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Abstract: The mixture of whiskers of magnesium hydroxiddatel hydrate(MHSH) and hydrated magnesium
borate (HMB) were prepared by hydro-thermal metirodhe mother liquor of boric acid production, the
composition of the products were 5Mg(QHWgSQ:-2H,0 and MgRO,5H,0 confirmed by XRD testing.
The dehydration analysis indicated that continusteps of dehydration have promised an applicatiothé
flame retardant reinforced material have broadpeocts.
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| ntroduction

Large amounts of magnesium sulfate and a small atrmfuboric acid existed in the boric acid mothguor
production. As a useful treatment technology, magme sulfate heptahydrate can be obtained by usiag
method of crystallization and used as boric magmedertilizer. Even so, how to use of the boricdagiother
liquor production has been a high value-added imidlisproblems to be solved in particular and stric
environmental requirements The MgO-MgSQ-H,O or alkaline substances-Mg$8,0 system has been the
subject for numerous investigations in the past lgades because several magnesium hydroxide esulfat
hydrate(MHSH) have been shown as promising masgrigcently, some MHSH fibers or whiskers were
proved to be well suited as an additive for regiier, filter medium, or reinforcements of polyngeand
plastic§®. The MgCIl-HBO;-NaOH or MgNQ-NaBH-H,0O system has been used for making the hydrated
magnesium borate(HMB) whiskers, one of the mostnisimg application of the products is as precufspthe
formation of anhydrous magnesium borates, whichsggs excellent mechanical properties and have
applications in antiwear additives, thermoluminesee phosphor, ferroelastic materials and electronic
ceramics, hydrothermal technology has emergedthsving method for the synthesis of nanostructunethe
past decades because of its energy savings, loettéol of nucleation and shape, and lower tempesabf
operation,etd'®. The MgO-MgSQ-Hs;BO;-H,O system has been established in this paper aogotdithe
composition of the boric acid mother liquor prodot and the mixture whiskers of MHSH and HMB were
prepared simultaneously by hydro-thermal method, risults can provided the basis for high valueeddd
application of the boric acid mother liquor prodant
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Experimental

The mixture of sample of MHSH and HMB were synthediby the hydrothermal method, all reactants were
analytically pure, 2.024g magnesium oxide powdexs wissolved in 40ml distilled water, then 1.2gyainbus
magnesium sulfate and 0.038g boric acid was puttsgectively into the beaker, after until comphetel
dissolved, the solution were placed into a Tefioed autoclave of 50ml capacity. Then, the auterlasas
filled with aqueous up to 80% of the total voluriidne autoclave was sealed into a stainless stek] el
maintained at 20@ for 16h without shaking or stirring. After the aalave was cooled to room temperature
naturally, the white mixture of sample was filteréte precipitate was washed with distilled wated absolute
ethanol for several times, and then dried in a wacat 60C for 4h.finally, the sample was obtained.

Results and discussion

The SEM image and the yield of the sample with modéion changing from 1:1 to 1:6, of magnesiunfegel

and magnesium oxide under the condition of the m@to of anhydrous magnesium sulfate and borid ac
were maintained at 1:1 were shown in figure 1 dgdré 2 respectively. It can be seen in figure at the
image of the samples was needle-like in a, togdthevith in b, whisker and flocculence in c, tydidder
bundle in d, sheet structure flocculence and nekkiein e, hairchested fiber bundle in f, and theld of
sample increased with the molar ratio of magnesiulfate and magnesium oxide decreased from 1:34t84,

then decreased at 1:5, increased at 1:6 in figues@ectively. The formation of HMSH was easy th#iB
under thermal condition according to the known tieagrocess, the increase of magnesium oxide edaeith
them successfully, so much so that magnesium hydnatated under excessive magnesium oxide which the
variation trend of samples vyield reflected in fig.

Figure 1: SEM image of samples with different molar raticmwgnesium sulfate and magnesium oxide
Molar ratio: a, 1:1, b, 1:2, c, 1:3,d, 1:4.34, &, 1, 1,6
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Figure 2: yield of samples with different molar ratio of nmagium sulfate and magnesium oxide
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The SEM image and the yield of the sample as tHamnatio of boric acid and magnesium oxide wasdased to 1,
2 and 4times respectively were shown in figure3 fignare4 under the condition of the molar ratiorsdgnesium
sulfate and magnesium oxide was maintained atitican be seen in figure3 that the image of samghesged from
mixture of needle-like and sheet structure flocooéeto hairchested fiber bundle in a, b and c,thedyield of the
product increased firstly and then decreased imédi¢. The pH value and concentration of’Migns in the solution
increased with the the molar ratio of boric acid amgnesium oxide was increased to 1, 2 and 4tiespectively, it
was in favour of the formation of typical hairchestfiber bundle magnesium hydroxide sulfate hydveltésker
relative to magnesium borate. Even some formatfomagnesium hydroxide and the quantity of prodacteased
and decreased in figure4 relatively.

Figure 3: SEM image of samples with different molar raticoofic acid and magnesium oxide
Times of molar ratio: a, 1, b, 2, ¢, 4
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Figure 4: yield of product with different molar ratio of boracid and magnesium oxide

The SEM image of the samples was shown in figuseScale-up to 2 to 4times simultaneously. It casden
obviously that large amount of magnesium hydroxildfate hydrate whisker have been formed then

magnesium borate as the molar ratio of magnesidfatsuboric acid, and magnesium oxide increased 2
4times.

Figure5: SEM image of samples with different molar ratio
Times of molar ratio: a, 2, b, 4

The XRD diagram of the mixture of magnesium hyddexsulfate hydrate whisker and magnesium borate was
shown in figure 6, the result indicated in figuresét the diffraction peak at 31.5887.933 48.859 as A was
identical with the structure of orthogonal magnesibydroxide sulfate hydrate (5Mg(OHMgSQy-2H,0) and at
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25.913 29.756 47.305 as B was identical with the structure ofiegonal magnesium borate (MgB o 5H,0) in
the standard samples car3CPDS 33-0859
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Figure6: XRD diagram of the mixture of sample

The TG diagram of the mixture of magnesium hydrexddifate hydrate whisker and magnesium boratestvasn
in figure7, it can be seen that it was continudapsof dehydration to the mixture at temperateteben 368C and
760°C, the weight loss of the mixture was 6.04%, 17.9286| 3.84% with the step between36@nd 480C , 480C

and 670C, and 670C and 760C,

it can be predicted that the characteristics aiitistiage decomposition

dehydration and the fibrous structure can be used as an aglditiflame or fire retardant, and reinforcement of

plastic and rubber et.al.
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Figure7: TG diagram of the mixture of samples

Conclusion

1 The mixture of whiskers of magnesium hydroxide aeifhydrate and hydrated magnesium borate were
prepared by hydro-thermal method in the motherdigpf boric acid production.

The procudts were 5SMg(OHMgSQ;: 2H,0 and MgRO,,- 5H0O confirmed by XRD testing.

The multistage decomposition dehydration and theeotfis structure indicate that it has predicted
application in the flame retardant reinforced miater

4 It provided the basis for high value-added utilizatof the mother liquor of boric acid production.
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