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       PO4 and Mg2P2O7 mixed ceramic semiconductor samples were 
.........prepared and investigated to be used as humidity sensors. The samples 

were characterized using XRD. Surface area, SEM, and electrical 
conductivity under the effect of humidity at room temperature were 
measured and discussed. X-ray patterns showed the formation of YPO4 in 
tetragonal phase and Mg2P2O7 in monoclinic form. Adding Mg2P2O7 
improves the surface area of YPO4 which affected the electric conductivity. 
The humidity sensing of the pure and mixture samples was studied by 
dependences of the electrical conductivity on the mixture content and the 
sensitivity was also calculated. The results indicated that the electrical 
conductivity increased as relative humidity increased up to 76% due to the 

protonic conductivity which specified the action of water content on the 
phosphate molecules. After 76% relative humidity (RH), the value the 
electrical conductivity and sensitivity started to decrease due to the blocking 
of the phosphates molecules under high humidity value. 
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Inspite of using a huge amounts of phosphate materials in many applications such as 

fertilizers, detergents, ion exchangers, special glasses, corrosion inhibitions (1-4), 

special phosphates find their applications in advanced industrials such as super 

protonic conductance, sensors and UV shielding materials. 

 
Due to the high thermal stability and high resistance of rare earth phosphates 

towards the oxidizing agents, many researches were devoted to prepare these 

materials to be suitable for new applications (5-7) . In the present work a trial to 

prepare and characterize the Mg- substituted YPO4 to be suitable for humidity 

sensors was done. 

 

In the field of the humidity sensing, a wide variety of techniques are available 

to measure the humidity. The common humidity sensors are the solid state 

materials such as aluminum oxide, polymer film, silicon oxide and ceramic 

…………………………………………………………………………………….. 
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sensors. In general, ceramic humidity sensors have advantages for their chemical 

and thermal stabilities, thus many metal oxides such as MgFe2O3, ZnCr2O4, 

LiZrVO4, Al2O3-TIO2-SmO2, hydroxyapatite, Al(PO4) and Zr(HPO4)2, have been 

used as suitable humidity sensing materials. These sensors are more acceptable 

because the relative humidity is measured against electrical conductivity. These 
types of humidity sensors enhance the manufacturing of sensors devise (8-10) . 

 

      Several metal phosphates were investigated as humidity sensing materials, 

and some of them including Ti(HPO4) H2O had good humidity sensing where the 

electrical resistance of these materials was lowered at relative humidity range of 

11% to 94 % (11) . 

 

As we continue our policy for preparation and application of the metal 

phosphates (12-15) . This work aimed to prepare and characterize YPO4 and its 

substituted samples with Mg2 P2O7 to be used as new humidity sensors based on 

the dependence of the electric conductivity on the relative humidity. 
  

Experimental 

Preparation  

YPO4, (YP), was prepared via the solid state reaction route by mixing 

stoichiometric molar amounts of Y2O3 and (NH4) H2PO4, and then fired at 

1200oC for 8hr (sample 1). Magnesium pyrophosphate, Mg2P2O7, (MgP), was 

prepared by reacting 1:1 molar ratio MgCl2 with (NH4)H2PO4 solution, drying the 

precipitate then calcined at 850oC for 3hr (sample 2) (16) . Three mixtures of YP 

and MgP were prepared in different weight percentages, 25% MgP (sample 3), 

50% MgP (sample 4) and 75% MgP (Sample 5). 

 

Characterization  
    The crystal structure of YPO4 and Mg2P2O7 were investigated by using X-ray 

diffraction (XRD), Brukur D8 advanced diffractometer (Germany) with Cu Kα 

radiation. The surface area of the prepared samples was measured by using 

quantachrome instrument, Quantachrome Nova automated gas sorption system 

version 1.12. The micrographs of YPO4 and Mg2P2O7 and their mixtures were 

taken by scanning electron microscope (SEM: Jeol-Jax- 840A, Japan) with 

electronic probe micro analyzer.  

 

Humidity sensing study 

To study the effect of the relative humidity( RH), on the electrical properties 

of the prepared samples, weighed discs of the dried samples were exposed to 
atmospheres of different relative humidity values (20, 35, 76, 92,100%) (17) . For 

the preservation of disc humidity, the following procedure was followed: 

saturated solutions of MgCl2, NaCl and KNO3, in equilibrium with some of their 

respective crystals, were kept each in desiccators at 25oC. The relative humidity 

values were determined by a suitable hydrometer and the obtained values were in 

consistent agreement with the reported values. The samples were exposed to the 

specified humidity for 4 weeks. This period was quite sufficient for the samples 

to attain equilibrium with their respective atmospheres where the weight of the 
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sample came to constancy during the last two weeks. The conductivity was 

measured directly after the equilibrium had been attained by using LCR Hioki 

instrument (Japan) at 50 KHz and 4 volts. .   

 

 Results and Discussion 
X- ray measurements  

Typical XRD patterns of Mg2P2O7 and YPO4 are given in Fig 1. The x-ray 

patterns emphasized the formation of YPO4 and Mg2P2O7. For Mg2P2O7, a 

monoclinic phase (PDF 72-0019) was formed. For YPO4, a tetragonal phase 

(PDF 84-0335) was produced. In general rare earth orthophosphates are known to 

exist as two types of crystal structures, one is monoclinic monazite type that 

accommodates the larger rare – earth elements (La-Gd) and the other is 

tetragonal xentotime- type that incorporates the smaller rare earth elements 

(Sc,Y,Tb,-Lu) (18). All the rare earth orthophosphates that have been reported as 

protonic conductors have the monazite- type structure. However, considering a 

structural similarity between the monazite and xenotime- type structures, 
protonic conduction can be expected also in xenotime- type. In all cases the 

mechanism of conductivity for phosphates compounds is protonic in agreement 

with the literatures (19) . 

 
Fig. 1. XRD patterns of YPO4 and Mg2P2O7. 

 

Surface area measurements 

The surface area of both YPO4 and Mg2P2O7 was performed by using 

Quantachrome Inst. The measured surface area of YPO4 was 20.0 m2/g and 41.6 

m2/g for Mg2P2O7. From the values of the surface area, it may be concluded that 

the substitution of YPO4 by Mg2P2O7 improves the surface area which by turn 

affects the protonic conductivity. 
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Scanning electron microscope  

    The surface morphology of pure YPO4 (a) and Mg2P2O7
 (b) and their different 

mixtures (c-f) were analyzed by SEM as shown in Fig. 2. The observation 

indicated that the pure YPO4 has compact surface but the pure Mg2P2O7 posses 

layer structure. The effect of Mg2P2O7 incorporation into YPO4 changes the 
compact surface into irregular winding structure induced porous structure. These 

structures enhanced the gas diffusion and reaction within YPO4 blended 

Mg2P2O7. Whereas Fig. 2(e) displays the photomicrographs of loose structure in 

larger magnification where the loose structure containing multipores which could 

be observed (20,21) . 

 

 
Mg2P2O7 pure(b) 

 

 
YPO4 pure(a) 

 
Mg50-Y50 (d) 

 

 
Mg25-Y75 ( c ) 

 

 
Mg75-Y25 (f) 

 

 
Mg75-Y25 (e) 

 

 
Fig. 2. SEM images of pure YPO4, Mg2P2O7 and their mixtures. 
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Humidity sensing  

     To study the ability of using both the YPO4 and Mg2P2O7 as humidity sensors, the 

dependence of the electrical conductivity on the relative humidity (RH) was studied. 

 

In the previous researches, it was found that the electrical conductivity of rare 
earth phosphates exhibited protonic conduction in moisturized atmosphere by 

substituting the alkaline earth metals for rare earth elements (22). Figure 3 shows 

that, the conductivity of YPO4 increased as the relative humidity (RH) increased. 

By substitution of YPO4 with Mg2P2O7, it is observed that the conductivity 

increased by increasing Mg2P2O7 percentage. All the prepared samples showed 

high conductivity values at RH equal to 76%, so this value of RH was selected to 

study the effect of adding Mg2P2O7 to YPO4 and also to study the best sample 

which can be used as humidity sensor. After this value the electrical conductivity 

started to decrease by increasing the percentage of Mg2P2O7. This may result 

from the aggregation between the phosphate groups (23) in presence of humidity 

(Fig. 4). The sensitivity of the samples increases with water content forming a 
maximum value at about 76% then start to decrease as represented in Fig. 5. 
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Fig. 3. Relation between electrical conductivity and relative humidity of YPO4, 

Mg2P2O7 and their mixtures at room temperature. 
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Fig. 4. Relation between electrical conductivity and Mg2P2O7 percentage at  room 

temperature at 76% RH. 
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  Fig. 5. Relation between sensitivity and relative humidity at room temperature. 

 

The increase of both electrical conductivity and sensitivity with humidity may 

be due to the increase of the number of protons responsible for conduction which 

introduced from the water vapor and also the substitution of the rare earth 
phosphates by divalent metal pyrophosphate in the moisturized condition 

dissolved the protons into the phosphates forming hydrogen phosphate groups 

(HPO4) as pointed out by Amezawa(22). The decrease in the electrical 

conductivity and sensitivity at higher relative humidity after 76% may be due to 

the blocking of the phosphate molecules (23) .  

 

Conclosion 

 

From this study, it may be concluded that YPO4 and Mg2P2O7 were formed in 

hexagonal and tetragonal phases, respectively. The mixing of Mg2P2O7 with 

YPO4 improves the surface area which has high effect on the electrical 

conductivity. From the dependence of the electrical conductivity on the relative 
humidity it may be concluded that these phosphate materials can be used as 

humidity sensing material. Also, by comparison of the low material price of 

Mg2P2O7 to YPO4  high price, it can be seen that the substitution of Y by Mg 

decreases the production cost of the sensor material.  

 
References 

 
1. Hosono, H., Imai, K. and Abe,Y., Integrated microporous glass- ceramics with 

skeleton of LiTi2(PO4)3 with three- dimentional network structure and of 
Ti(HPO4)2H2O with two dimensional layered structure. J. Non – Cryst. Solids, 162, 

287-293(1993). 
 
2. Miyazaki, H., Kojima, H., Hiraiwa, A., Himma, Y. and Murakami, K., Improved 

phosphosilicate glass passivation against Cu contamination using the rapid thermal 
annealing process.  K. J. Electrech. Soc. 141,734-736(1994). 

 
3. Huang, C.Y., Agrawal, D.K., Mickinstry, H.A. and Limaga, S.Y., Synthesis and 

thermal expansion behavior of Ba1+xZr4P6-2xSi2XO24 and Sr1+xZr4P6-2xSi2XO24 

system.  J. Mater. Res. 9, 2005-2013(1994). 



Studies on Preparation, Characterization and Humidity Sensing … 

Egypt. J. Chem. 57,  No. 5, 6  (2014) 

349 

4. Dayamond, C., Sarma, R.V.G.K., Bhikshamaih, G. and Salagram, M., Optical 
properties of lead phosphate glasses. J.Non Cryst. Solid, 167,122-126(1994). 

 
5. Boakye, E. and Petry, M.D., Porous aluminum oxide and lanthanum phosphate fiber 

coating. Ceram.Eng. Sci. Proc. 17(4),53-58(1996). 
 

6. Hay, R.S., Fiber strength with coatings from sols and solutions. Ceram. Eng. Sci. 
Proc.17(4),43 (1996). 

 
7. Kuo, D.H. and Kriven, W.M., Astrong and damage – tolerant oxide laminate. J. 

Am. Ceram. Soc. 80, 2421- 2424(1997). 
 
8. Yang, M.Z., Liavg, C.D. and Lin, W.Y., Fabrication and characterization of 

polyaniline/PVA humidity microsensors. Sensor, 11, 8143-8151(2011). 

 

9. Fakhra, A., Sayyad, M.H., Karimov, K.S., Salem, M., Ahmed, Z. and Khan, 
S.M., Characterization of vanadyl phthalocyanine based surface- type capacitive 
humidity sensors. J. Semiconductors, 13,114002-114006 (2010). 

 
10. Smets, B.M.J., Phosphors based on rare earth, a new era in fluorescent lighting. 

Mater Chem. Phys. 16, 283-299(1987). 
 

11. Tada, A., 4th Inter.Sym. on Inorg. Phos. Mater. Jene, Germany 10-13 July (2002). 
 
12. Hanna, A., Mousa, S. M.  Elkomy, G. M. and Sherief, M.A., Synthesis and 

microstructure studies of nano-sized cerium phosphate. European Journal Chemistry, 
1(3), 211-215 (2010). 

 
13. Hanna, A.A., Sherief, M.A., Aboelenin, R.M.M. and Mousa, S.M.A., Preparation 

and characterization of barium hydroxyapatite as ion- exchanger. Canadian Journal 

of Pure &  Applied Science , 4(1), 1087-1093(2010). 
 
14. Hanna, A.A.,  Mousa, S.M., Sherief, M.A. and Elkomy, G.M., Synthesis and 

microstructure studies of nano-sized cerium – zinc phosphates. European Journal of 
Chemistry, 2(4),503-508(2011). 

 
15. Mousa, S. and Hanna, A., Synthesis of nano-crystalline hydroxyapatite and 

ammonium sulfate from phosphogypsum waste. Mater. Res. Bull. 48, 823-828(2013). 
 

16. Mousa, S., Study on synthesis of magnesium phosphate materials. Phos. Res. Bull. 
24, 16-21(2010). 

 
17. Hanna, A., Ali, A.F., Mousa, S.M.A. and El-Sayed, M. A., Rare earth phosphates 

as humidity sensors. Phos. Res. Bull. 21, 78-83 (2007). 
 
18. Yni, J.M., Hughes, A.N. and Mariano, Crystal chemistry of the monazite and 

xenotime structure. Am. Mineral, 80, 21-26(1995). 

 
19. Amezawa, K., Tomii, Y. and Yamamoto, N., High temperature protonic conduction 

in Ca- doped YPO4 . Solid State Ionics, 163, 175-180(2003). 
 



A.A. Hanna et al. 

Egypt. J. Chem. 57, No. 5, 6 (2014) 

350 

20. Lin, C.T. and Huang, C.W., Low-power and high –sensetivity humidity sensors 
using Fe-Al-polyaniline belends. Sensors J. 10(6), 1142-1146 (2010). 

 
21. Lucas, S., Champion, E., Bregiroux, D., Bernache, D. and Audubert, F., Rare 

earth phosphate powders RePO4.nH2O (Re=La, Ce or Y)- part I. synthesis and 
characterization. J. Solid State Chemistry,177,1302-1311 (2004). 

 
22. Amezawa, K., Tomii, Y. and Yamamoto, N., Protonic conduction and defect 

structures in Sr- doped LaPO4. Solid State Ionics, 145, 233- 240 (2001). 
 
23. Amezawa, K., Tomii, Y. and Yamamoto, N., High temprature protonic conduction 

in LaPO4 doped with alkaline earth metals. Solid State Ionics,176,135-141 (2005). 

         

(Received 1 /6/2014; 

accepted 18/6/2014) 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 



Studies on Preparation, Characterization and Humidity Sensing … 

Egypt. J. Chem. 57,  No. 5, 6  (2014) 

351 

ات دراسات تحضير وتوصيف وخاصية المحسات المائية لمادة فوسف

 الاريتريوم المطعم بالماغنيسيوم

 
عدلى عبدالله حنا، محمد شفيق خليل ، سحر محمد موسى

*
، مروة عادل شريف  

جيهان محمود الكومىو
**
  

قسم *مصر ، –القاهرة  –المركز القومى للبحوث –قسم الكيمياء غير العضوية 

 –بد العزيز جامعة الملك ع –داا  كلية العلوم والآ – قسم الفيزياء**الكيمياء و

  .السعوداية  المملكة العربية
 

تم تحضير كل من فوسفات الاريتريوم البسيطة وفوسفات الماغنيسيوم الكثيفة 

تم توصيف العينات الناتجة باستخدام طيف . وتوصيفها لاستخدامها كمحسات مائية 

حيودا الأشعة السينية وقياس المساحة السطحية وداراسة تغير التوصيل الكهربائى 
دالت الأشعة السينية على . عتماداا على نسبة الرطوبة عند دارجة حرارة الغرفة ا

م البسيطة فى صورة ثلاثية فيما تكون فوسفات تكوين فوسفات الاريتريو

دالت الدراسة على ان اضافة فوسفات . الماغنيسيوم فى طور احاداية الميل

الماغنيسيوم تحسن من خواص السطح وكذلك الخواص الكهربائية لفوسفات 

 . الاريتريوم

 

دالت نتائج الدراسة على زياداة التوصيل الكهربائى بزياداة نسبة الرطوبة حتى 

 أتبد %76عند زياداة نسبة الرطوبة عند ، نتيجة لميكانيكية التوصيل البرتونى 76%

خاصية التوصيل الكهربائى والحساسية فى الانخفاض نتيجة تكون تكتلات كبيرة 

 . من الموادا الفوسفاتية

 


