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Polyether sulfone was dis solved into dimethylacetamide with the con cen tra tion of
20% to pre pare a uni form so lu tion for fab ri ca tion of nanofiber mem branes by bub -
ble electrospinning tech nique. Morphologies of the nanofiber film were car ried out
with a scan ning elec tron mi cro scope. The in flu ence on the sil ver ions es caped from
hol low fi ber loaded with sil ver par ti cles was ex erted by us ing dif fer ent re lease liq -
uid. The wa ter mo lec u lar clus ters ob tained from the nanofiber mem branes fil ter
can slow down the re lease of sil ver ions. How ever, the ef fect of slow ing was weak -
ened with the time in creas ing. In the end, the trend of change is grad u ally con sis tent 
with the trend of re lease of sil ver ions in the deionized wa ter.
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In tro duc tion

Sliver has good func tion of antisepsis and anti-in flam ma tion, and sil ver is widely used
to ac cel er ate wound heal ing, pre vent in fec tion [1, 2], pu rify wa ter, save drinks and so on with
the re sult of the high est bi o log i cal ac tiv ity of all the metal [3, 4]. Re cently, sil ver an ti bac te rial
ma te rial not only has been widely at ten tion and good pros pects for de vel op ment but also has
been used for prep a ra tion of an ti bac te rial dress ing be cause of their last ing ef fec tive
antimicrobial prop er ties. The meth ods for prep a ra tion of sil ver an ti bac te rial fi ber in clude of sil -
ver plat ing, chem i cal graft ing, fin ish ing, and blend spin ning [5]. Nu mer ous stud ies have shown
that fi ber an ti bac te rial per for mance mainly due to sil ver ions re leased from the sur face or in ter -
nal of the fi ber [6, 7]. The sil ver hol low fi ber is pre pared from the force un der sil ver mir ror re ac -
tion and pres sure dif fer ence [8]. The sil ver ion is trans ferred to the in ner sur face of the fi ber.
When us ing the fi ber sil ver ions re leased from the head and tail ends of it. The lower con tent of
sil ver ion can af fect the an ti bac te rial prop er ties. How ever, the higher con tent in creases the tox -
ic ity of ma te ri als [9] and the sil ver could re lease in a twin kling. It is nec es sary to study the per -
for mance of sil ver ion re leased from the hol low fi ber. And the trans fer of sil ver ions is re lated to
many fac tors. The in flu ence of the dis so lu tion liq uid can not be ig nored. The nanofiber mem -
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brane is pre pared through the bub ble electrospinning [10, 11]. The pa per study that the in flu ence 
on the trans fer of the sil ver ion was taken by the dif fer ent dis so lu tion liq uid named mi cro mo lec -
u lar wa ter which is fil tered through the nanofiber mem branes.

Ma te rial and meth ods

Polyether sulfone (PES) and dimethylacetamide (DMAC), were ob tained from Sol vay 
com pa nies in the United States. The hol low sil ver fi ber was pur chased from the Yangqian Ma te -
rial Ap pli ca tion Tech nol ogy Co. Ltd., in Shenzhen city, China. 

The DF – 101-s ther mal con stant tem per a ture heat ing mag netic stir rer was ob tained
from In stru ment Co. Ltd., in China. Hitachi S – 4800 scan ning elec tron mi cro scope (SEM) was
pur chased in the Jap a nese Hitachi Ltd. The PE Op tima 2100 DV in duc tively cou pled plasma
emis sion spec trom e ter (ICP – en gage) was from Perkin Elmer com pa nies in the United States.
Di rect cur rent high volt age gen er a tor gen er ated from Dalian Beisiman Sci ence and Tech nol ogy
Co. Ltd. Bub ble elec tro static spin ning de vice was de sign by BubbFil Nano Sci ence and Tech -
nol ogy Co. Ltd.

Prep a ra tion of the PES/DMAC so lu tion

The PES par ti cles are set in the dry ing box at 60 °C for four hours, 20 gram of PES par -
ti cles are dis solved into 80 grams of DMAC liq uid in the baker. The mix ture is stirred for two
hours at the speed of 25 rpm with the con trol of the tem per a ture spread ing 35-40 °C in the con -
stant tem per a ture heat ing mag netic stir rer. The so lu tion ap pears to be pale yel low, when the par -
ti cles are com pletely dis solved.

Prep a ra tion of the nanofiber mem branes

Nanofiber mem branes are pre pared with the
pre vi ous so lu tion by the sta tus named bub ble
electrospinning, fig. 1. The film was spun on the
base non-wo ven fab ric at Square me ter weight of
20 g/m2. In the bub ble electrospinning, the volt -
age ap plied is main tained at 30 kV and the dis -
tance be tween the sur face and the col lec tor is 25
cm, the di am e ter of bub ble is 3 mm at the room
tem per a ture.

Re lease of the sil ver from the
hol low sil ver fi ber 

Demonized wa ter and tap wa ter are flit ted though the nanomembranes. So they be -
come two es pe cially wa ter noted mi cro mol e cules of wa ter one and mi cro mol e cules of wa ter
two, re spec tively. The hol low sil ver fi ber is im mersed in the liq uid above at the dip ping bath ra -
tio of 1:200 at room tem per a ture. The other end of the fi ber is im mersed, re spec tively, into the
dif fer ent liq uid for 0.5 hour, 2 hours, 4 hours, and 24 hours. Af ter the sched uled time, 5 mL dip -
ping liq uid is ab sorbed by us ing pipetting gun, and a small amount of ni tric acid is added into the 
liq uid to pre pare the sam ple. The con tent of the sil ver in the im preg na tion liq uid is mea sured by
us ing the ICP-OES.  Sil ver ion re lease rate in a rel a tively short time is cal cu lated ac cord ing to
the fol low ing equa tion:

V
c

c= =
02

5
004

.
.

where V is the sil ver ion re lease rate, and c – the sil ver ion con cen tra tion.
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Figure 1. The device schematic diagram of
bubble electrospinning 



Ap par ent mor phol ogy of
nanofiber mem branes

Fig ure 2 shows the SEM pic ture of the
nanofiber  mem branes.  As  can be seen from
fig. 2, the di am e ter of the nanofibers pres ents
from doz ens of nanometers to hun dreds of
nanometers with large spe cific sur face area and
the size ef fect. The nanofiber mem branes pre -
pared by bub ble electrospinning not only has
the nanometer size ef fect, but also im prove the
fi ber strength and com pres sive abil ity. The
nanofiber mem branes can ef fec tively fil ter out
the im pu ri ties in the wa ter to get strong ac tiv ity
of mi cro mol e cules of wa ter. 

The re lease of the sil ver ions

Fig ure 3 shows the link to sil ver ion con tent
of re leas ing and the re leas ing time. It can be
seen in fig. 3 there is a lin ear cor re la tion with
sig nif i cant level be tween sil ver ions con cen tra -
tion re leas ing from the hol low sil ver fi ber and
re leas ing time.

Ta ble 1 shows that the rate of sil ver ions of
re leas ing from the hol low fi ber as so ci ated with
type of re leas ing liq uid. Three points as K0, K2, 
and K1 marked in tab. 1 re duce in turn. That is
to say, the re leas ing rate from the hol low sil ver
fi ber in the in deionizer wa ter is higher than that
in the mi cro mol e cules wa ter. In the ab sence of
ox i dant and re duc ing agent, the sil ver par ti cles at tached on the in ner wall of the hol low fi ber are
gen er ated to be sil ver ions ac cord ing to chem i cal equa tion of the re ac tion:

¬
®+ ++ + +4 4 22 2Ag H O Ag H Os aq aq aq( ) ( ) ( ) ( ) ( )l

Ta ble 1. The rate of sil ver ions from the hol low sil ver fi ber in dif fer ent liq uid

The rate of re lease of sil ver ions
from the hol low sil ver fi ber in

deionized wa ter K0

The rate of re lease of sil ver ions
from the hol low sil ver fi ber in

micromolecule wa ter 1 K1

The rate of re lease of sil ver ions
from the hol low sil ver fi ber in

micromolecule wa ter 2 K2

0.171 0.136 0.144

In the gen er a tion of sil ver ions is ac com pa nied by mi cro mol e cules of wa ter. When the
soak ing liq uid is deionized wa ter, the mi cro mol e cules of wa ter dis perse quickly to pro mote the
for ma tion of sil ver ions. When the soak ing liq uid is mi cro mol e cules of wa ter, the mi cro mol e -
cules of wa ter can not dis perse. It is re sults with in crease the amount of mi cro mol e cules of wa -
ter and slow ing the sil ver ion re lease rate. To a cer tain ex tent, the sud den re lease of sil ver ions is
in hib ited. The sil ver ions on the hol low sil ver fi ber trans fer dif fer ently be tween in the mi cro
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Figure 2. The SEM of nanofiber membranes

Figure 3. The relationship of the release
concentration with the release time of the 
silver ions  



mol e cules of wa ter one and mi cro mol e cules of wa ter two. It may be cause the dif fer ent in gre di -
ent in the mi cro mol e cules of wa ter one and the mi cro mol e cules of wa ter two.

 As the ex ten sion of dip ping time, the in flu ence of dif fer ent liq uid on the re lease of sil -
ver ions con cen tra tion could tend to be more con sis tent. Sil ver ions can only spread out from the
port of fi ber un der the ef fect of aque ous so lu tion, be cause the sil ver ions can ex ist only on the in -
ner wall of the hol low fi ber with spe cial struc ture. With the in crease of time, the ac tiv ity of small 
mol e cules of wa ter cut. The in hib i tory ef fect on the chem i cal equa tion is re duced with the re sult
that the amount of the sil ver ions re leas ing from the fi ber ports in creases. And the end, the con -
cen tra tion tends to be the same with the con cen tra tion in the deionized wa ter.

Con clu sions

The di am e ter of the nanofiber spreads from only a few tens of nanometers to hun dreds
of nanometers, which can ef fec tively re move the im pu ri ties in the wa ter, with the for ma tion of
strong ac tiv ity of mi cro mol e cules of wa ter.

In a rel a tively short pe riod of time, the mi cro mol e cules of wa ter can slow down the re -
lease of sil ver ions. How ever, with the in crease of time, slow ing ef fect is re duced. Even tu ally
the con cen tra tion of the sil ver ions tends to be the same with the con cen tra tion in the or di nary
deionized wa ter.
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