CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 MCPM electrolyte based aqueous solution

4.1.1 As-deposited films
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current density of —-10 mA/cm’ was the best condition because its small crystals formed
with uniform size and completely covered the surface of Ti substrate. So, this condition

was selected to further study at the different deposition times (3 and 5 minutes).

For cross-section technique, the specimens were mounted in clear resin and left
to be fixed in the polymerized resin, then polished by silicon carbide powder and

followed by diamond pastes until the cross section the surface exposed. As a result, film
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thickness of as-deposited films at 3 minutes and 5 minutes were able to be investigated

by cross sectional technique as shown in Figure 4.2.

(d) (e)

Figure 4.1 Optical micrographs of 50x magnified film surface
(a) —5 mA/cmz, (b) —7 mA/cmz, (c)—10 mA/cmz, (d) —15 mA/cmz, and (e) —20 mA/cm’

for 3 minutes deposition time.
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Figure 4.2 Optical micrograph of the thickness of és_—éfgosited film at (a) 3 minutes and
we(io)5 mirtites. —
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From Figure 4.3, the obtained phases on these thin films were different

depending on dep@sition | times. 1The! thin“filn™specimens |gained, with 3 minutes
deposition time showéd only one existing phase of brushite on titanium substrate while
the thin film“spe¢imeéns igained: with, 5 mintites deposition: fime showed two phases,

brushite (majofiphase) co-existed with monetite (minor phase).
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Figure 4.3 XRD pattern of calCiufr-phospf ate n film gained from MCPM based
aqueous electrol fe ﬁ, __.,ig ' : and 5 minutes.
The possible reacta t C olution should be H', H,0, O,,

H,PO > and ca’ . Therefo e the related possnble reactions Of aqueous solutions might

ymwﬂmmﬂm
RN e

+HPO,” CaHPO,92H,0
AND

2+

Ca" +HPO?" —  CaHPO,
So, the deposition of brushite and/or monetite was mainly caused by migration.
Although, monetite is not as stable as brushite in air but it is still existed when reaction

occurred at the same current but longer time because as-deposited brushite might
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pulled more water from MCPM based aqueous electrolyte into itself. Then, monetite still

existed and also quite stable.

4.1.1.2 Scanning electron microscope

Scanning electron micrographs, Figure 4.4-4.5 show that the films were porous.

(a) s _ru.gt #
Figure 4.4 SEM micrograph$ calCium Bhospﬁéﬁ? film *galﬁed from MCPM based

aqueous electrolyte at —10 A/dih"' ‘ ] t( ‘) 1,000x and (b) 7,500x
Y __ Vs
Y .

From Figure 4.4, anErJ4 5 the microstructure S Were a porous films with

multi-crystals phases. Moreov there were some v0|ds WhICh were easily seen from
P

s meoe ) ARG Fpin o

addition, film at 5 minlifes deposition time g‘ad less porosity than the 3 minutes one.
= o
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Anyway, brushlte mlcrostructure was plate-like shape, whlle monetite was rod

pY )

shape (monoclinic). These calcium phosphates film might deposite along its reaction
lines. That's why calcium phosphate thin film microstructures were combination of each
single phases, which seem to be deposited in only one direction, into porous

microstructure.
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Figure 4.5 SEM micrographs caieium phosph!@tgamed from MCPM based

aqueous electrolyte at —@or 53‘1|nutWO0x and (b) 7,500x

|
its thickness and surface

appearance. Calcium phosphates Ims..watﬁ 5. niutes ‘ pgsition time showed better

appearance than the films with 3 mlnugés’_ae'poséwe Moreover, film thickness also
ﬁ-.l B

thicker than the latter. Aftir testlng urfder Ioad""d '[Sl Biathe Lfdm still remained on

Figure 4.6 Scratch trace of as-deposited film that gained from MCPM based aqueous

electrolyte at —10 mA/cmz, 5 minutes deposition time.
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4.1.2 After interval times in R-SBF

The specimens, which were from those two picked up conditions (-10 mA/ cm’
at 3 and 5 minutes deposition time) were soaked in R-SBF for 2, 4, and 8 hours

respectively. The films surface observed by OM are as shown in figure 4.7.

(e)

Figure 4.7 The films surface after soaking in R-SBF observed by OM at 200x.
(a), (b), and (c) are 3 min. deposited time film surfaces for 2, 4, and 8 hours.

(d), (e), and (f) are 5 min. deposited time film surfaces for 2, 4, and 8 hours.
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4.1.2.1 X-ray diffraction pattern
To investigate films phases if it changed durring R-SBF, XRD pattern also used

in this investigation by comparison its as-deposited film to R-SBF films XRD pattern as

shown in figure 4.8 and 4.9.
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Figure 4.8 XRD pattern of the 3-min as-deposited film after soaking in R-SBF for 2, 4 and

8 hours.
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4.1.2.2 Scanning electron microscpoe

From its XRD pattern results, films surface might be slightly changed according
to peak intensity, which was decreasing. Then, SEM photograph of film surface after R-

SBF are shown in following Figures:

ARYINYNTNYNS
Figure 4.10 SEM mlcr%raphs of (a) the 3-min as- deposﬁed film before soakmg in R-SBF

FRAGEFAUHAD PRI

It could be seen that crystal morphology of the 3-min as-deposited film was
changed to needle-like shape. However, brushite phase (plate-like crystal structure) still
remained in the films after soaking in R-SBF for 2 hours that was in agreement to its XRD
pattern (Figure 4.8). Brushite phase was not appeared in both SEM micrographs and its

XRD pattern after soaking in R-SBF for 8 hours. It might be that all brushite phase was
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*
completely converted to bone-like apatite which are a very fine primary crystal

completely covered the former phase surfaces.

Figure 4.11 SEM micrograprl'ejof (a) the 5-min as-de ilrﬁ)efore soaking in R-SBF
ed to aft king in R-SBF for (b) 2 hrs, and (c) 8 hrs.
compared to a erss(g ing i q_} ) (c)

AUBINENINEINT

For 5-min deﬂbsmon time, all sp&mmens WhICh were soaked in R-SBF, still

o QAR AN L H NN TP

time. Bone- Ilke apatite also appeared in needle-like shape that was in agreement to its

XRD pattern from Figure 4.9.

*See Appendix D for more details.

. See Appendix E for more details.
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For 8 hours soaking time in R-SBF, brushite film was not completely converted to
bon-like apatite comparable to the 3-min as-deposited film at the same soaking time
because the 5-min film was thicker than the 3-min film. So, it might took longer time to

convert all brushite into bone-like apatite.

AU ININTNEINS
PRI TUAMINYAE
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4.2 MCPM electrolyte based aqueous solution with ions addition

4.2.1 As-deposited films

In this condition, the electrolytes were divided into three sub-groups as already
described in section 3.1.1. The first one was MCPM electrolyte based aqueous solution
with 0.15 g NaF and 21g NaNO, addition (formula I). The current density that the film

could formed on titanium substrates was 20 ? for 3 and 5 minutes of deposition

(a)

o

The second Wﬁifﬁ:m ﬁwwmﬂ dﬁﬂution with 0.10 g

NaF and 14 g NaNQ@y additives. The current density m could formed on

¢

titanium submemﬁvmﬁ %umhwﬁwﬂﬁnﬁﬂmeir film

surfaces obsenyed by
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Figure 4.13 Films surface gaiWCPl\ﬂeleo@d aqueous solution with

ions addition (formula Il) at =15

mins and‘}‘b),é_rpinutes.

-

aqueous solution with 0.05 g NaF

&

The third formula was

and 7g NaNO, addition. The geurse e film could form on titanium
.

substrates was —10 mA/cm” for sifion time. Their film surfaces

observed by OM were shown in figur

Figure 4.14 Films surface gained from MCPM electrolyte based aqueous solution with

ions addition (formula Ill) at =10 mA/cm’ for (a) 3 mins and (b) 5 minutes.



Table 4.1 Films thickness obtained from each formula of ions adding.

Photograph
Conditions Thickness

(200X)

3 min 10tm

Formula | 3
A\

5 min ﬂm

»
5 min AJ 25Um
AL INEN]
U
¢
RININ I NR

5 min 27m
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From that all the above micrographs by OM, there was no significant difference
in film appearances among each formula. Three conditions produced porous films as
same as the films gained from section 4.1.1. Then, their XRD pattern and SEM results

would be used to make the decision to select the specimens for the further experiments.

4.2.1.1 X-ray diffraction pattern
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Figure 4.15 XRD pattern showed phases contained in thin films from different ions
addition formula produced by MCPM electrolyte based aqueous solution at the

deposition time for 3 and 5 minutes.
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XRD patterns showed that the amount of additive ions was affected to
hydroxyapatite formation. At higher amount of ions adding, the rate of hydroxyapatite
formation increased. Moreover, for longer deposition time, more crystallization
occurred. The highest intensity peaks of hydroxyapatite appeared in a formula | at 5-
minutes of deposition time. This is the criterion that this specimen implied the higher

amount of hydroxyapatite was formed in this specimen.

lectrolyte based aqueous solution
with ions addition, showed tw \ses xisted with hydroxyapatite. The

related possible reactions of L oceuras follows:

2H" + 2¢
2H,0 + 2¢’

The local concentration of aci ' PO s 3 he effected by the following
~equilibrium:
H" + PO
or

HPoi‘+om -  H,O0+PO;

‘a (Y
When extra OH’ v@] a“ﬂ%lﬂnﬂ%jn“ﬂgeagve for the formation
of HAp and reﬁkabiaenlar ed the fofmation regiongHAp could be @eposited on the

NBSAAINeNa

10Ca> +6 PO +2(0H) =  Cag(PO,)(OH),

substrates by the foll
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4.2.1.2 Scanning electron microscope

Scanning electron microscope, which was used to investigated films
microstructure have been found that the films, were existed in porous film. SEM
micrographs of the specimen formed by formula | at both deposition times of 3 and 5

minutes were shown in figure 4.16.

Figure 4.16 SEM micrographs of the filmysurfaces obtained from MCPM electrolyte
based aquedus s:éri'utiom With'idng adq:{ihg (fpréﬂulé 1) at —20,mNbrﬁ2 for Smln‘s at
(a) 1,000x (b) 7,500x, and 5 mins at (c) 1,000x (d) 7,500x .

From figure 4.16, it could be seen that a very fine crystal of HAp was completely

*
covered the substrate. HAp , however, might cover only on the specimens surfaces

because their XRD results still showed monetite phase remained even in the shortest

*See Appendix F for more details.
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deposition time. That means the amount of monetite was increased with increasing
deposition time. The amount of hydroxyapatite also increased with increasing deposition
time.

4.2.1.3 Scratch test for scraped adhesion

The specimens in formula | with 5 minutes of deposition time were selected for

scratch test because its XRD pattern show Ap content. After testing under
load applied, the film still attached applled load (Figure 4.17).
——

Its shear stress, which determirr? 4 5, was 5.89 MPa.

— |
Figure 4.17 Optical mncrograph of scratch trace of as deposit;d!| film that obtained from

MCPM electrolyte bﬁﬂﬂﬁ%%% w Er;("fﬁlﬁ ) at —20 mA/cm’,

5 min deposition time 4

’QW’WENT]?EU URNINYAY
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4.2.2 After interval times in R-SBF

All specimen from formula | were soaked in R-SBF for 2, 4, and 8 Hour

respectively. The films surface were observed by OM are as shown in figure 4.18.

(© (0

Figure 4.18 Optical micrographs of the films surface after soaking in R-SBF magnified at

200x, (a), (b), and (c) were the film surfaces at the deposition time for 3 mins subjected
to R-SBF for 2, 4, and 8 hrs, respectively,(d), (e), and (f) ) were the film surfaces at the

deposition time for 5 mins subjected to R-SBF for 2, 4, and 8 hrs, respectively.
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4.2.2.1 X-ray diffraction pattern

From OM micrographs, it could be seen that the film surface had changed.

Then, XRD was used to investigate their ;norphology changes in those specimens.
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Figure 4.19 XRD patterns of the 3-mins as-deposited film from MCPM electrolyte based

aqueous solution with ions addition after soaking in R-SBF for 2, 4 and 8 hours.
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Figure 4.20 XRD patterns of the 5-mins as-deposited film from MCPM electrolyte based

~aqueous solution with ions addition after soaking in R-SBF for 2, 4 and 8 hours.
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4.2.2.2 Scanning electron microscope

From their XRD results, films surface might be changed according to the
decreasing of peak intensity with longer soaking time. Then, SEM micrographs of film
surface after soaking in R-SBF shown in following figures in comparison with its as

deposited film surfaces:

LN Q1987 QR o™ 7 DI
Figure 421 fﬁéM! mlowgrajaris of} ( a)lgrr)é 3Mmins) aﬂ @’e&)qs!tecf ﬁ]’%'ﬁtﬁpm MCPM
electrolyte based aqueous solution with ions addition before soaking in R-SBF

compared to the film after soaking in R-SBF for (b) 2 hrs, (c) 4 hrs, and (d) 8 hrs.

It could be seen from both XRD patterns and SEM micrographs that film
surfaces had covered with a lot of needle-like fine crystal structure which might be HAp
according to its XRD pattern (Figure 4.19). Moreover, its XRD peak intensity tended to

decrease with increasing soaking time in R-SBF. It might occurr from some of monetite
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phase, which was dissolved into SBF and precipitated back to formed very fine primary

%k
crystal of HAp , was not completely converted itself to HAp and still remained in the

films.

SEM micrographs of the 5-mins as-deposited film of MCPM electrolyte based
aqueous solution with ions addition before soaking in R-SBF compared to the 5-mins film

after soaking in R-SBF at three different interval times are shown in figure 4.22.

”/

Figure 4.22 SEM micrographs of (a) The 5-min as deposited film from MCPM electrolyte
based aqueous solution with ions addition before soaking in R-SBF compared to the film

after soaking in R-SBF at (b) 2 hrs,(c) 4 hrs, and (d) 8 hrs.

* See Appendix F for more detail.
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From figure 4.22 and its XRD pattern (figure 4.20) showed that the specimen
with soaking time in SBF less than 4 hours would be mixed phases*. According to XRD
results, at 2 and 4 hours, the existing phases of film were HAp mixed with monetite and
a little amount of brushite. In this case, brushite might be occurred during electrolytic
deposition processes depending on the longer time of deposition. It has been known
previously that brushite is more stable than menetite (from Ref. 37), so‘ it is possible that

brushite would exist in these films. The, HAp, however, existed in very fine primary

crystals affected to its XRD pattern. Cing : -SBF longer than 4 hours in

which appeared as broadening peaks wi lbﬂjty for other phases such

monetite. 7 A" ——

X

AULINENINYINS
RINNINUNININY

'See Appendix G for more details.
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4.3 MCPM electrolyte based 20% V/V and 50% V/V ethanol.

4.3.1 As-deposited films

In this study, 20% V/V and 50% V/V ethanol solutions were used as solvent for
MCPM. The films obtained from these electrolytes observed by naked eyes were
smoother than the others. The current density, which the films were formed, was —10
mA/cm’ for 20% V/V and —20 mA/cm? fqn\ilr ethanol with the same deposition

film surfaces when observed

times as the former electrolytic deggsb
;

by OM are shown in figure 4. 23———~ v
f

(c) (d)
Figure 4.23 As-deposited film surface gained from MCPM electrolyte based 20% V/NV
ethanol solution at the deposition time for (a) 3 mins (b) 5 mins and 50% V/V ethanol

solution at the deposition time for (c) 3 mins (d) 5 mins.
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From all above figures, it was easily see that the films are really porous which
formed as network structure and not strongly bonding with the substrates.Film thickness

of these conditions also investigated by OM as shown in table 4.2

From all the following data, the deposition time was not affected much to film
thickness because its deposition rate might be a little bit slow when compared to the

other kind of electrolytes. Moreover, its izes were quite different. From figure

4.23, it could be seen that at MCPM « g 20% VIV ethanol, the cryétal size was

1l

AU ININTNYINS
RN TAUNIINGIAE
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Table 4.2 Films thickness obtained from 20% V/V and 50% V/V ethanol based

electrolytes.

Photographs
(200x)

Conditions Thickness

3 min

20% VIV ethanol

50% V/V ethanol

‘Sf'nin




Intensity (Cps)
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4.3.1.1 X-ray diffraction pattern

Phases existed in the films from above electrolytes were investigated from there

XRD pattern as shown in figure 4.24.

From the XRD pattern, it could be seen that at 20% V/V ethanol, the film phases

were existed in two phases, brushite co-existed with monetite. At the deposition longer

|
time of 5 mins, monetite was a major phase y/ée shorter time of 3 mins, brushite

was a major phase. At 50% V/Veethano!, only.mo existed.

160 -
140 -
1 B = Brushite
120 + M = Monetite
- T = titanium
100 -
1 B
80 - 50% V/V ethanol, 5 min
60 - ¥+ 50% VAV ethanol, 3 min
= 20% V/V ethanol, 5 min
20 - 20% VAV ethanol, 3 min
0- ¢ o a/

2-Theta

Figure 4.24 XRD patterns showed co-existed phases contained in thin films gained from
MCPM electrolyte based 20% V/V and 50% V/V ethanol solutions at the different interval

times.
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By the way, the possible reactions that might occur were:

2H,0+2¢ -  H,+2(0H)
C,H,OH -  CH!+OH

When a large amount of OH' is afforded, monetite could be deposited as a major phase,

co-existed with a minor phase of brushite:

OH +H,PO; .

Ca*’ + HPO 2=

And

2+

Ca " +HPOY +

AULINENINeINg
PRI TUAMINYAE
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4.3.1.2 Scanning electron microscope

The film microstructures were investigated by SEM in order to select the best
condition for further study in R-SBF. Figure 4.25 showed the film microstructure which

gained from 20% V/V and 50% V/V ethanol electrolytes.

Figure 4.25 §E§{§',;’"rﬁf¢r@{q§m- ofthe 'f;;lr?he‘"qni”detrimideg.jgagmed frem 'M@PM based

electrolyte baged 20% VIV ethanol at (a) 3 mins, (b) 5 mins and 50% VAV ethanol at (c) 3

mins, (d) 5 mins.

From figure 4.25, it could be seen that two phases existed in 20% V/V ethanol,
which was in agreement to its XRD results. On the other hand, 50% V/V ethanol showed
only one phase existed of monetite with net work structure and not strongly boned to its

substrate. In figure 4.25(d) showed monetite network structure deposited on titanium
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substrate by frictional force only. Moreover, there were many large pores appeared on

the film also. So, the specimens gained from 20% V/V ethanol were picked up to study

more in R-SBF and scratch test in the further step.
4.3.1.3 Scratch test for scraped adhesion

After testing the film adhesion that ga ed from 20 % V/V ethanol electrolyte at —

10 mA/cm® for 5 minute, the maximum hp& Was 70g. After testing under load

applied, the film still remained @fes Its s, which determined by the
J

equation from section 3.4.5, wa

Figure 4.26 Scratch traoe CPM based 20% VIV

ethanol electrolyte at-10 mA/cm 5 min deposmon time.

FTUEJ'J?’IEJW‘EWEJ’]T]?

4.3.2 After interval tifides in R-SBF

AT ANIREL. ..

The selected specimen from above condition were soa
and 8 hours respectively. The films surface observed by OM are as showed in figure

4.28.
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(e) (f)

Figure 4.27 Optical micrographs of the films surface after soaking in R-SBF magnified at

200x, (a), (b), and (c) were the film surfaces at the deposition time for 3 mins subjected
to R-SBF for 2, 4, and 8 hrs, respectively,(d), (e), and (f) ) were the film surfaces at the

deposition time for 5 mins subjected to R-SBF for 2, 4, and 8 hrs, respectively.
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4.3.2.1 X-ray Diffraction patterns

From optical micrograpgs (figure 4.27), it could be seen that the films were more
porous surface. It might occur from some phases of the film were dissolved into R-SBF

and not completely precipitated back to the films.

450 —
400 - T
350 — B = Brushite
- M = Monetite
300 T = Titanium
250
200 - deposited film
150 -
A 2Hour
100
504 4 Hour
0 . - ‘ ' o mwe 8 Hour
-3 o .
1 1 ‘ M ¥ T

Figure 4.28 XRD patterns of the 3-mins as-deposited film from MCPM electrolyte based
20% V/V ethanol solution after soaking in R-SBF for 2, 4 and 8 hours.
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Figure 4.29 XRD patterns of the 5-mins as-deposited film from MCPM electrolyte based
20% VIV ethanol solution after soaking in R-SBF for 2, 4 and 8 hours.
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4.3.2.2 Scanning electron microscope

SEM investigated the film microstructures after soaking in R-SBF for several
interval times. Nevertheless, from its XRD results, peak intensity was decreasing with
increasing of soaking time. Then, the film microstructure might be change during

soaking process in R-SBF.

[N 1IN dbNVI | dVID) 1Y C)
Figure 4.30 SEM micrographs of (a) the 3-min as deposited film from MCPM electrolyte

based 20% V/V ethanol solution before soaking in R-SBF compared to the film after

soaking in R-SBF for (b) 2 hrs, (c) 4 hrs, and (d) 8 hrs.

From figure 4.30, it could be seen that there were two phases existed in the film

microstructure. A large amount of very fine crystal, this might be HAp, were covered
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*
almost film surface . At figure 4.30(d) it still showed monetite phase with network
structure. So, it could be say that the very fine primary crystal was deposited above

other as-deposited phases.

According to XRD results of film characterization, the film gained from 5-mins of
deposition time also showed the same results as the film gained from 3-min deposition
time. Figure 4.31 showed the film microstructure at 5-mins of deposition time after

soaking in R-SBF . - {

Figure 4.31 SEM micrographs of (a) the 5-min as deposited film from MCPM electrolyte

based 20% V/V ethanol solution before soaking in R-SBF compared to the film after

soaking in R-SBF for (b) 2 hrs, (c) 4 hrs, and (d) 8 hrs

g See Appendix H for more details.

i See Appendix | for more details.
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4.4 DCPD electrolyte based 1M-H,PO, solution.

4.4.1 As-deposited film

In this study, thin film of calcium phosphate were trying to form on titanium
substrates. The optimum condition was established at ~300mA/cm’ for 7 and 10

minutes. The film surfaces when observed by, OM were shown in figure 4.32.

(b)

mins.

ﬂummmwmm
f-nw*]a\'mmuwnwmaa
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Table 4.3 Film thickness gained from DCPD based 1M-H,PO, electrolyte.

Photograph
(200x)

Conditions Thickness

7 min deposition time

SEM, however, characterizﬂ::zjd these specimens woul@not pick up for further
scratch test and biomimetios study because @f,its very high current density for

depestton, ﬂ‘UEJ'MEJV]ﬁ’WEJ’]ﬂ’ﬁ
AR AINIUNAINYIAY
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4.4.2 X-ray diffractometry pattern

Its XRD pattern was showed in the following figure 4.33.

220 = "

200 - B

180 K B = Brushite
y M = Monetite

160 - T = Titanium

140 -

120 -

Intensity (Cps)
=
1

o g ;10 min
60
40 -
20 —
; 7 min
0 -
0 50

S WWMWWW?J"WT et
ORI ) TRAIANENALL oo

of deposition time and the single phase of brushite was obtained at the deposition time

of 7 mins.
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4.4.3 Scanning electron microscope

Scanning electron microscope was used to investigated its microstructure of the

film as showed in figure 4.34

ﬂuﬂﬁwaw§MBWﬂi
AN TUUNINY1AY



74

Ca/P
() Etectrolyte based ethanal solmtion e
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Figure 4.35 Schematic of Ca/P ducts in thin film correlated with

electrolyte starting pH. | o 3

From Figure 4.35, it cguld be seen that brushlte and monetite occurred in a wide

region at pH 1.9 tﬂdutﬁnlcﬁ} wzﬂ %@wtmlﬂéﬁow in the film from

MCPM electrolyte based aqueous SOIUtIOE with ions addltlon
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Deposition time (min)

Kannan, 1 hour at
60 degree C.

R (2002)

2T
Zhang,10-30
min,at 60
T degree C.
(1998)
10 +
10 mA/ Current Density
Figure 4.36 Schematic of the p ed to previous works of other
researchers

7
From Figure 4.36, the schematlc shows the present work when compared to the

e ot oher B g ﬂ“"ﬂz’ﬁﬁ’ﬂﬁmﬂ‘?ﬂ 10 min deposted

times in the range —10 mA/cm® to —20 mA/cm and heat treatment at 600 C for 1 hour.
B LRGN mﬁﬁﬁ”}%ﬂ"rﬁ"ﬁﬂm -
deposition timMie with elevated electrolyte temperature at 50°C. Zhang[31] also got
hydroxyapatite film in the range -3 mA/cm® to -6 mA/cm? after 10-30 min deposition time
with elevated electrolyte temperature at 60°C. For my work, the calcium phosphate film
contained hydroxyapatite could depbsited in the range -10 mA/cm’ to _—20 mA/cm’ at 3-

5 min deposition time at room temperature.
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