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Storage of Water in Inorganic Salt Hydrates and the Implications
to Latent Heat in Phase Changes
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Abstract The dehydration processes of three selected inorganic salt hydrates, CuSO4-5H,0, Na,HPO,12H,0 and
Na,S04 10H,0, were respectively investigated to obtain the influence of water on the latent heat. Simultaneous
DSC (differential scanning calorimetry)-TG (thermogravimetry) combined with Raman spectroscopy were em-
ployed to monitored the dehydration processes and the structural variations. The result reveals that for those salt
hydrates which dehydrate mainly crystal water at melting point, the role of water in the structure directly influences
not merely the thermal effect but the latent heat. For most salt hydrates, the water content exhibits a negative
correlation with the latent heat for per mole water. Na,HPO4 12H,0 melts to a salt hydrate with fewer moles of
water, whereas Na,SO4 10H,0 melts to its anhydrous form. Previous studies claim that there exists a quantitative
relationship between the latent heat of salt hydrate and the number of crystal water. However, the comparison of
the dehydration processes of Na,HPO,4 12H,0 and Na,SO, 10H,0 indicates that whether this conclusion is gene-
rally applicable needs further study.

Key words inorganic salt hydrate; crystal structure; latent heat
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Table 1 Melting point and latent heat of selected salt hydrates

TeHKAER AHAS IR/ C FREEH(K - kg ™) JEIRIBEH(KT - mol ™) AFEERAKCF (KT - mol ')
CaBry6H,0 34.0 1155 35.6 59
CaCly'12H,0 29.8 174.0 56.9 4.7
CaCl,:6H,O 29.7 192.0 42.1 7.0
FeCly-6H,0 37.0 223.0 60.3 10.1
FeCl;2H,0 56.0 90.0 17.9 8.9
Fe(NOs);9H,0O 47.0 155.0 62.6 7.0
Fe(NO3);:6H,0O 60.5 126.0 44.1 7.4
K,HPO,-7H,0 45.0 145.0 435 6.2
K,HPO,-6H,0 14.0 109.0 30.7 5.1
K,HPO43H,0 48.0 99.0 22.6 7.5
Mg(NO;),6H,0 89.9 167.0 42.8 7.1
Mg(NOs),4H,0 47.0 142.0 312 7.8
Mn(NOs),:6H,0 89.9 148.0 42.5 7.1
Mn(NOs),-4H,0 47.0 115.0 28.9 7.2
Na,HPO,12H,0 40.0 279.0 99.9 8.3
Na,S04 10H,0 324 241.0 77.6 7.8
Zn(NOs),"6H,0O 36.1 134.0 39.8 6.6
Zn(NO;),-4H,0 45.0 110.0 28.7 7.7
Zn(NOs),2H,0 55.0 68.0 153 7.7
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PSS — UK R, KoK R 15%, 55 kKK E
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3 RIS AR R B B AR 53 31124 CuSO4-3H,0 (7K IHA),
CuSO,-H,O (& K JHARL) A K CuSO4 (8t A1), HLiX 3
Tl S8 7K 7 0 B S e B T AT 2 i K (1 3) -

CuSO4-5H,O B H7 3k R Ak g 3 2 I AE LA
T 3 ANXA]: 1) 3200~3500 cm ' i N /K iR 35 2)
400~1200 cm ' 75 FEl N [SOLBIR SN, [SOL1HM To X FK
AL A 4 MRS, X e o 5 BLTE 1106,
983, 622 Fll 454 cm™' BHIT, 445 FRCAR £ ) BRI
P F3h; 3) 100~400 em ™" 3t [ P A9 A iR 310

FE CuSO4-5H,0 76982 ecm™ ' Ab 7 7 fi% 3 1Y)
U, 7E 610 Fll 454 cm ' AbAF #55A90&, 1100 cm ' Fff
VLRSS, 0 HERRAIR, —Se A 3T B 04 T 12 4
B, JKAE 3481, 3197 Fl 3345 cm ' A AEH T8 1914
X CuSO4-3H,0 #ATH 2 %ML, nf LA F: ff
F 982 om YU & A 1) S D AR WS, B2 Bh & 1007
em 'y AT 1100 em™" BFT B R Sh g s, A5 5h
% 1124 em™'; 16 610 F1 454 cm™ ' fHE A IEAS 38, Jf
KBRS X, KT 3478 em”! kb AR Bl i
MO, HAwgr & A 588, JFH 3197 F1 3386 cm !
Qb f I A B TE . I CuSO4-HoO R 7 8 S 1 v ] L,
FHE: 1206 cm™" AYIEN; B B 3458, 1007 cm™' AR B)

2:
®Cu”

(© (d)

E 1 CuSO4+5H,0 (a)K EFEK=# CuSO4+3H,0 (b). CuSO4H0 (¢)F1 CuSOy4 (A)ZEH H Cu BIEL AL/ \E K
Fig. 1 Coordinate octahedron of Cu in CuSO4:5H,0 (a) and dehydration product CuSO4:3H,0 (b), CuSO4-H,0 (c) and CuSOy4 (d)
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Fig. 3 Raman spectra of CuSO45H,0 and its
dehydration product
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LA L A7 B 5 4 25 7 45 A 1K 4y 7, JE L CuSOy-
3H,0, RS R, ZWBFN A2/a (Z=4). TEmIKLS
Fgrh, Cu 22BN R EL A7 [Cu(H20)505], JH
A 340 F 34 HO( 1(b)). & Wk 2 5 4w
ANEALK AT, XADIKG T A S8 T4

() B 5, IR S, TE AL CuSO4-H,0, LA}
R, ZBEN A2/a(Z=4). FARGERI T Cu {575k
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(©)o IR EFA—DKATF, B CuSO,, #}
Tidh &, A @R Pnma(Z=4), Cu 64> O LA,
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J T E T3, # CuSO,45H,0 i i 7K S v 43
i 3 A AR
CuS0,45H,0(s) — CuSO43H,0(s)+2H,0(l), (1)
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CuSO4H,0(s) — CuSO4(s)+H,0(1) » (3)

A ) 2 ) 5 Ak 2 SO O, A o IR R A RS
(AP HE) 51
ArHE, {CuSO,5H,0(s)} = —2279.65 kJ/mol,
ArHE, {CuSO,3H,0(s)} = —1684.31 kJ/mol
AHE {CuSO,-H,0(s)} = —1085.84 kJ/mol,
ArHE {CuSO4(s)} = —771.4 kJ/mol,
ArHE {H,0(1)} = —285.84 kJ/mol.,

W Bt e AR 20 (1)~(3) A AH;,=23.66 kJ/mol,
FEIX — S o, Il 2 g B R A LA T Ao 5 5 40 2
FHEE A WK 5y F B R RE I 11.83 KJ; AHp) =
26.79 kJ/mol, i 2553 EE SR B DAL A B DL A B AH
(7K 2% 7 I 75 fig 4 N 13.4 kJ; AH3)=28.6 kJ/mol,
B 25 e J5 1 mol LA S0 AH 3 1 K 43 F BT e oA
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HF15.81 ko ATLLE H, X T gl iy K SRy, 25 i
IKBAEAETE 20 53 B IR 7K A JBE 7K AR50 A A K 1)
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12H,0 SR o
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Fig. 4 TG-DSC curve of Na,HPO4 12H,0
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