24 2 Vol. 24, No.2
2004 4 JOURNAL OF AERONAUTICAL MATERIALS April 2004

PRE R, PREE

(L R 413000; 2. ,
410073)
, ( ) « / )
: 0632.772 A : 1005 5053(2004) 02 0046 06
[1]
, ( 100% 1% &
)’ 9 9 1' 1
, ; ; ( ),
, 550kg; , ().
, , 600kg; s
Mudde, John P. (98%) , ,4.95kg;
t , (98%), , 3. 64kg
- 1.2
1 2

. Put in earlier Normal inol
| Phenol H Weigh HMclt l————- pressure I:;:g:s%?e
Reaction| | Hydro-| |distilla- distill
,Sulﬂu-ic aciHMﬂke solutionf={Measure volumel—— kettle e Iysis |= tion [ tlisoi1 a-

/ Stir lycon-
. /Return| [POIY€O olycon-
1 S|P

l Starch H Weigh Il Put in later d;':)s: densation

|Sodium hydroxide'——lMake solutionl——l Measure volumelli

1
Fig.1 Typical synthetic technological process

NeutralizationfeFnd product resi4n|

Drip feed

1.3
. 2003 11-20; . 2004 01 22 T-4
(1964), ) ) XB1051 —91




A 165°C
. 40min+20min 130°C
O " ;056% _ h i J  15min+15min
— min-+i min
~ k 1 m

e f g 1°C-min™!

0.25~0.30°C-min™!

Natural cooling

1.0~1.5°C-min™!

Room a n
temperature ¥ 2.0~2.5°C-min™
t/ min -
2
a— s ;ab— :b— N 0.08~
0. 09M Pa; bc — s e— s sod— s ;d—
, s ;de— ;e = seg—
8T . ;gh— shj— ji— ,
0. 04~ 0. 05M Pa; j— s ;jk— k— s kl— s
;Ilm— tm— s ;mn— ;ab— ; be— sel—

sj— s

Fig.2 Typical synthetic technological curve
a—prepare raw materials and reaction kettle, start to raise temperature; ab —raise temperature to preheat kettle
b—close all air valves of the reaction kettle, take out air to vacuum degree 0. 08~ 0.09 MPa; bc—keep temperature,
reaction kettle draws in melted phenol; c—relieve vacuum, stir;cd—keep temperature, reaction kettle is put in
sulfuric acid and starch; d —open return valve and close distillate valve, condenser is gone in coot water, start to
raise temperature; de—raise temperature to starch gelatinization; e —starch gelatinization; f —stop stir; eg—keep
temperature to hydroly ze starch; g—stir, close return valve and open distillate valve, start to raise temperature;
gh —poly condensation accompanied by raising temperature; hj—polycondensation accompanied by keeping
temperature; i—take out air for dehydration, vacuum degree 0. 04~ 0. 05M Pa; j—stop taking out air, condensing
coil in kettle is gone in coolw ater; jk —polycondensat ion accompanied by lowering temperature; k—condensing
coil in kettle is cut off coot water; kl—keep temperature, sulfuric aid is neutralized with sodium hydroxide; lm —
dump resin accompanied by keeping temperature; m —stop stir, condenser is cut off coot water; mn—low er temper
ature for preparation; ab —normal pressure; be —reducing pressure; ci—normal pressure; ij —reducing pressure;

jn —normal pressure
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Table 1 Effect of several primary factors on product when phenot starch resin is synt hesized
Throw material/ g Highest Tota Product
Batch ) ]
Sulfuric Sodium reaction reaction Molecular weight
number (Phenol|Starch o . . Outward appearance — Ratd %
acid hydroxide temperaturg 'C |timg min (Mn)
98 600 | 550 | 5.625 4.133 165 210 Deep brow n brittle solid 554 74.4
920b | 600 [ 550 | 5.625 4.133 165 180 Deep brow n brittle solid 540 73.8
923 | 600 | 550 | 5.000 3.674 165 210 Brown brittle solid 509 76.5
922 | 600 | 550 | 5.625 4.133 165 150 Deep brow n brittle solid 509 73.2
93 600 | 550 | 5.000 3.674 185 210 Brown brittle solid 563 74.8
827 | 600 | 550 | 5.000 3.674 185 180 Brown brittle solid 523 73.7
921 550 | 600 | 5.625 4.133 165 150 Deep brow n brittle solid 528 73.0
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Table2 Routine analytical results about properties of phenot starch resin synt hesized with industrialization

Properties

Indexes

Actual test data of

phenot starch resin

Actual test data of thermoplastic

phenot formaldehyde resin”

General data of thermoplastic

phenolic resin” "

Softening poiny C 112 100 100~ 120

T- 4 viscosity s 35 31 20~ 60

Binding timé s 60 50 50~ 100
Volatile mattey % 2 2.8 <6

Free pheno} % 4 4.5 <9
Acidit y alkalinity Neutral Neutral Neutral

Number average_molecular 460 420 400~ 600
weight (Mn)

* Provided by T he 43RD Institute of CASC Nonmetallic M aterials Factory;
# % Provided by X1 an Insulating Material Factory.
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3 - DSC
Table 3 DSC analytical results of phenot starch resin synthesized with industrializat ion
Pure resin Resin including 17% hexamethylene tetramine
Endothermic peak / C 105 153 102 116 145
Exothermic peak/ C > 200 165
Exothermic peak shape — Single narrow small peak
4 - 2% 4%
T able 4 Gel time of phenot starch resin at -
different temperature 1:0.17
Order number | Temperaturg C Gel time /s

1 150 106

2 160 60 c

3 170 51 ’ 457

* Hexamethylence tetraming resin= 16% . 38. 0%
6 )
2.3.3 TG PF2A1, PF2A2, PF2C4
- TG 170C
57 N 5 6 -
6 5 , -
5 - ( 17% )TG

Table 5 TG analytical results of phenot starch resin ( including 17% hexamethylene

tetramine) synt hesized with industrialization

First weightless step Second weightless step T hird weightless step
Peak temperature | Temperature | Weightlessness | Temperature Weightlessness T emperature W eightlessness
/C area/ C / % area/ C / % area/ C | %
167 50~ 195 10.0 50~ 400 31.0 50~ 457 38.0
6 - 1t - 1t -
Table 6 Test results about thermal distortion tempera 386kg 687kg
ture of phenot starch moulding materials - -
Trade names of moulding Thermal distort ion 43. 8% s
materials temperature/ C , -
PF2A1 170
PF2A2 171
PF2C4 174 3 & i
(n -
2.4
2003 5 ’ ’
6324 +r' 83712 <t h2o
L] t L] t -
16%

2

24. 5%,

160°C
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Synthesis and properties of phenol starch resin

CHEN Guomin"?, CHEN Zhao hui’

(1. Department of Science and T echnology, Hunan City University, Yiyang 413000, China; 2. Key Lab of Advanced Ceramic
Fibers & Composites, National University of Defense Technology, Changsha 410073, China)

Abstract The onestep synthesis of a new phenotstarch resin by polycondensation with phenol, starch as raw materials under ca
talysis of sulfuric acid & introduced. T he synthetic reaction mechanism and the resin structure are characterized, the effects of
amount of catalyst, technological parameters (total reaction time, highest reaction temperature) and raw material ratio ( pheno}
starch) on the product are discussed. The typical raw materials formula, synt hetic technological route and technological parameters
are determined, the analyss of the properties and the beneficial superiority is conducted. Results show that phenotstarch resin be
longs to thermoplastic phenolic resin, it is similar in the properties to the thermoplastic phenot formaldehyde resin, specially it has

very good heat resisting property, and the economic and environmental beneficial superiority is obvious.
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