Trends in Building Materials Research

Edited by
Jianjun Zheng, Xiuli Du, Weiming Yan,
Yue Li and Jianwei Zhang

TP TRANS TECH PUBLICATIONS



Trends in Building Materials Research

Edited by
Jianjun Zheng
Xiuli Du
Weiming Yan
Yue Li
Jianwei Zhang



Trends in Building Materials
Research

Selected, peer reviewed papers from the
2nd International Conference on
Structures and Building Materials

(ICSBM 2012),
March 9-11, 2012, Hangzhou, China

Edited by

Jianjun Zheng, Xiuli Du, Weiming Yan,
Yue Li and Jianwei Zhang

7P



Copyright © 2012 Trans Tech Publications Ltd, Switzerland

All rights reserved. No part of the contents of this publication may be reproduced or
transmitted in any form or by any means without the written permission of the

publisher.

Trans Tech Publications Ltd
Kreuzstrasse 10

CH-8635 Durnten-Zurich
Switzerland
http://www.ttp.net

Volumes 450-451 of

Advanced Materials Research

ISSN 1022-6680

2-vol.-set

Full text available online at http.//www.scientific.net

Distributed worldwide by

Trans Tech Publications Ltd
Kreuzstrasse 10

CH-8635 Durnten-Zurich
Switzerland

Fax: +41 (44) 922 10 33
e-mail: sales@ttp.net

and in the Americas by

Trans Tech Publications Inc.
PO Box 699, May Street
Enfield, NH 03748

USA

Phone: +1 (603) 632-7377
Fax: +1 (603) 632-5611
e-mail: sales-usa@ttp.net



Preface

The Second International Conference on Structures and Building Materials (ICSBM
2012) was held from March 9 to March 11, 2012, in Hangzhou, China. The conference
goal was to highlight case studies and research on new and innovative ways to
achieve sustainable construction practices through use of novel building materials
and technologies.

We would like to extend our thanks to the technical committees for bringing their
extensive multi-disciplinary experience to the rigorous peer reviews that they have
conducted, as well as all the hard work they have put into the build-up to this
conference to help make it a success with the important input, of course, from you the
delegates. Additionally, we would also like to extend our thanks to all the authors,
session chairs, session moderators, and delegates for their contribution.

Finally we would like to extend an invitation to you, the reader, to think about

submitting an abstract to the next international conference on structures and building
materials to further the study and promulgation of this important topic.

The Organizing Committee of ICSBM 2012
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Abstract. The capillary porous structures of the pre-cast concrete with different initial steam-curing
duration were analyzed with MIP techniques. Then the hydration degree of cement, fly ash and slag in
pre-cast concrete versus time were obtained respectively by combing the hydrochlorides and EDTA
selecting dissolution methods, based on which the corresponding evolution of capillary porosity was
determined. The comparison between calculated results and experimental capillary porosity showed
that the proposed evolution model of capillary porosity could be adopted to reveal the developing
trend of capillary porosity of pre-cast concrete with fly ash and slag under certain curing conditions.

Introduction

Concrete durability depends largely on its complex microstructures and the level of possibility of
harmful gases or ions’ entry into concrete [1]. The capillary pore structures was considered as major
transport channels inside concrete [2,3]. The hydration kinetics of cement has been modeled by a lot
of literatures [4-7] while the corresponding one in concrete with pozzolanic admixtures was arising
wide attention in recent literatures [8]. It is well known that the dynamic hydration kinetics of
composite cemented materials in concrete determined the capillary pore structures.

Few of research reports included the effects of temperature or different curing condition on the
evolution of capillary pore structures of precast concrete with several mineral admixtures [9]. This
paper just provided a chemical analysis method to determine the development of hydration degree of
single cement, fly ash and slag in concrete with certain curing condition, respectively. Then evolution
of capillary pore in concrete with certain curing condition could be calculated base on the hydration
models proposed in literatures. Moreover the calculated capillary porosity of the pre-cast concrete
was compared with corresponding experimental results by MIP.

Experimental

The mixtures were made with Chinese normal Portland cement P.I52.5. The used granulated blast
furnace slag and fly ash was name S95 and I grade according ASTM C618.The corresponding
chemical composition were shown in Table 1.

Table 1 Chemical components and physical properties for cementicious materials

Type of Chemical compostion /% Density

. 3
binder  [oss  Si0, ALO; Fe0;  CaO  MgO SOy KO NaO  Total  /kg/m

P-1525 229 19.49 4.08 4.03 6459 197 233 037 0.07 99.22 3145
Fly-ash 3.21 56.02 28.00 6.20 3.60 1.21 0.61 089 023 99.97 2550
Slag 0.03 34.35 235 1520 3538 854 012 032 0.63 96.92 2896

Natural sand with 2.9 fineness modulus and crushed granite rocks with 5~25 mm particles were used
as fine and coarse aggregates. And table 2 showed the corresponding mixture proportions.
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Table 2 Concrete proportions / kg/m’

Crushed stone Crushed stone o
No  Cement Flyash Slag Sand Water Superplasticizer
(10-20mm) (5-10mm)
FS 322 83 55 736 397 694 140 3.22

Four groups of specimen with dimension of 70mmx70mmx300mm was prepared in terms of Table 2
and three groups of them was steam cured at 50°C for 5h, 14h and 24h respectively and one group
was cured in standard condition as reference sample. Then all specimens were placed in limewater at
20+1°C for 14d and after then they were moved out and put in room at 204+2°C with 70+5% until 90d
age. Finally the capillary pore structures of each specimen were analyzed by MIP methods.

Evolution model of capillary porosity of concrete

Concrete pores consist of capillary and gel pores and capillary pores had great effects on transmission
performance of concrete. Thus according to hydration theory of T.C Powers[10] and calculating
formula of capillary pore proposed by Bentz [6], the developing equation of capillary pores with time
can be expressed as

] W /pW_(V +VYV)‘mC/pC.aC(t)
$p () =[— .

] M
mc/pc_i—wo/pw

Where p.=density of cement, kg/m® and w/c= water to cement ratio of paste. ___ _is the volume

exp.c
difference between hydrates and unhydrates and volume shrinkage of per-volume cement. 4 — The
volume fraction of paste in per-cubic concrete. For concrete with fly ash and slag, the evolution
equation of capillary pores in concrete can be expressed as

[ Wo/pw_(V +Vshr,c)'mc/pc'ac(t)_V 'mf'af(t)_V m 'as(t)

exp,c exp, £ exp,s’' s

ay() = |-4 ()

(mc /pc)+(mf /pf)+(ms /ps)+(W0 /pw)
Where p,and p,is density of fly ash and slag respectively, kg/m’. p,, 1s the density of water and
V V.. .and V. is the volume

shrec>” exp*f exp *s

w, is the water content in per-cubic concrete, kg/m’; v,

Xp ‘¢ ?
difference between hydration products and reactants in per-mass cement, fly ash and slag
respectively,m’/kg, which can be deduced in literature[6,11].

Experimental capillary pore structures

Capillary pore of concrete has two parameter named threshold pore (Dy) and critical pore (D), which
are related with concrete durability. Fig.1 illustrated the effects of steam curing duration on capillary
porous structures.

W,
",
W
A
xA \v 24-h steam curing
%D
v, D, M
~, \\ i w"'vmw 24-h steam curing R 14-h sgeam curing
\\ A\A‘AP‘ 1v~'$v c |
~, "A." D TY VWUV vy Stei‘_‘l‘ﬂfi i 5-h steam curing
\l‘.. DI44*eseeens,,, 5-h steam curing hi
e - Reference ﬁ% Reference
L YRFE L L . fioi PPoomoonooM0oorOqnemoOheme
i
10 100 1000 10000 100000 10 100 1000 10000 100000
Pore size (nm) Pore size (nm)
(a) Cumulative porosity curve (b) Pore distribution curve

Fig.1 Capillary pore structures of sample with different steam curing time
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It was seen from Fig.l that with the increase of initial steam-curing duration D; and D,
correspondingly increased.

Fig.2 showed the relation between above two pore parameters and the initial steam-curing duration.
It could be seen from Fig.2 that 14-horu initial steam-curing time, the difference between D; and D,
increased with increased duration. This indicated that the capillary pores were coarsened by the
longer initial steam-curing porosity and the preferable initial steam-curing duration is 14 hour for the
concrete sample.

70 - ~ 10000

60 - —m—Critical pore diameter
r —o—Threshold pore diameter

1
o
(=3
(=3
(=}

Wi/ I9)oWRIP PIOYSAIY L,

— 6000

— 4000

Critical diameter /nm

— 2000

Duration of steam curing /hour

Fig.2 Relationship between pore parameters and initial steam curing time

The capillary porous structures evolution of concrete with 14-hour steam curing duration had been
measured by MIP analysis and Fig.3 illustrated the porosity variation with hydration ages. It could be
seen that the capillary porosity of sample decreased quickly at early ages and began to be about
4%-5% by the age of 28 days.

—=— |-day

8 —0— 3-day

—— 7-day

—w— l4-day

—e— 28-day

—>— 60-day

—0—90-day

—+— 2-year on-site sample

Accumulative Porosity /%

10 100 1000 10000 100000

Pore diameter /nm

Fig.3 Cumulative capillary porosity with hydration time

Then according to the determined calculating equation of capillary porosity in concrete, capillary
porosity of experimental concrete sample could deduced as

.., =10.31exp(-1/4.27)+4.08 3)

The distribution of capillary pores was shown in Fig.4. It could be seen that the critical pore diameter
was between 80-100nm at the early ages while at the later ages the critical capillary pore diameter
decreased to 10-30nm or so.
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Fig.4 Capillary porosity and distribution of concrete with ages

Comparison of experimental and calculated capillary porosity

The capillary porosity of sample concrete was calculated according to the determined dynamic
parameter of fly ash, slag and cement in other parts of this research work. The comparison between
experimental and calculated results was illustrated in Fig.5. It could be seen that the changing trend of
calculated capillary porosity was very consistent with that of experimental ones. This indicated that
the proposed calculating equation of capillary porosity could be adopted to analyze the changing
trend of pre-cast concrete segment with certain curing condition. It could also be seen that the

capillary porosity was changing around 4.08% after 60-day hydration age without considering other
kinds of destruction on concrete.

14-hour initial steam curing at 50°C
Then, 14-day waster curing
After then, stacking at 70% and 20+5°C

Capillary porosity /%

/Experlmental values

I\~ Calclulated valules

0 20 40 60 80 100
Hydration time /day

Fig.5 Experimental and calculated capillary porosity of segment concrete with different ages

Conclusions

(1) The capillary pores were coarsened by the longer initial steam-curing porosity and there exists a
effective initial steam curing duration. For the studied concrete sample, its preferable initial
steam-curing duration is 14 hours.

(2) According to hydration mechanism of cemented materials, the dynamic model of capillary
porosity in concrete with certain curing condition could be determined. And the comparison between
calculated and experimental capillary porosity showed that the determined dynamic model of
capillary porosity could be used to predict the developing trend of capillary porosity in concrete under
certain cuing condition.

(3) It could also be concluded that the critical pore diameter of concrete took on a decreasing trend
with the prolonged hydration ages.
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Abstract. Attack of sulfate crystallization and chemical interaction between sulfate and hydration
product is one of the most important factors responsible for degradation of cementitious materials.
This study investigates the effects of emulsified asphalt and fly ash as well as their combination on
resistance of mortar to physicochemical attack of sulfate in order to develop high performance
cementitious materials with high resistance to sulfate attack. The partly-submerged experiment with
5% Na,SO4 solution is designed to simulate physicochemical attack of sulfate salt on sample. Results
indicate that, compared with fly ash, addition of emulsified asphalt is more effective in improving the
resistance of mortar sample to physical crystallization role and chemical attack of sulfate. Moreover, a
combination of fly ash and emulsified asphalt can further enhance the resistance of cementitious
materials to physicochemical attack of sulfate, which results from the improvement of microstructure,
reduction of CH product and increase of ductility of sample.

Introduction

It is well known that ambient sulfate attack is one of the main factors resulted in deterioration of
served concrete structure and therefore sulfate attack on cement concretes has been greatly
documented over the last several decades [1-9]. Sulfate attack to cementitious materials is a complex
process that involves the movement of sulfate ions through the pores by different transportation
mechanisms. Once sulfate ion enters into cementitious materials the physicochemical process such as
physical crystallization role of sulfate and chemical action of aggressive ion (SO,*) with hydration
products will occur[1,3,5,9], which will cause severe degradation of concrete. Different methods,
such as full immersion test, dry-wet cycle test and half immersion test, were developed to simulate
sulfate attack process on cementitious materials and thus to evaluate resistance of cementitious
materials to sulfate attack[10-11]. Based on above analysis, in this paper the half-immersion test
method is used to simulate the physicochemical attack of sulfate on cementitious materials in practice,
such as the crystallization role and aggressive chemical action between SO4> and cement hydration
products. Some new measurements including combination of emulsified asphalt and mineral
admixture (fly ash) are developed to improve the resistance of cementitious materials to severe sulfate
attack.

Experimental details

Raw materials. Portland Cement named as P.O 42.5 from Nanfang Cement Plant located in
Ningxiang City of Hunan Province of China was used, complying with the Chinese National Standard
GB 175-1999. F class fly ash (denoted as FA) with a specific area of 450 m*/kg used is from Xiangtan
Power Plant. The physical properties and chemical compositions of cement and fly ash are given in
Table 1. River sand with a modulus of 2.62 was used as aggregate of mortar. Sodium sulfate chemical
agent and tap water are used to prepare 5% Na,SOj4 solution. Emulsified asphalt (EA) is provided by
Guangdong Nanyue Logistics Group and its physical and chemical properties are shown in Table 2.
One commercial admixtures, alkali metal silicate liquid (WA), is also used. The mixing proportion of
sample is listed in Table 3.
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Table 1 Chemical oxide composition of cement and fly ash / % by weight

SIOZ A1203 F6203 CaO MgO SO3
Cement (C) 21.3 5.8 3.9 59.7 3.4 2.3
Fly ash(FA) 54.0 25.1 9.3 3.7 1.2 0.3
Table 2 Physical properties of emulsified asphalt
Viscosity at 25°C Residual /% by weight Penetration depth at 25°C Softening point
6 60.5 68 56 C
Table 3 Mixing proportions of mortar samples / by weight
. Composition of raw materials
Serials - -
cement Fly ash (FA) admixture sand Water/binder
1#(control sample) 1.0 0 0 3.0 0.5
2# 0.75 0.25 0 3.0 0.5
3# 1.0 0 0.03 (EA) 3.0 0.5
At 1.0 0 0.06 (EA) 3.0 0.5
S# 1.0 0 0.02 (WA) 3.0 0.5
6# 0.75 0.25 0.03 (EA) 3.0 0.5

Note: water/binder expresses water to total of cement and fly ash ratio by weight.

Test methods. According to the mixing proportions of different mixtures shown in Table 3, the
samples were mixed in mortar mixer and then the mortar sample with a size of 40mm X 40mm X
160mm was cast. The sample was cured in water with 201=2°C after demoulded at 1 day age. All
samples at 14-day age were partly submerged into 5%Na,SOy solution, i.e. two third of height of
sample was exposed atmosphere and one third of height was submerged into solution. This
experiment was carried out in controlling environment room with (20+3)°C temperature and (60 £
5)%RH. Every three days the concentration of solution and its amount were checked and added in
order to keep a similar solution condition. From the beginning of this experiment, the mass of all
samples was recorded at each interval time. The crystal on surface of sample was not removed when
the mass of sample was weighed. The flexural and compressive strength of sample was tested when
the experiment finished at one year. And then some typical samples were chosen to analyze
corresponding microstructure by SEM test.

Results and discussions

The mass change of sample with immersion age. Fig.1 gives the results of mass change of
samples with different compositions. One can find that, from the results shown in Fig.1, the mass for
each sample increases with the increasing immersion time. However, the change of mass of samples
with the partly submerged age differs from each other. When the partly submerged age is more than
90 days the mass for most samples increases rapidly with the extended immersion age. In the case of
sample only with Portland cement, it shows a maximum incremental in mass. However, the mass
increment of sample with EA is less than that of sample with FA. The most worthwhile is that the
mass of sample with EA and FA almost keeps constant within the whole experimental period.
Obviously, the change of mass of sample mainly results from the substances exchange between
solution and sample and the loss of water of sample caused by evaporation role during partly
submerged experiment period. The increase of mass of sample with immersion age indicates that
much substances of solution gradually enter into sample through capillary pore. The more the
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substance enters into sample from solution, the more the mass of sample increases. The difference in
pore structure of different samples is responsible for the difference in change of mass with partly
submerged age.

—m— control sample
4 —0—25%FA
—A—3%EA
—A— 6% EA
——2% WA
—O—25%FA+3%EA

increasing ratio of mass / %

I A

7/
U o 9/0
<
&>
*
T T T T T T T T T T T T T T T T T 1
-50 0 50 100 150 200 250 300 350 400

semi—immersion / day

Fig.1 Effects of compositions on mass change of sample with partly submerged age;

Appearances of samples after one year by partly submerged treatment. For the sake of further
understanding directly the sulfate attack on mortars with different compositions, the typical
appearances of different samples were taken picture and shown in Fig.2 when the one year
half-immersion test finished.

From the pictures shown in Fig.2, one can see that the appearance of samples differs greatly from
each other after one year partly submerged experiment. In the case of control sample (serial 1#),
serious crack is observed. At the same time, much crack can also be found in samples incorporating
WA admixture (serial 5#). For other samples such as serial 2#, 3#, 4# and 6#, there are only some
small flaws and even no obvious crack are observed on their surface, especially for serial 6# sample
keeps in good condition. Crack mainly results from the physical crystallization of sulfate and the
generation of expansive product between sulfate and cement hydration product of sample. The more
the crystal of sulfate and expansive product exists in sample, the more serious the sample cracks. It
can follow that the sample with EA and FA has better resistance to sulfate attack of physical
crystallization and aggressive chemical action with cement hydration product.

1 (b) Serial 2# (c) serial 3# (d) serial 4# (e) serial 5# (f) serial 6#
Fig.2 Pictures of samples appearance after 1 year partly submerged experiment

(a) Serial

Strength reduction of different samples after one year by partly submerged treatment.
Flexural and compressive test of different samples were carried out according to standard method
after finished the half-immersion experiment. The corresponding results are listed in Fig.3.

The results given in Fig.3 indicate that the sample with fly ash or emulsified asphalt has higher
flexural strength and the flexural to compressive strength ratio compared with that of control sample.
And it shows that emulsified asphalt is more effective in improving the resistance of mortar to sulfate
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attack. Meanwhile, a combination of fly ash and emulsified asphalt can further improve the strength
of sample subjected to 5%Na,SO4 partly submerged treatment for one year. The result of strength of
sample is consistent with the appearance change of samples as seen in Fig.2

154 0.4 -

0.34

0.24

flexural strength/ MPa
©
1

0.14

M) 7422,

flexural to compressive strength ratio

T T T T f T f T T T T T T
2# 3# 4# 5# 6# 1# 2# 3# 44 5# 6#

(a) flexural strength (b) flexural to compressive strength ratio
Fig. 3 Strength of different samples suffering 5% Na,SO, partly submerged treatment one year

Mechanisms. After finished strength test of sample, some typical samples were chosen to carry
out microstructural analysis by scanning electronic microscope test(SEM) in order to deep understand
corresponding mechanisms. The SEM pictures are shown in Fig.4. It can be seen that from the
pictures shown in Fig.4, in the case of control sample, there are much cracks observed in the interior
and much club-shaped secondary sulfate product existed. For the sample with fly ash(see Fig.4b), one
can see some fly ash particle and numerous hydration products in interior of sample with a
magnification of 500. And several cracks can be found around fly ash particle in sample with a
magnification of 5,000. Fly ash particle seems become an obstacle of crack propagation. It is
surprising to find lots of ettringite crystal in the SEM picture of sample with 2% WA and the ettringite
with regular shape forms into a porous meshwork structure. This indicates that addition of WA
admixture accelerates the formation of expansive secondary sulfate products, which results in a
serious damage of sample. As to the sample incorporating emulsified asphalt and fly ash with a
magnification of 1000, we can see much cluster flocculent substance and plenty of continual
interwoven substance under a magnification of 10,000, which is the polymer structure of emulsified
asphalt. And also several small crystal substances can be observed, which were enveloped by the
continual network of film structure of emulsified asphalt.

From above microstructure analysis by SEM, it can be followed that under 5% Na,SO4 solution
partly submerged condition, not only the physical crystallization role of sulfate but also the secondary
sulfate product formation such as ettringite are both responsible for the deterioration of sample.
However, samples with different compositions have remarkable different resistance to such
physicochemical attack of sulfate due to the disparity in the microstructure of sample, crystallization
rate and aggressive secondary sulfate product formation. Addition of fly ash can reduce the amount of
portlandite (CH) which is prone to interact with SO, to form ettringite and also the rigid fly ash
particles can prevent crack from propagation. Emulsified asphalt, as a polymer, can reduce
permeability of sample and improve ductility, which will benefit for resistance of cementitious
materials to physicochemical attack of sulfate. A combination of fly ash and emulsified asphalt can
play a synergetic effect in improving the performance of cementitious materials subjected to sulfate
attack.
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(d) sample with 6%

emulsified asphalt (serial 6#)

Fig.4 SEM pictures of samples suffering to 5% Na,SO4 partly submerged treatment one year
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Conclusions

Not only the physical crystallization role of sulfate but also the secondary sulfate product
formations such as ettringite are both responsible for the deterioration of cemenitious materials
subject to 5% Na,SO4 solution partly submerged treatment. The resistance of cementitious materials
to such physicochemical attack of sulfate is remarkably influenced by its compositions. Compared
with fly ash, addition of emulsified asphalt is more effective in improving the resistance of mortar
sample to physical crystallization and chemical attack of sulfate. Moreover, mortar incorporating a
combination of fly ash and emulsified asphalt shows further improvement of resistance to sulfate
physicochemical attack, which results from the reduction of CH, improvement of microstructure and
increase of ductility of sample.
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Abstract. To study the effect of concentration and type of de-icing salt on salt scaling based on the
mechanism of glue spaling proposed by John J. Valenza Il and George W. Scherer, the de-icing
solution of NaCI andCaCl, on the concentration of 1%, 3%, 5% and 7% were frozen into brine ice .
Order to obtain the relationship of elastic modulus between the type and concentration of de-icing ,all
brine ice specimens were tested under uni-axial compressive loading. The test results show: with the
increase of concentration, the elastic modulus and peak stress of bring ice were decreased;when the
same concentration ,the elastic modulus and peak stress of NaCl brine ice were higher than
CaCl,.Based on the test results ,a reasonable explanation of the following phenomenon were
given: The different type of de-icing salt all can lead to salt scaling of concrete;when the concentration
of de-icing salt is moderate,it is will occur the most serious salt scaling.

Introduction

In the process of concrete salt scaling, the focus of all the researchers is on the effect of the type
and concentration of the deicing salt on salt scaling [ : in recent years, new type deicing salt which
main composition is CaCl, began to extensive use, but the effect is not obvious: compared to the
concrete road traditional deicing salt is used,the use of new type deicing salt is not improve the
durability of concrete ;it is found is not the higher the concentration,the more serious damage of
concrete in process of using de-icing salt. Only in low concentrations, the concrete will produce the
most severe damage. In this paper, based on the mechanism of glue spaling, unconfined uniaxial
loading failure tests was carried on the brine ice which formed by the de-icing solution of NaClI
andCaCl, on the concentration of 1%,3%,5% and 7%.

Salt scaling

Damage phenomenon The research of salt scaling which began in the 1930s is the more early,
deeply subject in domestic and foreign. Hundreds of laboratory and field studies have clearly
identified the characteristics of salt scaling, but have not explained the cause. In a companion article
this work was critically reviewed, and the following list of characteristics was compiled:

Phenomenon (1): Salt scaling consists of the progressive removal of small flakes or chips of
binder, and gradually developing inward, exposing aggregate, eventually leading to the scaling
damage of the concrete .

Phenomenon (2): No matter what the deicing salt, no matter whether the chemical composition, as
long as the concentration when appropriate, all can cause serious deicer-frost concrete erosion
damage, there is no so-called on concrete harmless deicing salt or snowmelt agent [,

Phenomenon (3): Regardless of de-icing salt type and chemical composition, as long as the
concentration is appropriate, the concrete will cause serious scaling damage. It is not exist the
de-icing salt which is harmless to concrete.

Phenomenon (1) show that the strength of the concrete surface affects the extent of salt scaling: the
stronger the concrete surface, the weaker the degree of scaling; the weaker the concrete surface, the
more serious the damage.Phenomenon (2) and (3) show that salt scaling is related to the physical
characteristics and has little to its chemical properties. However, for the phenomenon (3), different

scholars have different interpretations (891,
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Glue spalling mechanism Recently, J.J.Valenza II and G. W. Scherer studied the typical
phenomenon of concrete salt scaling and proposed the glue spalling mechanism “''l. This
mechanism consider the main reason for salt scaling is that the thermal expansion coefficient of ice is
about five times to the cement,when the temperature decrease , the deformation of the concrete and
ice is not harmonious.The bond strength between ice and concrete is strong enough because the
surface of concrete exits micro cracks during use ,thus the interface between ice and cement generates
stress. The stress makes the cement mortar of the surface flaking along the existing cracks layer by
layer. The cracks expanding and coarse aggregate exposure eventually leads to the concrete scaling.

Text survey

Test content The researchers studied the effect of the type and concentration of the deicing salt on
salt scaling mainly from the material properties and mechanical properties of concrete, and ignored
the mechanical properties of the brine ice. The glue spalling mechanism considers that the elastic
modulus of concrete and brine ice are both related to salt scaling. Gulati and Hagy "' proposed
formulation for the glue spalling mechanism by the finite element analysis:

Ocf = ( Ee ) [AaAT — o (::f)] : (1)

1-v¢

_ 0.5tc[Ec/(1—v)]AQAT
Of = ste(Ee/EDl(1—vp)/A—vol+t; *

(2)

0. = —20¢ (:—z) . 3)

o is the stress parallel to the x-axis, E is the elastic modulus, v is the Poisson ratio, Aa = af — o
is the thermal expansion mismatch, AT is temperature change, and throughout this section the
subscripts ¢ and f indicate quantities that correspond to the concrete and ice, respectively. The stresses
in the concrete is o, and the ice is oy.

Eq.1and Eq.2 only considered the elastic modulus of pure ice. This paper studies the relationship
between the type and concentration of brine and the elastic modulus . Unconfined uniaxial loading
failure tests was used to obtain the elastic modulus of brine ice . The data from the test was processed
and analyzed in order to explain the role of the type and concentration of the deicing salt on salt

scaling reasonably.

Test equipment and materials Distilled water and the deicing salt on the concentration of
1%,3%,5% and 7% configured by CaCl, and NaCl which produced from Sinopharm Chemical
Reagent Co., LTD, were used in the test. The refrigerator, STDW-40 low temperature test box is
produced from Zhejiang geotechnical equipment manufacture Co., LTD. The loading test apparatus
adopts the STH series microcomputer control electro-hydraulic servo universal test machine is from
Shanghai sans Measuring Instrument Manufacturing Co., LTD, the whole process can be controlled
by microcomputer and data can be automatically storage.

Test method Put the solution of deicing salt into a mould on the size of 4cmx4cmx4cm, and make 9
test blocks formed by the de-icing solution of NaCI and CaCl, on different concentration. Before the
test, the deicing salt solution should be frozen 48 hours in the refrigerator, the freezing temperature
i1s-25°C , in order to make the temperature of the test blocks can achieve the actual condition of the
northeast of our country after the snow.

Take out the test blocks of brine ice from the mould after the frozen, unconfined uniaxial loading
failure tests was carried. In the process of loading test, the indoor temperature is controlled at 0°C, in
order to reduce the influence of the indoor environment temperature on the results of the test.

According to the research results of the literature 5] in the process of pressing the brine ice,
complete stress-strain curve can be obtained when the rate of the loading test is 10mm/min. So this
test loading control method uses displacement control, and loading rate is10 mm/min, the control
accuracy of the the same rate is <+1%.
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Experimental results and analysis

Constitutive relation of deicing salt Contrast Fig.1 and Fig. 2, it is known that the appearance of the
brine ice frozen from sodium chloride and calcium chloride solution exists obvious differences:
sodium chloride brine ice for thick milky-like, and calcium chloride brine ice for transparent floe in;
when it freezes ,the volume expansion of sodium chloride is slightly larger than calcium chloride .

Fig.1 NaClI solution after freezing
Fig.3 (a) and (b) show the stress-strain curve of NaCl and CaCl, brine ice in different
concentrations when uniaxial compression test without lateral restraint is carried, the results show
that:along with the deicing salt solution concentration increases, the peak stress and curve slope of
brine ice which is formed by sodium chloride and calcium chloride are both presented down trend;
when the concentration is low (1% ~ 3%), the decline degree of sodium chloride and calcium chloride
is roughly the same ;with the increase of the concentration, downward trend of the peak stress and
elastic modulus of calcium chloride is more obvious and stress-strain curve is more gently which
shows that the brine ice of calcium chloride has better ductility.
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Fig. 3 Stress-strain curve of brine ice :(a) sodium chloride (b) sodium chloride

The experiment data of sodium chloride and calcium chloride brine ice is processed with the
method of regress analysis, it is concluded that a linear relationship between stress and deformation
which is showed in Eq. 4 and Eq. 4. The specific parameter values is showed in Table 1.

of = Ags — B (Sodium chloride, sample n = 9, correlation coefficient R%).

4
)

o¢ = Cer — D (Calcium chloride,sample n = 9, correlation coefficient R?).
Deicing salt concentration and elastic modulus From the glue spalling mechanism Eq.1 and Eq.2,
it is known that in the process of salt scaling, o.sand oy is directly related to the elastic modulus of
brine ice which is E¢: when the concrete elastic modulus, Poisson's ratio, thermal expansion
coefficient and the brine ice thermal expansion coefficient ,Poisson's ratio are known, o.s and o¢
reduce when the elastic modulus E¢ decreases. In Fig.2 (a) and (b) the test data is processed with the
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method of regress analysis, it is found that the concentration of sodium chloride and calcium chloride
and the elastic modulus of brine ice have a good relationship of exponential function, the correlation
coefficient are both greater than 0.99, the regression equation is:

E; = 203.36e 0199 6)
(Sodium chloride, correlation coefficient R = 0.9958)

Ef = 204.33e703%3w (7)
(Calcium chloride, correlation coefficient R> = 0.9957)

Table 1 The regression equation value of brine ice

concent pa'ran A B R% C D R%
0% 202.28 0.226 0.9676 202.28 0.226 0.9676
1% 160.83 0.135 0.9834 144.4 0.3452 0.922
3% 118.68 0.102 0.9728 67.841 0.067 0.9839
5% 75.809 0.158 0.9583 39.951 0.0209 0.9715
7% 49.191 0.0847 0.9472 16.321 -0.1208 0.877

Comparing Fig.4 (a) and (b), it is found that the elastic modulus of sodium chloride and calcium
chloride are tend to decline with the concentration increases; when the concentration of de-icing salt
in 1% to 3%, the elastic modulus of brine ice is relatively close.

2500 - 2500 -
2000 2000 1
,;1500 . y = 2033,6e°0.19% El 500 - y = 2043,3e7035%
%1000 . <1000 -
UTBOO . - 500
0 . . . . 0 . .
0 2 4 6 8 0 5 10

Concentration (%) Concentration (%)

Fig.4 The curve concentration-elastic modulus : (a) Sodium chloride ,(b) Calcium chloride

Freezing sodium chloride or calcium chloride solution,as the temperature decreases , when
solution concentration is less than 22.4%, there will be ice precipitation; more than 22.4% ,there will
be salt precipitation. Actually, the deicing salt solution concentration is usually far less than 22.4%
both in field or laboratory use, so with the temperature decreases there will be ice precipitated from
de-icing salt solution and the remaining solution concentration W, will increase. When the salt
solution temperature decrease AT, the relationship between the volume of the ice separation in the
total volume of the solution ® and the initial concentration of solution W, is!"*:

p=1-2, (8)

Weeks'"! froze NaCl solutions of various concentrations and measured the tensile strength, o;.
He found the following empirical dependence on the volume fraction of ice, ®:

opr(MPa) =247 —5.15v1 - @ . 9)

Eq.9 indicates that brine ice has no strength below a volume fraction of ® =~ 77% .At the lowest
temperature in a salt scaling experiment (AT =~ 20°C), ice is in contact with brine at W, ~ 22%!°.
Using this value in Eq. 8, setting ® = 77%, and solving for W, indicates that a solution with
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Wy = 6% has no strength in the temperature range of a salt scaling experiment. Through the analysis
of Eq.8 and Eq.9, and the relationship between the elastic modulus Ef and concentration in figure 5
and figure 6, we can explain the influence of concentration on salt scaling damage:

With the initial concentration of the salt solution W, increases , the tensile strength of brine ice
or decrease. When the concentration is low (< 3%), the tensile strength of brine ice o is larger than
the stress of which is produced in the prosess of frozen, so the concrete surface will not occur salt
scaling because the brine ice does not damage ;

When the concentration of de-icing salt solution in the medium range (3% to 5%), the stress in
brine ice oy is larger than the tensile strength op. The brine ice will crack,the scaling stress 0.5 in the
contact surface between brine ice and concrete which is generated by the temperature changes will be
concentration due to the brine ice occur cracks . The stress that increases abruptly is larger than the
tensile strength of concrete, which leads to concrete spalling step by step from the surface.

When the concentration of de-icing salt solution is high (= 7%), the brine ice will occur soften
and almost has no tensile strength.The stress that is generated by the temperature changes will be
eliminated because the brine ice is too soft ,so the concrete will not occur salt scaling in this condition

Comparison of different solutes Fig. 5 (a)-(d) for comparison of the stress-strain relationship
between sodium chloride and calcium chloride r when the concentration is the same . It can be found
that when the concentration of the solution is 1% and 3%, the two curves of different solutes are close
which indicates that the mechanical properties are close. When the concentration is 7%, in the initial
stages of loading, the stress of calcium chloride is larger then sodium chloride ; continue to loading,
the stress of sodium chloride is over calcium chloride instead which is showed the sofeten
phenomenon of calcium chloride is more obvious. By analyzing Fig. 7- Fig. 10, it can be drawn on the
effect of salt type to salt scaling:

The two types of deicing salt solution can both cause scaling damage of pavement concrete.
When the concentration of sodium chloride is 3% to 5% ,it will cause salt scaling of the concrete and
calcium chloride solution at a relatively low concentration (1% to 3%) can lead to scaling damage to
the concrete.

Conclusion

Through the unconfined uniaxial loading failure test on brine ice that formed by frozen deicing
solution of different concentration and discussing and analysing on the experimental data, the reason
why the concentration of deicing solution is in the medium range during the salt scaling of concrete
will cause serious damage is explained: when concentration is low, the stress caused by temperature
changes is less than the tensile strength of the brine ice, so the salt scaling can not happen; when
concentration is too high, brine ice will happen to soften, have no intensity, the stress caused by
temperature changes can not be transfered to the concrete that is lower; when concentration is
medium, the tensile strength is large, and can also be transfered to the surface of the concrete, and
cause salt scaling on the concrete.

Through the unconfined uniaxial loading failure test on the concentration of de-icing salt with
different solute (NaCl and CaCl,), we obtain the effects of the solute: with the increase of
concentration of salt solution, the tensile strength and the stress, during salt scaling, of the brine ice
that formed by different solute will decrease, as long as the concentration appropriate, it can cause
serious stripping on concrete; new solution of deicing salt (CaCl,) did not achieve the ideal effect,
after using it, the durability of the concrete will be damaged.
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Abstract. Chloride ion migration tests, or so called electrical accelerated tests, for testing chloride
diffusion coefficient of cementitious materials are reviewed. The ion migration theory of electrical
accelerated tests is presented. Four main representative measures, chloride penetration test, steady
state migration test, unsteady state migration test and salt saturated conductivity test, are introduced
and their theoretical calculations of chloride diffusion coefficient are described. Through analysis of
the theoretical calculations, it could be found that all electrical accelerated tests are based on ion
migration theory although different suppositions are adopted. Steady state migration test is the most
suitable measure to determine chloride diffusion coefficient among the migration tests. Dcipr, Drem
and Dgscr calculated by chloride penetration test, unsteady state migration test and salt saturated
conductivity test could be used to identify the resistance to chloride ion penetration of cementitious
materials but are not the real diffusion coefficient.

Introduction

Chloride ion ingress is a common phenomenon for cementitious materials structure which is in
marine environment or in frozen area where deice salt is applied. It will cause reinforcement corrosion
for reinforcement cementitious materials structure. The main mechanics of chloride ion ingression
include permeation, capillary absorption [1], diffusion, migration and convection. They can be
represented by the following mathematic model as Eq. 1 shows. Among them, the convection and
migration are always neglected due to velocity of solute is diminutive and migration will only happen
in particular case when extra potential is enhanced for example the metro concrete structure.
Therefore permeability, sorptivity, and diffusion coefficient are the main three indexes for describing
chloride ion ingress hitherto.

J:CEVP+CS\/;+D£+ Z;;

7 dx
Where J is the chloride ion flux, C is the concentration of the ion source solution, k is the permeability,
w is the viscosity, VP is the pressure gradient, S is the sorptivity, ¢ is the absorption time, D is the
diffusion coefficient, dc/dx is the concentration gradient, z is the electrical charge of the ions, U is the
voltage, F' is the Faraday’s constant, R is the universal gas constant, / is the distance between
electrodes, T is the absolute temperature, V' is the velocity of solute.

Diffusion in concrete especially for high performance concrete is a very slow process causes that
testing chloride diffusion coefficient is a real time consuming work. In order to determine the
diffusion coefficient of concrete rapidly, several accelerated methods were designed in the past 30
years based on the mechanic of migration. In 1981, Whiting [2] developed a method to measure

DC+CV (1)
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chloride permeability of concrete. Later, it was accepted as standard method by ASTM C1202 and
AASHTO T277 using six hours electrical charge as a rapid chloride diffusion index[3,4], although
there is not logical theoretical basis. Essentially it is an unsteady state migration test. There is not a
steady chloride ion flux formed across the concrete specimen and it is difficult to indentify how much
current is carried by chloride ions. Reference [5] proves that it might be a useful indicator of chloride
diffusion and an empirical equation to predicate chloride diffusion coefficient is given by reference
[6]. In 1993, an accelerated method called steady state migration test was developed [7,8] and later
was accepted as a standard method (NT Build 355 )[9]. The steady state migration test using the
migration term in Eq. 1 to calculate chloride diffusion coefficient has a clear convincing theoretical
basis [8]. However determining chloride ion concentration gradient during the testing procedure is
laborious and time consuming and may cause operation error. Until the conductivity sensor was
proved experimentally to be a convenient way to determine chloride ion concentration in the anolyte
[10] and the theoretical relationship between conductivity and chloride ion concentration was
explained by reference [11], steady state migration test is becoming a largely acceptable migration
test. As well as an in-situ migration test based on steady state migration test was developed by
Basheer [12,13] in 2005. Almost meanwhile, in 1992, Tang and Nilsson [14] devised an unsteady
state migration test combining diffusion and migration terms in Eq. 1 to calculate chloride diffusion
coefficient by using a numerical solution. Later it was adopted by NT Build 492 [15] as standard
method. Although there is a good correlation between steady state migration test and unsteady state
migration test [16], the theoretical basis of unsteady state migration test is not acceptable completely
due to the migration equation is derived based on steady state migration and whether it is suitable for
unsteady state migration is still needed to be proved. In 1995, Streicher and Alexander [17] developed
a chloride conduction test for testing the conductivity of high concentration salt solution saturated
concrete. And later Lu [18] modified this method by applying Nernst-Einstein equation which is a
transformation of migration term in Eq. 1 and which also has been mentioned in reference [7]. For
Nernst-Einstein equation, it is difficult of indentify the value of the chloride ion transference number.
The perception of making chloride ion transference number equal 1.0 is not reasonable. In 1998, Zhao
et al [19] developed an alternating current conductivity test by modifying ASTM C1202 which has
been proved correlating well with ASTM C1202 test [19] and unsteady state migration test [20]. This
method is devoid of theoretical basis and can only supply an index to evaluate the resistance to
chloride ion penetration of cementitious materials. In conclusion, the above chloride ion migration
tests are all based on ion migration theory but they give different indexes for describing chloride
diffusion coefficient. Therefore which one is approaching the real diffusion coefficient is needed to be
identified.

In presented work, the ion migration theory is reviewed and the theoretical calculation of four main
tests is analyzed. Through comparison the most suitable test for determining chloride ion diffusion
coefficient of cementitious materials is suggested.

Ion Migration Theory

According to electrochemical theory, the electrical driving force on randomly drifting chloride ion in
ideal solution is showing in the following equation:

f =z @
Where £ is the electrical driving force (N), z is the electrical charge of the ions (z = 1 for chloride), e
is the charge of electron (1.6 X 107°C), U is the voltage (V), / is the distance between electrodes (m).

Then the ion velocity could be calculated as following:

v=uf )
Where u is the absolute mobility (m*/s/)).

According to Einstein equation[8]:

D =ukT 4)
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Where D is the diffusion coefficient (m*/s), & is the Boltzman constant (1.381x107°J/K), and 7 is the
absolute temperature (K).

By combining Eq.2, Eq. 3 and Eq. 4, the chloride ion flux J (mol/m?/s) equals:

g zUF DC (5)

RTI

Where F'is the Faraday’s constant (9.65 x 104 C/mol), R is the universal gas constant (8.31 J/K/mol),
C is the concentration of the ion source solution (mol/m?).
This equation is also named Nernst-Plank equation. If the chloride ion flux could be determined, the
chloride ion diffusion coefficient could be calculated with Eq. 5. This is the theoretical basis for
chloride migration tests.

Chloride Ion Migration Tests

Chloride Ion Penetration Test
In the chloride ion penetration test (CIPT) following ASTM C1202 specifications, the transport of
chloride ions is accelerated by applying an external 60 V direct current voltage. The total charge
passing through the specimen during the initial 6 hours is calculated as the resistance to chloride ion
penetration which is shown in Eq. 6:

0= j'ldt (6)

Where Q is the total charge (C), / is the current (A), ¢ is the total elapsed testing time (s). If the current
is all carried by chloride ion, it will be easy by determining current to calculate chloride ion diffusion
coefficient. In fact, in the pore solution of cementitious material there are several ions such as
hydroxide ion, calcium ion and sulfate ion will also join the carrying of current. With 6 hours testing
time, chloride ion will not pass through specimen in most cases and there will not be a steady chloride
ion flux formed. So an empirical equation is applied to predict chloride diffusion coefficient D¢jpr
(m?/s) as following [6]:

Dy =0.0103x107° x (Q)*** (7)

Steady State Migration Test
In the steady state migration test following NT Build 355 specifications, a 12 V direct current voltage
is applied until the chloride ions passing through the specimen. Then the chloride ion flux is
determined and chloride diffusion coefficient Dgg)r (m?/s)is calculated by the following equation:

RTI
pr—— ()
zUFC
Steady state migration is time consuming relatively for continuous measurement of the

concentration of chloride ions in the anolyte. Although the conductivity sensor technology can be
applied to test chloride ion concentration automatically, several days testing time for getting steady
state migration is still needed. However, steady state migration test has a clearly theoretical basis and
the chloride ion diffusion coefficient determined approaches the real value closely.

Unsteady State Migration Test
In the unsteady state migration test, also named rapid chloride ion migration test (RCM), following
NT Build 492 specifications, a 30 V direct current voltage is applied. Then the chloride ion
penetration depth is measured to calculate the chloride diffusion coefficient. In the calculation
procedure, both diffusion and migration terms in Eq. 1 are included. The final calculation equation of
chloride diffusion coefficient Dycys (mz/s) is shown below [14]:

x, —1.062x,%% j
t

DSSMT

Dicas :1.189><10“[ 9)
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Where x, is the chloride ion penetration depth (mm), # is the testing time (hour). It needs to highlight
that he RCM test does not need to form a steady chloride ion flux. Therefore the testing time could be
shortened to approximately 24 hours.

Salt Saturated Conductivity Test
In the salt saturated conductivity test (SSCT), a solution of 4 mol/l sodium chloride is applied to
saturate specimen previously with vacuum dessicator. Therefore a steady chloride flux is assumed to
be formed. Then the conductivity is determined by using 5 V direct current voltage. The chloride
diffusion coefficient Dsscr (m?/s), is calculated with the following Eq. 9 [18]:

D _ RTo (10)
SSCT Z2 F2 C

Where o is the conductivity (S/m), C is the concentration of the chloride ion (4 x 10° mol/m’). With
the saturation assumption, a steady chloride ion flux could be seen as formed. The convenience for
NEL test is that it can be finished in several minutes except the one day saturation time. Eq. 9 also is a
transformation of Eq. 5 by using current to calculate chloride ion flux. During the calculation, the

transference number equals 1.0 is assumed although it is obviously not.

Comparison of Different Tests

Hitherto the above-mentioned four tests are the main accelerated measures for determining chloride
diffusion coefficient of cementitious materials. In fact, they are not all suitable in theory.

They all based on ion migration theory actually although different assumption is adopted. CIPT
test and RCM test belong to unsteady state migration test. SSMT test and SSCT test are steady state
migration tests relatively. It is clearly that ion migration theory assumes that a steady ion flux is
formed then the voltage distribution could be presumed consistent. In view of this, it is better to apply
SSMT test and SSCT test to determine chloride ion diffusion coefficient. Although SSCT test is a
steady state migration test, it must be indentified that the current is carried by not only chloride ion
flux but also several other ion fluxes such as hydroxide ion flux, hydrogen ion flux and calcium ion
flux. Assuming the transference number is 1.0 is not acceptable as reference [13] described. In
conclusion, the chloride ion diffusion coefficient tested by the SSMT test is approaching the real
diffusion coefficient. On some levels, experiments show that D¢jpr, Drey and Dsser have a high
correlation with Dgg),r and they could be used to estimate the resistance to chloride ion penetration of
cementitious materials.

Conclusions

The migration tests for testing chloride diffusion coefficient of cementitious are all based on the ion
migration theory. The steady state migration test is the most suitable measure to determine chloride
diffusion coefficient among the migration tests. Dssyr is the one of all others approaching the real
chloride diffusion coefficient. D¢jpr, Dreyr and Dsser could be used to identify the resistance to
chloride ion penetration of cementitious materials but are not the real diffusion coefficient.
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Abstract With L-glutamic acid as raw materials, N-carboxy-L-glutamic acid-benzyl-anhydride
(BLG-NCA) was synthesized by triethanolamine. With triethanolamine as the initiator in the
anhydrous dichloromethane, ring-opening polymerization of BLG-NCA was initiated,
poly-l-glutamic acid benzyl ester was obtained. The amount of initiators, molar ratio of
monomer/initiators, reaction temperature and reaction time to the effect of poly-l-glutamic acid
benzyl ester in the ring-opening polymerization of BLG-NCA were studied. At last, poly
L-glutamate was got, after the debenzylation in HBr solution. Through infrared spectroscopy,
Ubbelohde viscometer, 'H NMR spectra, polymerization product was characterized and analysized.
Results showed that in dichloromethane, ring-opening polymerization of BLG-NCA could be
initiated by triethanolamine.

Introduction

Polyamino acid (such as polyglutamic acid, polyaspartic acid, polylysine, etc) has a structure of
amide bond which is similar with protein, it is a kind of biodegradable material. Polyamino acid has
excellent biocompatibility, because in carboxylic molecules one or more than one hydrogen atom
are replaced by amino group. Poly L-glutamic acid (PLGA) is a kind of polypeptide copolymers,
and it is connected by amides bond which is located between alpha amino and carboxyl group in
L-glutamate. It has good compatibility with cells, tissues and other biological components, it is
easily degraded, metabolism and absorbed into the body and no side effects in living bodies.
Because there are a lot of carboxyl in its molecular chain, it is easy grafting or blending with other
polymers, and forming a more excellent properties of materials, thus it has been widely used for
drug slow-release[1-3], medical adhesive and other tissue engineering[4], etc.

In this paper, with L-glutamic acid as raw material, BLG-NCA is synthesized by triphosgene.
With triethanolamine as the initiator, ring-opening polymerization of BLG-NCA is initiated by
triethanolamine. Poly-I-glutamic acid benzyl ester is got, studying on the amount of initiators, molar
ratio of monomer/initiators, reaction temperature and reaction time to the effect of poly-I-glutamic
acid benzyl ester in the ring-opening polymerization of BLG-NCA. Poly L-glutamate is got,after
the debenzylation in HBr solution and the structure is characterized.

Experimental process

In a dry flask with three, a new synthesis of BLG-NCA[5]was introduced, according to the rate
of charge(triethanolamine is not dissolved in dichloromethane at normal temperature,so it needs
diluted by propanone before experiment), the measurement of aniline and 30mL dichloromethane
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are added, they are reflowing under nitrogen and mixed reactions. Reaction solution was poured
into excessive amounts of alcohol, then it was precipitated and filtered. After natural drying,
transparent solid polymers are got. Its yield is common.

After 1.0g new synthesis of PBLG was prepared, it is dissolved by 16mL trifluoroacetic acid at
50°C, and then 7mL volume fraction of 33% HBr-acetic acid solution are added, they were
maintained at 50°C, 2h, at room temperature overnight. Reaction solution was slowly poured into
300mL ether, it is precipitated and filtered. After drying, 0.52g PLGA was got. FT-IR spectrum was
measured with a Nicolet-380 Fourier Transform Infrared Spectrometer. 1H NMR spectra is
measured with a Bruker Unity-400 NMR spectrometer, the solvent is CDCI3, and internal standard
is the four methyl silicone. The intrinsic viscosity of samples [n] is determinated by Ubbelohde
viscometer with a point method.

Result and discussion

Ring-opening polymerization of NCA was initiated by triethanolamine in dichloromethane.
Ring-opening polymerization process is shown in Fig.1. 5-carbonyl carbon atom of the NCA
monomer was attacked by the tertiary amine of triethanolamine, just as triethylamine, intermediate
was formed. Then the intermediate rapidly eliminated CO2 and continued to react with another
NCA. The assynthesized polymer was then dried vacuum at 50°C for 24h.

/o
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) ) ) |
(HOCHCH, ) ;N + C|H—NH NCA, NCA, —E NHE—CH—C 77
CH, i
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Fig.2 FT-IR spectrum of poly-L-glutamic acid benzyl ester.

FT-IR analysis of Poly L-glutamate assynthesized is represented in Fig. 2. Peaks at 3290, 1646
and 1549 cm-1 are associated with the secondary amide characteristic absorption peak in the
polymer. The peak at 3290 cm-1 is designated as the stretching vibrations of N-H of the amide. The
peak at 1646 cm-1 is designated as the stretching vibrations of C=O of the amide, the amide 1. The
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peak at 1549 cm-1 is designated as the asymmetric stretching and symmetric vibrations of CH2
stretching vibrations of C=0O of the amide, the amide II. The characteristic absorption peak at
1865cm-1, 1774cm-1, 930cm-1 was disappeared, which indicated that BLG-NCA was polymerized.
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Fig.3 "H NMR spectra of poly-L-glutamic acid benzyl ester.

In Fig.3 about 1H NMR spectra, at about 6 2.28 chemical shift of B-proton of methylene comes
forth. And at about & 2.62 chemical shift of y-proton of methylene appears. The peak of about 6
3.95 agreed to the chemical shift of a-proton of methine. At about 6 5.06 chemical shift of the
proton of the methylene in benzyl group.While the chemical shift of benzene ring at about 6 7.2 is
masked by that of CDCI3. Fig.3 shows PBLG was synthesized.

Table 1. The intrinsic viscosity & viscosity average molecular weight of PBLG

No. t ty t3 ty N Nsp ] M]

1 31.04  31.15 31.21 31.13 1.118 0.118 2.48 11958

The solvent of PBLG of sample on viscosity measurement is N, N-dimethylformamide (DMF),
the experimental temperature is 25 °C and the molecular weight is calculated with
[n]=2.9x10-7M1.7 [7]. It can be seen that in Table 1 the molecular weight is proportional to the
intrinsic viscosity [n]. The solvent of PLGA of sample was the 0.4mol/L. NaCl and 0.01mol/L
NaH2PO4 solution, the experimental temperature was 25 °C,and the molecular weight was
calculated with [n]=2.95%10-5M0.94 [3]. Viscosity-average molecular weight of the polymer is
about 12000 measured which is more than that initiated by triethylamine.

Summary

In summary, BLG-NCA was firstly polymerized initiated by triethanolamine in this work
through infrared spectroscopy, Ubbelohde viscometer, 1H NMR spectra. Three hydroxyl of
triethanolamine might hinded the nucleophilic attack of ring-opening polymerization. All these
results indicate that compounds with functional groups have great potential in the study of the
mechanism of this polymerization initiating with lots of nucleophile.
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Abstract. Concrete is the largest amount of artificial building materials in the world today. According
to incomplete statistics, the construction waste produced in china each year can reach about one
hundred million tons, and it can reach hundreds of millions of tons due to the long accumulation,
which has become a serious social and environmental issues. In this paper, the technology of
separation and recycle of waste concrete is studied, and the components of waste concrete are
separated effectively, which provides a technical guarantee for the recycling of waste concrete.

The waste concrete is disposed through the process of crushing, shelling and sieving and so on, the
coarse aggregate and fine aggregate are separated effectively, the properties of coarse aggregate are
nearly the same as natural aggregate. When the shelled fines is milled into ultrafine powder and used
as concrete admixture, the performance of concrete can be improved. These all provide a new
effective way for the recycling of waste concrete.

Introduction

Concrete is the largest amount of artificial building materials in the world today, and about 1.5~2
billion m’ of concrete are poured in China each year. At the same time, urban renewal construction
will demolish some aged buildings, which result in the amount of waste concrete more and more. On
a conservative estimate, nearly 100 million tons of waste concrete are produced in China and more
than one billion tons of waste concrete are produced all over the world.

The discard of waste concrete itself is a waste of resource, it has become a serious social and
environmental issues. At present, the method of disposing the waste concrete is single, the way of
simple landfill is generally adopted, some research work on the recycling of waste concrete is also
performed. But overall, the disposal of cement-based solid waste is still in no use or low-lever use
stage. It not only results in an enormous waste of resources and energy, but also brings damage to the
environment even has adverse effects on the development of national economy and the construction
of harmonious society. Therefore, the recycling of construction waste becomes more and more
important and urgent.

In this study, the coarse aggregate and fine aggregate as well as hardened cement paste in the waste
concrete are separated effectively, coarse aggregate is reused for producing new concrete, and other
fines are used as concrete admixtures after grinded.

“Shelling” separation process of waste concrete

For the waste concrete from demolition site, coarse aggregate and fine aggregate are tightly cemented
together by hardened cement paste and have certain strength. Adopting the ordinary method of
crushing can only crush the waste concrete on the size, coarse aggregate and fine aggregate can’t be
separated effectively. In order to achieve good separation effect, coarse aggregate and fine aggregate
must be separated, that is similar to husk the “shell” on the surface of coarse aggregate, thus obtain the
coarse aggregate with clean surface, sand and cement mortar as well as other mixtures.

A specialized device of separating concrete called waste concrete sheller is developed in this study.
It can complete the “shelling” separation of waste concrete which particle size is not more than
40mm. The principle is that applying mechanical method to effectively grind the certain size of waste
concrete, thus strip the hardened cement mortar from the surface of coarse aggregate. Specific
separation process is shown in Fig.1.
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Fig.1 Flow chart of the separation process of waste concrete

“Shelling” separation effects of waste concrete

Coarse aggregate and “shell” are obtained by the “shelling” disposal of waste concrete. The main
components of “shell” are cement mortar and small particle size of stones and so on. The separation
effect is mainly determined by the amount of coarse aggregate and its properties. In the process of
“shelling”, if all the coarse aggregate can be restored, the effect is the best. But it is impossible,
because in the process of crushing, “shelling” and separating, some coarse aggregate become smaller
(less than 4.75mm), meanwhile, the “shelling” time also has effects on the amount of coarse
aggregate.

The shelled mixtures are sieved by the round hole sieve, the diameter of the round hole is 4.75mm.
The aggregate which particle size greater than 4.75mm is called “shelling” coarse aggregate, it will be
used as coarse aggregate for producing new concrete. The mixtures which particle sizes are less than
4.75mm are the “shell” of waste concrete, it is called fines. When the fines are grinded by the ball mill
to the specific surface area more than 400m”/kg, it can be used as concrete admixture.

The test results of “shelling” and sieving are shown in Table 1, the mix proportion of waste
concrete in test is shown in Table 2, the strength grades of concrete is C30, service time is about 10
years.

Table 1 “Shelling” separation effect of waste concrete

Shelling Coarse

time[min] ageregate [%] Fines [%] Coarse aggregate: fines
2.5 61.6 38.4 1.62:1.0
4.0 54.0 46.0 1.17:1.0
5.0 41.2 58.8 1.0:1.40
7.5 26.0 74.0 1.0:2.84
10 21.0 79.0 1.0:3.76
Actual value 52.6 47.4 1.11:1.0

Table 2 Mix proportion of raw material of waste concrete[kg/m3]
Ingredients name Stone Sand Cement Water
Used material Gravel Medium sand  P.C 32.5 Tap water
Mix proportion 1273 520 448 179
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Property testing of being shelled coarse aggregate

Perform associated property testing on the “shelling” coarse aggregate and shelled fines, and compare
with natural aggregate and recycle aggregate without “shelling”, the results are shown in Table 3 and
Table 4.

Table 3 Property of recycled and “shelling” recycled coarse aggregate and natural graval

Material
Lndex Recycled “Shelling” coarse ~ Natural
coarse aggregate aggregate gravel
Bulk density[kg/m’] 1180 1495 1580
Apparent density[kg/m’] 2370 2391 2440
Voidage [%] 50 41 35
Crush index[%] 11.3 6.4 4.4
Water absorption[%] [24h] 6.4 1.4 2.6

Table 4 Comparison of particle size distribution[%]
Particle size range[mm]

5-10 10-20 20-30

Type of coarse aggregate

Recycled coarse aggregate 12.56 50.76 36.68

“Shelling” coarse aggregate 15.68 59.26 25.06

Natural gravel 14.36 46.68 38.96

Properties of concrete produced in coarse aggregate and fines separated from waste concrete

In order to test the influence of “shelling” coarse aggregate and grinded fines to the properties of
concrete, related experiments are performed and the specific results are shown in Table 5. Where,
benchmark concrete is produced by natural aggregate, the specific area of “shelling” fines is
430m?/kg, the grades of ground slag is S95.

Table 5 Comparative tests of concrete of different mixtures
Admixture  Slumps Compression strength [Mpa]

Number Category %] [mm] 7d H8d
1 Benchmark concrete 0 70 31.7 40.9
“Shelling” coarse
2 aggregate as 0 75 35.0 51.5
admixture
3 Shelled “shelling 15 100 34.8 45.5
fines as admixture
4 Ground slag as 15 100 28.5 50.5
admixture
Shelled “shelling”
5 fines and ground slag 15 90 329 52.9

as admixture[1:2]
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Results Analysis

(1) The influence of “shelling” time to separation effects. Table 1 shows that the amount of
produced “shell” increases with the growth of “shelling” time, which indicates that the cement paste
and the easy crushed aggregate on the surface of recycled coarse aggregate fall off, and the appearance
shape of coarse aggregate is very smooth and has been similar to natural gravel. The test results also
show that there is an optimal “shelling” time range, 4.0~5.0 min, then the ratio of coarse aggregate to
fines is close to the actual mix proportion of concrete.

(2) The test results in Table 3 show that the property indexes of “shelling” coarse aggregate such as
density, voidage, crush index and water absorption are better than those of the recycle coarse
aggregate which is crushed and sieved only one time. The property indexes of “shelling” coarse
aggregate is close to that of natural aggregate, especially the crush index, it is nearly the same as
natural aggregate after “shelling”. Table 4 shows that the particle size of aggregate becomes smaller
after “shelling”, which is related to grinding effect.

(3) The test results in Table 5 show that the property index of concrete produced by “shelling”
coarse aggregate is improved, it is mainly because the appearance shape and size grading of “shelling”
coarse aggregate are improved. After the “shelling” fines are grinded, one kind of product called
“shelling” fine powder which is similar to ground slag is obtained. If the “shelling” fine powder is
used as concrete mixture, the properties of concrete will be improved significantly. If the content of
admixtures are the same, compared with the concrete which use ground slag as admixture, its early
strength is high and later strength is low. This is determined by the composition of “shelling” fine
powder. Compared with ground slag, its active ingredient is less and the composition of sand is more,
which result in its low contribution to the later strength of concrete. If the sand is separated, its activity
will increase.

Conclusion

Applying mechanical method to effectively grind the waste concrete, the hardened mortar can be
shelled effectively from the surface of coarse aggregate, the ideal coarse aggregate can be obtained,
which can improve the properties of concrete. The fines is a good kind of concrete admixture after
grinded.
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Abstract. This document outlined the development of concrete mixing water at first. And then it
discussed some properties of concrete prepared with adding sea water and impacts of sea water on
effectiveness of concrete. The article also tried to explain some reasons of these impacts. The author
emphasized on analyzing the effect to the function of concrete by using seawater as mixing water
and the reasons and separately elaborated on the different effects to plain concretes and reinforced
concretes. At last, the article predicted the development trend of using seawater as concrete mixing
water.

Introduction

In general, drinking water is used as the mixing water of concrete, such as running water, the
flowing river water or lake water etc. Those that affect the common usage of concrete and
invariability are not suitable for using such as sewage, marsh water and so on. While China
relatively lacks in freshwater, water per head is only 2400 m>, only about 1/4 of the world average,
ranking 109 in the world. China has been listed one of the 13 countries who have less water per
head by UN. Of the 660 cities in China, more than 300 cities lack water. But China is rich in
seawater resources and its coastline is as long as 18 thousand kilometers [1]. If they are exploited,
they will make up for the shortage of freshwater to a certain extent. So in daily industrial production
and life, they need to actively find a breakthrough point to replace freshwater with seawater,
striving to play a role in the sustainable development. Up to now, the annual production of cement
in China has been over 1 billion tons which is over half of the total production in the world. Every
year mixing such a great number of cement needs to consume billions tons of water. If the water is
all running water or other forms of freshwater, it would be a heavy burden for a country relatively
short in freshwater. Furthermore, for some regions such as sea-island, salt lake, seaside or others,
freshwater is more scarcely. It is more urgent to use non-freshwater to mix concrete in these
regions. So some researchers studied on the mixing water sorts in concrete production industry.
Evolution of water in concrete product

Usage of recycled water. Recycled water refers to the non-drinking water that reaches the
mandated standard after disposal and can be used in life, municipality, environmental and so on.
Reclaimed water has different standards and uses according to the different water qualities. The
mixing water of concrete i1s a major part of construction water, and it is a great amount compared
with various industries. Now most of the mixing water is running water, namely drinking water.
While China is among the 13 countries which lack in water, under the current circumstances, using
a lot of drinking water for mixing water is a great waste of water, and so that need to seek a way to
recycle water resources. China national standard {Building design specifications of recycled
water) ( GB50336 - 2002) and {Recycling of urban waste water and quality of urban miscellaneous

water » ( GB/T18920 —2002) firstly include reclaimed water in building operations, or the
mixing water of concrete contain recycled water, while it requires that mixing water conform to
the according regulations in another China national standard {Concrete Water Consumption
Standard) (J GJ63 —89) too[2].
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Use of water reducing agent. Water reducing agents of concrete are practically the most
important part of the additives. Under the circumstance of constant fluidity, adding water reducing
agents can enable to use less water in concrete production, so as to improve the intensity and
durability of concrete. The application of water reducing agents is a great leap as it not only reduces
the amount of water used but also to improve the performance of concrete [3].

Current situation of using sea water to produce concrete. Some technology departments in
the world side had developed blending agents that could make seawater mix concrete. A kind of
chemical blending agent developed by a London Concrete High Technology Company could
improve the performance of cement so as to enable seawater and unwashed underwater sandstones
to mix reinforced concrete. This new product had been used in the Reinforced Concrete Wall
Project of French South Pacific islands nuclear test site, Monaco, basic pier projects of port
structures and coastal constructions of some other countries, and it has got a good feedback. Now a
series of blending agents that can be used for using seawater to mix concrete appear, and the price
go down, they also make Technical Supervision Departments of a few countries allow the coastal
constructions to use seawater to mix concrete, for example, a contractor in America has listed using
seawater to mix concrete in the Category of Technology. Coastal people of the Middle East are
more interested in this technology. In the future, on the base of producing cheap and high-quality
blending agent, using seawater to mix concrete will be promoted more widely [4,5].

Research on magnetic water. At the moment many scholars and researchers from China and
abroad are testing and applying the technology of magnetic water to produce concrete, this
technology can increase the intensity of concrete by 10~25 percent, so it can save cement.
According to the test by our country, using magnetic water to mix cement and concrete, the usage
of cement decreases by 10 percent, while the intensity of cement doesn’t decrease, instead it
increases by 10 percent. Many construction departments in former Soviet Union have applied the
usage of magnetic water to produce concrete and they have achieved great economic benefits, for
instance, on the Saratov construction site, using magnetic water to produce concrete enables the
intensity of concrete to increase by 14 to 17 percent, while the usage of cement decreases by 12
percent [6].

The impact of seawater on paste matrix and the performance of concrete

Seawater is not pure, although as different areas are different in the kinds of salt in the seawater
as a result of different geological, climate and hydrologic conditions, the ratio of different kinds of
salt are similar, i.e. NaCl accounts for the most, chloride accounts for 85 to 89 percent, sulphate
ranks the second [7]. In addition, seawater includes nitrate, phosphate, carbon dioxide, bromide salt,
iodized salt, malysite and son on. They exist in seawater as ions. The pH of seawater fluctuates
between 7.7 and 8.5. Concrete is a heteropic, polynary, spongy, vapor-liquid-solid compound
material that is produced by the mixing and hardening of cementitious materials, coarse aggregates
and sand. Under the effect of water pressure and capillarity, the water can permeate the concrete,
like seawater and cement have hydration and produce paste matrix. After a series of complex
physical and chemical reactions, concrete structures are eroded. Carbonization of concrete is
another kind of chemical erosion to concrete [1, 8, 9].

The components in seawater that affect the performance of concrete are mainly chloride ion,
sulfate, Mg2+, carbon dioxide and so on. In the concrete CI could react with calcium luminate in
unhydrated cement to produce 3CaO-Al,O;-Ca,Cl,-10H,O. Also chloridion could permeate the
concrete by pores, if the concrete is not close-grained, it will result in the erosion of steel bar in the
reinforced concrete, so the concrete breaks. While for the plain concrete, as Cl™ exists, it may slow
and weaken the erosion of concrete by seawater. So we did not need to consider the negative
impacts on plain concrete by chloridion in the seawater. The erosion of SO4* is by hydration.
Generally speaking, this kind of product will expand and make concrete crack and expand, but that
kind of phenomenon doesn’t happen in sea concrete. In seawater Mg " reacts with Ca(OH), in paste
matrix, producing Mg(OH), which has a bad solubility. These Mg(OH), stay on the surface or
cracks of the concretes, they may slow the erosion of sulphate. The feature of the erosion caused by
Mg *" is that the process mainly happens on the surface of the concrete, Mg*" accumulate on the
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surface in the form of Mg(OH),. The impact is so little that it can be ignored in the process of
conserving concrete. There is little carbon dioxide in normal seawater, while under special
conditions, seawater can have a large amount of carbon dioxide, and it will become more erosive.
That is because carbonic acid is more acidic in seawater compared with in water with low salt
content. While in normal seawater, hardened cement undertake carbonization and only produce
covering layer on the surface of concrete. So we could think that this erosion is slight and can be
omitted [1, 7].

In a narrow sense, concrete is a compound material which is made by mixing water, sand, coarse
aggregates and cement with a certain ratio. If the concrete has steel bars, it is called reinforced
concrete. However, plain concrete refers to concrete without steel bars. Cement mortar is made by
mixing water, cement and sand, without coarse aggregates. Aggregates include sand and stone, sand
is the fine aggregate while stone is a kind of coarse aggregate. Cement mortar could only be used as
the binding material in the masonry construction, it doesn’t need stones but a certain number of
sands are needed.

The difference between using seawater and using water with low salt content to produce concrete
is that there are some kinds of salts in the seawater, and they have a few influences on the
performance of concrete. But through the test and numerous surveys some researchers had fond that
seawater mixing had a little effect on the intensity of plain concrete, it was similar to adding
inorganic salts to the concrete and improves the early intensity of it. As normally seawater has a
relatively small amount of inorganic salt ions, seawater mixing has a little effect on the latter part
[1]. The clause 3.6.2 of {The Job Specification of Concrete in Marine Traffic Engineering) issued
by the Ministry of Communications in China regulates that seawater could be used to preparing
plain concrete in areas that lack water with low salt content, for those that have a demand for frost
resistance, the cement water ratio should decrease by 0.05. A large number of tests and practices of
using seawater and water with low salt content to producing plain concrete showed that using
seawater performs almost as well as water with low salt content.

Using seawater to manufacturing reinforced concrete: The compulsory entry 3.1.7 of ({The

Standard of Water for Concrete) [10]regulates that untreated seawater are forbidden in reinforced
concrete and prestressed concrete. Untreated seawater cannot meet the technological demand for
water to produce concrete. The salt content in the sea could be over 3000mg/l, especially the
chloridion, it could be over 15000 mg/l. High salt content will affect the performance of concrete
and it will specially affect the intensity of concrete severely. For example, high CI" content will
cause the erosion of steel bars in concrete, destroying the structure. So it is forbidden for untreated
seawater to be used to mix reinforced concrete and prestressed concrete. While with the
development of concrete preparing technology, using seawater to produce concrete had become a
reality. For example, the Concrete High Technology Corporation in London in England developed a
chemical blending agent called Z-126C, it may improve the performance of cement, so it could
enable seawater and unwashed sandstones at the bottom of the sea to prepare concrete. It is reported
that the blending agent is made by the mixing of 18 inorganic chemicals. It was put to mass produce
in the Concrete High Technology Corporation in London in England in 1988. This new product has
been used in the Reinforced Concrete Wall Project of French South Pacific islands nuclear test site,
Monaco, basic pier projects of port structures and coastal constructions of some other countries, and
it had got a good feedback. The results showed that the concrete mixed by that blending agent and
seawater had good workability and it also had a smaller poriness and fewer cracks. It had a shorter
freezing period, was dry on the surface and as sleek as porcelain. And the agent can form an
inorganic compound protection layer on the surface of the steel bar to stop the trend of erosion by
chloridion [4, 5].

The research group of M. Zhang etc [11] tested the mechanical property of the concrete mixed
with seawater and other kind of water with a low salt content on the basis of comparing the
colloidal mortar strength between them. Analysis of the experiment result of cement showed that
there were few differences volume of using water in standard consistence and stability of volume
between using fresh water and sea water. But the former test sample freezes much earlier than the
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later. The other concrete’s tests showed that the two kinds of concrete differ little in intensity, but
concrete mixed and conserved by seawater are relatively less intensive and there were pronounced
frosts. So that concrete mixed by seawater should be conserved by water with low salt content in
construction. The mixing proportion of using seawater to produce concrete could be the same as
using water with low salt content.

Conclusions

Although at present researches from domestic and abroad had been conducted on using seawater
to prepare concrete, but these researches mainly focus on what kind of additives in the seawater
could improve the performance of concrete. We think that there have to be researches in the
following aspects, for example, how to improve the basic components of paste matrix, how to
improve the compactness of concrete, study on the permeability admixture of concrete, research on
inhibitor of the steel bar, exploring on decreasing the charges passed of concrete and developing on
the treatment of the surface of concrete.
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Abstract. The urethane reaction kinetics of 1,2-propanediol with phenyl isocyanate are investigated
in different solvents, such as xylene, toluene and dimethylformamide. /n-situ FT-IR is used to monitor
the reaction to work out rate constant. It showsthat the urethane reaction has been found to be a second
order reaction, solvents largely affects reaction rates. The reaction is largely accelerated in polar
solvents, following the order of dimethylformamide > toluene > xylene. Further more, when
dimethylformamide is used as solvent, the rate constants are different between initial stage and final
stage, which belongs to different hydroxyls in 1,2-propanediol. However, when toluene or xylene is
used as solvent, the rate constant is the same. That is, there is no reactivity difference for hydroxyls in
1,2-propanediol.

Introduction

Polyurethanes (PUs) are a very large and varied family of extraordinarily versatile and useful
engineering materials. The urethane reactions of alcohols with isocyanates have been widely
investigated since Otto Bayer developed the synthetic route of polyurethane [1]. In addition to focus
on its application, kinetics of the reaction has been studied all the time [2-4]. There are several factors
affecting the urethane reaction rate. As far as the effect of solvent is concerned, it has been reported
that the polarity of solvents greatly affected the reaction of alcohols with isocyanates, and the reaction
rate falls down with the increase of solvent polarity in the absence of catalyst [5]. However, as far as
diol is concerned, little attention is focused on the effects of solvent polarity, such as reaction kinetics
of 1,2-propanediol.

1,2-Propanediol is a typical asymmetrical diol, which has been extensively used in polyurethane
industry [6]. In order to make clear the effects of polarity, 1,2-propanediol is used to react with phenyl
isocyanate in different solvents. React IR is used to monitor the reaction process so as to work out rate
constants.

Experimental parts

Materials and instruments. Phenyl isocyanate and 1,2-propanediol were purchased from Sigma
Aldrich and used as received. Xylene, toluene and dimethylformamide were purchased from
Sinopharm Chemical Reagent Co. and purified by vacuum distillation in the presence of calcium
hydroxide.

In-situ FT-IR spectrometer, React IR IC10, was manufactured by Mettler Toledo.

Synthesis and characterization. Clean and dry air was flowed into the instrument continuously
until the absorbance of all impurities was constant. Then, the background spectra were recorded. After
that, 1,2-propanediol (0.105 g) and solvent (7.00 mL) were poured into the flask and heated to the
preset temperature under a nitrogen atmosphere. To this was added the stoichiometric amount of
phenyl isocyanate (0.3 mL) when the temperature reached 70 °C. Thus, the reaction began. Data were
collected every half a minute until the reaction was terminated. Resolution was 8 cm™ and scan region
was 4000~650 cm’™.
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Results and discussion

3D in-situ FT-IR spectra. The three-dimensional FT-IR spectra of phenyl isocyanate —
1,2-propanediol reaction is shown in Fig. 1 (2473~2182 cm™, 70°C). The absorption at 2273 cm’
proves to be very useful to monitor the reaction, and its decrease in intensity is able to indicate the
conversion of isocyanate groups.
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Fig. 1. 3D FT-IR spectra of phenyl isocyanate — 1,2-propanediol reaction

In our former article, it have been reported that Beer’s Law (Eq. (1)) seems correct only when the
concentration of -NCO is lower than 0.4 mol-L™ [7]. That is, the concentration of IPDI must be less
than 0.4 mol-L™" in all kinetic studies.

A=k,-C )

In order to obtain the kinetic constants, it is assumed that there is no side reaction. The
concentration (C.nco) can be calculated from absorbance (4.xco) according to Eq. (1). Assuming it is
a second-order process [8], we can use the nth-order approach to model the reaction kinetics (Eq. (2))
when the stoichiometric ratio is used.

11

A k,-C
where k is the apparent rate constant. The value of k can be obtained by adjusting the kinetic model to
the experimental results by integrating Eq. (2) with a linear curve fit.

The urethane reaction in dimethylformamide. The urethane reaction of 1,2-propanediol with
isocyanate is carried on at 70°C with dimethylformamide as solvent. Collected data are treated with
second-order reaction kinetics and the relationship between 1/4 and ¢ is shown in Fig. 2.
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Fig. 2. The relationship between 1/4 and ¢ with dimethylformamide as solvent
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1,2-propanediol have two different hydroxyl groups, a primary hydroxyl and a secondary hydroxyl,
which lead to different urethane reaction rate. After carefully examining the reaction, we find that
different hydroxyl groups in 1,2-propanediol behave difference reactivity when dimethylformamide is
used as catalyst. When reacting with phenyl isocyanate, the rate constant of the primary hydroxyl
group (k) is 1.34 L-mol’-min”', and that of the secondary hydroxyl group (k) is 7.87x107!
L-mol™ min". The reactivity difference, namely, the value of k/k», is 1.70.

The urethane reaction in toluene. The urethane reaction of 1,2-propanediol with isocyanate is
carried on at 70°C with toluene as solvent. Collected data are treated with second-order reaction
kinetics and the relationship between 1/4 and ¢ is shown in Fig. 3.
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Fig.3. The relationship between 1/4 and ¢ with toluene as solvent

It is very surprising that there is no reactivity difference between the different hydroxyl groups in
1,2-propanediol. The rate constant of the primary and secondary hydroxyl group is the same. It value
is 3.46x10” L'mol” ‘min™".

The urethane reaction in xylene. The urethane reaction of 1,2-propanediol with isocyanate is
carried on at 70°C with xylene as solvent. Collected data are treated with second-order reaction
kinetics and the relationship between 1/4 and ¢ is shown in Fig. 4.
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Fig.4. The relationship between 1/4 and ¢ with xylene as solvent

The situation of xylene is very similar to that of toluene. The rate constant of the primary and
secondary hydroxyl group is also the same. It value is 2.89x102 L-mol-min™".
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Comparison of rate constants in different solvents. Dimroth—Reichardt parameter, £1(30), is an
official measure of the ionizing power (loosely polarity) of a solvent [9]. It is based on the
long-wavelength UV/Vis charge-transfer absorption band of the negatively solvatochromic
pyridinium N-phenolate betaine dyes [10]. The E(30) values for dimethylformamide, toluene and
xylene can be obtained from reference, which are 0.386, 0.099 and 0.074, respectively. It is obvious
that the reaction rate varied greatly in different polar solvents. The order is that: dimethylformamide >
toluene > xylene, which is the same order as the E1(30) values (0.386 > 0.099 > 0.074).

Conclusions

In-situ FT-IR is used to monitor the urethane reaction of 1,2-propanediol with phenyl isocyanate.
Three different solvents are used, which are dimethylformamide, toluene and xylene. Rate constants
are worked out, which are 1.34 L-mol’'min'(k)) and 7.87x10" L-mol’ min"'(k,) for
dimethylformamide, 3.46% 10 L-mol min™ for toluene, 2.89x10% L-mol ! min™ for xylene,
respectively. It is shown that the urethane reaction is a second order reaction. Because there are two
different hydroxyl groups in 1,2-propanediol molecule, rate constant in dimethylformamide is
different between initial stage and final stage. However, when toluene or xylene is used as solvent,
there is no reactivity difference for hydroxyls in 1,2-propanediol. Furthermore, the reaction rate in
different solvents follow the order: dimethylformamide > toluene > xylene, which is the same order as
the E1(30) values.
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Abstract. Calcium-magnesium-silicate glass fiber is a kind of candidate materials for aluminosilicate
ceramic fiber in high temperature resistant field. However, the large thermal shrinkage limits its rapid
development and industrial application in high temperature insulation field. It has been known that
the shrinkage under high temperatures is mainly affected by the structure and crystallization
mechanisms of glass fibers. Thus, Al,O3 was chosen as additive in the chemical composition of glass
fiber to investigate the glassy network structure, crystallization and dissolution properties of
calcium-magnesium-silicate glass fiber by DTA, XRD and ICP-AES techniques. The results show
that with the addition of Al,Os, the glassy network structure was strengthened and the precipitation of
crystals was inhibited for heat-treated fibers. As for the dissolution properties in physiological fluids,
though the weight losses, changes of pH values and leached ions concentration lowered slightly with
the addition of Al,Os for the intensified network structure, fibers still present high dissolution rates.

Introduction

It has been known that the dust particles of aluminosilicate refractory ceramic fiber may cause serious
health effects such as cancer or fibrosis if inhaled in human respiratory system [1]. Thus, there has
been increasing interest in looking for new system ceramic /glass fibers and the health effect of
inhaled fibrous materials [2]. These new system fibers have been designed to be used as thermal
insulating materials in high temperature as in the way that some mineral fibers and aluminosilicate
refractory ceramic fiber are used at present. As candidate materials for traditional ceramic fiber, low
biopersistence in simulated body /lung fluid is needed for the mentioned new fibers, which is
designed to be composed of SiO, and alkaline earth oxides (MgO, CaO, BaO), such as
Ca0O-MgO-SiO, glass fiber.

Ca0O-MgO-SiO, glass fiber is designed to have high dissolution rate in simulated body fluid, and
high serving temperature (~1100°C). However, the large shrinkage under high temperature (>800°C)
restricts the application and lower the serving life of fibers. It has been known that the thermal
shrinkage is mainly from the crystallization of fibers under high temperatures. Thus, to inhibit the
crystallization of fibers may be a useful way to decrease the thermal shrinkage. As for glass materials,
alkaline oxide, alkaline-earth oxide, Al,Os and rare earth oxide have been added into the composition
to adjust the glass network structure and properties [3-5]. Similar methods may be useful for the
improvement of structure and performances of fibers.

This study presents the results of glass structure, crystallization and dissolution performances of
the mentioned glass fiber added with Al,Os.

Experimental

The major starting materials are wollastonite, silica and Al,O; (analytical reagent). The main
chemical compositions of fiber samples are listed in Table 1. After thoroughly mixed, the weighed
batch materials were melted in a graphite crucible at 1600-1800°C for 30-50min. Then the melts were
sprayed into fibers by compressed air under 0.3-0.5 MPa.
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Table 1 Main compositions (wt %) and characteristic temperatures of fibers.
No. CaO MgO SiO, ALO; To(°C) T.(C) T -To(C)

A0 306 69 610 - 747 893 146
Al 303 6.8 604 1 752 935 183
A2 30.1 6.6 598 2 749 905 156

Glass transition temperature (Tg), crystallization exothermal temperature (Tc) of fiber samples
were measured by a DTA (STA449/6/G Netzsch, Germany), operating at 15°C/min heating rate from
room temperature to 1000°C in air.

The X-ray diffraction (XRD) spectra of the fine powdered fibers were recorded with an X portpro
diffractometer. The Cu-Ka radiation (A=0.15405um) was used at 50kV and 40mA. X-ray patterns
were gathered in the range 10-80° 20 with a step size of 0.03° and a step time of 7s.

The dissolution of the fibers was investigated at 37°C in simulated lung fluid, e.g., Gamble
solution, with the initial pH 7.4 [6]. The grinded fragments of fibers about 20-100um long were laid in
the teflon reactor. The weight of the fibers was 2 £ 0.0001g and the volume of the solution was
1000ml. The immersing runs for fibers were performed from 0-72h. After each run, the fibers were
removed from the solution, then rinsed with deionized water and dried at 37°C for 12h in an oven
before weighing. Changes of ions concentration in solution were determined by an inductively
coupled plasma atomic emission spectroscopic (ICP-AES) analysis.

Results and discussion

Fig.1 shows the DTA curve of fiber A0, and Table 1 presents the characteristic temperatures (T, and
T.). It can be seen that the addition of Al,O; in fibers leads to the increase in T, and the range between
T, and T.. Besides, T, and range between T, and T, of fibers decreased with the addition of AL,Os.
The temperature of T, and the shape of exothermic peak shape indicate the crystallization behavior of
glassy materials, and the range between T, and T, shows the ability to be formed into glassy materials
for the studied compositions. Thus, the changes of the characteristic temperatures for Al,O3; doped
samples present the differences of glass network and crystallization process of fibers. With low
content of Al,O; (fiber A1), A" is surrounded by O* forming Al-O tetrahedron and intensifying the
silicate network [7]. However, the radius of Al’" is larger than that of Si*", accordingly, the volume of
Al-O tetrahedron is larger than that of Si-O tetrahedron. Thus, low content of Al*” in glassy materials
could amend the defects of network, and more content of AI>" would result in large content of Al-O
tetrahedron and distortion of network structure.

893°C

Heat flw Exo —

00 700 800 900 1000
Temperature /°C

Fig.1 DTA curve of fiber AO.

Fig.2 shows the XRD patterns of fiber samples heat-treated at 800°C for 2h. After treated for 2h,
wollastonite precipitated as major crystalline phase in fiber A0, and tiny akermanite could also be
observed. In fiber A1 and A2, with the addition of Al,O3, not any crystalline phases could be observed
from the pattern, which means the addition of Al,O; could inhibit the precipitation of silicate crystals
in fibers at 800°C. As for samples treated at 900°C in Fig.3, diopside also precipitated in fiber AO.
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With the addition of Al,Os3, the types of precipitated crystalline phases keep the same with A0, only
the diffraction intensity of wollastonite decreases compared with A0. Besides, the diffraction intensity
of crystalline phases in fiber A2 is larger than Al.
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Fig.2 XRD patterns of treated fibers Fig.3 XRD patterns of treated fibers
(800°C for 2h). (900°C for 2h).

During the dissolution process, Ca”" and Mg*" were firstly leached out from the fiber surface,
resulting in the accretion of OH™ concentration and rapid increase of pH value of the solution. As

shown in Fig.4, the changes of pH value for the three samples are similar, though the increment of pH
value of fiber A0 is larger than samples with Al,Os.
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Fig.4 Changes of pH of solution for different durations.
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The dissolution of fibers starts from the leaching of alkaline earth ions on the fiber surface in the
solution, resulting in the rupture of silicate network and leaching of Si*" into the solution [8]. Part of
the leached Si*", Ca®" and Mg”" could react and generate alkaline earth silicate hydration layer on the
fiber surface, which would be washed off by the fluid flow of the solution. Thus, the concentrations of
major ions in the solution increased gradually (Fig.5). The change of weight loss (Fig.6), which is an
important parameter to evaluate the solubility performances of bio-soluble materials [9], is similar
with that of pH values. That is, the weight loss increased rapidly at the initial 24h of the dissolution
process, and then tended into a gradual increasing process. However, the dissolution rates (changes of
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pH value, weight loss and ions concentration) of fibers with Al,O5 are lower than fiber A0, and that of
fiber A2 is larger than A1, which means that the addition of lower content of Al,O3 intensify the
silicate network of glass fibers, and more content of Al,O3; weakens the effects on the strengthening of

network. The reasons are similar with the above results analyzed from crystallization behavior of
fibers.

Conclusions

The addition of lower content of Al,O; in CaO-MgO-SiO, glass fiber could intensify the glassy
network and increases the characteristic temperatures of fibers. And more content of Al,O3 (more
than 2%) would weaken the mentioned effects. As for the dissolution performances, changes of pH
value, weight loss and ions concentration were lowered for the intensified silicate network with the
addition of AL, Os.
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Abstract. In this paper, we examine an optimal impulse control problem of stochastic system, whose
state follows a Brownian motion. Here we want to maximum the objective function. The main feature
of our model is that the controlled state process includes an impulse control governed by a Poisson
process. In other words, the set of possible intervention times are discrete, random and determined by
the signal process. Here we not only present a theorem giving a sufficient condition on the existence
of an optimal control and its corresponding objective function, but also provide an explicit solution
obtained under some simplified conditions.

Introduction
In this paper, we discuss a stochastic control problem with random intervention times. The
controlled state process includes an impulse control governed by a Poisson process. The state
evolution is modeled as follows:
X, =x+ut+oW, -¢, (1.1)
with the initial state
X(0)=x (1.2)
where £1>0,02>0, x>0, and W = {W(t) 2> 0} is a standard Brownian motion defined on some
probability space (Q, F, {F, }, P) with filtration {F,} satisfying the usual conditions: right-continuity
and completion by P-negligible sets. Again, the class of admissible controls, denoted by I1, consists of
those left-continuous processes & = {4“ > O} that have the following representation:

¢, = [0,dN, andsuch that X()>0 (1.3)

[0.)
Where N = {N[;t > 0} is an {E } -adapted Poisson process with intensity A, and 6 = {Htt > O} is
assumed to be non-negative and {E }-progressively measurable. In other words, controls can only be
exerted at the arrival times of Poisson process N. The controlled process X (¢) determined by Eq.(1.1)
seems to be a singular control process. In fact, since N is an impulse control, X (¢) is an impulse state

process. The solution of Eq.(1.1) is unique (see [1]).
Throughout this paper, we impose the following assumption:
Assumption 1.1. The Brownian motion #() and the Poisson process N, are independent.
Also we define stopping time as

7, = inf{t > 0: X (t) = 0} (1.4)
and the objective function from present to stopping time as
V.t)=E j0’° e (X,dt +cd&), (1.5)

where ¢ > 0 is an arbitrary positive constant, and the constant r > 0 represents the discounted factor.
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Furthermore, we assume that
V.o)=E .[OTO e " (X,dt +cdf) is integrable for any admissible control & e TI. (1.6)

One of the main objectives of this paper is to solve:
Problem 1.1. Find an optimal control & = {cf: it > O}E IT such that

Vix)= Vg,* (x)= S;ullq) Ve (x) (1.7)

The function ¥ (x) given by (1.7) is called the optimal objective function.

There exist many papers in the field of singular stochastic and impulse stochastic control. These
control problems have found applications in many areas such as engineering, economics, finance and
biocenology, etc. The models of singular stochastic control were initiated in [2], and more extensions
can be found in [2]-[13]. One major attraction of this formulation lies in the possibility of obtaining
explicit solutions, especially when the time horizon is infinite. The optimal strategies in such
occasions are often singular with respect to the Lebesgue measure. The models of impulse stochastic
control have also been studied intensively in last three decades, see [14]-[18]. The control policies
were adjusted only at times which are multiples of some fixed positive number. The decision makers
are allowed to choose a sequence of stopping times (intervention times) {rl, Ty ... }, and a sequence

of impulse controls {ffl, S } to be imposed upon the system at {rl, Ty .. } respectively. Explicit

solutions are possible for simple causes.

One main feature of this model is that the control policy is essentially discrete, in the sense that the
control can only be exerted at times when the Poisson process N has a jump. In other words, controls
can only be adjusted at the discrete random times 0 < T; < T, < T3 < ..., where
{T1 I, -1,,T, =T, ... }are independent and identically distributed exponential random variables with

rate 4. The other main feature is that the possible intervention times are completely determined by
the exogenous, uncontrolled Poisson process N: In other words, the decision maker cannot intervene
in the system freely. In order to impose controls, the decision maker has to rely on the Poisson process
to give him/her a certain signal (in this case, the jumps).

Our formulation allows us to obtain explicit solutions for some models with stopping time, while
the underlying control strategies are kept discrete. The difference from the usual impulse control
problems is that the intervention times are no longer totally free to the decision maker - they are
essentially determined by the exogenous signal process (the Poisson process N). To our best
knowledge, such constrains on the intervention time were considered in [19]. In that case, the state
process is an ideal situation that doesn’t include drift parameters. Therefore, in this paper, we discuss
a similar model again. Here we introduce the drift parameter & into the controlled state and the

stopping time into its objective structure. We extend the structure of the objective function. Then we
prove the existence of optimal control and characterize the explicit forms for the optimal control.
More specifically, not only the existence of optimal control is fully proved, but also the explicit forms
of optimal control is characterized.

This paper is organized as follows. In Sect. 2, we prove a theorem which gives the criterion for the
optimal objective function. In Sect. 3, we solve the variation equations and obtain an explicit forms of
optimal control and corresponding maximal objective function. We conclude our paper in Sect. 4.

A Verification Theorem

In this section, we will provide a theorem giving a sufficient condition for the existence of the
optimal ojective function. Before analyzing this any further, we state the following auxiliary
verification lemma.

Lemma 2.1 For any given constant ¢ > 0, suppose that there exists a positive constant m and a

function v(x)e C? ([O, oo)) (i.e., v(x) has continuous derivatives of order up to 2) such that
Vv'(x)£0, Vx>0, (2.1
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And
v'i(m)=c (2.2)

Denote 8" = arg mgax{v(x -0)—v(x)+ch:0L60< x}, then we have
. 0, 0<x<m,
0" = (2.3)
xX—m, X = m.

Proof. Differentiation of v(x - @) +cé with respect to € shows that
(W(x=0)+cO) =—v'(x=0)+c =" V(y)dy.

When x > m, using (2.1) and (2.2) in the above identity, we can easily see that
—V'(x-60)+c<0, 0>x—m
—V(x=-0)+c>0 0<f<x—m

Thus, v(x — @) —v(x) +c@ attains its maximum at x —m .

On the other hand, forx e [0, m] , we have 0 < x—6 <m . Hence by (2.1) and (2.2), we know
—V'(x=-0)+c<0, so v(x—0)—v(x)+cl is decreasing with respect to & . Therefore,
v(x —60) —v(x) + c@ attains its maximum at &= 0, which concludes the proof.

Theorem 2.1 Assume that v(x) satisfy all the conditions of Lemma 2.1 and

v(0)=0 (2.4)
V'(x) e (O,C], Vx>m (2.5)
and
(r)l}ix{%z VI(X)+ ' ()= (r+ Av(x)+x+ A(v(x—0) + cﬁ)} <0 (2.6)
Then we have
v(x)2V(x), Vx>0 2.7)
Furthermore, if v(x) satisfies
%v"(x) + V' (x)=(r+ Av(x)+x+ A(v(m)—c(x—m))=0, x>m, (2.8)
and
%v"(x) + ' (x)— () +x=0, 0<x<m, 2.9)

then there exists &” such that
V(@) =V, (x),
i.e., & is an optimal control, and v(x) is the corresponding objective function.

Proof. For any T > 0, applying the Generalized Ito formula ([20], Chapter 8) to the process
e "v(X,):t >0, we obtain

e—r(T/\To)v(X(T A To)) _ V(x) _ .[OT/\TO e—rt {%ZVII(X(t)) + IL[V'(X(t)) _ I’V(X(t))}dt

(2.10)
e (X @)am 0+ Y X () - AE) (X ()]
where AS, = X(£)-X(t+))and=T A7, = min{T, 7, } , from which we have
v(x) = e TONX(T Ag)) - | g {O-—zv”(X(t)) + (X (£)) - rv(X(t))}dt
' 2 @.11)

[ e eam @ - X0 -48) X (@)

0<t<T Az,
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Note that (2.6) can be written as

{%zv"(x) + v (x) - rv(x)} + glslgeg{lv(x —6) —v(x) +cO}+x <0,
or

_ {%zv"(x) ' (x) - rv(x)} > max{A(v(x =) = v(x) + cO)}+x

Applying Lemma 2.1, we have

g(x) E{)rglgag)i{v(x—ﬁ)—v(x)Jrc@}: 0, 0<x<m,
g(x)= glslgagi{v(x—ﬂ) —v(x)+c0}= v(m) —v(x)+c(x —m), xX>m, (2.12)
Noting that A&, > 0 only if there is a Poisson jump at time t, hence we have
V(X () —AS,)—v(X(2))+cAS, < g(X(¢))dN,. (2.13)
Using the identity .[OTMO e"d¢é, = z e " A&, and the fact v(x) > 0, then combining (2.12), (2.13)
0<t<T At

with (2.11), we obtain
v(x) 2 e " TWX(T Azy)) + j [Ag(X (1)) + X (1)}t

D¢ (X ()~ AE) = v(X (1) +cAS)

0<t<T Az,

- L“T“ e oV (X(0)dW (£) + ¢ jo“’“ edé,

> TIVX(T AT )+ [ e X (1)l (2.14)
[ e gl - [ e v (X@paw )+ e e de,

> [ e g(X (@)l - [ e oV (X (0)dW (1)

+cj e"dE + j e X(t)dt,

where N ;= {N ALt > 0} is the Compensated Poisson process. Obviously, N is a continuous-time

martingale (see[21] pp.12), hence it is a local martingale too.
Denote

Z,=["erg(X@dN @), My =[ e o (Xe)aW ().
In light of the continuity of g(x), we know that Zr is a local martingale (e.g., [22],[23]), and
consequently -(Zr + Mr) is a local martingale too. Hence there exists a stopping sequences 7, T
a.s.(n T o), such that — (Zy0
El-(z,,, +M,,,)]=0.
Thus, from (2.14) we know that — (Z
El-(z

+ M, ) is a martingale with initial value 0, in particular

rre. T My, ) < W(X). Applying Fatou Lemma, we have
)J Ehmsup[ (Zpp + My, )J

Tt T/\z‘ T AT,

n—o0

> limsup|- (Z,.... +M,,.)]=0

n—®0

Therefore, taking expectation on both sides of (2.14), we obtain
v 2 B[ e dg + [ e Xy (2.15)

,
N

Since Eq. (2.15) is valid for any admissible controls, it has to be true for the optimal one & .
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Therefore, for all x [0,00), we have that
v(x) > Vg* (x)=V(x) (2.16)
It remains to show that there exists an optimal control & eIl such that v(x) = Vg* (x) .
Let& = {5:;1‘ > 0}, where
&=, 0N,

and

= (2.17)

s

. 0, 0< X (s)<m,
{ X" (s)—m, X (s)=m.
Here the superscript * represents the relation to optimal control & . We only need to show

thatv(x) < Vg* (x). Actually, it is easy to see that (2.16) is indeed an equality as& = & .

Similar to (2.11), we have
2

W(x) = e T INX (T A zy)) - jOT”*" e {%v"(X*(t)) + ' (X (1))~ rv(X*(t))}dt
* (2.18)
-[erov(X @y - Y [Y(X*(t) CAE ) - (X (1)
where AE = X ()— X" (t+)>0. -
Noting that IOTATS e"dé = Y e A& and
V(X ()= AE)—v(X (1)) +cAE, = g(X (1))dN,
we can rewrite (2.18) as
v(x)=e TN X (T AT’ 0)) - jo“’*“ e {%zv"(x* )+ w'(X" (1)) = rv(X (t))}dt
reflemag - [ e o @yaw
- e X -8 ) v @)+ ens |
=e T TOWX (T ATh)) - fom*o e {%2 V(X (@) + ' (X (@) (X (t))}dt
te jo““ e dE" — jOT e V(X ()W ()~ [ e g(X (1),
= e"(T”*")v(X* (T AT )+ CJOTM*O e"dE
[ e {%v"(x* (1) + 0 (X" ()~ (X () + Ag(X (z))}dt o0

B J-OTAr*o eirtO'v'(X* (t))dW(t) _ .[OT/\TO eirtg(X* (t))dNt )

where N* = {N ALt 2 0} is the Compensated Poisson process. Obviously Nis a martingale, and it

is a local martingale too.
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From the definition of g(x), we know
gX (1)=0 0<X'()<m

. . . . (2.20)
gX (M) =v(im)—v(X ) +c(X ()-m) X ()zm
Substituting (2.20) into (2.19), and using (2.8)-(2.9), we have that
Wx) = e TOUX (T AT —(Z0 + M) +¢ jOT” "edE" + jOT” " X (1)dt 2.21)
where Z, = J-OTMO e "g(X"(0)dN’, M, :J-OTMO e"ov' (X (¢))dW (t) Since —(Z, +M,) is a local
martingale, there exists a stopping sequences 7, T oo a.s. (n T ©), such that —(Z ;M; +M ;M;) is a
martingale with initial value 0, particularly
E[_ (Z;/\r; +M;'/\r,'1' )]: 0.
Eq. (2.21) still holds with T A 7, instead of T, i.e.
w(x)=e I OWX (T AT AT~ (2 + ML)
agtngt agtngt (2.22)
+e j T g e 4 j T e X () dt
0 ! 0
Therefore, taking expectation on both side of (2.22), we have
W(x) = Ee " Ty X (T A" AT))+ cE jOT”” " edE L E jOT e X" (0)dt (2.23)

To complete the proof, below we will discuss two cases.
(i) The case for 7, < .

According to Lebesgue dominated convergence theorem, letting 7" T oo (n — o0 ) and T— o0, we
obtain

w(x) = Ee "X (1)) + cE jo"’ e"dé +E jo"’ e X" (¢)dt
= Ee " v(0) + cE jo”’ e"dE +E jo“’ e X' (t)dt (2.24)

=cE j0° e"dé +E j0° e X (t)dt
(ii) The case for 7, = .
Whenz, =, (2.23) can be rewritten as
W)= B X (T ATy +eE[ T erag v B[ e X (e
According to Lebesgue dominated convergence theorem, letting 7" T oo (7 — ), we have
W)= Ee (X (T)+ cE[ " edg + E[ " X' (0t (2.25)
Letting 7 — oo in (2.25) and using the property Elim,_ e”"w(X (T)) =0, we obtain
w(x) = cE j: e"dE + E j: e X (t)dt (2.26)
Combining (2.16), (2.24) and (2.26), we complete the proof.

An Explicit Solution

Theorem 2.1 has given a sufficient criterion for optimal objective function. Usually, it is quite
difficult to find an explicit solution satisfying all the conditions for general parameters. However,
under certain simplifications we can find an explicit form. Throughout this section, we assume that:

c>l, o<t V2Ac? +2¢ (3.1)

r rc—1
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Lemma 3.1 Let function f{x) be

1 rc—1 1 1 rc—1 1 Y7,
x) = 0 —0,(c--) |+ 0 ~0(c—-) [+5. (2
/() Hleg‘X(Hl—Hz)[lr+/l 2 r)} 92e92*(62—91)[%+/1 3 r)} R

2
where 6, > 0 > 6, are the roots of Z- 9> +u0—-r=0,and @, < 0 is the negative root of

2

0-7492 + 16— (r + 1) = 0.Then there exists a unique constant m > 0 such that f(m) = 0; i.e.,

1 re-1 1 re-1 Y7,
=gy e~ g | A e P -0
Proof. By simple differentlatlon, we see that
o1
flay= e res l(e-gzx —e )+ —L (0,0 — ") . (3.4)
6,-6,) 6,6,

From 6,<0, 6,- 6, >0, c>— 0,<0< 6, wehave f'(x) <0 . Using (3.1), we obtain

1.6,+6, LM
0)= i ad
/(0= 6’6’ 4+ A te r) 0,0, r2
- - — U=’ +207(r+ A
Using 6, + 0, :ﬁ, 6,0, = 2; and@, = ad \/,u . o r+4) , we can simplify f{0) to
o’ o) oy

— - \/,u +20°(r+A) re—1 L He
1(0)= —
2r e /1 r
which can be shown that f(0) > 0 under the assumption (3.1).
Since 6, >0, we havelime®* = oo . Then from the definition of f{x), we obtain

X—>0

hmf(x)—hrn{ 1 [04 rc_l—ﬁl(c—l)}+ﬁ2}:—oo
rlor

0| 0,6 (0, -0) " r+a
where we used the facts that 6, >0, 8, <0, 6,<0, 8,-6, <0, and the condition (3.1).

Hence, there exists a unique m € (O,oo) such that f{m) = 0; which concludes the proof.

Lemma 3.2 For the constant m given by (3.3), there exits a function v(x) satisfying the following:
2

%0"()@ + 10'(xX) = (r + A)P(x) + x + AB(m) + c(x —m)) = 0, Vx e (0,00), (3.5)
1:/:’(x) <0, Vxe(0,), (3.6)
v(m)=c.
Proof. For simplicity, we denote
V(x) = B,e” + B,x + B,, (3.7)
where
B - 19 rc—1<0’ Bzzl+ﬂ,c’
O, r+ A4 r+A
1 1+ 4 1 1 1+ 4 G:9
B, = pd+ c)+/1—(c——)+ﬂ+u—cm
r+A| r+A 0, ror r(r+4d)

From (3.7), we have
V(x)=B,0,e" +B,, V'(x)=B,0;e"",
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using which and Eq.(3.3), we can see that B,x + B, is a particular solution to (3.5), and e”* is a

general solution to the corresponding homogeneous equation:
2

%ﬁ"(x) + ' (x) = (r + A)P(x) = 0.

Thus, (3.5) follows. The rest proof can be done by simple algebraic computations.
Theorem 3.1 Denote function w(x) by

A O, x A O,x A A < <
() = Ale +A,e™ + A, x+ A,, 0<x<m (3.9)
v(x) Vxz=zm
where V(x) is given by (3.7) and
1 rc—1 1
Ge™ (6, - 0,) r+4 r
1 1 1 | (3.10)
rc—
4= [9;, —Hl(c——)} 4=, 4,=H
0262 (92_01) I"+ﬂ, v r 7

Then w(x) satisfies all the conditions of Theorem 2.1. Consequently, it is the optimal objective
function of Problem 1.1, and its corresponding optimal control &~ is given by (2.17).
Proof. Note that w(x) = 4,e” + 4,e” + A,x + 4, is the solution to the following equation

%zw"(x) + uw'(x) —rw(x)+x = 0.

_ _ — U=~ +20 (r+ A
From (3.7) and (3.8), 6, + 6, =#, 6,0, = 22r, 0, = a \/ﬂ 2 ot
(@2 o (o)

, after some

lengthy algebraic calculations, we have

Dy’ +20°(r+2
\7(M)=Ble‘9””+Bzm+B3:”(FCWLMCH)_(VC Wt +20% (r ) m
2r(r+2) 2r(r+ A) .

From (3.9) and (3.10), we have
w(m) = A, e + A,e”" + Am+ A,

p(re+22c+1)  (re=Dyp? +20%(r+ 4) m
2r(r+ ) 2r(r+ ) r
Hence w(x) is continuous at point m, which shows that w(x) C([O,oo)) .

From (3.9), we know that
w' (m) =c=v'"(m)=w (m).

Hence
w(x) e C' ([O,oo))
The boundness and positive characterization of w'(x) follow immediately from Lemmas 3.1 and
3.2 and (3.10).

From (3.7)-(3.10), we see that " (m) = B,6;e”" =6, e _/; . On the other hand, from (3.9),
r+
we have
W) = 02 A4, + 02 A’ =9, <L
r+A

from which we have w"(m) = $"(m), hence w(x) € C*([0,)).
From (3.2), (3.9) and (3.10), we know w(0) = A; + A, + A4= 0, hence condition (2.4) follows.
When x > m, w"(x) = B,6;e”" <0, w'(m) = c, from (3.8),

lim w'(x) = lim % C-m ezl 1 de 1+ 2c >0, s0 we have (2.5).
X Yo r+ A r+ A r+ A
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From (3.1) and (3.10), we have 4,> 0, A, <0, and whenx € [O,m],
Ww'(x) = 0 4,e™ +0; A e”™ <0} 4,e”" + 6] A,e”" .From (3.10), we have

re—1
Ol A" +60; 4™ =0,

<0,0, hence condition (2.1) holds.
r+A

From Lemma 2.1, we know that (2.6) holds. By (3.9) we know that v(x) satisfies conditions (2.2),
(2.8), and (2.9).

So far, we have shown that w(x) satisfies all the conditions of Theorem 2.1. Hence w(x) is the
optimal objective function, and its corresponding optimal control is &" , which completes the proof of

Theorem 3.1.

Note that the state process and the object structure in this model is not that complicated, but we can
generalize them without too much difficult. For example, we can generalize our results to a model
with the following state process and objective structure:

X, :x+j;y(XS)ds+j;a(Xs)dVK +E, 120 (4.1)

v(x) = E[" e {g(X,)dE, +h(X,)dt}
where 4 (x), o (x), g(x) and A(x) are more general functions. In that case, we can find an optimal

control £ eT1 such that Vg,* =supV;(x). The details will be presented in our future work.
gell
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Abstract. This study investigates the compressive strength, flexural strength and flexural modulus of
the short-chopped igneous fiber reinforced concrete, short-chopped carbon fiber reinforced concrete
and plain concrete. Experimental results show that both short-chopped igneous fiber and carbon fiber
can improve the compressive strength and flexural behavior of the concrete significantly, and the
reinforcing effectiveness of igneous fiber is better that of carbon fiber.

Introduction

Igneous fiber and carbon fiber is a new material of 21st century. Both have outstanding mechanical
properties, such as high temperature resistance, corrosion resistance, etc., and widely used all walks of
life [1,2]. The main components of igneous fiber is basalt, and so they were sometimes called basalt
fiber.

Concrete compressive strength and flexural performance was the main content of reinforced
concrete structural design and construction quality control [3]. In this paper the compressive strength,
flexural strength and flexural modulus of the short-chopped igneous fiber reinforced concrete,
short-chopped carbon fiber reinforced concrete and plain concrete are tested, the corresponding law
was also analyzed.

Experimental

Raw Materials.The cement of experimental concrete is a kind of 42.5 composite Portland cement.
The fine aggregate is a kind of river sand of 2.5 fineness modulus, and the maximum gravel diameter
of coarse aggregate is 40 mm. Mixing and curing water are the local city water.

The short-chopped igneous fiber used in this experiment is a kind of commercial continuous basalt
fiber from Hengdian Group Shanghai E’Jin Basalt Fiber Co., Ltd, and the diameter of the single wire
of fiber is 10.43 pm, and the mean tensile strength of the single wire of fiber is 416.8 MPa. And there
are differences in the production engineering with different basalts fiber origin [4].

The used short-chopped carbon fiber in this check experiment is also commercial PAN-based
carbon fiber from Nanjing WeiDa composite material Co., Ltd., the diameter of the single wire of
fiber is 7 um, the density is 1.76 g/m3, the elastic modulus is 200 GPa the tensile strength is 3.6 GPa,
and the rupture extensibility is 1.5 %.

Mix Proportion of Test Concrete.Three types of concrete were designed, plain concrete(C),
igneous fiber reinforced concrete (BF) and carbon fiber reinforced concrete (CF), with two
water-cement ratio(w/c), five volume dosage (0.1 %, 0.3 %, 0.5 %, 0.7 % and 0.9 % volume ratio of
cement) and three short-chopped fiber length (10 mm, 15 mm and 20 mm). The mix proportion of
concrete samples of each water-cement is listed in the Table 1.
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Table 1 Mix proportion of experimental concrete[kg.m™]

No. cement water sand stone w/c
1 380 190 578 1229 0.50
2 317 190 597 1269 0.60

Testing Methods and Results

Testing Methods.The compression test and bending test for the test samples conform to the Chinese
Code [5]. Dimension of compression specimen is 150 mm x 150 mm % 150 mm, and 100 mm x 100
mm x 400 mm of bending specimen. The specimen quantity of each specification concrete including
different mix proportion and different fiber and different mix quality of fiber is three samples, and all

the samples are formed at the same time.
In the production process of fiber concrete specimens, the feed sequence, mixing method, mixing

time have an impact on its performance [6]. Using compulsion type concrete mixer is capable of
producing a good uniformity and quality for concrete mixture. Feeding order as follows: add materials
other than fiber during the first stirring, and then gradually into fibers, stir 3 ~ 5 min when all the fiber

input.

Results and Discussion

Test Results. Compressive strength and flexural behavior of three types of concrete is very
obvious, and the concrete details can obtained from Figure 1, Table 2 and Table 3 [7]. The mean
compressing strength of three check plain concrete specimens in water-cement 0.50 is 25.01 MPa,
mean flexural strength is 4.08 MPa, and mean flexural modulus is 32.85 Gpa, while 21.74 MPa, 3.43

MPa, 32.2 GPa respectively when the water-cement ratio of experimental plain concrete is 0.60.
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Fig.1 Compressive strength of fiber concrete with the ratio volume to

compare to cement volume (w/c 0.50, fiber length 20 mm)
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The mean compressing strength and flexural behavior of different fiber concrete of same
water-cement and different fiber volume ratio to compare to cement volume is listed the Table2.
Table 2 is the mean compressive strength and flexural behavior of fiber concrete of same w/c and

fiber length of different volume ratio to compare to cement volume.

Table 2 Cmpressive strength and flexural behavior of fiber concrete of 0.50 w/c and fiber length of 20

mm
Fiber Fiber ratio Compressive  Flexural Flexural
type volume Strength Strength modulus
(%) (MPa) (MPa) (GPa)
BF 0.1 28.96 4.70 37.8
CF 0.1 24.04 3.67 31.6
BF 0.3 30.75 4.81 36.2
CF 0.3 26.61 4.01 31.9
BF 0.5 32.64 4.66 36.4
CF 0.5 27.63 4.19 31.1
BF 0.7 30.37 4.74 35.5
CF 0.7 27.52 3.91 28.9
BF 0.9 31.37 4.47 34.2
CF 0.9 21.16 3.55 29.1

Table 3 is the mean compressive strength and flexural behavior of fiber concrete of same fiber

content and different fiber length and w/c.

Table 3 Compressive strength and flexural behavior of fiber concrete of different w/c and fiber length
with 0.1%fiber ratio volume

Fiber Fiber Compressive  Flexural Flexural
type w/c Length Strength Strength modulus

(mm) (MPa) (MPa) (GPa)
BF 0.5 10 29.18 4.74 35.0
BF 0.6 10 23.74 4.24 33.1
CF 0.5 10 26.27 3.86 35.8
CF 0.6 10 21.45 3.33 32.2
BF 0.5 15 29.05 4.97 37.0
BF 0.6 15 20.38 3.33 31.1
CF 0.5 15 24.16 3.75 30.8
CF 0.6 15 22.22 3.47 38.7
BF 0.5 20 28.96 4.70 37.8
BF 0.6 20 18.80 3.32 30.1
CF 0.5 20 24.04 3.67 31.6
CF 0.6 20 25.34 3.88 32.4

Discussion.

1) Admixture of short-chopped fiber can reinforce the concrete compressive strength. Admixture
of igneous fiber and carbon fiber can increase the maximum compressive strength of ordinary

concrete up to 27.3 % and 13.1 %, respectively.
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2) Mixing of short-chopped fibers can improve the concrete flexural strength. For example,
when the water-cement ratio concrete is 0.50, mean flexural strength of igneous fiber reinforced
concrete is 8.7 % higher than that of plain concrete, and the mean flexural strength of carbon fiber
reinforced concrete increase of 4.3 %.

3) It can be drawn from 1) and 2) that the reinforcing effectiveness of concrete mix with
short-chopped igneous fiber is better than that of carbon fiber.

4) The compressive strength of fiber concrete increases with the increase of short-chopped fiber
content first, and then decrease after reach the optimum content of fiber. When fiber content from 0.1
% to 0.5 %, the compressive strength increased with the dosage, but in 0.7 % to 0.9 %, the

compressive strength decreased.

Conclusion

1) Compared with plain concrete, the short-chopped basalt fiber and carbon fiber can all enhance
compressive strength and flexural properties of hydraulic concrete. Maximum compressive strength
of concrete mix with igneous fiber and carbon fiber can increase by 27.3 % and 13.1 % respectively,
and there exist the optimum volume ratio of fiber to compare to cement volume.

2) The reinforcing effectiveness of concrete mix with short-chopped igneous fiber is better than

that of carbon fiber.
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Abstract. Using Kaolin as the main raw material,l ultrafine particles modified Kaolin were prepared.
Then loading transition metals (copper and zinc), the final modified Kaolin composite photocatalyst
was finished. This study used a composite photocatalyst in three main factors photocatalytic oxidation
degradation of methylene blue simulated waste Textile Industry water effects. The results showed that
the best conditions for simulated wastewater of 100 mL was: methylene blue initial concentration of
40 mg/L, hydrogen peroxide of 0.4 mL, composite photocatalyst of 60 mg, pH 10.21. Under this
condition, the chromaticity of methylene blue dropped from 1 600 to 10 after aeration reaction of 120
min, and its removal rate was 99.32%.

Introduction

The research of the transition metal catalyst taking TiO, as the representative has been studied
extensively, which fully demonstrates potential and profound application background of the
heterogeneous photocatalytic technology in the production of clean energy and environmental
pollution. However, its application is limited as the result of the high expense of titanium compounds.
And kaolin modified composite photocatalyst solves the problem to some extent, which are ultrafine
particles prepared with a large number of cheap, non-toxic and pollution-free kaolin as the main raw
material. Through ion exchange and transition metal support, kaolin modified is finally changed to
kaolin modified composite photocatalyst. With water soluble azo dyes for representative compounds
— methylene blue as the research object, and through the experiment of the composite photocatalyst
for photocatalysis degradation, we study certain factors which may influence the methylene blue
degradation, including initial concentration of methylene blue , hydrogen peroxide dosage, composite
photocatalyst dosage, etc, on the purpose of providing reference to the wastewater treatment in textile
dyeing industry.

Materials and Methods

Reagent

A simulated dye wastewater with a certain concentration of methylene blue solution of reserve. 30%
(mass fraction, similarly hereinafter) hydrogen peroxide. Concentrated sulfuric acid. sodium
hydroxide. aluminum sulfate. ammonium chloride. zinc sulfate. copper sulfate. methylene blue
(above for the analysis of pure). kaolin (chemical). Silica sol, etc.

Instrument

The main instruments include type of UV-1200 UV-Vis spectrophotometer, UV1102 type ultraviolet
visible spectrophotometer, 101-2 type drying box, SXL-1304 type programmable box-type electric
furnace, AUY?220 analytical balance, ultraviolet disinfection lamp ( 20 W ), incandescent lamp ( 40
W), DF-101S ( T ) heat collection type constant temperature magnetic stirrer, 79-1 type magnetic
heating stirrer, JJ-3C six electric mixer, air compressor, PHS-3C type precision pH, ADL-6C type
centrifuge, CTL-2 type centrifuge chemical oxygen demand meter, SHB-B type SHB-B multi-usage
vacuum pump with water circulation.
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Kaolin Nano Molecular Sieve Preparation

Firstly, weigh appropriate amount of sodium hydroxide and aluminum sulfate, dissolve them in
deionized water, instillate silica sol under high speed magnetic stirring, then mix into a transparent
colloid, Finally, Na,O: Al,Os: SiO;: H,0=16:1:16: 210 (mole ratio), age for 48h under room
temperature as a directing agent.

Secondly, under 750°C for 2h kaolin can be changed into metakaolin with active Al and Si; weigh
sodium hydroxide and dissolve them in certain deionized water, add metakaolin and stir evenly, drip
add silica sol in drops under magnetic high speed stirring; then add the directing agent so that Na,O:
AL Os: Si0;: H,O: directing agent=7.8: 1: 16: 400: 0.1(mole ratio); seal glass under 725 r/min
magnetic stirring ( to prevent water evaporation) crystallization for 5.5h 90°C water bath; while it is
hot add saturated solution of ammonium chloride to the reaction liquid with crystal precipitation (to
promote filter ), suck with vacuum pump, wash with deionized water to neutral, dry for 12h under
120°C, finally after calcinations under 600°C for 2h, crush and sieve to get ultrafine particles kaolin
modified.

Load of Transition Metal Ion

Take 1 g nano molecular sieve as carrier, and add 1.9789 g zinc sulfate and 1.7681 g copper sulfate
crystals with a 500 mL mixture, with the closure to prevent the evaporation of moisture, and filter
suspensions after magnetic stirring at 725 r/min for 24h at room temperature, and wash by deionized
water to neutral, bake under 120°C for 12h, roast at 500°C for 3h ,then we get kaolin modified
composite photocatalyst.

Mechanism of Methylene Blue Decolorization

Methylene blue ( shortened form MB ), molecular formula: C;sHgN3SCI-3H,0, is a kind of sulfur and
nitrogen benzene chromogenic agent, its structure type is similar to anthracene, it is difficult to
oxidize it by potassium dichromate, and we cannot determine its concentration accurately according
to COD ; but at low concentrations, there is a very good linear relationship between MB absorbance
and concentration, which is in accordance with the Lambert-Beer Law, so we can use the maximum
absorption wavelength absorbance to reflect its concentration at. The molecule of MB is shown in
Fig.1. As shown in Fig.1, the the sulthydryl (-S- ) is the main color group, because it is an
electron-withdrawing group, the electron density of which is relatively large, and when it reacts with
the composite photocatalyst, it will be oxidized, and the absorbance of the group was less than 180
nm, so MB will fade after oxidation.

N
S T4 -
N N* ¢l
CH; CH, CHj3 CH3

Fig.1 The molecule of MB

Experimental Method

Add 100 mL MB wastewater in a 500 mL beaker, adjust pH in the solution to 10.21, and aetate for 120
min under irradiation of 20W ultraviolet disinfection lamp. Take the supernatant and centrifuge it to
determination its absorbance. Examines the initial concentration of MB, dosage of 30% hydrogen
peroxide and the effect composite photocatalyst dosage taking on the degradation rate of MB.
Calculate the degradation of MB according to the following formula:

o=(1-A/ Ay)*x100% QP)
Formula: o for the degradation rate of MB, %; A for the solution absorbance before the reaction; A
for the solution absorbency after the reaction.
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Maximal Absorption Wavelength of Methylene Blue Determination

After the preparation of a certain concentration of MB solution, scan the spectrum of MB solution
absorbance in the range of 400 to 800 nm (including the visible light range), at the scanning interval of
0.5 nm and at the scanning speed of 100nm/min. The result of the determination at different
wavelength absorbance of MB solution is shown in Fig.2, and the maximum absorbance wavelength
1s 655.0 nm..

Results and Discussion

The Effect of MB Initial Concentration on Photocatalytic Degradation of MB

Shown by Figure 3, the lower of MB solution concentration is, the higher the rate of degradation.
When the initial concentration is 40 mg/L, degradation rate of MB reach 40.32%; and when it is
increased to 640 mg/L, the degradation is only 5.21%. As a result, 40 mg/L is chosen as the initial
concentration of the following experiments.
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Fig.2 The Maximal adsorbency of MB at the different wavelength ~ Fig. 3 Effect of MB initial concentration on photo-degradation

Effect of Hydrogen Peroxide Dosage on Photocatalytic Degradation
From Figure 4, it is known that a small amount of hydrogen peroxide have a very significant role on
the degradation of MB. With the increasing of hydrogen peroxide dosage, the degradation rate of MB
decreases. It is because when the concentration of hydrogen peroxide is low, the generation of free
radical * OH increases with the hydrogen peroxide concentration, the MB degradation rate are
relatively high in result. When the concentration of hydrogen peroxide is high, the excess hydrogen
peroxide is a free radical scavenger, consuming * OH free radical and reducing the utilization rate of
* OH free radical. The reaction type is: * OH + H,O, — H,O + HO; * . When hydrogen peroxide is
excessive, owing to the large number of HO, * free radical with a large quantity of oxygen generated
by photolysis promoting the removal of MB, the MB degradation rate is slowly rising again. .
Considering the cost of wastewater treatment by both treatment effect, determine the following
experimental hydrogen peroxide dose selection for 0.4 mL. . Considering both the cost of wastewater
treatment and treatment effect, 0.4mL is chosen as the hydrogen peroxide dosage in the following
experiment.

Effect of Photocatalyst Dosage on Degradation

The effect of Photocatalyst dosage on degradation is shown in Figure 5. Figure 5 shows, the increase
of composite photocatalyst dosage in solution and metal containing optical active promote the
degradation of MB solution. And the maximum MB degradation rate is reached on condition when
composite photocatalyst dosage is 60 mg. With the continuing increasing of the photocatalyst
concentration, excessive composite photocatalyst has hindered the solution on the absorption of light,
thus the MB degradation rate decrease. As a result, 60 mg is chosen as the composite photocatalyst
dosage in the experiment.



