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A. Raw data on experimental results of mechanical property testing of Biomer/Modifying
agent and f-PHB/modifying agent blends

Table A-1 Mechanical properties of pure Biomer

ength | %él_

ARIAINTU NN INE

Maximum tensilg m:: break | Modulus of elasticity

Sample - - :
(MPa (GPa)
8 196 _ 1.857

b

9 ////Jé ) i\\\\ 1.396
I /) = NN
11 1814 f ﬂ%uﬁ\\\ 1.754
12 S0 I 4 Y of 1.750
13 ' 1.563
15 1.485
18 1.767
Average seeioe 1.664
Error bar 0.14

1.66410.14

e
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Table A-2 Mechanical properties of Biomer/10%PPG blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
Sample (MPa) (%) (GPa)
1 12.16 1.33 1.438
2 11.22 N 1.34 1.440
6 12.75 % 1.356
8 11.% , . 1.449
13 9% ! * 1.364
14 10331 1.384
16 91 ) 473 1.428
Average b 7= 1.408
Error bar 1. | o 0.04
11.12:4460 1 A24t 1.4080.04
e
LY

AULINENINeINg

ARIAINTUNNTY
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Table A-3 Mechanical properties of Biomer/20%PPG blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
Sample

~ (MPa) (%) (GPa)
1 8.87 1.22 1.208
2 11.77 1.31 1.575
3 7.39 1.14 1.046
4 1045 1.382
5 7 el 1.118
7 0.74 i 7 1.221
: RS
13 1.256

ST/ /AEPNEN
N 77/ =N B

M // 7 o\ -
Soff Jr AR

17 1.214
Average 1.249
Error bar - 0.10

1.2491+0.10

ﬂuﬂqwﬂﬂ§WH"ﬂi
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Table A-4 Mechanical properties of Biomer/30%PPG blend

— Maximum tensile strength | %elongation at break | Modulus of elasticity
(MPa) %) (GPa)
3 8.57 2.52 0.890
5 8.49 2.42 0.850
7 ! 0.847
8 0.766
9 0.912
14 8. M 0.902 °
17 | 3 ' 0.842
18 673 Lliad 0.658
20 'y o | 0818
23 856 4 % | 0.878
Average 8.27 o 25 0.836
Error bar 0.41 @—, 1 0.05
8.2710.41 ,;-_;j?—w 21 0.83610.05

o g
AU INENTNEINS
RN TUNRAINYINY
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Table A-5 Mechanical properties of Biomer/40%PPG blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
- (MPa) (%) (GPa)
1 2.37 6.97 0.193
6 2.38 7.99 -
7 2.20 . 7.08 0.280
8 2.35 :“ Wﬁ 0 0.270
10 2.3 — | = 0.232
12 ' ‘ s 0.187
14 | ' 0.165
Average 0.221
Error bar | 0.04
0.22110.04
r/50%PPG blend
Sample Modulus of elasticity
(GPa)
1 -

4 o~ 0118

5 d 0110
12—. 0.87 8.35. 2./0.108
130 0 8 17
14 h 0.77 497 0.137
18 0.76 7.09 0.117
Average 2.447 6.94 0.118

Error bar 0.12 1.16 0.01

2.44710.12 6.94%1.16 0.11810.01
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Table A-7 Mechanical properties of Biomer/10%PG blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
i (MPa) (%) (GPa)
1 1213 1.01 1.582
3 13.28 1.20 1.673
5 16.92 1.30 1.849
6 EVRE W A 1.564
7 me e (= 1.730
8 17.6€ 1.664
9 ‘\X‘\’k\ 1.743

7
u 77/ N

13 | FIIEP AN 1.820

14 1, llﬂﬁ &&\\\ 1.804

Average ' ! l ﬁ' ' % ‘\ 1.707

Error bar
V-5 il

15.1141.28 755~ 1.7070.07

TR LT W6
5

ﬂUHQﬂBW§WH'ﬂi
ammnmumw Y1 Y
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Table A-8 Mechanical properties of Biomer/20%PG blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
Sample
(MPa) (%) ~ (GPa)
2 13.99 2.30 1.386
3 10.93 1.83 1.192
6 10.40 \W/ Z 7 1.252
7 13.10% ‘ : 1.457
1 12.6 . . < TS0 0.977
12 14488 ///A‘\m\ 1313
Average f6 ///AE’\\\&‘\ 1.238
M BN o
1216 I I Eg @ \V\ 1.23810.18

MF \

é f_f«-f ‘:L-'-J’

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂ”ﬂi
ammmmumw YN




145

Table A-9 Mechanical properties of Biomer/30%PG blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
Sample
(MPa) (%) (GPa)
3 5. 3.39 0.739
4 6.68 4.45 0.627
6 6.77 4.11 0.762
7 6.67 . 0.744
9 6.09 0.679
11 0.764
12 0.693
13 0.730
16 0.737
il 0.665
Average 0.714
Error bar o7 ff == & 0.03
6.7510.27 ,_ . 0.714%+0.03

AU Inenney’
RN TUNANY
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Table A-10 Mechanical properties of Biomer/40%PG blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
Saple (MPa) (%) (GPa)
1 4.00 10.56 0.355
B 3.71 7.79 0.326
4 349 4 0.26 0.336
5 4,01 :“‘ N\ | 0.431
7 40—y 10.391
11 - 3::9"""';_ e ﬁg‘)'% 0.427
12 // N\ ?b\ 0.315
14 %6 NEY ‘(.22 “y 0.384
Average L% D 5\ 0371
Error bar 0.28 ‘ "-.‘?.”;-_ : ﬁ‘ 1 6\\11 0.04
37etl3 f *; ﬂ,ﬁgsi- 06} 0.37140.04
,:ig.-%;:f.-;. - ,,;,_,.._u' -
Table A-11 Mecrlelrltg_%lgﬁq s
— Maximu i Modulus of elasticity
(B‘a) (GPa)
1 - 2.68 Qs 2.13 0.414
> | LU JVIHTTI WO IT]d  oms
3 B 2.74 ¢ 24 | e -
SN TN T RN A TTE TN &=
5 2.35 2.78 0.387
7 2.66 1.80 0.387
8 2.70 3.84 0.370
Average 2.70 2.42 0.386
Error bar 0.32 0.70 0.01
2.7010.32 2.4010.70 0.38610.01




147

Table A-12 Mechanical properties of Biomer/10%ESO blend

Sample Modulus of elasticity
(GPa)
1 1522
3 =
! 1.493
° Az 1.587
L ] - 1.323
7 12 i
" e e 1.438
2 lV F= 1.683
I 1822 Tt 1572
1 i 1.651
10 8 1.307
Average 12.83 Py
Error bar 0.76 . P
boging || | ‘j 1.50840.19

AWIAN T UMY
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Table A-13 Mechanical properties of Biomer/20%ESO blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
Sdlge (MPa) (%) (GPa)
1 7.93 : 1 0.892
2 - 7.08 ' , 0.830
3 8.2 Y ‘ 0.868
5 10.6 / N 1.072
6 10. - ' 1.193
7 8.9 = s 0.878
8 10.89 P | (A 433 1.413
9 9. o ¥\ 1.085
11 7.9 3 ‘E{ 3.36 0.955
14 087 W {acale 1.066
15 10862\ I 1.037
16 udas | 1.119
17 89" @ 1.033
19 685 3.69 0.790
S MPTYT £ O DL Tt Cll
rorber | 1o} M8, Y 049 = "N 040




Table A-14 Mechanical prop

149

rties of Biomer/30%ESO blend

Modulus of elasticity
Sample
(GPa)
7 1.015
8 8.8 0.913
11 10.1 EET 1.041
14 5 NE 1.064
15 1 = 1,058
17 10.7 Pl g 1.077
19 10.24 % b 7 1.010
20 11.13 Gz, 1.075
23 1.082
Average 1.037
Error bar 80 0.39 % 0.04
. A 7
| d e ineln Ty o
| : = = u

AMIAN TN INYAE
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Table A-15 Mechanical properties of Biomer/40%ESO blend

- Maximum tensile strength | %elongation at break | Modulus of elasticity
(MPa) (%) (GPa)
4 6.62 7.26 0.687
6 6.47 10.14 0.568
8 6.72 6.84 0.621
10 w 0.624
21 0.687
Average 0.638
Error bar 0.06
0.63810.06
Table A-176 %ESO blend
Maximum tensile Modulus of elasticity
Sample
(GPa)
2 0.523
3 e I T 0.472
4 ﬁs i 0.422
5 4.52 o U2'53 0.507
° 1P VI VeEI17] 9 o
7 A 431 | 2.84 0.469
1 = Qs
A RIAGNIVNATINIQE
9 9 4.22 212 0.488
10 4.07 2.03 0.427
Average 4.46 2.70 0.473
Error bar 0.24 0.35 0.03
4.4610.24 2.7010.35 0.47310.03




Table A-17 Mechanical properties of pure f-PHB1
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Maximum tensile strength .

%elongation at break

Modulus of elasticity

Sample
- (MPa) (%) (GPa)
1 15.07 1,629
2 174 1,675
3 14.13 y 2 1.422
6 14.2 ; 1.547
7 19.31 4 1.810
8 1757 AE 1.760
10 18 v 1,656
11 16.4 A2 1.5 1.680
15 1525 W {EEERISR 1.438
16 1668 _ioif 1,626
17 ‘ ol 1.676
Average - 1.629
Error bar 1 'u 0.18 % ' 0.08
qu.ezgio.oe
1 9
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Table A-18 Mechanical properties of f-PHB1/10%PPG blend

Maximum tensile strength | %elongation at break | Modulus of elasticity

angle (MPa) (%) (GPa)
2 15.70 1.835
5 16.04 v 1.665
; e I 200
8 16,26 ’ 180 1505
9 18 2. 1.720
10 16. = 1.658
11 15.7 * ,_f-i‘i, 1.60 1.950
12 16410 W 1.233
13 14.5 e = Al 68 1.426
14 R 1.492
15 16.85 i 78 1.846
16 \ 2.018
17 1601 1.660
18 17.38 1.96 1.494

i & - Q.
20 ﬁ_ ‘, _ln_ li 1.453
21 qQ 17.9 2.49 1.613
2 onim AP = lqa‘fgt
1 - . — — il -
Average | 6. 201 1.618
Error bar 0.60 0.13 0.11
16.3310.60 2.0110.13 1.61810.11
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Table A-19 Mechanical properties of f-PHB1/20%PPG blend

Maximum tensile strength | %elongation at break | Modulus of elasticity

i (MPa) , (%) (GPa)

5 13.25 A 2.99 T 1430

6 125 Zanl 1.086

9 13.1 34l 1.257

1 . 1 ‘ , 1.115

12 1 /(D 1.047

13 1 Fr = ' 1175

14 Y 2 A4 | 1.186

16 8 A :.: ' | 1.280
Average 13. _ahal oS 3. 1.160
Error bar 0.96 4L a"f":"' 47 0.07

13474096~ = |/ 1.16010.07

R
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Table A-20 Mechanical properties of f-PHB1/30%PPG blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
Sample (MPa) %)  (cPa)
1 5.93 59 0.491
2 6.16 . ‘ 0.463
- 8 5.3 : _ 10,430
5 5% - 0.408
6 5, - 0.392
8 5. S=va 0.387
10 7 » L 4 0.462
11 W Vi 0.430
12 5.0 A 9.2 0.378
13 5.44 ""i‘-‘i'ff* 7 0.444
14 596__ 2 0.447
15 F — 0.424
16 : @ 0.454
Average 5"%9 8.24 0.432
Error bar 4_& o 0.02

ARIAINTUANINE

QU 5.59_50.19

3

NIWEIT

8.241+1.10

L * )
0.43210.02
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Table A-21 Mechanical properties of f-PHB1/40%PPG blend

165

Sample Maximum tensile strength | %elongation at break | Modulus of elasticity
(MPa) (%) (GPa)
! 353 | 10.24 0.347
2 340 , 0.299
° 4 G — | @ 0.424
‘ 3 | = 0.408
! 0.525
° % \ 0.331
° LR 4 0.391
0 3 S 0.428
by 408 " ’J:?' 0.571
'8 a12 ff 0549
- 384 o) 9 0.429
frereoe 1) 0.428
Error bar : 7 ey

3.72£0.04 8.311+1.86 0.428+0.06

AWIANNTANNIY
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Table A-22 Mechanical properties of f-PHB1/50%PPG blend

Maximum tensile strength %elongation at break | Modulus of elasticity
Serpie (MPa) (%) (GPa)
1 1.44 60.02 0.172
2 1.37 -
1 1.87 0.153
13 1 -
18 -
19 AV 0.144
2 1 — 0.144
Average 14 e 0.153
Error bar LY Y 0.02
1aotogl 0.1530.02
ot A

y

 AuEINENINg”
ARIAINTUUNRITY

1y
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Table A-23 Mechanical properties of pure f-PHB2

Maximum tensile strength | %elongation at break | Modulus of elasticity
R (MPa) (%) (GPa)
1 P28 3.20 1.819
2 19.32 O\ 1.644
4 19,7 m— 1.754
5 2 | . 1.639
6 , 1.886
8 7 f= | | 1.394
9 20 1.979
10 10, > = 1.734
11 — 1drof Jaddciinda N\ 1.540
Average 10. B e T NP 1.710
Error bar 0.60 {}?2 30 | 0.14
19: : . sl 171010414
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Table A-24 Mechanical properties of -PHB2/10%ESO blend

Maximum tensile strength | %elongation at break | Modulus of elasticity

Sample
(MPa) (%) (GPa)
3 17.54 | 3.17 : 1.581
5 16.42 \Q\W ) 1.423
6 15.89 1.811
! 15&—""'" | 1.928
° ) I\W\ e
; AL NSNS 1721
R/ k=3 N
11 15, llngu‘é\\\ 1.821
12 16304 J o Y ), 1.789
1o 1,681
17 1.644
e 1.470
20 1.457
Average ’ | 1.671
Error bar 0.54¢ o q.0.37 0.09

PR TS T T roiem
7 ¢ o o/
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Table A-25 Mechanical properties of f-PHB2/20%ESO blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
samele (MPa) (%) (GPa)
1 14.61 ' 6.51 1.330
2 1443 o a6 1382
4 151 — | 00w 1424
9 1430w || ""ni... 1.317

777/ S
7///AE PN

13 1.504
14 1.194 |
16 1.234
16 1.385
Average 1.380
Error bar 0.11
1.380%0.11

ﬂUH?ﬂBﬂiWB N9
qmmnimwwvmé’ﬂ
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Table A-26 Mechanical properties of -PHB2/30%ESO blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
Sample (MPa) (%) (GPa)
6 13.70 8.88 1.313
4 12.92 - 1.158
8 1.305
9 1.338
10 1.360

11 4 / \\\1\\ ' 1.288

L LLL 2 NN 1574

"] IIIE-I\\\\ L

Average 13 £ 17 A 898 1.289

Error bar ‘ 0.45 l ‘EE J‘x\ 0.07

13.4410.4 1.28910.07

ﬂuﬂqwﬂﬂﬁwa“ni
QW’]Mﬂ‘imNM’]’W TabGE
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Table A-27 Mechanical properties of f-PHB2/40%ESO blend

Maximum tensile strength | %elongation at break | Modulus of elasticity
semple (MPa) (%) (GPa)
4 8.67 7.26 1'396 ‘
6 0.877
7 1.317
10 1.304
12 1.321

14 A//Al\\\‘\\ 1.143

i 277N IR

20 8 II/‘%’\ 94\, 1.298

23 8. llgg aBN | 1.408

Average o 8.68. l J 'K\ 1.293

Error bar 0.18 m 0.16
!‘r ." ;

8681018 1 02102 1.20310.16
= e

—_—

”iy_xl

) 0
ﬂuﬂqwaﬂswani
QW’la\ﬂﬂ‘imﬂJM’l’W Y1
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Table A-28 Mechanical properties of f-PHB2/40%ESO blend

Maximum tensile strength | %elongation at break | Modulus of elasticity

Sample
(MPa) (%) (GPa)
7 8.03 6.51 0.925
8 . 135 " .8.16 0.846
9 7.04 x\“// 5,70 0.727
10 - 0.775
12 i ‘ 1.012
E Z/IN s | o
z ///aqzn\m
Average = ‘\\\\\ 0.880
Error bar L , ‘\\\\ 0.10

Y ‘- \ 0.800£0.10

ﬂ‘LIEI’J‘VIEWl‘iWH”
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B. Effect of the specimens storage day on the mechanical properties of PHB.

The effect of the specimen storage day on the mechanical properties of PHB is
presented in this section. From the literatures, PHB sample were always kept to achieve
the equilibrium for several weeks. The object of this section is to find the optimum
samples storage day and to study the effect of the sample storage day on the

mechanical properties of PHB The results of the mechanical properties of PHB at

various samples storage day are presen

Table B-1 The mechaAIEAl Bio Derties I@ samples storage day

AN

Sample Maximug / 0 ‘ ‘at break Modulus of elasticity
storage day strengt l - % (GPa)

3 f,- ) 1.09810.20
9 1.52210.13
10 - 1.66410.14
21 1.67820.121
P T
30 16:¢182.21 1.65810.127
The effect of t@ samp s e mﬂmum tensile strength, the

%elongation at break andgttamodulus of elaﬂ'pity is presented in Figure B.1, B.2 and

o a4 B R AT o e o

changed when tHe sample storage clay is from 3 days to 10 daysdhe mechanical

= AR FUHNTING | B o

result, al PHB samples in this work are kept for 10 days before the mechanical

properties testing.
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25

Max. Tensile Strength (MPa)

The effect of sample storage day on the maxnmum tensile strength of PHB

15 41—

10

" = Sample storage ﬁ

AU TMEMINE TS

Figure B-1 the e?ect of the sample storage day on thesmaximum tensile strength of PHB
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The effect of sample storage day on the %elongation at break of

Elongation at break (%)
w

30 35

¢ o L7y
AUBINENINEING
Figure B-2 the”ffect of the sample ‘sterage day on e %elongation a&greak of PHB
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Modulus of Elasticity (GPa)
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C.PHB fermentation, isolation and purification [Dolarom, 1999]

To obtain f-PHB, the bacteria fermentation, PHB isolation and purification were

proceeded as follows:

The bacteﬁal strain

which was purchased fr Food and Marine Bacteria,

Scotland.

The medium used jfce for bacteria canibe divided into two recipes.
The first one was used for n A o which a of the nut ents was supplied adequately.
The second recipe was uséd fof u ble gr hich hitrogen was limited.

In one liter of the first r

Glucose

MgSo,ZH0 02— grdm/

—— Y

g
e

(NH4)ZS \J Qg
i i
KH,PO, gr

ﬁlﬁﬁ’iwsﬁswa?ﬁﬁ

In one liter of tracé element, it wasicomprised of

4 R 13T A3 74%1'1 ] d

ZnS0O,.7H,0 2.25

CuS0O,.5H,0 , | 1 gram
MnSO,.5H,0 0.5 gram
CaCl,.H,0 2 gram

Na,B,0,.7H,0 0.23 ' gram
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HCI 35% by weight solution 10 mL

In one liter of the second recipe, it was comprised of

Glucose 20 gram
MgSO,.7H,0 ram
(NH,),SO,

KH,PO,

Trace element

—

The seed culture% 500 m k onareciprocal shaker with a stir
rate of 180 rpm at 30 °c e i \‘ seed culture was used to
inoculate the “Biostat® ”:‘,, o \’\u a “DCU-system v.2.30"
controller (Biochemical En v I r | . artment of Chemical Engineering,
A ‘ -.\» volume of seed culture is 5
liters. Temperature and pH we ntrélied at'4 and 6.8, respectively. The pH was
controlled with one molar of Ammdt ide Solution which was replaced with one

molar of Sodium Hydroxide & nitrogen limitation. Dissolved

oxygen concentration Was- ed DY manip 1z ' itation speed and the aeration
5_‘4 Ay

rate up to 400 rpm and™1 lite eed alture per minute. Glucose

concentration of the seed culture was monitored every 4 hours to maintain around 10 to 20

Emm mmmm:: ur—
TR TN a Y
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Once PHB have been synthesized and accumulated in bacterial cells, the cell walls
must be broken apart and the polymer separated from cell debris. Care must be taken to
avoid depolymerization during this process. Early measurements of physical properties of
PHB isolated from various bacterial ~ red wide variation of molecular weight
[Griffin, 1994], which was proved ) ‘ %/th harsh methods of isolation used.
There are three general app@ i Pént extraction, chemical digestion

t extraction is only used in

by sodium hypochlorite a

this work) Review of each-appr

The solvent extracti igh molecular weight. PHB is

extracted from the cell pa | 'sc i > solvent such as chloroform,

methylene chloroide or propy rbonate, The solution s filtered to eliminate bacterial
¥ i ’

cell debris, then PHB is preci : slowlyseooli solution or by adding a non-

ding
)
/ ’ ashing with diethyle ether or

methanol to remove Iipig. However, the high alkalinity of the system can cause chain

1
o T WP T
qy | | |
Enzymatic dﬁstion was deveﬁped by Merfick and Doudor6ff which various
w0

oy \ol bk 8 s bbb i sl cote o

weakened cell walls were the ruptured by ultrasonic treatment to liberate the PHB. granules

and dissolving the cell

wall and non-PHB com}

The isolated PHB is either submitted to an extra purification step by solvent extraction or

spray dried.
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As mentioned earlier, The isolation method used in this research is solvent
extraction. After the fermentation was finished, The culture broth was centrifgged to isolate
the bacterial cells from the seed culture. The bacterial cells was washed with purified water
and centrifuged for 2 times to remove anything which may cause the contamination in PHB

purification process. At this stage, the bacterial cell was called “the wetted cell”. The wetted

,f)ing in the refrigerator.

The wetted cells wer thgpver@or 5 hours. At this stage, the .
bacterial cells were calfy " : mw solvent extraction method
was proceeded as follo : » i all pieces and then filled in

ere added into the 500 mL

cells can be stored for further PHB isol

the bag which was ma

flask which was filed wi éhiosofomm. The fafio.of the chioroform to the dried cell

purification. Each batch of the PHB"sgiutio: €d and then filtered with the GF/A filter
paper to remove any iu}g red solttion wa ith the excess of hexane
to precipitated PHB. e souton we s fiiiered again wiih ihe N 5filter paper and left in the

fume cupboard to evap<5L v aﬁvaporated completely, PHB

AUEINENINYINS
ARIANTUUNIINYAY
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D. Error analysis

Most experimental data in this work are reported with the error bar 95%
confidence. It should be noted that the 95% confidence interval or 0.95 confidence
coefficient in fact means if it is assumed that the distribution is the normal probability

distribution, 95% of data fall within this region. The value can be defined as;

(D-1)

where t . is the "Nor of 10:025-at.the degree of freedom of

(n-1), as can be seen i

For example

From tensile test, andard deviation of tensile modulus of

. : oty o o ]
pure Biomer is 0.162 and the numiber of specimen is eight. At the column of t.025 and
= F .
the degree of freedom of 7 in Figure & 5, The value of 95% confidence
therefore is 0.135. [ 5,

L

V r
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0 t. J
v Loons
1 636.62
2 31.598
3 12.924
4 8.610
5 6.869
6 5.959
7 5.408
8 5.041
9 4781
10 4587 °
1" 4.437
12 4318
13 4221
" 4.140
15 s, k| _ 4.073
16 1.337 f64 0 2120 <ses | 2% 5 4.015
7 133 3 ¢ 2.567 |\ 2898 ! 3.965'
18 1.330 ; Maiss2 ; 3.922
19 1.328 A D 1 3.883
2 1325 725 8 ‘ 3.850
21 1323 Th v : 3.819
2 1321 1T C2074 12508 ; 3.792
3 1319 1714 06 J 3.767.
4 " & © 3745
25 - 3.725
% 1315 3.707
2 1§ 1.70 0 znm 3.690
28 1313 1 701 2.048 2.467 2.763 ; 3.674
29 1.311‘- 2.045 2.756 3.396 3.659
3.646
SNy 2
| 3.460

120 Y| 1289 ress }980 2.358 2617 3.160 3373
» 1282 1.645 2326 £2.2.576 3.090 S 3201

Figure D-1 Critical value for student's t [Mendenhall, 1996]
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