
Renewable resources make all of our
l i v e s b e t t e r i n t h e l o n g r u n . S o
when I found a concrete admixture

that is, at least in part, made from a
grain, it seemed like a positively perf e c t
w a y t o e x e m p l i f y h o w r e n e w a b l e
r e s o u r c e s c a n b e u s e d i n w a y s w e
might never have considered.

The admixture I found was devel-
oped by inventors Zongjin Li, Chung
Kong Chau, Faming Li, and Baoguo
Ma of Hong Kong, and is designed to
make concrete resistant to the effects
of freezing and thawing. Filed under
U.S. Patent No. 6,153,006 issued Nov.
2 8 , 2 0 0 0 , t h e “ C o n c r e t e D u r a b i l i t y
Enhancing Admixture” includes millet
components. 

There are about 25 different types
of millet. Although it doesn’t s p e c i f i-
cally restrict the use of others, the
patent document calls out only two
specific species: Panicum Miliacum or
Setaria italica Beauv (shown below)
and goes on to specify only the use of
Panicum Miliacum. What the admix-
ture really incorporates is a natural
p o l y m e r m a d e f r o m t h e s e g r a i n s . I t
a l s o c o n t a i n s s m a l l e r q u a n t i t i e s o f
n a p h t h e n i c s u l f a t e s a l t , t r i e t h a n -
olamine, and formaldehyde. 

In cold weather, exterior con-
crete is subjected to temperature dif-
ferences that cause moisture trapped
within the concrete or pores in the
concrete to produce hydraulic pres-
sure from the expansion of the water
as it freezes. Water is a “polar mole-
cule” that undergoes a massive expan-
sion when it changes states from a 
liquid to a solid. That expansion is
a b o u t 9 % i n v o l u m e a n d h a p p e n s
quite rapidly between 4° C  and 0° C
(about 39° F and 32° F). The result is
varying degrees of internal stress on the
concrete, surface fractures and pitting,

and possibly even structural fracture.
An increasing percentage of nat-

ural polymer added to the concrete
mix results in a corresponding reduc-
tion in compressive strength and
Young’s modulus (modulus of elastici-
t y ) . Te s t i n g b y t h e i n v e n t o r s h a s
shown that the optimum amount of
n a t u r a l p o l y m e r a d d i t i v e i s i n t h e
range of 0.1% to 2% of the solid con-
tent by weight of the cement. 

Testing using mercury intrusion
porosimetry measurements shows sig-
nificantly fewer surface cracks in the
samples incorporating the new admix-
ture. The results also show that the
microstructure of the concrete modi-
fied with natural grain polymer is very
stable, and both the pore sizes and
amount of pores are similar whether
or not the concrete is subjected to
f r e e z e - t h a w e x p o s u r e . I n c o n t r a s t ,
freeze-thaw cycles substantially alter the
microstructure of ordinary concrete. 

Additional information about
this new admixture is available from
the Hong Kong University of Science
& Technology, Technology Transfer
Center, Clear Water Bay, Kowloon,
Hong Kong, phone: 852-2358-7917,
e-mail: ttcac@usthk.ust.hk. The points
of contact are Dr. Matthew M.F.
Yuen, director, e-mail: meymf@ust.hk,
or Dr. Wai M. Chung, development
manager of technology, e-mail:
ttchung@ust.hk.

There is also additional informa-
tion about working with the Hong
K o n g U n i v e r s i t y o f S c i e n c e &
Te c h n o l o g y o n t h e I n t e r n e t a t
h t t p : / / w w w. u s t . h k / , o r o n l i c e n s i n g
patents from HKUST Te c h n o l o g y
Transfer Center, also on the Internet
at http://www.ttc.ust.hk/.
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One  of  th e eart h’s natural  resources—grain—improves the  durabi l i ty  of
concre te,  another  env ironmen tal ly  fr i endl y ma ter ia l.


