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spring till gellation was reached. The time period between immersion of the

test tube in the water bath and gellation was recorded (gel time). The rest

of the pitch—paraformaldehyde mixture that remained i

for the evaluation of the pot life of the resin.

The above tests were repeated several times with the addition of

The same tests were performed with different samples of S1

| phenosolvan pitch (Tables 2.2; 2.3; 2.4) which appeared to have different

i

viscosities from one another. Sasol 3 phenosoivan pitch was also tested

(Table 2.5).

The effect of the amount of paraformaldehyde on the reaction rate
was aiso assigned; the gel time and pot life were reco

paraformaldehyde levels for three samples, each at a different pH (Tables 2.6;

3421 i henol—f
A 250 ml, flat bottom flask was charged with 94g phenol, 55g

paraformaldehyde and 40g H.0/CH;OH (20/80) solution. The flask

was immersed in an oil bath at 40°C and the mixture was stirred with




another 10 minutes and the temperature of the oil bath was increased

slowly so that the reaction mixture reached reflux temperature (94°C)

30 minutes after the temperature was raised above the 40 degree
mark. 10.0 ml extra NaOH solution was added (2 x 5.0 ml) in 10
minute intervals during the temperature increase phase, as shown in
the diagram below. An exotherm was observed after the third
addition of NaOH solution and the flask had to be lifted out of the oil

bath for a few minutes in order to avoid premature refluxing. The

solution was brought to reflux about 1.0 hr after reaction initiation

and it was
the flask was lifted off the oil bath, left in the air to cool to ~ 80°C

and the cooling process was then accelerated by immersing the flask in

an ice cold water bath.

ci 100¢ NaOH refluxing

5 vor | " 1\
2 8o s \
= NaOH NaOH I . -

a 60* . ! i :

3 P v | -

— 40 . : .

S ' . H

e 20" )
13 ) |
O ( : '
Q o .
© 30 60 90 100

Reaction Time/Minutes
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0g
40°C, 5.0 g H30, 15.0g methanol and 2.5g solid NaOH were added and

stirred for another 10 minutes at 40°C The temperature of the oil
bath was then raised and in 15 minutes it reached 84°C. An exotherm
was then observed and the temperature of the reaction mixture
increased rapidly to 99°C at which temperature the mixture started

refluxing. In a few minutes the temperature of the refluxing mixture

stabilised at 95°C. After refluxing for 30 minutes the flask was raised

out of the oil bath, left to cool to ~ 85°C and th

rapidly cooled to room temperature.

(20%) solution, and 22.5¢ methanol solution were mixed in a 250 ml

ummmﬂuk.—lh&mthirred at 40°C for 10 minutes

and the temperature was then increased. In 20 minutes the mixture

started refluxing at 75°C. After refluxing for 30 minutes the flask was

lifted off the oil bath and cooled to room temperature in an ice bath.

< ac dagre:

A pure PF resin was prepared in the same way as described above

(cf 3.4.2.1): a 500 ml flask was charged with 31.3g phenol, 18.3g

paraformaldehyde and 13.3g water/methanol (80/20) solution. The




[y
«w)
-

~nhhre & o ?

mixture was stirred at 40°C for 10 minutes and then 1.7 f NaOH

(25%) solution was added to it. Three extra additions of NaOH

terminated. 198.4g of S1 phenosolvan pitch was then added to the PF
resin. The addition of the cold pitch dropped the temperature of the
resin to ~ 28°C. The flask was then immersed into the oil bath
(~ 110°C) and when the temperature of the PF—pitch mixture reached
65°C, 10.0 ml NaOH (25%) solution was added followed by 10.0 ml at

759C and another 10.0 ml at 85°C. The mixture started refluxing

about 30 minutes after the addition of the phensolvan pitch. It was

then allowed to reflux or

out of the oil bath. When the temperature had dropped by a few

degrees the resin was cooled in an ice bath.

Grafted PF—phenosolvan pitch resins with different ratios such as

PF—phenosolvan pitch (30/ 70),

PF—phensolvan pitch (80/20) were prepared. The amount of NaOH
A

solution add that a final value of pH ~ 12.5 was

obtained. All PF—phenosolvan pitch resins are black because of the

Crafiod PF—Resin 4C (20/80) resin.

K g LI S e e
The preparation procedure is very similar to that described above:

1/ I
1 {80/ 20)

the usual PF resin was prepared with 31.3g water/methan
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and NaOH (25%) solution. After 20 minutes refluxing the flask was

lifted out of the oil bath and when refluxing ceased the following

when the temperature reached 60°C. Some reaction was expressed by
vigorous frothing at 70°C. Another 3.0g of NaOH solution was added
at 75°C and the temperature was allowed to rise till refluxing was

reached at 84°C. After refluxing for 20 minutes, the resin was cooled

in an ice bath.
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Table 2.1: GC  analysis of the 60% of S1 phenosolvan pitch. The remaining 40% of
the material could not be analysed. It is assumed that it comsists of
polymerized highly reactive phenols such as orcinol.

PERCENTAGE NAME POSSIBLE CHEMICAL STRUCTURES

1.1 ORCINOL

oM , oH ?'ﬂ'
vy t | A Me
L4 ’\ ./..\
s < S~
OH Me oH OH
Or

1.7 PHENOL |

44 METHYL SN
CATECHOL 6 . @[W
H OH N
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OH ON CH
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o on o
| o :
& 0. O
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Table 2.2 The effect of pH on the curing of Sasol (S1) phenosolvan
pitch + 15.0g HCHO) — batch 1.

NaOH (29% soin)/g pH Gel time/min Pot life
2.0 $.15 6.0 6 — 7 days
3.0 9.65 4.5 4 —5 days
4.5 10.20 4.0 1 — 2 days
5.0 10.30 4.0 1 —2 days
5.3 10.40 3.8 45 mins
6.0 10.50 3.5 40 mins
8.0 11.10 3.0 30 mins

i.e. trigger pH = 10.4

Table 2.3 The effect of pH on the curing of S1 phenosolvan pitch (35.0g pitch +

15.0g HCHO) — batch 2

NaOH (29% soln)/g pH Gel time/min Pot life
2.0 9.13 7.0 6 — 7 days
2.3 $.30 6.5 3 — 4 days
2.6 9.50 6.0 3 — 4 days
3.0 9.64 5.5 75 mins
3.5 9.80 5.0 45 mins
4.0 10.00 4.5 35 mins
7.0 10.78 3.5 27 mins
11.2 11.70 2.5 20 mins
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Table 2.4 The effect of pH on the curing of S1 phenosolvan pitch (35.0g pitch +
15.0g HCHO) — batch 3

NaOH (29% soin)/g pH Gel time/min Poi life
2.4 5.40 6.3 4 days
2.6 9.50 6.0 4 days
2.8 9.57 5.8 3 days
2.9 9.60 5.5 3 days
3.0 9.64 5.0 60 mins.
3.5 9.80 4.7 50 mins
4.0 10.08 4.4 40 mins
11.2 11.70 2.3 17 ming

i.e. trigger pH = 9.6 — 9.7

Table 2.5: The effect of pH on the curing of S3 phenosolvan pitch

(35.0g pitch + 15.0g HCHO)

NaOH (28% soln)/g pH Gel time/min Pot life
2.0 8.57 8.0 6 days
2.1 8.67 7.9 5 days
2.2 8.85 7.5 4 days
2.3 8.90 7.0 90 mins.
2.6 8.95 6.5 60 mins.
3.0 9.20 6.0 50 mins.
4.0 9.60 5.5 38 mins.
5.0 9.90 5.0 30 mins.
6.0 10.10 4.7 25 mins.
7.0 10.39 4.3 20 mins.
11.2 11.06 2.0 15 mins.

i.e. trigger pH = 8.9
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Table 2.6: Optimization of the paraformaldehyde amount required for the curing of S1
phenosolvan pitch [S1 pitch (batch 2) 35.0g + 2.6g NaOH (29%), pH 9.50]

HCHO/g Gel time/min Pot life
15.0 5.0 4 days
12.5 4.5 55 mins
10.0 4.0 40 mins

7.5 4.0 40 mins.
5.0 5.0 80 mins

Table 2.7: Optimization of paraformaldehyde amount [S1 pitch (Batch 3) 35.0g + 3.0g
NaOH (29%); pH 9.60]

HCHO/g Gel time/min Pot life
15.0 5.0 7 days
12.5 4.3 70 mins.
10.0 4.0 45 mins.

7.5 - 4.0 45 mins.
5.0 5.0 105 mins.

Table 2.8 Optimization of paraformaldehyde amount [S3 pitch 35.0g + 2.3g NaOH
(29%); pH 8.80]

HCHO/g Gel time/min Pot life
15.0 7.0 85 mins.
12.5 6.5 50 mmins.
10.0 5.3 47 mins.
7.5 6.3 48 mins.

5.0 8.0 150 mins.
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Table 2.9: The effect of reduced HCHO content on the trigger pH.
[S1 pitch (Batch 2) 35.0g + 10.0g HCHO.]

NaOH (29% soln)/g pH Gel time/min Pot life
1.5 9.00 6.0 4 days
2.0 9.13 5.5 2 days
2.3 9.30 5.0 60 mins.
2.6 9.50 5.0 46 mins
3.0 9.64 4.5 35 mins.
3.5 9.80 4.3 32 mins

i.e. trigger pH ~ 9.3

Table 2.10: The effect of reduced paraformaldehyde content on the trigger pH.
[S3 pitch 35.0g + 10.0g HCHO]

NaOH (29% soln)/g pH Gel time/min Pot life
2.0 9.13 5.0 3 days
2.3 9.30 5.0 80 mins.
2.5 9.45 4.8 44 mins.
3.0 9.64 4.5 35 mins.

i.e. Trigger pH ~ 9.3.
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Table 2.11: The reactivity of pre—distilled pitch é
[35.0 g pre—distilled pitch + 15.0g HC

50°C)

Sample pH Predistilled pitch

Untreated pitch

Gel time/min. Pot life/min Gel time/min  Pot Life
Sipitch 9.8 1.5 20 5.0 40 mins.
S2 pitch 9.8 1.5 20 >20.0 923 days
S3pitch 9.8 1.5 15 5.0 30 mins.
Table 2.12: The effect of resorcinol (4% by mass) on the rate of curing of phenosolvan pitch
NaOH pH W:thout resorcinol With resorcinol
(29%)/8 Gel time/min Pot life Gel time/min Pot life/min
2.6 9.50 6.0 3 days 3.0 25
- 705 10,70 3.5 30mins 2.0 15
11.2 11.70 2.5 20 mins 1.5 12
Table 2.13: The effect of Na,COjs on the reaction rate of phenosolvan pitch
[35.0g pitch were used)
NaOH(20%)/g pH Na,COs/g Pot life
2.0 9.15 - 6 days
2.0 9.15 1.0 80 mins
2.0 9.15 1.75 70 mins
3.5 9.80 -~ 2 days
3.5 9.80 1.0 50 mins
35 9.80 1.75 40 mins
4.3 10.10 - 2 days.
43 10-10 1.75 40 mins
48 10.27 - 1-2 days
48 10.27 1.75 25 mins
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ing effect of water on the reaction of pitch with

Table 2.14: The inhibitin I
paraformaldehyde

NaOH(20%)/g pH water/g Pot lile
5.30 10.40 1.77 40 mins.
5.30 10.40 3.50 50 mins.
5.30 10.40 4.30 55 mins.
5.30 10.40 4.70 90 mins.
5.30 10.40 5.30 2 days

Table 2.15: SABS Standard specifications for PB and Plywood (strength in MPa)

PB Plywood
Interior Exterior Interior Exterior
Dry Test Dry Test Wet test Dry Test Dry Test Wet Test
0.45 0.55 0.35 0.55 0.55 0.45
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Table 2.16: Formulation scanning for plywood adhesives based on
phenosolvan pitch: glue mix composition

Panel No. 1 2 3 4 5 6
S1 phen.pitch 88 88 88 88 88 88
Paraformaldehyde 26 26 26 26 26 26
Water 20 .35 10 12 10 10
Wattle extract -~ 22 - - - -
PF resin (liquid) - - 30 - - -
UF resin (liquid) - - - 30 - -
MDI -~ - - - 35 -
Resorcinol - - - - - 4
NaOH (29%) 15 15 15 15 15 15
pH 11.5 11.0 11.0 11.0 11.0 11.5
Wood flou 10 10 10 10 10 10

able 2.16: — continued

Panel No. (f 8 9 10 11 12 13
S2 RxB 52°C 88 88 88 88 88 88 -
Resin 2 ~ - - - - 88
Paraformaldehyde 26 26 26 26 26 26 26
Water - - 7 13 13 18 11
Wattle extract - 22 - - - - -
PF resin (liquid) - - 30 - - - -
UF resin (liquid) - - - 30 - - -
MDI - - - - 35 - -
Resorcinol -~ - - - - 4 -
NaOH (29%) 5 5 5 5 5 5 15
pH 19.6 12.5 12.4 12.4 12.4 12.4 11.7
Wood flour 10 10 10 10 10 10 6

Amount of resin used = 45@37‘m%dotrbleg}ueﬁb&(¢&l).
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Table 2.30: Three—layer boards of selected glue—mixes : glue—mix composition

Board 1 2 3 4

No. Core Surface Core Surface Core Surface Core Surface
Resin 4C - — _ - 125 210 - -
Resin 2 — - -— - - - 156 210
Paraformaldehyde 41 63 33 43 41 63 46 63
Vater 77 75 0 70 55 82 75 80
MDI 52 90 28 36 52 90 - -
NaOH (297) 19 30 16 16 19 32 19 25
o 0.5 10.3  10.5 10.3 11 115 10.4 10.4
Table 2.30: Continued

Board 5 6 7 8

No. Core Surface  Core Surface  Core Surface  Core Surface

S1 pitch —_ - 125 210 168 281 168 281
Resin 2 125 210 - - - - - -
Paraformaldehyde 41 63 41 63 55 84 55 84
MDI — - —_ - 70 121 = _
PF 46 17 46 77 - 62 103
NaOH (297.) 16 27 20 30 26 40 27 40
i 10.5 10.5 10.6 10.3  10.5 10.3 10.5 10.3
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Table 2.31: Three—layer boards of selected glue—mixes : Internal bond 1B) strength of

dry samples

Board Glue—mix Resin Board IB/Dry
No. comeir(%j—dermt-y(gcnﬁ)—fM{Pa)
1 MDI/S1 pitch(30/70) 9 0.670 0.34
2 MDI/S1 pitch(20/80) 9 0.676 0.16
3 MDI/Resin 4C(30/70) 9 0.689 0.52
4 Resin 2 9 0.706 0.19
5 PF/Resin 2 (20/80) 9 0.681 0.54
6 PF/S1 pitch (20/80) 9 0.689 0.10
7 MDI/S1 pitch(30/70) 12 0.720 0-69
8 PF/S1 pitch (20/80) 12 0.701 0.26

The glue—mix for the core was sprayed on 1550 g coarse wood chips and that for the

surfaces was sprayed on 1000g fine wood chips. 1270 g sprayed coarse chips were used

for the core and 2 x 300 g sprayed fine chips for the two surfaces of each board.
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Table 2.33: Identiﬁcatic-)n of significant-infrared bands of Resin 4C reaction mixture

Wavenumber Corresponding chemical groups
cm™!
'
740 @ 1,2 disubstituted aromatic nuclei
|
770 @i 1,2,3 trisubstituted aromatic nuclei
800 @ 1,4 disubstituted aromatic nuclei
i

815 O 1,2,4 trisubstituted aromatic nuclei

e

H\
930 C=0 H—C bond of formaldehyde

CH.—OH

1020 O —OH of methylol group
1080 (5\ 1,3 disubstituted aromatic nuclei
1105 —CH,~O-CHr methylene ether group
1225 c-0-C phenoxy coupling

A .
1235 Cc—-O- ether bond in phenols

pd

1340/1360 CH;—&H—CH; isopropyl group
1460 —CH,—and CH3— groups
1500 —CH,—O- group
N

2900 cC=0 group
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60~ Plot of pot—life vs pH
(lst sample)

50

401 3

£ \
} 30+ \
g
=
20F \
\\
10}
0 1 1 { 143
9 10 H 12
pH
Figure 2.2 The pot life of S1 phenosolvan pitch (batch 1) drops markedly at pH >

10.4 (mass of sample used = 35.0g)
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1207
Plot of pot-life vs pH
] L (Zn d sample)
100F |
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T ¢ of phenosolvan pitch (batch 2) drops markedly at pH 2 9.6
Figure 2.3 I ife ol p
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Resin 4C

-
(=]
(<]

Methylol group

Lo
(1020 cm™ ) 5 @ 3
hd

e

Q

Mo of Squares

J/ o~ — CHy-0—CHy
6

®

AN (1080 cm ™) '
—— < —p .

2r . (930 em™ ') [;3C=0

1 } I | 1 { . .
; = 2 35 Reaction Time/Minutes
25 48 57 74 78 78 78 Reaction Temperature/oc
Figure 2.5 The change in concentration of the components of Resin 4C with

reaction time
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22r

. ——(1020 cm ™ 1)/2

20 a

18 o
o

16—/
o ) / m
o 14 ° / » .
=} —1.
DD i
12k —— -
5 g > (1105 em™ 1)
\_r__, =1l‘
2 A A N . (815 cm )
10 . (740 em 1)

—~—(770 cm—1)

N

\\

a
- R -
2r © ° (1080 cm™ )
1 1 i 1 1 | 1 9
0 10 20 30 40 50 60 70 80 9 0
Reaction Time/Minutes
Figure 2.6 The change in concentration of the components of Resin 4C mix with

reaction time at 40°C
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Resin 4C at Ambient Temperature (~250C)

26 o
O
241 .
o P e~ (1020 cm™ ')
“2r / : .
20f
18t .
. .
¥ (800 cm™ 1)
16 2 * x
4 A (740 cm ')
o a -

42‘14 s ' ®_ (815 cm_i)
A -1
2 . 2 (770 em™")
h=dPIPN - o o )

o = —x— (1105 em™ ')
< )
o o)
10
8
6
0 N\ ° e
o
4 © \‘\.'\0_‘_‘
¢ 0 (930 em™ 1)
\ Lo
2r 0 % > (1080 cm™ 1)
| ! | R TR § 1 3
0 110 210 30 40 50 60 70 80 90 100
Reaction Time/Minutes
Figure 2.7 The change in concentration of the components of Resin 4C mix with

. 2l : [+]
reaction time at ambient temperature (24°C)
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