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ABSTRACT

Due to its qualities of being light, high-strength, and good resistance to abrasion, magnesium oxychloride cement is
used extensively in China and abroad, but simultaneously, its large-scale use has been limited due to its
disadvantages of poor water resistance, easy to buckling deformation and corrosive to rebar. The paper not only
introduces the advantages and disadvantages of Magnesium Oxychloride Cement, but also outlines the domestic
research overview and prospered development prospects of magnesium oxychloride cement.
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INTRODUCTION

Magnesium oxychloride cement (also known as Saglent) is a type of gelled material which was ingdrby a
Sweden scholar named Sorrell in 1876. It is madeofuthe light roasting MgO MgCl, and HO in certain
proportions. Hardened Magnesium oxychloride cemeantinly constitutes of MgGI8H,0(5-1-8).
3Mg(OH),- MgCl,- 8H,0(3- 1-8) and Mg(OH) or the remaining MgO(room temperature). The radtgas hydrates
formation is related to the ratio of 3 componEiftsBecause of its good performance, environmentateption and
energy saving benefits, Magnesium oxychloride cdraed its products have wide application prospeat,in the
process of production and application, magnesiugctlieride cement products have a series of prohléimsot
only wastes materials, but has some hidden troubléw project.

2. Advantages and Disadvantages of M agnesium Oxychloride Cement

2.1 Advantages of Magnesium Oxychloride Cement

(1) Setting hardening fast

After modification parts of magnesium, oxychloridements 1d strength can reach about 80% of thmatki
strength.

(2) Light weight and high strength

The density of Magnesium oxychloride cement is &@D0kg/m only about 70% of Portland cement. The
compressive strength is generally more than 50 kffea curing 28d, which can even break through 2B after
adding modifier, in which case, the rupture strangt more than 10MPa, and the bending stress aarni
performance will be better.

(3) Weakly alkaline and low corrosive

The pH (8.5~9.5) of Magnesium oxychloride cemenbvg thealkalinity is significantly lower than that of ordinary
Portland cement. While the chloride has corrosifieces on metals, it can effectively resist thedsit corrosion
effect effectively at the same time.
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(4) Good abrasion resistance

The abrasion resistance of Magnesium oxychlorideer is 3 times of ordinary portland cement. So mea@m
oxychloride cement is especially suitable for prdg floor tile and other high wear-resistant products, especially
the abrasives, such as bricks, grinding blockssanan.

(5) Good adhesion
The caking property of Magnesium oxychloride cenigigiood, although it is poor in metallic materials

(6) Flame retardant

the main component of MOC which has a five resistanf 2800!, thus MOC products are generally high
temperature resistant. Refractory can reach ab@0€ 8ven put some glass fiber in it. Because of tleerisistance
of magnesium oxychloride cement, it is widely ugethe production of fire prevention board.

(7) Good thermal insulation
The thermal conductivity of Magnesium oxychloridament is high.

(8) Hydraulic material
Magnesium oxychloride cement doesn’'t need wateuttivate and avoid burning and steaming, whichtgnts the
environment and save energy.

2.2 Disadvantages of Magnesium Oxychloride Cement

(1) Poor water resistance

Immersion method is commonly used in the laboratorgbserve the water resistance of MOC cementallistwo
months later, the magnesium oxychloride cementispat has serious quality loss, with it's the conspiee
strength decreased by more than 80%.

(2) Moisture absorption and efflorescence

In the process of storage and use, if the enviroah@umidity is higher, the surface of the magaesoxychloride
cement products will produce some water afitlite powdery substance&ommonly known as "white frost".
Experiments show that the main components of thst fis 5-1:-8 phase, and halogen frost processséssible.
Frost can be partly absorbed after a period of.tinging the process of using this product, whitsf is constantly
precipitateded and absorbbed, while the activeeignts in magnesium oxychloride cement are alsagdft out,
such as gel phase, modifying agent, which makedygts lose its application value. For example, eneigtic
manufacturer of magnesium cement cladding causaesoetc losses, because during the storage, semalogen
frost happenes, and the wallboard completely lvakse.

(3) This product is Easy to buckling deformation

Magnesium oxychloride cement might be volume cativa and volume expansion in the air. The specific
performance depends on many factors, such as tatoper humidity and mixture ratio of magnesium ddgcide
cement itself. And the region is different, the divion is different, so it is difficult to use atsaf scientific methods

to quantify and control it. When the volume is afd¢, magnesium oxychloride cement products migicbine
drying shrinkage, expansion, crack, and warpingmheation and so on, accidents might be happenedsierious
condition.

(4) Corrosion of reinforcement

The volume of material produced by reinforcementrasion is 2 ~ 4 times to the original steel, aradume
expansion generates stress which lead to crackidgeeling of the concrete. The damage of the eda@over can
seriously reduce the holding power of the structaned protective layer peeling and rupture makesosive
substances more likely to come into contact with steel bar, further speeding up the reinforcengentosion.
Meanwhile, reinforcement corrosion makes its cismstional area become smaller and the bearing itajpp@come
lower. The local corrosion of steel bar is moregianus than average corrosion, because local éonrosntinually
decreases the sectional area of the rebar, mateet)fails toweight-bearingand causing a catastrophic failure of
the concrete structure.

3. Magnesium Oxychloride Cement Application Status

3.1 Magnesium oxychloride cement application statushina

Due to the simple and convenient production lowt,comgnesium oxychloride cement products have keda
temporary” ling magnesia heat" in the 1950s.Theeawh on hydration mechanism and microstructure of
magnesium oxychloride cement is less in China. e problems of the water resistance of magnesiemeat
own existence difference, easy warping deformatiod moisture absorption return halide cannot beeslthus
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severely restricted in application and popular@atiBy the 1980s, the country made "developmergared of
magnesium oxychloride cement" as "seventh nati&agl scientific research project, and made a losadéntific
research. These research results not only enrichdhic theory of magnesium oxychloride cementalagt provide
a theoretical basis for the production practicériprove the water resistance of magnesium oxyaidoproducts,
easy to buckling deformation and return halide geneream, which has an important guiding significa to
practical applicatiof?’.

In recent years, a lot of resources have been tedeimn development and application aspects of Msigne
oxychloride cement products at home and abroad gwogress has been made and production ratio ae$s has
been constantly improved. It has been improved ygbduality and increased the varieties on thesbasithe
original. These products can be roughly divided ittte following several aspects according to thepscof
applicatiof":

(1) Generation of wood packaging materials:

Transportation integral sex is good, not easy &k levith fire prevention, anti-corrosion, the pdstaddition, the
price is low. It is used in mechanical, electrigatrumentation and other industrial departmerginty like frame
type, fully enclosed and other varieties.

(2) Energy-saving building materials products:

The production process is simple and without théteehnology equipment and the products are witfh lgjuality
and low energy consumption, such as interior wadl partition wall, closet board, door and windownpmnents,
household balcony board, floor, stair handrailhbabck, pantile, drain pipe, ventilation, chutes botanical garden
construction etc.

(3) Transportation:
Road isolation facilities, road signs etc.

(4) Aquaculture products
Float ball, water channel, fishing pond aerobidktatt.

(5) Others:
Granary, civil chimneys, the ling magnesia grindiagl that used in stone, knife cut, machinery pesing industry
etc.

3.2 Magnesium oxychloride cement application statusbroad

Some theoretical research on magnesium oxychleedeent products advanced much at the end of thecegtury
abroad. In the 1930 s, magnesium oxychloride cerpemducts had been reported. Among them, Russid use
magnetite cement materials for wall materials. Aast built magnesium oxychloride cement particlearoo
production line, whose sheets are of high strengtlod machinability, refractory and heat insulatamd good
sound insulation. In addition to being used as ditjman wall board, it can also replace templatenarete after
dismantle for veneers. There are many famous amtegpabroad, like the Wailer, Vollrath companyGarmany, the
Eitomation in Netherlands, the Herrando of Spamislustrial in S.A, the Field of Japan, Water Cheahiadustrial
company and VorterHydra S.R.L of Italian®tc

4. Resear ch status of magnesium oxychloride cement

4.1 The status of study on magnesium oxychloricheere water resistance

The water resistance of magnesium oxychloride cérnisea hotspot of current research. Many domestholars
have carried out extensive research, and therseameral measures to improve the water resistanogaghesium
oxychloride cement:

(1) CI' capture agent

Cao Ming-If! put forward that the existence of residual Mgiglthe main reason for the poor water resistarfice o
magnesium oxychloride cement, and confirmed therdeghation method and eliminate means. Bringin@linons
capture agent and residual” @rm complex and passivating its hydrophilic aityiv Through the moisture
sensitivity and water resistance of the magnesiuytidoride cement, it turned out that @ins capture agent can
significantly improve the water resistance of magjme oxychloride cement and the stability of magumes
oxychloride cement in damp environment.

(2) The low temperature rice husk ash
Li Zhiguand® used rice husk to make low temperature rice hissk I this process, the active $iénd MgO
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MgCl,-H,O constitute four-dimension reaction system, geimerdhe phase structure of the poorly soluble atew
that greatly increased water resistance of magmesikychloride cement .

(3) Fly ash

It is simple to manufacture magnesium oxychloridenent products by adding fly ash (35%), at the same, it
can cost savings, and benefits society, economyeamtionment. The main reason that improve watsistance is
the improvement of pore structure of magnesium blgradde cement product. With both fly ash and pliagp can
make the strength of magnesium oxychloride cemesdyzts not to decline in 3 months compressive uzZkei,
etc. Comparing with the different ash content om ithfluence of the strength and water resistancenagnesium
oxychloride cement, concluded the best dosageyaddh, and studied the performance of large amafrily ash
magnesium oxychloride cement products by uniforst. tely ash was regarded as a kind of ideal addiths well,
research step by step experiment method was usaetdéomine the optimal dosage of fly ash, with taltoontrol
method to determine the dosage of the compoundrwepellent to produce magnesium oxychloride coritpos
cement.

(4) Diatomite

Through the research, it is indicated that diatengian improve the water resistance of magnesiunchieside
cement. The softening coefficient can get 0.97,imgixvith 15% after heat treatment of diatomite iagnesium
oxychloride cement.

(5) The wollastonite tailings

Studies have shown that different dosage of walldtt and additives on magnesium oxychloride cenoaumt
influence compressive strength and the resistameeater. It is believed that wollastonite tailingdosphoric acid
and iron angels was used altogether can significantprove the water resistance of magnesium oyt

cement products.

(6) Soluble phosphate

Mixing with a small amount of soluble phosphoriddaor phosphate in magnesium oxychloride cemensifbe
change the main composition of natural gas hydrdias it can greatly improve the water resistannd the
softening coefficient from 0.1 to 0.9.Thereforeppphoric acid or soluble phosphate can be usethpoove the
water resistance of magnesium oxychloride cement, dannot completely eradicate the damp and halide
phenomena that caused by free or soluble chlooidkeo

(7) Surface coating and dip

Huang Rujian§® put forward the idea of magnesium oxychloride cemroducts such as coating epoxy resin
processing on surface, and the study shows thawaler resistance of magnesium oxychloride cemadtdertain
improvement. Coating monk waterborne epoxy resithensurface of magnesium oxychloride cement prisdcen
form a layer of hydrophobic film on the surfacebtdck, making water not to wet block so as to inygrthe water
resistance. But after the magnesium oxychloride ese#nproducts is exposed to fire and losing the mpadef
coating, you need to do surface treatment/ Therment has yet to be study in-depth.

(8) Urea-formaldehyde resin composite admixture

Huang KezHt" used Urea-formaldehyde resin composite admiximtienprove the water resistance of magnesium
oxychloride cement. After adding composite admigtyroducts six months after soaking in the watemter
resistant coefficient can be greater than 90%.

4.2 The research status of magnesium oxychlorideneproducts steel bar corrosion

The chloride ions in magnesium oxychloride cemanthie main reason that cause steel corrosion icretm
Chloride ion is a kind of extremely strong passivatnd its concentration can reach a critical @alader certain
conditions, reinforcing steel to passivation and@sion. Gao Yinglt? considered that the steel-protection of steel
with lightweight aggregate concrete kept balandh wie resistance of chloride ion permeabilityt ikado say, with
the improvement of resistance to chloride ion petilgy, the steel-protection improved. In additidhe higher the
fineness of fly ash, the better on the reinforcemeorrosion resistance of lightweight aggregate coete,
controlling the dosage of about 20%. In Huang Juisyopiniot™®!, comparing with other processing methods, rust
resistance could effectively prevent the steelftian corrosion through electrochemistry of corraosiohibitors for
injection methods. Cao Mindi makes use of chloride ions, such as capture aggeimprove the performance of
magnesium oxychloride cement products, but thelgdatio improve the reinforcement effect of corrositsing
chloride ion capture agent is a new way to soleestieel bar corrosion. Some studies have also shwtthe rebar
surface after coating processing improves the s@mnoresistance of steel bar correspondingly, wthieeadhesion
strength of reinforcement and concrete would reducé5%~25%. Steel for corrosion resistance can effmnge
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the susceptibility to corrosion of steel, and allstgel was a good choice, including austeniticnitas steel,
corrosion resistance of this kind of steel underghvironment of the chloride concentration wasdighan ferrite.

4.3 The Present Research Situation of Moisture AttEm and Efflorescence

There were some shortcomings about Magnesium oasidel cement products, but the most obvious onehwhi
made them doubtful was moisture absorption halidea result, magnesium oxychloride cement produat® been
prohibited as a wall or ceiling engineering matesri&u Hongf&® did a further study on Magnesium oxychloride
cement products and put forward "three principlemagnesium oxychloride cement ingredients”, nam@ly the
principle of choosing magnesium oxide; (2) Choosimge ratio principle; (3) the principle of Selewiadmixture.

It was widely recognized and applied as the priectd ingredients. It can guarantee the stabilftprmduct quality.

In order to solve the problem of moisture absorptmd efflorescence, the content of chlorine mestdaluced to
zero. Prevention and control of moisture absorptieturn halide and the methods and measures dfdkecan be
roughly divided into three categories: Control tpeocess conditions of production; adding admixtures
post-processing of product. Controlling the proceesditions and adding admixtures often worked tioge
because these two kinds of prevention methods @as¥ to operate and cost little. Compared withfaheer effect,
products post-processing method was more obvious:

(1) Soaking treatment because of its simple operatmn, cost, was widely applied; (2) The effect of fage
coating treatment was the best, while it was ug#d for its high cost; (3) The electrochemicatdatment and
impregnation processing cost is too high, so it lm@sn applied little. At present, immersion treatteas clearly
been forbidden by Chinese magnesium industry assogifor a variety of reasons.

4.4 The Study on Deformation and Cracking of MagmasOxychloride Cement Products

In Yu Hongfa'§® opinion, there were two reasons that caused detimand cracking of magnesium oxychloride
cement: (1) The volume expansion formed in the gsscof cement; (2) The hydration heat caused yntie
expansion. There was also a view that the crackroed on magnesium oxychloride cement hardening lvaas
mainly because of less burning or burnt magnetiteder the reasonable condition of the process,gusormal
calcined magnesite and controlling the mole rafiMgO/MCIl,= 4~6 can avoid burst phenomenon. The root cause
of the Magnesium oxychloride cement products’ wamg deformation is that the residual magnesium oeivigO
and free MgQ react with HO in the air after the hardening of the cementmfailkali type compound brine or
Mg(OH),, cause non-uniform volume expansion. The exparenghcontraction joint action leads to deformatibn
the magnesium oxychloride cement. Li Zherffiaand others thought that to ensure the volume Iitalnif
magnesium oxychloride cement products and redueel¢formation and cracking phenomenon, we shouitr@o
the quality of raw materials, formula design, cgrisystem and production process. Li Zhiguang ubedldaw
temperature rice husk ash to improve the watestasie of magnesium oxychloride cement, moistussraiion
and efflorescence. Huang KeZHiused urea-formaldehyde resin compound additivémpwove the performance
of magnesium oxychloride cement, controlled the posite admixture content in the range of 6%~10%n tthe
modification effect is good. The products does mttirn halide, does not warp, compressive strergtiains at
more than 95% even when used in damp environment.

5. The application prospect of magnesium oxychloride cement in sand concrete

There are numerous salt lakes in China. The skét baine contains plenty of magnesite resourceggridsium
oxychloride cement production process is relativ@mple, low energy consuming and able to take aihepe of
industrial solid waste (fly ash, etc.) and agrictdt waste (rice husk, straw, etc.) to improvepib®r resistance to
water. At present, the application of magnesiumchigride cement is in the bearing component lethel,research
on sand concrete, reinforced concrete and struatoraponents at present are liffle China has established the
Chinese Magnesium Industry Association, formed mlmer of technical backbones and the scientificaesers of
concentrated research as well as some developreatérs, such as the Qinghai salt lake researchutesiof
Chinese academy of sciences, construction sciesearch institute of Shandong province and sotdrad played
an important role in the basic research of magnesiament, modification research and applicatiorseBlaon the
large research market in construction industry im country, the urgent requirements of salt lakes iarine
environment corrosion resistant concrete developnespecially under the circumstances of vigoropstymoting
the building energy efficiency in China, the madasscement and products with green energy-saviatufe still
has great potential. If magnesium oxychloride cenaed sand are combined together, we can makefimeface
coating on steel processing or displace it withcidesteel bar to apply it both in structures ameels. If we
introduct the existing concrete structure desigm, construction theory and practice and with amnupation and
improvement, it can surely open up a new era inpteeluction of building materials, saving a largacaint of
energy, while promotes infrastructure construction.
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