WD 97/ 41303 PCT/ GB97/ 01059 FI RE
RETARDANT TREATMENT The present invention relates to a nethod of treating

C£||U|OSIC materials, such as paper or board, 5 in order to inprove the
fire resistant properties thereof. Fire retardant treatnments for cellulosic
materials are well known and are described, for exanple, in_Fla ar dant
Pol yneri ¢ Mat WOSEHL303 10 Edited by M Lewin, S.M Atlas aﬁ&q‘:;rirﬁ%? ar ce,

Pl enum Press, New York 1975. The main ch nicals whi ch are described for use
in such treatnments are di anmoni um and no oannnnlunlphosphate zi nc

chl ori de, amoni um sul phate, borax and boric acid, and ammoni um chl ori de.

15 Additionally, alkali nmetals stannates have also been reported in The
I ndustrial Uses of Tin Chem cals, S. J Bl unden, P.A Cusack and R Hil

Royal Society of Chem stry, 198EIRE BRDAND) ITREMINEN®r t i cul arl y effectlve.
20 - The present |nvent|on i s based upon t he di scovery that the

conbi ned use of al kali_netal %nnates or nn|te and borlg id forms a
synergistic fire ret arthhtP fﬁﬁﬂl né?Y%’ht%ﬁ %'ﬁﬁregg 8t B™eHRA & | ul osi ¢

mat eri al s. Hence, treatindg meidulpsicthatesinls, suchSas papénl or rkoand,

stannate or stanniheglde XY iiMpkbo8 thd Neire resistant properties
thereof.

Fire retardant treatments for cellulosic
materials are well known and are described, for
example, in Flame Retardant Polymeric Materials,

10 Edited by M. Lewin, S.M. Atlas and E.M. Pearce, Plenum
Press, New York 1975. The main chemicals which are
described for use in such treatments are diammonium
and monoammonium phosphate, zinc chloride, ammonium
sulphate, borax and boric acid, and ammonium chloride.

15 Additionally, alkali metals stannates have also been
reported in The Industrial Uses of Tin Chemicals, S.J.
Blunden, P.A. Cusack and R. Hill, Royal Society of
Chemistry, 1985, but have not been particularly
effective. '

20 The present invention is based upon the discovery
that the combined use of alkali metal stannates or
stannites and boric acid forms a synergistic fire
retardant combination when impregnated into cellulosic
materials. Hence, it is found that the use of an

25 alkali metal stannate or stannite in combination with
boric acid provides an increased fire-retardant
effect, which is considerably greater than that which
would be expected from the use of either the alkali
metal stannate or stannite, or boric acid alone.

30 Accordingly, the present invention provides a
process for the fire retardant treatment of cellulosic
materials, which comprises the steps of:

. (a) (1) impregnating the cellulosic material
with an alkaline solution of an alkali

35 metal stannate or stannite;



boric acid provides an increased fire-retardant effect, which is
consi.derably greater than that which would be expected fromthe use of
ei;t her the alkali netal stannate or stannite, or boric acid alone. 30
Accordingly, the present invention provides a process for the fire
retardant treatnment of cellulosic materials, which conprises the steps of:

(a) (i) i MYPAHARPY ng the cel lul osic material with an al KZCTIGBIYSIOM | on of
an al kali 35 nmetal stannate or stannite; WD 97/ 41303
PCT/ GB97/ 01059 -2- (a)(ii) further impRegnating the cellulosic materi al
wi th an aqueous solution of boric acid; or (b) - inpregnating the
cellulosic material 5 with a stable aqueous col | oi da
suspensi on of hydrous tin oxide, stabilized with an alkali netal salt of
boric acid, having 2 Pk (fif N ARRAROlnblaghdeif fnd thilosic (c)

n mat er i
al I ow ng the | mpregnat ed mater1a1 with an aqueous solution of

boric acid; or
(b) impregnating the cellulosic material
5 with a stable agqueous colloidal
suspension of hydrous tin oxide,
stabilized with an alkali metal salt of
boric acid, having a pH in the range of
from 4 to 8; and
10 {c) allowing the impregnated material to
dry.

For the two stage treatment detailed above, in
the first impregnation step two basic varieties of
treatment ligquid are used in accordance with the

15 invention, namely (i) agueous solutions of alkali
metal stannates, such as sodium or potassium stannate
(Na,Sn(OH), or K,Sn(OH),); and (ii) aqueous solutions
of alkali metal stannites, such as sodium or potassium
stannite (NaSn(OH); or KSn(OH);) . Each of the liquids

20 should be alkaline, preferably having a pH in the
range of from 12 to 14, more préferably in the range
of from 13 to 13.5. 1In a preferred embodiment the
invention employs a treatment solution having a higher
rather than a lower concentration of free hydroxyl

25 ions. Additionally, the treatment liquid used in the
first stage impregnation suitably contains tin
(calculated as the metal) in an amount of from 0.01M
to 1.25M, preferably 0.04 to 0.4M.

For the second impregnation step in the two stage

30 process, the treatment ligquid used in accordance with
the invention is an aqueous solution of boric acid
containing boron (calculated as the element) in an
amount from 0.1M to 3.5M, preferably 1.5M to 2.5M. It
is generally necessary for the boric acid treatment

35 solution to be used at an elevated temperature in the



dry. For the two stage treatnment detail ed above, in the first inpregnation
step two basic varieties of treatment liquid are used in accordance with

t he 15 i nvention, nanely (i) aqueous solutions of alkali netal
stannates, such as sodi um or potassium stannate (Na[err]Sn(OH)[err] or

K[err]Sn(G—l)[er(r?},) nd (ii) aqueous solutions of alkali ne , of €

such as sodi uP Bg?assiun1stannite (NaSn(OH)[err] or KSn( Fﬂﬁﬁ@% Each
of the liquids 20 shoul d be al kaline, _.preferably having a pHin the
range of from1l2 to 14, nore preferabli’?n'the range of from13 to 13.5. In
a preferred enbodi ment the invention enploys a treatnent solution having a
hi gher rather than a | ower concentration of free hydroxyl 25 i ons.
Additionally, the treatnent liquid used in the first stage inpregnation

sui tably cont ai nsrdnde (cfalfeomatett a® lbe°creimieferabdy anvtinge xdnde efi 0. 01M
to 1.25M preferaglyn %0(24“% LeAM  For the second inpregnation step in the
two stage 30 process, e treéatnent uid used in accordance with the

invention is an aqueod"sn §6‘Ieuf’f‘6nsB‘F9‘l‘)o‘i"? n§ PERESFRI P B on (cal cul ated
as the el enent) iinwentbioynther stabld Mqueodsbkplpoddal athgpenshdnt of2. 5M | t

I s general | ygnec ahé Yint Qﬁﬂi&r'%ﬁ?xl‘izteﬁe%%ﬁ“&n?’hkamqlléﬂa!lon to be
used at an el evat erature I
salt o boric acid together with free boric acid (in

an ionised or partially ionised form), having a pH in
the range of from 4 to B, preferably in the range of
from 5 to 7, may be prepared by reacting an agueous

10 solution of an alkali metal hydroxystannate with boric

acid, until the pH of the solution is in the range of
from 4 to 8.

In particular, the agqueous colloidal suspension
may be prepared by the following routes:

15 (a) addition of boric acid to an agueous
solution of the alkali metal stannate, which
is ideally at elevated temperature,
typically 65-85°C, with continuous stirring;

(b) addition of the alkali metal stannate to an

20 aqueous solution of boric acid, which is
ideally at elevated temperature, typically
65-85°C, with continuous stirring, or

(c¢) mixing the alkali metal stannate and boric
acid together in water, at elevated

25 temperature, typically 65° to 85°C, with
continuous stirring, in a ratio such that
the end colloidal suspension will be in the
correct pH range.

In all cases, the tin (IV) species initially

30 precipitates as a-stannic acid, but on prolonged
stirring peptisation occurs and a clear colloid
results.

. The amount of boric acid used will depend upon
the initial strength of the alkali metal stannate.
35 The concentration of the alkali metal stannate will
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3- range

of from30[err]Cto 100[err]C, preferably in the range of from50[err] to
85[err]C. In the one stage treatnent process of the invention, the
aqueous col | oi dal suspension of 5 hydrous tin oxide, stabilized
alkali metal salt of boric-acid together with free boric acid (in a
i oni sed or MRYMEBy  onised form), having a pHin the raf§EFSH70IS
8, preferably in the range of from5 to 7, may be prepared by reacting an
aqueous 10 solution of an al kali met&l-hydroxystannate w th bor
until the pH of the solution is in the range of from4 to 8. In par

t he aqueous col
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th continuous stirring. (b) addition of the alkali netal
ppeferably fron °a&u§889~é6|)%‘?$ orPEBHMRIERE d, which is

concentration of boric acid will generally be in the
range of from 0.1 to 3,5M, preferably from 1.0 to
3.0M.

The cellulosic material which is treated in
accordance with the present invention may be in web
form, such as paper, card or cardboard, or in the form
of pulp. 1In the case of cellulosic materials such as
paper, card or cardboard, in the two stage process
impregnation is most conveniently effected by simply
immersing or dipping the material in the treatment
solutions, or spraying the treatment solutions, for a
period of time sufficient to give the required uptake
of each treatment ligquid. In the one stage process
the web is contacted with the colloidal suspension as
defined above by any suitable technique such as
immersion, dipping or spraying. In the case of pulp,
the pulp is treated by the addition of the treatment
solutions in two stages, or by the addition of the
colloidal suspension as defined above for the one
stage process. The treatment of the pulp will
generally be carried out during a routine paper making
stage. The treated web, or a web formed from the pulp
is then dried so as to form a fire retardant in the
body of the cellulosic material.

As noted above, the treatment of cellulosic
material in accordance with the invention provides a
product having much improved fire resistance
properties compared to those obtained from treatment
with either of the treating liquids alone.

The cellulosic material is preferably treated in
accordance with the present invention to give a final
tin content, after drying, in the range of from 0.4 to
12.0% by weight more preferably from 1.0 to 5.0% by



I deally at el evated tenperature, typically 65-85[err]C, wth continuous
stirring, or (c) mxing the alkali metal stannate and boric acid together
in Water, at elevated 25 tenperature, typically 65[err] to
85[err]C wi th continuous stirring, in a ratio such that the end coll oi dal

suspension will be in the correct pHrange. In all cases, t
species initi YW  precipitates as [err]-stannic aci d, q%ﬂ%h%ﬁkhﬁg

prol onged stirring peptisation occurs and a clear colloid results. The
anount of boric acid used will depend upoh the initial strength of the

al kali metal -stannate. 35 The concentration of the alkali netal stannate
will WD 97/ 41303 _ PCT/ GB97/ 01059
-4- generally be in the range of from0.01 to 0.25M preferably fromO0.1 to

0.2Mand the equi wl%ﬂk CRRSERIIR RN vRligRPT be 8 Leildiddqgeral Iy be in
the range of frc”nmaterlal Jnéiﬁ%&ago¥onrgg%éééktafézr dr§1931 in
the range of from 0.4 to 8.0% by weight, more
preferably from 1.0 to 4.0%, based on the weight of
5 the cellulosic material.
The present invention will be further described

with reference to the following Examples.

EXAMPLES 1 to 9
10 Samples of a waste based liner paper, having an
average weight of 186 grams per square metre, were
immersed in the treating solutions as described below:
a) An agqueous solution, at 50°C, containing
either 0.1M, 0.2M or 0.3M sodium stannate
15 together with an equivalent molarity of
sodium hydroxide, for 15 seconds. Following
immersion the papers were blotted toc remove
excess surface moisture and then driead.
b) An aqueous solution, at 80°C, containing
20 : either 1.5M, 2.0M or 2.5M boric acid for 15
seconds. Following the immersion the papers
were blotted to remove excess surface
moisture and then dried.
c) Treatment (a) followed by treatment (b).
25 The fire retardant properties were assessed using
cone calorimetry at an incident heat flux of 70 KW/m?.
Five sheets of paper (10cm x 10cm) were layered
together for each test measurement. Fire performance
was evaluated using the following parameters.
30 a) Time to ignition (seconds)
b) Peak rate of heat release (kW/m?)
¢) TFire performance index (m? seconds/kW).
- ' The results of the cone calorimetric evaluation
are presented in the following Table 1 and are the
35 .average of three individual determinations.



The cellulosic material which is treated in accordance with the present
I nvention may be in web form such as paper, card or cardboard, or in the
farmof pulp. In the case of cellulosic materials such as 10 paper, card
or cardboard, in the two stage process inpregnation is nost conveniently
effected by sinmply imersing or dipping the material in the treatnent
sol utions, oWOIPMRNI ng the treatnent solutions, for a peri @CT/HBITHINE
sufficient to give the required uptake 15 of each treatnment liquid. 1In
the one stage process the web is contacted with the colloidal suspension as
defined above by any suitable technique such as imersion, dipping or
spraying. In the case of pulp, the pulp is treated by the addition of the
treatment 20 solutions in two stages, or by the addition of the
col | oi dal suspension as defined above for the one stage process. The
treatnent of the pulp will generally bec&ried out during a routine paper
maki ng st age. ThﬁrLLealﬂdIMB or a b fornmed fromthe pulp 25 IS then
dried so as to fodrma=fliré¢ rktgrdant}in the pody ¢f Jhd cdi 1l ofi ¢
material. As notegd dbgpe, t he tlreat nent| of cgl Iful ¢si f i al In
accordance with the g&enti rQVidlie s [ao B red gt <« hay kdfpmxgved fire
resi stance 30 p értegcég gpgré’d ED Ehespo e Ejrent
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TABLE 1

Sodium Stannate (0.1M) + boric acid (2.0M)
Sodium Stannate (0.1M) + boric acid (2.5M)
Sodium Stannate (0.2M) + boric acid (1.5M)
Sodium Stannate (0.2M) + boric acid (2.0M)
Sodium Stannate (0.2M) + boric acid (2.5M)
Sodium Stannate (0.3M) + boric acid (1.5M)
Sodium Stannate (0.3M) + boric acid (2.0M)
Sodium Stannate (0.3M) + boric acld (2.5M)

Sodium Stannate (0.1M) + boric acid (1.5M)

Sodium Stannate (0.2M)
Sodium stannate (0.3M)

Boric acid (1.5M)
Boric acid (2.0M)

Sodium stannate (0.1M)
Boric acid (2.5M)

Treatment
Untreated

Example No

Control 1
Control 2
Control 3
Control 4
Control 5
Control 6
Control 7
Example 1
Example 2
Example 3
Example 4
Example §
Example 6
Example 7
Example 8
Example 9




with either of the treating liquids alone. The cellulosic material is
preferably treated in accordance with the present invention to give a final
tin content, after drying, in.the range of fromO0.4 to 35 12. 0% by
wei ght nore preferably from1.0 to 5. 0% by WO 97/ 41303
PCT/ GB97/ 01059 -5- weight, based on the weight of the cellu | rial,
and a final bDWPAH4BHhtent after drying, in the range of froﬁgﬁg%l’% 0% by
wei ght, nore preferably from1.0 to 4.0% based on the weight of 5 t he
cellulosic material. The present inventidn-will be further described with
reference to the follow ng Exanples. EXAMPLES 1 to 9 10 Sanpl es of
a waste based |iner paper, having an average wei ght of 186 grans per square
nmetre, were inmersed in the treating solutions as described below. a) An
aqueous solution, at 50[err]C, contai ngpgetig Rer 0. 1M 0.2M or 0. 3M sodi um
stannate 15 together with an equival ent nolarity of sodium
hydr oxi de, for 15 seconds. Foll ow ng

A colloidal suspension of hydrous tin (IV) oxide

was prepared by adding 155g of boric acid with
5 stirring to a warm (75°C) 1 litre solution, containing
40g/1 sodium hydroxystannate. The suspension was used
to treat a bleached waste based liner paper (135 gsm)
to impart the properties of fire retardancy.
The treatment was performed by immersing samples
10 of the paper into the colloidal suspension which was
maintained at a temperature of 65°C, for 2 seconds.
Following immersion, the paper was blotted to remove
excess surface material and then dried.
The fire retardant properties were assessed using
15 cone calorimetry at an incident heat flux of 70 kW/m?.
Five sheets of paper (10cm X 10cm) were layered
together for each test measurement. Fire performance
was evaluated using the following parameters.

20 (a) Time to ignition (seconds)
(b) Peak rate of heat release (kW/m?)
(c) Fire performance index (m? seconds/kW)

Results of the cone calorimetric evaluation are
25 presented in the following Table and are the average
of three individual determinations.

Treatment | Peak rate of | Time to Fire
heat release | ignition (s) | performance
(kW/m?) index (m?skw!)
Untreated | 144 3 0.02
. 30 Colloid 36 38 1.06

treated-




| er si on the papers wer e bl otted—te—rennve excess surface noisture and
then dried. b) An aqueo at 80[err]C, containing 20

eit her 1.5M 2.0M or mm&’g& Iw 15 seconds. Follow ng the

i mer si on the papers mere* ve excess surface noisture and
then dried. c) Treatnment (a) follomed y treatnment (b). 25 The
fire retarddMO9THI8Perti es were assessed usi ng cone cal ori nBEF/EBEYO1059

i ncident heat flux of 70 kWnR. Five sheets of paper (10cm x 10cn) were

| ayered together for each test neasuretrght= Fire perfornmance was eval uat ed
using the follow ng paraneters. 30 a) Tinme toignition (seconds)
b) Peak rate of heat release (kWnierr]) c) Fire performance index
(mMerr] seconds/kW. The results of-the cone calorinetric evaluation are
presented in thesfptdgM ng Table 1 and are the 35 average of three

I ndi vi dual determ nati ons. WD 97/ 41303

PCT/ GB97/ 01059 -6- [err]

1. A process for the fire retardant treatment
of cellulosic materials, which comprises the steps of:
5 (a) (1) impregnating the cellulosic material
with an alkaline solution of an alkali
metal stannate or stannite;
(a) (ii) further impregnating the cellulosic
material with an agqueous solution of
10 boric acid; or
(b) impregnating the cellulosic material
with a stable agueous colloidal
suspension of hydrous tin oxide,
stabilized with an alkali metal salt of
15 boric acid having a pH in the range of
from 4 to 8; and

(c) allowing the impregnated material to
dry.
20 2. A process as claimed in claim 1 wherein the

cellulosic material is paper, card, cardboard or pulp.

3. A process as claimed in claim 1 or claim 2
wherein the alkaline solution of the alkali metal
25 stannate or stannite used in step (a) (i) has a pH in
the range of from 12 to 14.

4. A process as claimed in claim 3 wherein the
alkaline solution of the alkali metal stannate or
.30 stannite has a pH in the range of from 13 to 13.5.

5. A process as claimed in claim 1 wherein the
- colloidal suspension has a pH in the range of from 5
to 7.
35
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EXAMPLE 10 A coll oi daﬂmuﬂwnﬁlﬂlumu drous tin (1V) oxide was prepared by

addi ng 155g of boric c - s stirring to awarm (750 1 litre

sol ution, containing 40g/|l sodi um hydroxystannate. The suspensi on was used

to treat a bl eached waste based |iner paper (135 gsm to

properties of"39M83% et ar dancy. The treatment was perfornedrpl%?/‘l;lnngrgr@?oss? ng

sanpl es 10 of the paper into the collgidal suspension which was

mai ntai ned at a tenperature of 65[err]T, 2for, . i Ng

i mer si on, the paper was blotted to renove exdHis SHEET HAS rial and then
essedREMADED 15

dried. The fire retardant properties were asj cone
calorinmetry at an incident heat flux of 70 k S of paper
(10cm x 10cn) were | ager edh (pegekbsr as osl£imdn tleshnyeaaureﬁeane Fire (a)
er f.ormance was I n a
glne to ignition %éggg%gg H%%?ﬂhkﬂ%regb Qﬁ% %eﬂﬁs ease C 1 1s r]) (c)
Fire performance Wﬁﬂﬁﬁnfﬁf%r?? Hy@rd§ing) tin °°"tent after dry;ng,
of from 0.4 to 12.0% by weight of tin based on the

5 weight of the cellulosic material.

7. A process as claimed in claim 6 wherein the
cellulosic material is impregnated to give a final tin
content, after drying of from 1.0 to 5.0% by weight of

10 tin based on the weight of cellulosic material.

8. A process as claimed in any one of the
preceding claims wherein the cellulosic material is
impregnated to give a final boron content, after

15 drying, of from 0.4% to 8.0% by weight of boron based
on the weight of the cellulosic material.

9. A process as claimed in claim 8 wherein the
cellulosic material is impregnated to give a final

20 boron content, after drying, of from 1.0% to 4.0% by
weight of boron based on the weight of the cellulosic
material. '

10. Fire retardant cellulosic material whenever
25 produced by a process as claimed in any one of the
preceding claims.

11. Fire retardant cellulosic material as
claimed in claim 10 which is paper card or cardboard.

30

12. Fire retardant cellulosic material which
comprises from 0.4 to 12.0% by weight of tin based on
- the weight of the cellulosic material and from 0.4 to

8.0% by weight of boron based on the weight of the

_ 35 © cellulosic material.
f/ .
"M



Resul.ts of the cone calorimetric eval uation are 25 presented in the
following Table and are m‘“ﬂ“lm“ hree indivi dual determinations.
Treatment Peak rate of ‘ mm ik re heat release ignition (s)

performance (kWnferr]) * ¢. .t * index (nferr]skWerr]) Untreated
144 3 0.02 30 Col loid 36 38

1. 06 treat ed WOIHIY7/ 41303 PCT/GB97/01059

PCT/ GB97/ 01059 CLAIMS: 1. A process for the fire retardant treatnent of
cellulosic materials, which conprises 4 h® stepg—ef—=>b a) (i)

i npregnating the cellulosic material with an aljkél$ SHEEDIHASI BEEN] an al kal i
nmetal stannate or stannite; (a) (il) further {i r_rpregE@Ltpjceg the-fellulosic

material with an aqueous sol ution of 10 bort¢' acid; or
(b) i npregnati the,cel {:os c material wth a stable aqueous
col I oi dal suspensj onrg’f é?gu%g a P fgllulosic material as

aimed 1n claim 12 which comprises from 1.0 to 5.0%
by welght of tin based on the weight of the cellulosic
material and from 1.0 to 4.0% by weight of boron based

5 on the weight of the cellulosic material.
—_—
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‘st abiTized—wth—an—atkal i netal salt of 15 boric acid
haV|n an e of from4 to 8;- and: (c) all owi ng the
\ npre r‘ﬂll ,'ﬂ'!m’ !! dry. 20 2. A process as clainmed in 'cI aim1l

wher-ei e material is paper, card, cardboard or pulp. 3.°" A
process as clai nmed inclaiml or claln1f mhereln the al kal i ne sol ution of

the al kali netal 25 stannate or stannite used in step (a)(i) has a pHin
the range of from12 to 14. 4. A process as clainmed in claim3 wherein the
al kaline solution-of the alkali netal stannate or -30 stannite has a pH-

in the range of from 13 @aop¥dcessdas élﬁriﬁ(éasinaﬁnﬁ‘/' aheedri ghel aim 1

wherein the CO||OId . SUS n5|on has a in the.ange of from5 to 7. 35
6. A process &% ¢ ‘?D]ha B"ﬁ'be ee]gé& %b ]v?:?erleﬁ n the
cel lul osic mat ennpaﬁegrsatamr‘cmgn;alt‘@l a cf1g1a/Je tarf |cmiitdntn, Eatntd ryaifrige '

~drying, of frogd.A &P o ©4 by, il @Y v’:glél'{{] Ap%ql Yuddf on the

5 weight of the cellulosic material.

7._' A process as claimed in claim 6 wherein the
cellulosic material is impregnated to give a'final tin
content, after drying of from 1.0 to 5.0% by weight of

10 tin based on the weight of cellulosic material.

8. A process as claimed in any one of the
preceding claims wherein the cellulosic material is
_ impregnated to give a final boron content, after
* - 15 drying, of from 0.4% to 8.0% by weight of boron based
| ‘on the weight of the cellulosic_material.

9. A process as claimed in claim 8 wherein the
cellulosic material is impregnated to give a final
Zd boron dontent,:after drying, of from 1.0% to 4.0% by
~ weight of boron based on the weight of the cellulosic
material. |

10. .Fire retardant cellulosic material whenever
25 produced by a process as claimed in any one of the '
ggéceding claims.

11. Fire retardant cellulosic material as
¢laimed in claim 10 which is paper card or cardboard.

30
12. Fire retardant cellulosic material which:
comprises from 0.4 to 12.0% by weight of tin based on
the weight of the cellulosic material and from 0.4 to
'8.0% by'weight of boron based on the weight of the

35 cellulosic material, but which does not contain any

AMEHDED SHEFT



5 wei-ght—of the cellulosic material. 7.. A process as clainmed in claim6
mhereln e cellulosic material is inpregnated to give a final tin content,
after qummmunﬂmm' to 5.0%by weight of 10 tin based on the vei ght
of cell ul H A process as Ialned in any one of the

precedi ng clai ns vhereim the cellul osic %aterlal is inpregnated to give a
final boron content, after 15  drying, of fromO0.4%to 8.0% by wei ght- of
boron based on the meight of the cellulosic material. 9. A process as
clainmed in claim8 whereinthe cellulosic material is inpregnated to give a
final 20 bor QbngRURN twh it Gfs Fagatle &f edvak ity HT14 g% o wei ght -of
boron based on &Pe wei ght of the cellulosic material. 10. Fire r et ar dant
cellulosic mate never 25 produced by a process as_clained in any
one of the preceding clains. 11. Fire retardant cellulosic nmaterial as
claimed in claim210 ch p r Fire

r et ar dant ceIIuI03|cwg%teFE§F aﬁﬁéﬁﬁéﬁﬂ ?F%ggiggg%1ﬂaté?é&%za8@6by melght

of tin baséd on aleingd g Qifaltm"lel%é\mllﬂl’bsqcé“ﬁﬁa‘ts@rﬁi dArommd & &R &% o0 8. 0%

by wei ght of borgn hasft UE tthl.Q‘l WRisHY of i weight of the cellulosic
' material and from 1.0 to 4.0% by weight of boron based
on the weight of the cellulosic materlal.
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35 cellulosic material, but which does not contain any 1005&0%&%3( .
which is capable of releasing HO gas on heating. 13. Fire retardfoS .
celifulosic material as 5 chaimed in claim12 which conprises from1.0 to
5. 0% by weight of tin based on the weight of the cellulosic /e

from1l.0 to 4. 0% i ght of boron bhased on the vweight of theg _:!'{':
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