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Abstract—Introducing boric acid to the polyviny alcohol(PVA) solutions has a profound effect on the rheological properties
through crosslinking between hydroxyl groups of PVA. This study investigates the effect of boric acid on the rheological pro-
perties of polyvinyl alcohol(PVA)/dimethyl sulfoxide(DMSO)/water systems in the absence of cations. The viscosity of PVA/
DMSO/water systems containing 1 wt.% boric acid was decreased with increasing water content. PVA/DMSO systems con-
taining 1 wt.% boric acid exhibited rheological properties similar to elastic gels by forming crosslinked structures. On the oth-
er hand, PVA/water systems containing 1 wt.% boric acid exhibited rheological properties typical of viscous materials. In-
corporation of boric acid into PVA/DMSO system caused a notable change in the viscosity of the system, whereas boric acid
had little effect on the viscosity of PVA/water system. PVA/DMSO/boric acid system gave the greatest storage modulus
among the PVA solution systems. Increasing water level in the mixed solvent of DMSO and water diminished the storage
modulus of the systems.
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Fig. 1. Complex viscosity (m*) curve for 12 wt.% PVA solutions
containing boric acid (1 wt.% based on PVA) with water con-
tent in the mixed solvent of DMSO and water at 30°C.
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Scheme 1. Cross-linking reaction between the OH groups of PVA
and borate ion.
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Fig. 2. Variation of complex viscosity (n*) of 12 wt.% PVA solu-
tions containing boric acid (1 wt.% based on PVA) with wat-
er content in the mixed solvent of DMSO and water at 30°C
at the frequency of 0.5 and 90 rad/sec.
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Fig. 3. Storage modulus (G') vs. frequency () for 12 wt.% PVA solu-
tions containing boric acid (1 wt.% based on PVA) with water
content in the mixed solvent of DMSO and water at 30°C.
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Fig. 4. Plot of storage modulus (G') vs. frequency (@) for 12 wt.%
PVA solution containing boric acid (1 wt.% based on PVA)
with water content in the mixed solvent of DMSO and water
at 30°C.
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Fig. 5. Plot of storage modulus (G") vs. loss modulus (G") for 12
wt.% PVA solution containing boric acid (1 wt.% based on
PVA) with water content in the mixed solvent of DMSO and
water at 30°C.
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Fig. 6. Variation of loss tangent (tan 3) with frequency (w) for 12
wt.% PVA solutions containing boric acid (1 wt.% based on
PVA) with water content in the mixed solvent of DMSO and
water at 30°C.
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Fig. 7. Variation of relaxation time (A) with frequency (@) for 12
wt.% PVA solutions containing boric acid (1 wt.% based on
PVA) with water content in the mixed solvent of DMSO and
water at 30°C.
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