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Abstract

Hydroxyapatite (HAp) was synthesized from Ca(NO,),*4H,0) and (NH,),HPO, by
hydrothermal and sonochemistry methods in the presence of cationic organic substances, i.e.
polydiallyldimethylammonium chloride (PDDA) and 3-Chloro-2-hydroxypropyl trimethylammo-
nium chloride (CHTAC). The hydrothermal reaction was performed in the pH range of 8 - 10 at
100 °C for 3 hours. It was found that the PDDA adding system could synthesize pure crystalline
HAp in all the pH conditions. The HAp synthesized at pH 8 was agglomerated nanocrystals. The
HAp crystals gradually grew to needle-liked nanorods after increasing pH of hydrothermal
system. While the pure crystalline HAp could synthesize in the CHTAC adding system create
when the system pH was in the range of 8.5 to 10. Almost crystals formed as needle-liked
nanocrystals with smaller size those in the PDDA adding system due to the steric hindrance of
CHTAC molecules. In the sonochemistry system, the pure crystalline HAp was obtained when
using 15 and 30 min of reaction time. However, the resulting HAp was agglomerated
nanocrystals with irregular shape because of the violence of the ultrasonic vibration, so the shape

of HAp crystals was not able to be controlled by the cationic organic substance.
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Temperature | Compreesive Flexural Torsional Dinamic Modulus Modulus
°O) Strength Strength Strength Torsional of elasticity in of elasticity in

O.(MPa) 0. (MPa) | 1, (MPa) Strength compressive on blending

Ty, (MPa) E _ (MPa) E , (GPa)

1150 308 £ 46 61 +8 50+7 5716 422+3.8 443+3.5

1200 415 + 46 104 £ 11 6245 92+6 74.6 + 4.1 80.0+6.4

1250 465 £ 58 106 + 10 T5+4 76 £5 79.0 +£4.8 85.1+6.1

1300 509 + 57 113£12 76 +5 68+5 8l.4+46 87.8+6.0
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<700°C

)

Ca,(HPO,) 4 (OH), ,\nH,0 —»Ca,,(P,0,),(PO),sn H,0,, + nH,0 (3)

700°C - 800°C

Ca, . (HPO,); x(OH), »nH,0 —— (1-X) Ca,(PO,)(OH), + 3x Ca,(PO,), + nH,0 (4)
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800°C

Ca,,(PO,),(OH), —— L (PO (OH), .. O H. + 3O (5)
1300°C

Ca, (POYHOY, O, H, 77 2Ca,(POP,€aP,0, (6)
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gas o onuyHe Ca:P

Ca,O(PO,), Tetracalcium phosphate TeCP 2.0
(Hiligenstockite) (TTCP)

Ca, (PO, (OH), Hydroxyapatite HAp 1.67

Ca, H, (PO,)(OH), | Amorphus calcium phosphate ACP -

Ca,(PO,), Tricalcium phosphate (a.3.y) TEP 1.50

Ca H,(PO,),*5H,0 Octacalcium phosphate ocCp 1.33

CaHPO,*2H,0 Dicalcium phosphate dehydrate DCPD 1.0
(Brushite)

CaHPO, Dicalcium phosphate DCP 1.0

Ca,P,0, Cacium pyrophosphate (a.3.y) CPP 1.0

Ca (PO, ), Heptacalcium phosphate HPC 0.7
(Trémelite)




A15199 2.2 (919)

qns i dnyste Ca:P
Ca tl.P O, Tetracalcium dihydrogen phosphate TDHP 0.67
Ca(H,PO,),*H,0 Monocalcium phosphate monohydrate MCPM 0.5
Ca(PO,), Cacinm metaphosphate (a,B.y) CMP 0.5
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Fuoih'lng [8)

Ethanol Bone HAp
Constituents(wt%s)
Calcium, Ca” 36.0 24.5 39.6
Phosphorus, P 177 1% 18.5
(Ca:P) mol 1.62 1.65 1.67
Sodium, Na' 0.5 0.7 tr
Potassium, K 0.08 0.03 tr
Magnesium, Mg2F 0.44 0.55 tr
Carbonate, CO32+ e o) 5.8 =
Fluoride, F' 0.01 0.02 -
Chloride, CI 0.30 0.10 -
Ash(total inorganic) 97.0 65.0 100
Total organic 1.0 25.0 =
Absorbed H,0 1.5 9.7 -
Trace elements: St Pb™,
Ba”, Feh, Zn2+, Cu2+, etc.




A15199 2.3 (A8)

Ethanol Bone HAp
Crystallographic properties
Lattice parameter
(+-0.003 A)
a-axis 9.441 9.419 9.422
c-axis 6.882 6.880 6.880
Crystallinity index 70-75 33-37 100
Crystalline size, A 1300 x 300 250 x 25-50
Product after sintering Hydroxyapatite Hydroxyapatite Hydroxyapatite
(950°C) (HAp) (HAp) (HAp)

+Tricalcium + Caleium Oxide
phosphate (TCP) (Ca0Q)

Mechanical properties
Elastic modulus (10° MPa) 0.014 0.020 0.01
Tensile strength (MPa) 70 150 100
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ad o o =) o o 9/ as S 1
Tdunse laasenduoih Indaunsav ldvareds laun
- IBANAZABUNIAUAT] (Precipitation method)
-millgaTen lalas lada (Hydrolysis method)
aan o
- ﬂ1§1%ﬂ§]ﬂiﬂWﬁﬂﬂ$ﬂJﬂdlﬁN (Solid-state reaction)
=, & a
- 3% lalaTinos ia (Hydrothermal method)

- At danen loa (Alkoxide method)

1.35AnANBUMIUAL (Precipitation method)
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msduaszy leasondueiing IaedsmsanaznouTassia vzl T3 ung
. W aa . o a a
Rathje [9] 1ng Hayek N1 Newesely [2] 2584 Rathje 1Hlunisiunianeanoinaslu

mirazmouaadonlaason lydfiiluniuey daumsi (7)
10Ca(OH), + 6H,PO, —— Ca,,(PO,),(OH), + 18H,0 (7)
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Newesely Tuaunisi (8)

10Ca(NO,), + 6(NH,),HPO,+ 2NH,OH ——" 2Ca,,(PO,),(OH), + 20NH,NO,  (8)
asd Yy Adg Y A ' o A
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Ca(NO,), wazluueudvrduannsald (NH,),PO, K,HPO, NaHPO, NaHPO, Wnu
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¥
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1200°C/3hrs
3Ca(H,PO,),*H,0 + 7CaCO, — > (Ca,(PO,)(OH), + 8H,0 + 7CO, (9)
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500°C, 360 atm

10Ca(NO,), + 6KH,PO,+ 14NaOH —— Ca, (PO,),(OH),+ 6KNO,+14NaNO,+12H,0 (10)
103U

a9135v04 Somiya l¥Mmsnauguanzigangil 100 - 200°C HAZAINAY 0.1 - 0.2
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5.350an0n lasg (Alkoxide method)
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Ca(NO,),*4H,0 + (CH,0)pO  —*  Ca (PO,)(OH), (11)
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Pattern ; 9-432

Ca5(PO, ), (OH)

Hydraxylapatite, syn / Calcium Phosphate Hydroxide

Lattice : Hexagonal Mol. weight = 502.32

S8.G.: P63im (176} Volume [CD] = 528.80
a= 041800 Dx= 3155

Dm = 3,080
¢ = 6,88400

|

COLOR : Green, bluish green, yellow-green, grayish green, violet, violet-blue, viole. colorless, light greenish |
while, gray, brown, pinkish red, pinkish-red, blue

GENERAL COMMENTS : i1 are peak values from a pattern which shows slight broadzning of prism

reflections.

SAMPLE SOURCE OR LOCALITY : Sample obtained following the procedure indicaled by Hodge el al., Ind.
Eng. Chem. Anal. £d., 10 156 (1938),

GENZRAL COMMENTS : Validaled by calculaled data 24-33.

ADDITIONAL PATTERN : To replace 34-10. I
OPTICAL DATA: B=1.651, Q=1.644, Sign=- |
ADDITIONAL PATTERN : See ICSD 22059, 22060, 24240, 26204, 26205 and 34457 (PDF 73-293, 73-294,
73-1731, 74-565, 74-566 and 76-694).

CAS: 1306-06-5

*ICOD Grant-in-Aid, primary reference :

Radiation = 1.540600

Ah

10.820
16.842
18.785
21.820
22802
25.354
25.879
28.127
28.967
kil
32197
32902
34.049
35481
38,206
39.819
40.453
42,030
42319
43805
44310
45.306
46.713
48.104
48.624
49.469
50494
51285
52.102
53145
54.442
55.881
57.128
58.075
59.940
60.459
61.662
63.013
63.444
64.080
‘64.080
65.033
66.388
'66.388
69.701
71.653
'71.653
72.288
'72.288
73.997
75.025
*75.025
75.586
76.156
nan
78.230
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(1945). bwl: 172.0. Volume(CD]: 493.93.

086077 Wavclength- 154056 b

(alO3{0H) 2120 29 Wb hkl -2 It h k

Calcium Phosphate Hydroxide Hydrate 11680 100 020 80407 A 2 4

’ 1791 2 111 o073 0 0 6

2084 100 021 01288 4 0 8

Brushite, syn ' 2330 8 040 RR 2313
R e P PANI (A 30
Rad: Cubal 2 104056 Filler: d=sp: Guinier 1146 24500 ; % g l
Cul off: Inl: 1/icor.: 2020 T 041
Re: de Wolf, P, Technisch Physische Diest, el The it bt
Nelherlands, ICDD Granl in Aid A9 2 200
R 3836 4 150
Sys.: Moneclinic 86 Ce 9) Ha 4 131
ne 2 QAN L. (60 - BRI n.oaang 34555 50 g 2 0
a: 6 363 b 15.19 ¢, 0b15 A 4109 0. .5020 MA% % 302
« B 1185 Y U4 miip. HB17 4 002
Ha2 2 060
bet B4 192
36899 14 2 4 I
P, . ) wr.' W tre V5 e 37.104 16 0 2 2
y €31 Dm: & 306 SS/FOM Fog = 68(.0119 . 37) 070 4 06 |

9

w L6 b 5 e 1S5 Segm T I f .
Ref: Balc, Bonner, Hodge, Ind. Eng. Chem., Anal. Ed., 17, 491 2029 16 242
(1945) 2611 2 042
43030601082
Color: Colorless, light ycllow 43384 10 31 1
Dana’s System of Mineralogy, 7th Ed., Il 704, Beevers, Acta 478 4 170
Crystallogr., 11 273-277 (1958) reports: a=5.812, b=15.80, c=6.239, $H281 10 171
p=116.25, S.6.='12/a’; a=6.359, b=15.180, c=5.182, p=118.31, H886 6 112
$.G.='C/c" in the setling used here. Gypsum Group, Class 6.2 331
Hember, CD. Cell: a=6.244. b=15.190, ¢=0.815, p=116.42, 47860 2 080
a/b=04111, ¢/b=0.3828, 5.G.=la8). PSC: mC52. Plus additional #8157 4 113
reflections. Optical data reference: Bale, Bonner, Hodge, Ind. Eng. 46430 14 260
Chem., Anal. Ed., 7, 491 (1945). Structural reference: 48985 8 223
Bale, Bonner, Hodge, Ind. fag, Chem., Anal. Ed., 17, 491 490 < 1382

i

g4 2001 JCPDS-Intemational Centre for Diffraction Data. Al rights reserved
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09 008D ' Wavclenglh- 154036

CabOs{t) ‘ 24 Bt h k| 29 Int
Caterom Hydroxide Phosphate " 13125 14 0 1 0 40339 10
83t 4 100 40681 4
17.760 i 01 ¢ 410100 12
Monetite. syn ‘ 19.801 2 011 41206 4
Ted Cobal 2 L6 Rller  dopGaner 06 oad 4 13 Lol R
(ul off 200 Inl: eor.: 22.038 4§ 101 4261 B
Ref: de Wollf. I Technisch Physische Dienst, Delft, The ggggg 13 % 3 i ;éggg é
Lilbosalicids A I 5 ;
Netherlands, ICDD Granl in Aid, {1957) %A% 0 0 2 0 B0 4
wHBE T 2 2 0 44553 6
Sys. Triciinie 3602 6749 16 210 44996 2
Y R T TR X T R X My S R -
a: 93.99 f: 91.50 1 1276 o mip: 28.775 6 0 12 46.308 2
. " 29.899 & 2 2 1 46.6800 2
Ref: MacLennan, Deevers, Acta Crystallogr., 8, 579 (1955) W1 100 [ L2 4% 16
0409 3% 1 0 2 8238 2
Dy 282 Do 2900 SS/FOM: Fan = e6{0.026 . 45) g?gg g g 2‘ } :ggﬁ 23
Lo e w0y v o s e cnfi ) 31170 4 [ 49.640 4
Rt e 101 e 163 Sign 1y bb{1o © a1 440 901 2 50703 6
Ref: Bale, Bonner, Hodge, Ind. Eng. Chem., Anal. Bd., 17, 491 23375 il I 3 0 M85 4
(1945) 2480 20 2 30 51502 2
3889 b 10 2 52068 6
Color: Light yellowish white HIN-F A | 32616 4
Dana’s Syslem of Mineralogy, 7th Ed., Il 660. Dehydrated Ca H P 04 30.422 | ¥ 2 53044 2
-2 H2 0. Weilite is the As analogue. C.D. Cell: a=6.906, b=6.998, 35906 16b 0 2 2 53184 2
¢=6.634, «=96.08, p=91.50, y="6.17, a/b=0.9868, 36.065 godll 1) 4096 6
¢/b-0.9479, 8C.-P-1{2). PSC; aP28. To replace 1-653. See 1CSD Y82 2 01 MAD 6
31046 (PDF 75-1520); See ICSD 36126 (PDF 77 126); See ICSD 917 37,264 NG % 04616 6
{POF 70-358); See (LSD 918 (PDE T0-360); See (CSD 2745 (PK 34201 A il 90.04% 4
70-1425). Optical data refercnec: Bale, Bonner. Hodge. Ind. Eng. 004 10 1 20 20585 6
Chem., Anal. Bd., 17, 491 (1945). Unit cell reference; 1055y 3wz 1 2 55916 6
Maclenuan, Beevers, Acla Crystallogr., 8, 579 (1955). 0020 18 0 30 56.761 2
Structural reference: Bale, Bonner, Hodge, lnd. Eug. Chem., 0189 6 0 2 2 91205 6

Anal. Ed., 17 491 (1945). Mwl: 136.06. Volume|CDJ: 309.40.

er
EolR

o
N O S DS LD e G = LD D DN DOl — e DO e B PO TN G2 T = DD GO e | B C 5]

OOl D L3 | O DIUDI 0O L2 — — O I — CAHCLO DI LIS — D2 Lo — | — —! O s GO I €O & +— —
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77 1eopA 2001 JCPDS-Intemnational Centre for Diffraction Data. All rights reserved
PCPDFYIN v. 2.2

317 n-3 pluuumsReausd@idndues DCPA 1ndoya JCPDS



MANHIN U

d =
fi)w‘iﬂ‘l_l‘izﬂfi]iJT]N!ﬂﬁ‘lli’)\flﬁTi‘i]"lﬂﬂlﬂuﬂ XRF

59



Printed by Eval on 20-Nov-2012 15:32:20
Sample :XF56_0006_01_Sample 1
Sample measured on 20-Nov-2012 14:27:36

60

Naz20 P205 CaO Compton Rayleigh Norm.
0.1 KCps 8.3 KCps 68.5 KCps
2.32 % 39.7 % 57.9 % 0.92 1.05 100.00 %

{ @ 1 1 { o o a
A1919% U-1 8R5189U THATENIN9 Ca:P VOIHAp NFUATIEY IAUNILAN PDDA

Printedt by Eval on 07-Dec-2012 14:26:54
Sample XF36_0006_01_2 PDDA(0)9.5
Sample measured on 28-Nov-201 13:45:00

A7t laTasmesiia 7 pH 8

N0 | P05 | 503 Cad | Fe203 | Cu0 | Hioo | A [ Compion | Rajiigh | Nom
01KCps' ~ 36KCps  04KCps| 307KCps 20KCps  31KCps|  09KCps|  08KCps, i !

4rh | B6% | BR[| 0% T OM% [ 0% | 06 | 0% | 0% 7% 0%

3197 -2 §nsdau Tuasening Cap YoaHAp NFUATIZH TaunsIAL PDDA
&3t lalasmesila fi pH 9.5

Printed by Eval on 07-Dec-2012 14:28:06
Sample XFS6 006,02 3 PODASIS 5
Sample meastred on 28:Nov-2012 14:01:58

P05 | 03 | Ca0 | T2 | Fed03 | Cu0 Pd_| A | Complon | Rejeigh | Hom,
33KCos|  03KCps! 285KCps|  02KCps|  19KCps 30KCps U.SKCps} 0.6 KCps 1 |

3B3% | 137% | 5T4% | 036% | 0419% | 0840% | 0763% | 0208% 095! 107 10000%

| [ 1 1 A o " =
ﬁ’li’l\?ﬁ -3 ﬂﬁi”lﬁ"luillﬁigﬁ'ﬂﬁ Ca:P ¥9dHAp ﬂﬁ\‘llﬂi'l%?‘iiﬂﬂﬂ'lilﬂl! PDDA

as w =Y =1 P
AwiToani Taiin 1Wuma 15 wid f pH 9.5




Printed by Eval on 07-Dec-2012 14:28:55 «
Sample :XF56_0006_03 4 PDDA(S)8

Sample measured on 26-Nov-2012 14:18:27

61

{ @ i ' { @ o -
A15199 V-4 8A 18U INATLHIN Ca:P YOIHAp NHUATIEY IA8N151AN PDDA

ad o = = {
fwu3teand Tadin Wunal 15 WA A pH 8

Printed by Eval on 07-Dec-2012 14:30:30
Sample :XF36_0006_04_6 C(0)9.5

Sample measured on 28-Nov-2012 14:34:58

P205 503 Ca0 Ti02 Fe203 w0 Rh Pd H02 | Complon | Rayleigh
35KCps|  0.3KCps| 289KCps| 03KCps| 18KCps| 33KCps| 02KCps| 0.3KCps|  0.8KCps ‘

00% | 124% | 3% | 0300% | 0.328% | 0880% | 0477% | 0761% | 0831% | 093 107
Norm,

100.00%

Na20 P205 §03 (a0 Mn0 Fe203 Qo | Pd Pt Compton | Rayleigh
01KCps| 32KCps| 03KCps| 29.8KCps| 08KCps| 19KCos| 36KCps: 03KCps| 0.7KCps j
5.56 % 2% | 0916% 560% | 0650% | 03%% | 0935% | 0901% | 0.M45% 092 1.06
Norm.
10000 %
a15197 v-5 Sas1adauTuasendne CaP voeHAp Aduns12¥ TnumMaIAL CHTAC
&rvitlaTasmediia A pH 9.5
Printed by Eval on 07-Dec-2012 14:31:30 -
Sample :XF56_0006_05_7 C(S)8
Sample measured on 28-Nov-2012 15:23:00
P205 S03 Ca0 Fe203 Cu0 Compton Rayleigh Norm.
29KCps| 03KCps| 236KCps| 1.9KCps| 3.3KCps
39.2 % 1.69 % 56.4 % 0.604 % 1.09 % 0.93 1.04 100.00 %

A19199 1-6 SAT1aU THaTEN I Ca:P VOIHAp NFUATIZH 1ABAI5IAN CHTAC

At dand1laiin Wunar 15 Ui 91 pH 8



Printed by Eval on 07-Dec-2012 14:32.26 .
Sample :XF56_0006_06_8 C(S)9.5
Sample measured on 28-Nov-2012 15:40:27

62

Na20 P205 $03 (a0 Fe203 Cu0 | [a203 | Complon | Raykih | Nom.
0.1KCps| 27KCps| 03KCps| 245KCps| 18KCps|  34KCps|  35KCps
408% | 4% | 1R% L 42% [ 036% | 0881% | 212% 0.89 106 100.00%

{ o 1 ] { o o =y
A15199 V-7 851831 INATEHI19 Ca:P VOIHAp NAUATIZH JAunSIAN CHTAC

Y ado Y - a A
ﬂ’JU'J‘ﬁﬂﬁﬂiﬂﬁﬁuﬂ Lﬁuna'l 15U N pH 9.5
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Pl
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HILEUIEBUBUL

P

BIL BiRW{

LMQ@ELHCE vadd re

L

WFL

DTG /(%/min)

TG /%
100 1 S A
f 1436 8 °C, -0.37 %/mi .o
SR, e e &
v/ ~ \ | e |
b v i
80 - \'\ f : I ] |
. }
.
l. I Onset 3922 °C il
b Mass Charge -3.21%
60 - F
L
7 -4
by
40 | | Onset 1830°C
] 1‘ | ' Mass Change <1762 %
|
| -6
H
20 - Ly
il
i
i (1) 9.ngb-d16 -8 '
AN .
0 - Peak: 190.9 °C, -8 41 %/min = i T
100 200 300 400 500 600 700

Main  2013-02-0B10:57 User TG

Instrument : NETZSCH TG 20973 File : CANETZSCHProleus\dais \TG56_00320ngbcts

Temperature /°C

|Project : - sample: T Sample car/TC :
Identity : 56_0031 Material : | Sample mass :
Datelftime :  2/5/2013 3:12.37 PM §Corractior| file : blank.ngb-bt5 ' Modeitype of meas.
iLaboratory : KMITL | Temp. calib. file : Cal 18-08-2011.ngb-t6 Segments :
Operator :  Range: 3510.0(KImn)750  Crucible

" TG 200F3 standardP

e AEORL

[Atmosphere: 02/-—/N2
6.9472 mg |Corr/m. range : 020/2000 mg
1 TG/sample with correction

in

7 Creatsd with NETZSCH Proteus soitware
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0T HA b WLM S LBLIF[L
[L[LeTIBURLBR] DARITEUNIT] LoUT T-U

At

.

LEH‘IE‘EQPDL

na
o

¥ vadd nyine|

URR]LEBLRLLRL

DTG /(%/min)

TG /%
100 1+ N i
\.\ 4 B s i Ve s e A L Q)
P SR, ’_,_,-._f-'_/-.z—""“ B i Amne e T8 W ~ Yo : ‘ L
.v : / _Fr\
YR : ! . W
5 Y’ | Peak:415.9 °C. -0.34 %/min
‘ Y -
x l e 3
801 Peak 1327 °C, -0.76 %/min| ' —— e ”1'
=
Onset 115 7°C 1 i - -2
Mass Change! -3.99 %| Onset: 396.1 °C ;
i | Mass Change -2 89 % 3
60 - :
b
| 3
-l i Cnset 183.0°C 4
t ’ Mass Change: -15.21 %
A
40 7 ! i ! _5
I
b
] -6
I |
20 - -} ;
I 1
1 [1] 10.ngb-dt6
h\: i L € § -8
0 - Pode N00.6BE 6,14 %/imif~— =, M o A) = =N Jgygy = 0002Z—mmm DTG
v v T A v T T T T  ; L T
100 200 300 400 500 600 700
Temperature /°C
Main 2073-02-08 1C:59 User: TG
Instrument : NETZSCH TG 206F3 Filo : C:NETZSCH\Proteus\datas\TGs6_0032110.ngbdt6 ol
Project : {Sample : 10 . | Sample car./TC : TG 209F3 standard/P | Atmosphere: 02/--/N2
Identity : 56_0031 Material : | Sample mass : 6.9572 mg | Corr/m. range : 020/2000 mg
| Dateltime :  2/6/2013 10:15:59 AM Correction file :  blank.ngb-bt6 | Mode/type of meas. : TG/sample with correction
| Laboratory : KMITL | Temp. calib. file : Cal 18-08-2011.ngb-t6 Segments : mnm
| Operator : [Range:  3510.0(Kimin)750 _ __ Crucible : _ Al203 S

s9
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R

TG 1% DTG /(%/min) |

100 N\ -
j |
80 - Onset 37.5 °C i ‘ " . hi t"A
Mass Change -13.02 % ; II‘ i iﬂn vil? il i\“ "\f\;l 1t 1 1 5'! A 0.0
i ] i
| l'\\ iiil'i!ﬂ" 1h ji L‘H‘cl“J u LH{ . [ IE !
] it Akl u n "“\‘; A\ :
60 ) ;w\ﬁ hf\f \W‘ H, \1!‘* ; .
" ", A ‘wa T ”V \ \-‘
1! f\ ||'\ 0.4
40 7 ! {' ' nLl .
h g
il iy
R 06
201; ! 'iu i
iy
Peak: 56.3 °C, -0.72 %/min
[1]12ngbdt5 | 0.8
TG
0 - ‘ o ] ‘ : . M——l'—-'DTG ‘
100 200 300 400 500 600 700

Temperature /°C
Mair 2013.02-08 11:06 User. TG

Instrument : NETZSCH TG 20973 File : C\NEHSQ&[\Proleus\daaS\TGw"@H2 ngbdts - T i
' Sample : 12 Sample carJTC : TG 209F3 standard/P Atmosphera: 02/~ /N2

Project

Identity : TG56_0033 Material : \Sample mass : 4. 6607 mg |Corrfm. range : 020/2000 mg

'Dateftime :  2/7/2013 10:00:29 AM Correctionflle :  blank.ngb-bt6 'Modeltype of meas. : TGisample with corraction |

Laberatory : KMITL Temp. calib, file : Cal 18-08-2011 ngb-it5 Segments : n

Operator : 'Range : 35/10.0(K/min)/750 |Crucible : AROZ
. L o e e T : Creatad with NETZSLH Profeus software

99



18], 8¢nt

o p
LL[L@T'L&U@£M@Lb@lbftﬁ.u‘l‘frtl}@m 7-u

'8 HA W utLeuiLy

ne

U

2.

rn.p'n

WALEUTEB LB

L

=

DV.LHD iR

DTG /(%/min)

TG /%
100 A M = -1.0
of
L] 1
Onset™ 432 °C - 0.5
80 - Mass Change: -715 % ‘l‘
A tﬂ' A lﬁ A
LA 1 S oA A e Nt \j\_éf L. 10.0
X7, Y A d 0 i abag gl AR Y S s N MV T T U
i s v ki ot~ P -,~\rﬁ‘-\-*--U-V.;»\-\n,‘.“f.,-v./ EPEHR: WAV |FI 177 :5 i ‘
AN
hY \ '\"\
i1y --0.5
! L
| |
41
401 -1.0
[ |
1i |
--1.5
20 -
1
[1] 11.ngb-dt6 A
s k20 |
—————— DTG
0 L L y L] T v v T y T A T L] :
100 200 300 400 500 600 700
Temperature /°C
Main 2013-02-08 11:01 User TG
Instrument : NETZSCH TG 209F3 File : C\NETZSCH\Proteus\data5\TG56_0032\i1.ngbdts S R
' Project : [sample: 11 “Sample car./TC : TG 209F3 standard/P | Atmosphere : 02/-—/N2
‘ldentity : TG56_0032 Material : 'Sample mass : 5.2027 mg ' Corr/m. range : 020/2000 mg
iDatoIﬁmu: 2/6/2013 2:04:01 PM Correction file :  blank.ngb-bt6 Modeltype of meas. : TG/sample with correction 3
| Laboratory : KMITL Temp. calib. file : Cal 18-08-2011.ngb-t6 | Segments : mnm
|Operator: Range : 35/10.0(K/min;}/750 |Crucible : Al203 - - B
o = e o o o Created with NETZSCH Proteus software
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"
m

b

ucrie

TG 1% DTG /(%/min) |
| 0.8
] Onset 828 °C
1101 Mass Change -8 86 % - 0.6
100 4 , § *! 0.4
\ : 'i‘i f{ {
90 - ¥ mr02
] i ,., ’J‘glﬁﬁ IS 1 f (1:‘ i||[i}
] Fohoa f ; 'f‘\f“i!ﬂi!‘gl f
80 - ni‘i\! JI I‘1~i 1*“', Y ’!; t lir 0.0
: _ raq ['\;\' ‘i” \f“h lﬂ” \\f LAY i ‘; 2 JJ & l:i”; i
] V. l
70 - i 4 pn‘nlnnf"’&\”’u U “ . F’f H ,, --0.2
¥ rlfrb \ﬂr[ ‘J\’t'\ ey ? i
14 YA v i ! 0
g0l \ AT i | E
t'-'-f‘. i / | :
50 i ! | (08
| ! i
‘; | [0
40 -
[1] 1.ngb-di6 \ --1.0
3071 ome
100 200 300 400 500 600 700
' Temperature /°C
Main 2013-02-04 09:32 User. TG
Instrument : NETZSCH TG 209F3 File : C:INETZSCH\Proleus\data5\TG56_0030\.ngb-dt6 T e e e
Project : Sampla 1 |Sample car./TC : TG 209F3 standard/P Atmosphere : 02/ /N2
Identity : TG56_0030 ' Material : | Sample mass : 2.1816 mg Corr/m. range : 020/2000 mg
Date/time : 2/1/2013 9:42:03 AM ;Correcﬁonﬁla: blank.ngb-bt6 Modeftype of meas. : TG/sample with correction
Laboratory : KMITL Temp. calib. file : Cal 18-08-2011.ngb-tt6 Segments : in
Operator: o Range : 35/10.0(K/miny750  (Crucible:  A203

" Created with NETZSCH Proteus sofiware
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vadd regine

DTG /(%/min) |

| 100 }—\'_\_ > " 11
:!1 r 0.4
Onset. 43.3°C i l
80 1 Mass Change: -8.37 % i I+0.2
ol
i !
L} . .
v b s el Lo o
s i E ki R
60 - { | S50 ! Tafn fﬂ‘." ll\r' YUYV L o1y
L g A A R i A WYY vy N
1 bl AW P Vb T S Vg i b
. L RRR o\ e ‘ P02
ﬁ. r ft‘ v | -
| AR
401 Bl wo! V\!
il ! --0.4
1 20 - Peak 50.2 °C, -0.53 %/min L 0.6
| 1 [1] 7.ngb-dt6
—— 1§ -0.8
0 £ T T - - T T T T T . ._; . D:I—G
100 200 300 400 500 600 700
Temperature /°C
. Main 2013-02-08 10:50 User: TG
|Instrument : NETZSCH TG 209F3 File : CANETZSCHProteus\dataS\TGS€_C031\.ngo-dt6 A POy
|Project : | Sample : 7 |Sample car/TC : TG 200F3 standard/P Atmosphere : Q2 /--/N2
| Identity : 5€_0031 | Material : |Sample mass : 3.9099 mg Corr/m. range : 020/2C00 mg
|Dateftime :  2/5/2013 9:39:01 AM gCorraction file : blank.ngb-bté Modeitype of meas, : TG/sample with correction '
|Laboratory : KMITL | Temp. calib. file : Cal 18-08-2011.ngb-t1§ Segments : 11 !
{Operator : _ Range : __35/100(Kimin)750  Crucible : _A203

"~ Created with NETZSCH Proteus softwere
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TG /% DTG /(%/min) |
100 { e — o $
Onset 59.2°C i 0.2 i
80 - Mass.Change: -5.07/ % i
YR
; N ﬁr,
f | |\ n n i ibiithiitoo
} ! e {\ g
i1 i il 5 bt nhl bl b 1””\ \"m ”'qiu‘]'" la\’u
60 - ’\l Ay ”s‘ o ‘i*’l# i b\m"f “Ub'“]w Ll ! Iy ‘ik i
Iuk“x!”l ng, Ll NS IL gg ‘Hi |
1 fﬂf\ i l’ 1 t i i
i ‘ r ‘\{ v l’f u B '0.2
ih g
40710 | |
by __
i 0.4
20 4 Peak 702 °C -0.42 %/min
1] 13.ngb-dt6
[1] 13.ngb-d il 06
0- — —— — - DTG
100 200 300 400 500 600 700
Temperature /°C
Mairn 2013-02-08 11:08 User TG
Insm!mang NETZSCH TG 209F3 File : C‘NEgﬁgﬁ\fjgleus}dataS\TGSG 0033\i3.ngoaté -
Prcuect |Sample : 13 1Sample car.JTC : TG 209F3 standard/P |Atmosphere: 02/-/N2
|Iden|‘.rty TG56_0033 'Material : |sample mass : 5.2092 mg |Corrim. range : 020/2000 mg
|Dateftime :  2/7/2013 12:54:30 PM |Correction file :  blank.ngb-bt6 | Modeftype of meas. : TG/sample with correction '
Laboratory : KMITL Temp. calib. file : Cal 18-C6-2011.ngb-t16 |Segments : 11
|Operator : ~ Range: 35M10.0(K/min)750  Crucible: AI203 ]

~Created with NETZSCH Proteus soilware
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| 0 v ———————— Y e ~oe— . '
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Temperature /°C |
Main  2013-02-04 09:50 User: TG

—— o & 000 — oo e s o S — .|
Instrument : NETZSCH TG 209F3 File : C:NETZSCH\Proteus\datas\TG55_0030\2ngb-dt6 . R
Pro;ect |Sample : 2z “sample car/TC : TG 209F 3 standard/P Atmosphere: 02/--/N2
jldenﬂty: TG56_0030 iMaterial ; Sample mass : 4.2802 mg ' Corr/m. range : 020/2000 mg

| Date/time :  2/1/2013 1:23:22 PM
Laboratory : KMITL

| Operator : Range:

Correction file :
Temp. calib. file : Cal 18-08-2011.ngb-16
__35MDOKMINTS0

blank ngb-bt6
Segments ! 1n
_ (Crucible:  AR03

'Model/type of meas. : TG/sample with correction {
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“Created with NETZSCH Proteus scftware
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Temperature /°C
Main 2013-02-04 08'52 User. TG
[Instrument : NETZSCH TG 209F3 File : C:\NETZSCHProteusicatas\TG56_0030.ngb-dts - o iiii————
Project | Sample : 3 'Sample car./TC : TG 209F3 standard/P Atmosphere: 02/ /N2
Identity : TG56_0030 | Material ; ' Sample mass : 3.2846 mg Corr/m. range : 020/2000 mg :
Dateltime :  2/1/2013 3:57:39 PM i Correction file :  blank.ngb-bt6 Modeltype of meas. : TG/sample with correction |
|Laboratory : KMITL | Temp. calib. file : Cal 18-08-2011.ngb-tt5 Segments : mn E
{Operator : ~ Range: ~ 35/10.0(K/min)/750 Crucible : ~AR203 - |

“Creatad with NETZSCH Proteus sofware
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Temperature /°C
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Instrument : NETZSCH TG 208F3 File : C:\NETZSCH\Proteus\data5\TG556_0030\ ngb-dit6

Project : Sample: 4 |Sample car./TC: TG 209F3standard  Atmosphere: 02/-/N2
Identity : TGEE_0030 Material : | Sample mass : 55723 mg Corr/m. range : 020/2000 mg
Datel/time :  2/4/2013 9:52:52 AM Correction file :  blank.ngb-bt6 | Mode/type of meas. : TG/sample with correction

Laboratory : KMITL Temp. callb. flle : Cal 18-08-2011.ngb-l16 | Segments : 1M
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| Project : ‘Sample : 5 |Sample car./TC : TG 209F3 standard/P ~ |Atmosphere: 02/--/N2
Identity : TG56_0030 Material : | Sample mass : 44431 mg Corrfm. range : 020/2000 mg
ElJata."lil'ne: 2/4/2013 1:50:35 PM Correction file :  blank.ngb-bt5 EModeItype of meas. : TG/sample with correction |
|Laboratory : KMITL Temp. calib. file : Cal 18-08-2011.ngb-tt6 |Segments : i
(Operator: _|Range:  35/10.0(Kimn)750 [Crucible : __Ai203
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leenuty & 56_0031 'Material : wSampia mass : 4.9766 mg Corr/m. range : 020/2000 mg !
'Dateltime :  2/4/2013 4:05:44 FM !Correction file: blank.ngb-bt6 'Modeltype of meas. : TG/sample with carrection |
| Laboratory : KMITL | Temp. calib. file : Cal 18-08-2011.ngb-t16 Segments : 11"
|Operator: _ Range:  35100(Kmin}750  Crucible: AI203 I S el -
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