The 
l a m p housing was cooled w i t h c i r c u l a t i n g tap w a t e r . 

P l o t t i n g . —The absorbance read ings w e r e p lo t t ed against wavelength and the r e su l t an t 
spec t r a l cu rve was then d r a w n manuaUy. Absorbance i s de f ined as logio I Q / I , whe re 
I Q equals inc iden t r ad ian t power , and I equals t r a n s m i t t e d r ad i an t p o w e r . 

Resu l t s o f Tes t s on Lignosu l fona tes 

F i g u r e 2 shows examples of t y p i c a l u l t r a v i o l e t spec t ra obtained on seve ra l l i g n o s u l ­
fonate r e t a r d e r s . The shape of each cu rve was t y p i c a l of a l l the o ther l ignosul fonate 
r e t a r d e r s except one, r e t a r d e r No. 22, w h i c h had been d e r i v e d f r o m the K r a f t p r o c e s s . 
The s p e c t r u m of sample No . 22, shown separate ly i n F i g u r e 3, ind ica ted a shoulder 
r a t h e r than a peak o c c u r r e d at 280 m i l l i m i c r o n s . I t thus appeared that l ignosul fona tes 
as a c lass could be i d e n t i f i e d f r o m t h e i r c h a r a c t e r i s t i c u l t r a v i o l e t spec t ra . I n add i t ion , 
the height of the peak (absorbance) a t 280 m i l l i m i c r o n s could be u t i l i z e d f o r quant i ta t ive 
i n f o r m a t i o n . F i g u r e 4 shows that l ignosul fonate concent ra t ion and absorbance values 
have a l i n e a r r e l a t i onsh ip i n acco rd w i t h B e e r ' s l a w . These tes ts c o n f i r m p r e v i o u s r e ­
p o r t s that l ignosul fona tes may be analyzed quan t i t a t ive ly as w e l l as q u a l i t a t i v e l y b y u l t r a ­
v i o l e t spec t ropho tomet ry (9) . 

Table 6 g ives the u l t r a v i o l e t spec t r a l data f o r a l l the l ignosul fona te r e t a r d e r s tes ted . 
I t can be seen f r o m t h i s table tha t the peaks f o r each m a t e r i a l o c c u r r e d w i t h i n a n a r r o w 
wavelength range . 

Resu l t s on the Other C h e m i c a l Types 

None of the o ther t3n3es o f r e t a r d e r s s tudied had a s i g n i f i c a n t u l t r a v i o l e t s p e c t r u m 
that was c h a r a c t e r i s t i c of the ac t ive const i tuent . Re t a rde r No . 1 d i d have a c h a r a c t e r ­
i s t i c s p e c t r u m w h i c h was produced by a m i n o r const i tuent , phenol . Genera l ly , however , 
u l t r a v i o l e t spec t r a l ana lys i s was not found sui table f o r i d e n t i f y i n g o rgan ic h y d r o x y - c a r ­
b o x y l i c ac ids o r ca rbohydra tes . 

I N V E S T I G A T I O N O F V I S I B L E SPECTRA 

The double-beam quar t z spec t rophotometer w i t h a tungsten l a m p as a l i g h t source 
was used to inves t iga te the v i s i b l e spec t ra of the m a t e r i a l s o ther than Ugnosulfonates . 
The spec t r a l pa t t e rns obtained a re shown i n F i g u r e 5. Each s p e c t r u m i s not s u f f i c i e n t l y 



43 

0 e 

0 7 

0 6 

• "OS 
z 
K 
o 
' B O A 

0 3 

0 2 

0 I 

CONCENTRAT 
CELL-ICM 

No 22) 

lON-O 005% IN BUFFER CONCENTRAT 
CELL-ICM 

No 22) 

lON-O 005% 

240 250 260 270 2 80 
WAVELENGTH - MILLIMICRONS 

290 300 310 3 20 

Figure 3. Ultraviolet spectrum of lignoBUlfonate from Kraft process. 

1 1 1 
WAVELENGTH - 280MILLIMICRONS J 

1 
C E L L - ICM 

1 
i 

0 7 

0 6 

bJ O 5 
Z 

0 2 

0 I 

0 O 
OJOOS 0 0 0 4 0 0 0 5 OJ006 

C O N C E N T R A T I O N , P E R C E N T B Y W E I G H T 

0.007 

Figure k. Relation between concentration and absorbance for lignosulfonate retarder. 



44 

TABLE 6 
ULTRAVIOLET SPECTRAL DATA FOR LIGNOSULFONATE RETAHDERS 

Spectral Peakf^ 
Maximum 

RelaUve Concentration 
of LlgnosuUonate, 
Percent by Weight" 

Final Con­ Wavelength Wavelength Based on 
Retarder centration* (miUi- (milli­ Original Based on 

No. (%) microns) Absorbance microns) Absorbance Material Dry Solids 
2 0 05 281 0 0 151 260 5 0.121 2.0 2 0 
3 0.005 278 0 0 457 262.5 0 396 60.9 65 3 
7 0 005 280.5 0.589 259.5 0.431 78.5 82.2 

10 0.005 280 0 0 582 260 0 0.419 77 8 81 8 
11 0.005 283 0 0 362 260.0 0.225 48 3 51 5 
12 0.005 280.0 0 474 261.0 0 395 63.2 86 1 
13 0.005 279 0 0 328 262.0 0.292 43.7 47.9 
14 0.005 282.0 0.438 261 0 0 298 58.4 62.4 
15 0.005 278 0 0 442 262.0 0.390 58.9 63.6 
16 0 005 281 5 0.408 260.5 0 281 54 4 57 4 
17 0 005 280.5 0 502 260 0 0.359 66.9 72 4 
18 0 005 281 0 0.393 260 5 0 272 52 4 58.5 
19 0 005 280.0 0.400 260.0 0.278 53 3 56 3 
20 0 01<^ 279 0 0 333 262 5 0 284 19 1 61.6 
21 O-Ol"" 280 0 0 290 260 5 0 248 16 8 56.6 
22e 0.005 276.0' 0.618 267.5' 0 611 82 4 90 1 
23 0.005 280 0 0.460 260 5 0.384 61 3 66.1 
24 0 005 284 0 0 381 262.5 0.297 50 8 52 9 
25 0.005 281.5 0.441 261 0 0 308 58.8 62 9 
Medians _ 280 0 _ 260.5 _ -

*ln 0 2N K H 2 P O 1 - O IN NaOH butter solution 1 cm ceU Calculated from absorbance at maximum peak. Relative to re­
tarder No 2 which was assumed to be 2 percent. "Percentage by volume (original material was liquid). ^Derived from Kraft 
process ' N O sharp maximum and minimum, but rather a shoulder SRetarder No. 22 not Included. 

SCO 600 700 800 900 |0OO 1,100 1̂ 00 1300 1400 900 600 TOO 800 900 1000 |,I00 (200 (300 l;400 ^00 
WAVELENGTH-MILLIMICRONS 

Figure 5» Visible spectra of retarders containing organic acids or carbohydrate. 
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unique to differentiate between different retarder types or specific retarders. It was 
found that phenol, sucrose, and even treithanolamine gave spectra similar to those 
shown in Figure 5 and, consequently, this approach was also not suitable for identifying 
retarders. 

INFRARED SPECTRA 
Infrared spectral curves were obtained for each materi&l by means of a double-beam 

spectrophotometer. The equipment used included a Perkin-Elmer double-beam In­
frared Spectrophotometer, Model 137 (Infracord), with automatic recording and a sodium 
chloride prism for operation between 2.5 and 15 microns. Scanning time was approxi­
mately 12 min. An evacuable die was used to prepare samples by the potassium bro­
mide disk technique. 

Procedure 
The pressed disk technique was considered most suitable for the retarders studied 

because of the relative insolubility of these materials in appropriate organic solvents 
used in solution techniques. The mull method was discarded because of the effects 
of the mulling agent and the limited quantitative application of this method. 

In the pressed disk method, solid samples were ground to a fine powder with mortar 
and pestle and then vacuum dried at 50 C for at least 24 hr. Liquid samples were eva­
porated to drjmess at a low temperature, ground, and dried under the same conditions. 
Approximately I mg of sanq;)le and 0.35 g of potassium bromide (anhydrous Eipectroscopic 
grade, 200/325 mesh) were weighed into a special stainless steel capsule. Two stain­
less steel balls were added and the contents mixed for 30 sec by an electric amalga­
mator. 

The powder was transferred to the evacuable die (shown disassembled in Figure 6), 
and the assembly was evacuated to an absolute pressure of less than 1 cm of mercury. 
Vacuum was maintained for 5 min prior to pressing as well as during pressing. A 
1,000-lb load was applied for 1-2 min followed by a 20,000-lb load for 3-5 min. Hie 
potassium bromide disk was then removed and analyzed in the infrared spectrophotome­
ter. The disk measured 13 millimeters in diameter and was ^proximately one m i l l i ­
meter thick and is shown in Figure 7. 

A few of the dried retarder samples were tacky or viscous. These were slurried 
with alcohol, mixed with potassium bromide, vacuum dried, and then regroimd and 
pressed into disks. 

Results of Infrared Analyses 
Figures 8 through 12 illustrate typical infrared spectra of the different retarders. 

Each retarder gave a characteristic spectrum which could be used both to identify the 

Figure 6. Evacuable die disassembled. 
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Figure J. Potassium bromide disk and disk 
holder. 

material and establish the concentration of 
major active constituents. In general, 
lignosulfonate retarders had the same char­
acteristic spectra regardless of the type 
of salt (that is, sodium, calcium, or am­
monium). Nevertheless, certain ligno­
sulfonate s containing carbonates or other 
major modifiers, as well as a lignosul­
fonate derived from the Kraft process, 
could be easily distinguished by their unique 
spectra. 

Figure 8 shows the type of spectra ob­
tained for the lignosulfonate-type retarders. 
The top spectrum (A), retarder No. 12, i l ­
lustrates the typical spectrum of lignosul­
fonate s derived from the sulfite liquor or 
acid process. The characteristic peaks 
at different wavelengths in the lignosulfonate 
spectrum are produced by the following 

chemical groupings present: 
1. Intense peaks at 2.9 and 9.6 microns: hydroxyl (OH) groups. 
2. Moderate peak at 3.4 microns: usual carbon-hydrogen stretching bonds. 
3. Strong peaks at 6.25 and 6.62 microns: carbon-carbon bonds (phenyl ring). 
4. Weak peaks at 6.9 and 7.3 microns: probably sulfur-ox^en bond (sulfone 

group). 
5. Broad band at approximately 8.3 microns: sulfonate group. 

Spectrum B (Fig. 8) is the curve for lignosulfonate retarder No. 13. The presence 
of substantial amounts of sodium carbonate produced strong bands which masked part 
of the characteristic lignosulfonate spectra. The broad peaks at 7.0 and 11.3 are 
characteristic of the sodium carbonate present (see Fig. 9A which illustrates the in­
frared pattern of sodium carbonate). If desired, the sodium carbonate interference may 
be removed by neutralization with hydrochloric acid, followed by an alcohol extraction 
of the sodium chloride thus formed. The lignosulfonate is insoluble in alcohol and 
should then give a good characteristic spectrum. 

Curve C in Figure 8 represents a lignosulfonate (No. 22) obtained from the Kraft 
process for making paper. Although the curve shows the major peaks of a typical 
lignosulfonate, several additional characteristics help identify this material. For in­
stance, at 8.3 microns (sulfonate group) absorption was at a greater intensity, and 
at 8.8 and 10.2 microns peaks were produced, probably by inorganic sulfate. Another 
characterization of this material was the weak absorption peak at 12. 7 microns. 

The last two spectra, D and E, in Figure 8 are of the same sample (No. 2), which 
contained a lignosulfonatie. Curve D was obtained on the original sample, and i t is 
apparent that i t does not clearly show the characteristic lignosulfonate pattern. This 
was caused by the presence of a large quantity of dolomitic limestone which produced 
an intense spectrum of its own. When this constituent was removed by centrifuging 
an aqueous suspension, the characteristic spectrum of lignosulfonate was evident as 
shown in curve E. ^ectrum D is useful in that i t supplied ample evidence of the 
presence of dolomitic limestone in the original material. The peak at 14 microns was 
unique for calcium carbonate (limestone), while the smaller peak at 13. 7 microns 
was unique for dolomite. From the relative intensities of these two peaks i t was esti­
mated that the ratio of dolomite to limestone was approximately 1:4. 

Figure 9 shows the spectra obtained on several carbonate materials; namely, sodium 
carbonate, calcium carbonate, and dolomite. Si)ectra B and C illustrate the charac­
teristic peaks for limestone and dolomite discussed above. 

Figure 10 illustrates the unique infrared patterns which maybe used to identify different 
hydroxy-carboxylic acid salts. It is quite apparent that these curves are distinctly different 
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from the lignosulf onate pattern as well as from each other. Spectrum A (retarder No. 8) shows 
the masking effect of a large amount of siliceous matter and iron oxide present in the 
material. To eliminate this interference, an aqueous suspension of the retarder was 
centrifuged to remove insoluble siliceous material and iron oxide. The remaining ma­
terial then gave a distinctive infrared pattern of organic material as seen in spectrum 
B. The following chemical groups accounted for the more significant peaks in spectrum 
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B: (a) Hydroxyl—intense peak at 3.1 microns; (b) carbon-hydrogen stretching—minor 
peak at 3.4 microns; (c) carboxyl and carboxyl salt—intense peaks at 6.3, 9 .1 , and 
9.6 microns; and (d) overtones of the carbon-hydrogen linkages accounted for the other 
peaks from 7.3 to 8.3 microns. 

The spectrum of a triethanolamine salt of a hydroxy-carboxylic acid is shown in 
spectrum C, Figure 10. Although the major peaks of hydroxyl, carbon-hydrogen, and 
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carboxylic groups were evident, this spectrum had sufficiently unique features to 
clearly identify the retarder. For instance, there was a prominent peak at 10.9 mi ­
crons, probably caused by a carbon-nitrogen bond, and the usual hydroxyl peak at 3.0 
microns was accentuated by the presence of nitrogen-hydrogen groups in this material 

Figure 11 shows the spectra of stil l another organic acid retarder (No. 6). Curve A! 
shows the spectrum of the original material, whereas Curve B was obtained after zinc 
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and borates were removed. Zinc was removed by two batchwise treatments with a 
cation exchange resin, 200-400 mesh hydrogen-form (Amberlite IR-120 or Downex-50) 
followed by vacuum distillation with methyl alcohol to remove the boron as volatile 
methyl borate (10). Spectrum B shows many of the usual peaks of a hydroxy-carboxylic 
acid, and is sufficiently distinctive to be used to identify this material. The prominent 
peak at 5.6 microns was undoubtedly caused by a lactone formation. Spectrum C in the 
same figure is that of a technical grade of gluconic acid which showed a striking re­
semblance to sample No. 6 (spectrum B ) . 

The infrared spectrum of the carbohydrate retarder is illustrated in Figure 12. 
i^ectrum A (retarder No. 1) presents a pattern that was quite unique and therefore 
useful for identification. A comparison of this stpectrum with the spectrum of sucrose 
or cane sugar (curve B ) clearly demonstrates that retarder No. 1 is essentially sucrose. 

Although no effort was made in this report to use the infrared spectra for quantitative 
analysis of the materials, such techniques could be easily applied. For solid samples, 
such as potassium bromide pellets, the baseline technique is most appropriate and has 
been well described. Generally, this technique involves the measurement of the depth 
of a single significant peak, compared to a reference baseline. 
Uniformity of Trade Products 

The ability of infrared analysis to "fingerprmt" or measure the uniformity of different 
batches of specific proprietory products is illustrated by Figures 13 and 14. Figure 13 
shows the spectra of four different lots of a solid lignosulfonate retarder sold under one 
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trade name. Each material had been obtained from a supplier bv different State high­
way departments at different times ranging from 1954 (Fig. 13A) to 1958 (Fig. 13D). 
The general shape of the spectra are the same, with significant peaks occurring at the| 
same wavelengths in each lot. This definitely established that in each case the materials 
were chemically the same. By analyzing the peak intensities at selected wavelengths | 
and knowing the concentration of sample used in the infrared analysis, any material dif­
ferences in composition of the retarder from batch-to-batch could be demonstrated. ' 
Here, the compositions were shown to be fairly uniform, thus establishing that no 
material alteration of differences existed between the lots submitted. 

Figure 14 shows the spectra for an organic acid retarder, specifically, a hydroxy-
carboxylic acid salt in liquid form. Here again, each sample was obtained under the 
same trade name by different State highway departments at different times ranging 
from 1956 (Fig. 14A) to 1958 (Fig. 14D). The "fingerprinting" ability of infrared an­
alysis once again determined the nature and concentration of the ingredients. The uni-j 
formity of the spectra shows that each lot was substantially the same. 

COMPARISON OF METHODS OF ANALYSES AND CONCLUSIONS 
Inasmuch as the major objective of this study was to develop procedures by which 

the composition of commercial retarders could be readily identified and determined so| 
as to provide a basis for obtaining the necessary assurance that the composition would be 
uniform from batch-to-batch, i t is noteworthy to compare the various methods of ' 
analyses. 

Infrared spectral analyses offer the most promising and rapid means of clearly 
identifying and classifying retarder materials. This technique, by obtaining recorded 
spectral curves, "fingerprints" the unique and distinctive characteristics for each re­
tarder. 

Al l three types of retarders could be distinguished from each other on the basis of 
infrared spectra. Although the lignosulfonate retarders had the same general infrared 
spectrum regardless of the type of salt present or the source of supply, in many in- ' 
stances, specific commercial lignosulfonates could be identified or differentiated by 
spectral differences caused by the manufacturing process or the presence of other in­
gredients. As to organic acids and carbohydrates, specific trade products could be 
distinguished from each other. 

Infrared analyses can also be used to assure the purchaser that the nature and con­
centration of each lot of retarder for specific field projects has not been materially 
altered from that of the original material. The time required for the analysis is only I 
20 to 30 min as compared to a week or more by conventional methods of chemical 
analysis. 

Ultraviolet techniques were also found to be of value in identifying lignosulfonates 
and in establishing the concentration of the major active ingredient. However, specifi'c 
commercial lignosulfonates were not as easily differentiated by ultraviolet spectra as 
compared to their infrared spectra. Ultraviolet as well as visible spectral analyses 
were not found suitable for identifying other types of retarders. 

The determination of the quantitative amounts of inorganic constituents can be most] 
conveniently and precisely determined by conventional chemical methods. However, 
while useful, the conventional procedures were tedious and time-consuming, and often 
yielded empirical or doubtful results for certain organic constituents. This was found 
to be particularly true among the lignosulfonate and organic acid retarders. 
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