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Research paper

Preparations of Specialty Papers — Flame-resistant and
Rust-proof Papers
Yu-Chang Su,l'z) I-Chen Wang,” Horng-Tsai Chen"
{ Summary ]

Special functional papers are papers imparted with specific properties through the addition of
chemicals or physical modifications. These conversion processes enhance paper utilization and
increase the value of the paper products. For this siudy, flame-resistant paper was prepared by
impregnating cellulosic substrates, such as paper, pulp, gauze, or cotton fabric, with the reaction
products of phosphoric acid and urea in a buffered solution of ammonium phosphate, after which the
materials went through the procedures of wringing dry, curing, rinsing, and drying. At a phosphoric
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acid/urea molar ratio of 1/3 and at respective concentrations of 0.2 M and 0.6 M or more, the pro-
ducts could meet or exceed the requirements of flame-resistant class II. Treatment concentrations
below 0.1 M/0.3 M were ineffective in imparting flame resistance. If the concentrations of phospho-
tic acid/urea used were 0.5 M: 1.5 M, then class I standards were achieved for all parameters. Among
different substrates, pulp gave the best tesult, while paper, gauze, and cotton fabric could also reach
the class IT threshold. Thick paper performed better than did thin ones. Accelerated- aging conditions
of high temperature and humidity (85°C and 85% RH, for 7 d) for flame-resistant papers were shown
to be detrimental to paper strength and flame resistance; but the products could still meet class II
requirements. Accelerated aging with dry method (105°C, 24 h ) reduced paper tensile strength by
30%, but it still retained class II flame resistance. Rust-proof paper was prepared by coating, impreg-
nating, or spraying dicyclohexyl ammonium nitrate (DICHAN) onto paper substrates. The treated
paper was tested for rust-proofness and its interaction with environmental factors. The results show
that iron ingots wrapped with impregnation-treated rust-proof paper could maintain good rust-proof
conditions even after 4-mo exposure under 50 °C and 100% RH. Accelerated-aged rust-proof paper
could still retain good rust-proofness.

Key words: specialty paper, flame-resistance paper, ammonium phosphate, rust-proof paper.

Su YC, Wang I-C, Chen HT. 1999. Preparations of specialty papers--flame-resistant and rust-proof

papers. Taiwan J For Sci 14(4):385-95.

&

[l

EmMBERNRFETR  SHEETE - ITH
HREBETITE » TERARERNETRE B
ETEME - REEQMIEE - THEEN
BHY > Rk AR —BRsEE 8
RH o PSR RENE - BELLLERIINAY B ik
ECYIERIRINGS » URh0(LESBEME T e i
TR » DUSHARE B R e M insR A B B 4
Bz EE

SR SRS e —KEE » HEER

SRBI TRETE R TIAY » RIEHRRSFE
H{RKBHER (Stuker and Mazzarella 1966) o iff
FREOAPHGZES » £EKEOHES
HERENEERRNERRAEELA M
FHREREECERL  BERE AT
CERBOBEE  EERBREARNESR
(Hirata et al. 1988) ~ K (Tanaka et al. 1966,
Satonaka et al. 1985, Tsai et al. 1992) & BEi#K
RERTURIEEE &L o KIF: ~ BIRSEEM hinm
M T RGW = R - BRI 8EEH A
AbER¥E » (Fujii 1981, Stephenson 1985, Ueno
1987) » S F| RIS S HE (Arledter 1954,

Scheffel 1975, Chiou 1982) RTEH ° BHHH
FIFR LR B ERAHE R » RETRIRBE LR
7 % £ 8 & [ FE (Thiocarbonation Redox
Grafting) G &k R B F M 73T ~ R
P ~ Bizk M4 (Brickman 1973, Trichmann et
al. 1974) o HALERER FAEEHIRERRE L
BRI R R - B
BRI LR » B BB o TS & H AR
BRI BB T S H1E & B T E EE B 8 -
EUEH TSR Z6EE,  EmTE  %Ed
BATEREMES » BEEREFZHE,
U U HIE B a6 R 52 2900 »
H iR SER5> = e SR LRI T R AT 1T -
BRSBTS RS o TEMR
BARAIMBIHER L& - &6 - 1L (guani-
dine) (b &5V B8 -~ (EEEBUELTEZ - &
RERBH L SR TR < SR - BHE
BYIIRIEE EE R ARG (AR )
B (FURER) MERENREREER
B - EIRBEREP R RERILSYESR
AR v BARTS BR REREAR » S RAE PR -



BRI 14(4):385-95,1999

BRMFILRE o HK » B &ERHS
R £ TRME R EAIN NH, » CO, * H,0 » Bl
BB SR BAHERE » AR RE
SR8 - MR B FEY N HARR TR R
BEE - BF o FlRTUREE BT
B - {REIURYIRIER K BRI ER » W mhREE
BRSNS R — R B A ERCKIBRITIRE o T
R E TR (Akiho 1974) o

AT EETEEREHREEET »
BUFATURESR » W RETIARMEE Z TR E ~
TR RS IR - USRS -

PHesiR 2 LA TR » LURSHE
WM LGS A B BN o AFFEREA
R » TIPS SR AI S L I REEH
ESSFRE - FiERZBHEHLRL ST
o FENSRIGESEE - REREEZ
BUEKEEYHWES KK - PE B4 K
REE{CHRREIEBESHES - BNSBRAEE
B R FEF SRR G L E BN SRR RS
Bl ~ ETEREREEEE DAL
WA o BRR— RN ER R R
FE_EHER  BREARTZBERT 0 EHH
EEBHE R o

FOCHR GRS « LURESRY
LABGSEA dicyclohexyl ammonium nitrate
(DICHAN) RHhZEBETEE & &3m
THRIBZH » KOOTFEEHEEE » FERRFTEIRFE
FIFFEREEC BN » RN TRAEMIE
PoEsARagEE R HAER o

MEER G
—~ HBit

R RH R TR

1. BUEESK (ONP: OCC = 7 : 3) BEEHREE A
AR A E 8 80-120 g/m? (IHKEE + B4
BMERE —REAYHRISRFBEE -

2. TUER) - LAREIEER AL (B R R ) 1:1-1:
S BRI EREE - B pH 2-6 RUBEER & 8%i8
5 (NH,), + HPO, (Ueno 1987 ) ©

387

ORGSR A R REEEE

1. A B ERMER RSP EI R B 100 g/m?
§725 x 25 em JEHK » _EIRIEARERGEEIN T2 »
TRBAFEIUPERK o

2. BEaT - SLIETAEE] | $IR O RIHEREE (
dicyclohexyl ammonium nitrate, (CH,,),NH-
NO,} K Dow corning X S]FAEE 2 Molykote
SBE5EH

= PEAE

R (17 ) 2 TR ER AR

DABSEHRETRIA AR EEEE » BRALIRE
HHEREEN R K - - WHRE B
TETUAT — BYETH (60-120 min) 14 » BE—F
B R (10-40 min) 52 (110-150°C ) Biusk » 5
IRFUBRAREE » TRk — R B IR
RN RIBEE T (PO} 2

UK R LA B 5 B 22 A B K i
TR [PO; ] B IE » BHMELBEEHR
B (RO - R SR 2 Ak
(molybdenum blue) {4 F1 F7 & =2 370 BRI LA B
EWERE 2O ERYE - AFENUEMEZH
B ETEORE  REHBRER - BEhkE
Bk R E - B S 8 (Kawamura
1981) - HIAS BT | HBEEZER 0.1-0.2
g ZEARHREE » IAGREEL 2 mL X H,0 2 mL »
Fosri84% 10 min 1% » IOokRERIRER I S04
o R EAEREFEAOmLIIAT
HEBERG S mL HIAKESOmL » ELEBE
10 min 7 £ 30 min A LI R 880-890 nm AIE
SR » BRI B R (PO, BiTERE
FRE - BB HE RIS (PO, Bilsst
TiE o BEMENIHAE | 2.5 M 5HiEES0
mL A 0.008 M BB &8 K(SbO)C,H,0,°
BnA 0.016 M $HEE 5% (NH,)Mo,0,, 15 mL &
0.1 M FiEE &L 30 mL BFRSRS (HERE
TIHEFF RS 38 » (HARTECEE ) o
SR T

& CNS 10760 BIE B2 R Y »
BIERE TR IFHEMN - BEFRNERRLLE



388

B> AR TISA 1322 BERERMH IR
A P HHARIE SR AE - FETUSRII®
R - MRS BHRES CER -
CORGEEHLE B

BAEDER 8% (ONP: OCC = 7: 3) Bt EHEK
AEMHOPRFRERET  LEE -8
o~ EEFEFEINTER » 1§35 100 g/m?
HOR o BT _EBEAEE1.0 5 20g/ml 2
WAEEIT

@5 EE LS

1 A B85 5% (Yoshichi 1988) K
CNS 9197 S P AT R AR B bk 8
R AT R BT -

A BIRDWEREEL - HWHEFS
% » HmEKELGRH - FRERZ RS
% LSRRI B MBS EE AR A A 2R MR
R R IME R 65 “CRZERFE P ik
30 min #20MA 500 mL A9 H A (20°CHLE
1.174) » INEZIGERIMA 50 °C < IEHE A
FEPIE 1-135 Rzt » BURREIRER A&
RS0 B 55 I » M A 8RS ATk (Su et
al. 1995) B EAESEIR {02 HFE o

Char length (cm)

6 ' . 4

Q4M20M  04MILEM 04MIAIM O4MOEM  04MO4M

(143} (i) (3 (12 Y

Molar ratio of phosphoric acid/urea

Fig. 1. Effect of different phospheric acid/
urea molar ratios on the char lengths of
flame-resistant paper after test. (Legends:
O 1h + washing; A 2h + washing;  1h, no
washing; [ ]2h, no washing).
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Fig. 2. Effect of different phosphoric acid/
urea molar ratios and concentrations on the
amounts of chemical ahsorbed by treated
flame-resistant paper. (Legends: the same
as in Fig. 1).
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Fig. 3. Effect of different concentration
dosages of 1/3 molar ratio phosphoric acid/
urea retardant on char lengths of treated
flame-resistant paper. (Legends: the same as
in Fig._ 1).
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Fig. 4. Amounts of flame-retardant absorp-
tion by treated paper from different concen-
trations of differing phosphoric acid/urea
molar rations. (Legends: the same as in Fig.

1).
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Fig. 5. Effect of different curing tempera-
tures and times on weight losses of flame-
resistant paper after testing. € 110°C, @ 130
°C, &150°C.

FFETURRNE o RIS TIHERE » PAIREETE

110°CR 130°C ~ 30 min BRI T » T/l

EEUE TR AR » 78 150°C /Y3
RIBETERE 10 min I EHEEEEE S
FLBR—#R AR ©

Table | B_EARMEZIRRKE - &5
AR RE R » MY RIRETEIE
U - HhE BRI R S {binE
FRHR o —fHZHURME - RS ERIE
5 B EIERF R IR E R BIk{LRAY
AR & Fr LR AEINESE (L (85°C, 85 %
RH, 7 d) B{RFER 2R o

Table 2 FE R TEIUAIK 2 24 K 1B FE R B ]
HEREEz2E » AEAHARIRREEHRE

B B S — R ARAYI S — TUR R R E R

g

2 130C
'2 {-7
z 110
3 150

10 20 30 )

Reaction time (min)

Fig. 6. Effect of different curing tempera-
tures and times on char lengths of flame-
resistant paper after testing. € 110 °C , B
130°C, A 150°C.
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Table 1. Performance of flame-resistant paper prepared by different methods hefore and after

accelerated-aging test at $5°C and 85% RH

Weight loss Char length Glow time
Method

(%) {cm) (s)
Paper impreg. method Before 4.89 4,24 0
After 4.62 5.26 0
Pulp impreg. method Before 4.60 4.80 0
After 4.15 5.30 0

Blank 72.4 21.0 10.2
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Table 2. Effects of curing time and temperature on preparation of flame-resistant paper
110°C(min) 130°C (min) 150°C (min) Blank

10 20 30 40

10

20 30 40 10 20 30 40

Tensile index
(N » m/g)
Tear index
(mN - m%/g)
Bursting index
(kPa - m?/g)

334 3.06 3.39 3.02 3.47

0.61 0.66 0.68 (.60 0.72

8.39 8.45 8.05 7.85 9.24 11.0 11.1 155 21.3 21.7 23.3 228 355

3.30 3.42 398 2.66 2.34 2.02 2.18 3.12

0.87 0.87 1.18 1.27 1.19 113 113 1.11

31 34 20 1.0 1.0 10 1.0 142

Folding 30 30 28 30 3.1
endurance

Yellowness 13.5 15.0 16.5-20.3 21.9
index

Brightness 74.6 72.8 70.6 71.2 33.1
{1S0%)

22.2 26,1 349 349 365 43.1 428 94

64.7 63.8 59.4 48.9 46.8 39.8 40.4 783

HORSHE AME » (LIRS bR Y
BLIBEEE/ o« PEEIERBE/EEHHES
EEZ R ZRMBTEINES {L1g - BN sanT
BRHET 13 o745 » B / PRI S R iR i
Rl FURSR S (LB H) 80% » HEE
kB EFRER BT EE
REMAIR 5.2-4.5 « HE bRz BEREY
FRAHA(E » BERHMANE RS - 2R
HE 2L (105°C, 24 h) SRR B2 ST
HME - SFHEEE  MEIES T 30% o
ES R BEER TREMAY A

Table 3. Physical parameters of flame-resis-

tant paper!
Flame-resistat Blanx  8ed A Ax B B*
paper blank
Tensile index

16.7 12.7 36.0 16.7 7.101 .66
(N« m/g}
Teaur index
(mN + m¥g) 2.19 2.35 3.00 2.26 2.30 0.88
Bursling index
(kP2 + mfz) 0.75 0.53 .11 078 0.55 0.29
Folding 1.4 1 L7t 0B 0.
endurance
Zero-span len. in.

48.1 33.1 62.3 13.6 9.57 6.26
(N - m%g) .
Brightness
(1S0%) 77.8 52.7 433 19.9 493 132

Yellowness index E1.67 22.81 32.18 42.22 34.24 53.67

I).'-‘\:Pulp treated with impregnation method, A*:Accelerated-
aged pulp. B:Paper treated with impregnation method, B*:
Accelerated-aged paper.
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%RH (Hosokawa 1983) T4 L3R » H{EE
Btk OB M ERAKEIBE » 8
5 MAREEAEREY  AEFEAGLEER
ES{TINTERARE - RS bk oIURIES
T 100%  HHEE85°C, 85%RH, 3 d#9%;
{EEIERERRTRI 25 F » FUMK—RER
AT > TURER(E R 5-10 EEET A AR -
Table 4 B _FETRAMRPHFEEL b
A BEETE » BETE 150 CRy 2 SR s el S
WSRO » BEREBR AR TE 150 CHR
40 min 122 TR RAER IR A — 5 »
M R A EH RN RIS
% T EFAEERESHFD -~ R 7ESG
TS 44 R B T Rl A LR TR OR: O 2 T B
BE » BLRBREMRER R T o
Table 5 R#EE ~ 1876 ~ #0 A L RIRE S
BEHUEE » £8150°C » 20 min PAREEREH
FUREE SR L3 SRS M S PR
B FRETA K MEEERSE - 8
THEFRITRYE » HREH R
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Table 4. Effect of curing time on weight loss
of flame-resistant paper during burning test

Blank 150°C

20min 30min 40 min

Gauze" 85.1 12.06 10.78 10.80

Cloth A{cotton) 79.3 16.40 15.08 14.52

Cloth B(cotton)  86.2 18.10 1379 14.20

I)A, B : two different cotton cloth.

Z - ISR L R B MG

“£7 ElesBEREERNERLLAY
RERERYYE - BEIERESEEn
2B ERT LE XN EESHNYE I8
1805 bR A A SE a E pAd - [RIBLETT
o 23 Sk St R ap e d o L s L
TEFEERET R TRE LSS miRA EREEE ~
HREE - DRICESSBHaES g ¥E
R TERRBBRZBHERTF o HERES
RN ERREERE - FIEkRRE
S BSLMmEHRE MM S LDEER
BMRE o KHSEEII0 LR L »
ZEEEIR . BURUSIBE (/1 E) HE R
BEIhHE SR — o — AR FEEBIMZT
HE TEMNTEAS - DT - B
TR S B IERIT - 5 A E T R KR
RE MRS o —WIEFERPRINER
Eh o 2) ¥k | LIRATHEEBIMASEEH
ZEMEARMEZ BTERERERE L (EE5EEBIRIHE
R EN S EMEEHESERE » BT
{£ = 3) IR | RICEFELNER KB BHER
B EEEESEEY » FIHEHRETE
AR AL

F BB RALTEESEE B nitronaphthalene
ammonium nitrate (NITAN) & dicyclohexyl
ammonium nitrate 25 (Takahashi 1974, Tashiri
1988) o AU EREUBRS ST ER HAIEHEEHI 5
dicyclohexyl ammonium nitrate (DICHAN) >
ETEE - B - SEINTHR M » Table 6
LB ~ &fi - SEFUTRBSEE S &
(1.0, 2.0 g/m?) Z[BGEEIM T % LIRS T BH 8530

g5 18 B F—REMRRA TR — IR B RH SF AR

Table 5. Flame resistance of different
substrates with the same treatment"

« Cotion

cloth paper”

Gauze

60glmz 80g,‘cmz* 1 OOgIcmz*

We;%;; loss 1906 1630 4.50 412  4.20
Char length ¢ 4 950 495 465 4.10
{cm}

1 .
)“Curing temp and rime: 150 C, 20 min, | g.fm2 additian.

BT B R - BB H AT S EHIG S HEIE Kk
210 NS EEGHEERE o5 ffs - T
EEZERZEHEBIEL - BifikEHRR
EBEE - EEERSEHESBEEENE
TR R MEAREMEL » MRS MR E »
FNIEEHS - SR EEERNESBLTHER
WA TR~ BT 2 F SRR » BN EEFR
BRI R EHE ST o Pigs. 7, 8 BB
ERGEEEIRME (1.0, 2.0 g/m?) BUEEHEEA »
Hin L RE N L RS AR R SR o
HErEmEing - £—EARZEOHERE
RERSSES - MRS FHETET
fargksmeBd - ERES AR T ERERE R
HILSTEEE o TEREETS PE AR E A=A
ARSRET RIS E L » BTSN RAE R
B o “fafhEiS % {LRERE (85°C, 85% RH,
7d) BEETHERE MR 25 Kl
BESEEE MR EECQMENI/S o FIELE
85°C,85% RH A3 KRB EREERHIERE
Hib2s ERHEALL - RILFEREZ
VUSRI A B R A ERET R RS o
PFEssR s B EE R ~ BAIES (b
ZFEF (Tables 6, 7) » BARIRHULLEEH|Z » B
HUCETRGEERRA » (BIRIES LS

Table 6. Performance of rust-proof paper
prepared from different methods after
certain periods of time"
Chemical dosage Spray Coating Impregnation
1.0 g/m? + ++ +++
2.0 g/m? I = b
Dyt excellent, +++ good, ++ fair, + pass.
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Fig. 7. Performance of differently treated
rust-proof paper at 1 g/m? dosage after
certain periods of time. (< control; & rust-
proof paper + PE film; & rusi-proof paper;
% accelerated-aged rust-proof paper).

Tahle 7. Physical properties of rust-proof
paper before and after accelerated-aging
test at 85°C and 85 % RH for 7 d”

A B C

Before Afier Before Afler Before After

Tensile index MD 76.30 61.20 67.40 64.40 72.90 65.50

(N - m/g) Ch 34.10 29.40 30,70 31.40 35.50 30.20

Tearing index MD 10.30 552 9.65 7.06 9.82 7.29
(mN - mZ/g) €D 1130 6.05 10.90 7.5 10.70 8.24

Bursting index 3.23 246 3.03 278 341 279

(kPa + m%/g)
Folding MD 658 71 451 16R 000 332
endurance CD 376 60 173120 213 112

(double folds)
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Fig. 8. Performance of differently treated
rust-proof paper at 2 g/m? dosage after
certain periods of time. (< control; B rust-
proof paper + PE film; 4 rust-proof paper;
x accelerated-aged rust-proof paper + PE
film; @ accelerated-aged rust-proof paper).

Tahle 8. Physical properties of rust-proof
paper hefore and after accelerated-aging

test at 105°C for 24 h"
A B c

Before After Before After Before After

Tensile index MD 81.50 74.90 74.60 73.10 74.40 62.50
(N * m/g}
Tearing index MD 10.9¢ 7.13 9.27 9.3%8 9.02 2.92
(mN » m/g) CD 11.2¢ 820 1020 9.83 9.9 [0.70

CD 37.60 30.30 38.00 36.20 35.70 28.90

Bursting index 1.63 3.04 378 336 3.53 2.65
(kPa - m2/g)

Folding MD 1265 263 937 691 637 382
endurance CD 442 125 343 309 233 117

{double folds)

l)A:Blank, B: 1 g/m? addition, C: 2 g/m? addition.

ZIRBEGRREIRS. » ERFINE SE9E
ZE SN MR ARSE R M TR S AR R ERR
B ERUT2EENT » AR
ZARMERS EUEER - MR T2 1REF » /R
EB AR SR A R R R T I SR ARAY
B -

1}A:Blank, B:1 g,’m2 addition, C: 2 gfm2 addition.

A&

AT R AR a0 e - aiE
LAREER B PR 3R SUTE S R R A » (ERERE S
2 REEHPRABERETWHRR - iR
S~ R0A ~ ARAESE 0 RN B Rk R
155 BRI S TR AT BRI T LU © 5
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A Bl R LU R O TETR B (dicyclohexyl
ammonivum nitrate) B FFEEHI LM ~ &% ~
CoeT e i e 2 T ) e e S sy e 9]
PE RIS EPRBENIEN - A SR
T:

— ~ REIBEEE / PR3 FEE LU B ATU IR AR »
TR 13 BRE BR L4 IBEETE
HRo

T~ EEE L3IT UARBESFRR
A IBEEE (2M: 6 M) ~ (0.5 M: 1.5 M) A
PUR—HR + (0.5 M: 1.5 M) ~ (0.2 M: 0.6 M)
PURTEZE & » B 0.1 M: 0.3 M BRI
al& a

=~ SEEECHREGLIRTSE 2K
BHUR ~ #0790 ~ 18770 - SEFEHURKZ TR E
BAEEEE S E (FEEH80-120 g/m?) » BB
120 g/m? REHFEZARER o

M~ IES{LARBERUMEESE - SR
(85°C, 85%RH, 7 d) ZiRHE THRZHE LS
BRERENSL » BRBEEEEFET - &
FAPOE (105°C, 24 h) HILBHTURBEDE
#HHEHHe 70% » B R ETR g
R B IRERRE B E 2 A o

R~ BEEHERSEZBENTUSEES
= = B9 B 8 o 58 1k 1 B5 85 Bl (dicyclohexyl
ammonium nitrate; DICHAN):U &R FE S
BEHEWR ST SRR EEEE -

7~ SR IS LR 1R A 1 & 1
EHET » R BRI A KT RS
A o
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