2152945 STABLE TANNI N BASED POLYMER This invention relates to a process for
the. manufacture of a tannin based pol yner floccul ant which does not

gel . and whi ch renai ns stable over a period of several nonths.- 5
British.Patent No. 899, 721 di scl oses a process for floccul ati on of
sUspenSLqﬁs such as sewage industrial waste and natural water in which a
floccukgiyhg agent is applied conprising. the reaction product bet ween a
tanni n mal dehyde and an..am no or ammoni um conpou 5?’94]@ advant age
of using such a flocculatlng agemt lis said to be that ot affect
the pH of the suspension solutl%n nor Dne di.s glved |norgan|c sol i ds

content of the final SKRBLE TANNINGBASED POLIMER, o0y on how to make this

floccul ati ng agent and nmerely reacting the three ingredients produces a 15

reaction product iC 0 | : inin the
l'i quid foPn1for q %&%égwgg SQL? QS bkoggg§a£8%“£f§? of this *1?

i nvent mmuﬁaq:h%cﬁ @ ttmmw based P@IlmF fileesulant Eh dPeF not gel

or sol iglid YV aind A Gifa iFRY Ftalb1eDehes whpkeeisanbEngengrad to provide
comer ci al Il%/ accept abl e performance for use i-n water purification and

denul si®¥%nm. Accor di ng to the present invention an aqueous' sol ution of
a targin based [ngﬂuﬂsthqnanthd1l@B9h§2§uﬂuabﬂ95ﬁ§raupéoassa £esccul ant

I s made #EHE onRdi td QN disgaxeeed t hat

t he ke ﬂtgp&{)]t arni ng a succes JT&{E %?mc%e?%l aéf roe u\gﬁdhgrégl i good shel f
life, t%‘}ﬂ qEtyrak wakes in %mc%téﬁﬁ agRatt L8nePP; %e?he ability Sa#
t o nmonidd; ﬁiﬁﬁ@%ﬁé Qféa?tﬂﬁ.di{ (ﬁrddudm%ﬁdé@nvastaantp,reaches a critical

i nt.er medi at Accordi senfpinvention provi des
a rfe{/hofgo %f‘{ﬁ%ﬁg‘ﬁeg %ﬂfia"’lfheadttglqs(ﬂrut %5"%’1 a taﬁof&habasg poI ynmer whi ch
conpte sm&v&rﬁﬁgmg-ﬁmmgemhna(tﬁjmmﬂaa:mM#ntaﬁsaﬁﬁhé &68nB8und. whi ch
cont ai Ngna OF4 { EQPAVE Hf £ AU 191 i tHe 'S pediBdonOBot@Rdbh! ONS, 2

primary am no
nor the dissolved inorganic solids content of tne'rlnal

water. No details are given on how to make this flocculating
agent and merely reacting the three ingredients produces a
15 -reaction product which tends to form a gel; it does not
remain in the liquid forﬁ for substantial peribds of time.
It is an object of this invention to produce a
tannin based polymer flocculant which will not gel or
solidify over a period of several months.while continuing

20 to provide commercially acceptable performance for use in
water purification and demulsifcation.

Y According to the present invention an aqueous
solution of a tannin based polymer compound which is suitable
tor use as a flocculant is made under controllea reaction

25 conditions. We have discovered that the key to obtaining
a successful commercial product which has a good shelf life,
typically at least 3 months under ambient conditions, is
the ability to monitor the reaction and stop it when the
viscosity reac.ies a critical intermediate range.

30 Accordingly the present invention provides a
method of forming an aqueous solution of a tannin based
polymer which comprises heating an aqueous mixture of a
tannin,,an amino compound which contains, or is capable of
generating under the reaction conditions, a primary amino




-2- group, and an aldehyde'or'a'conpound whi ch generateé'an al dehyde group
under the reaction conditions under acidic conditions, the nolar r Tﬁ)gf

the primary-amino dgroups of the amino conpound to the tannin repeat gﬁgnlt'ﬁ

being 5 1.5:1 to 3.0:1, at [err]. wuntil the reaction product whic{
has a viscosity which is.-within the key intermediate viscosity rar
t he reaet-Lon system: said range being that for the said system which
pernlts the resulting product to have & 20-desired shelf-life, said
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Vi scosity has r%ia‘f%ggﬁ r‘rfe““% gﬂ%% ttgﬁef 3&5683 Sgﬁéhﬁﬁcgn?tu%% l:es% ’r‘{z‘c '
adj usting the seonditinng.ecritheomolias kagdodofsthe eomor!sombwomms and

the pH-+to a Va'd’P tHe |£!§fnot *b%ﬂtp%u@id t?Sh'éﬁet hth?ﬂcigﬁ aflnd Wikit
until Qereactio Product or_Is ate viscosity w h|n

the desired A 3hith 3.9 der értrécrfot 62§Q Fhés§ys n?ke‘}t"?h’t FhRdi ate
viscosity rangereachion 2todritewhieh iformenhdsaseviscoobty Wwhiclgeids

‘determined for ‘;a‘_pﬂ ;ﬁl-ﬁ\Ct é%ﬁﬁ;{e?me%‘iagg Vigg?aﬁg kg?@ o Fol O‘W‘\,%. ch

i ht er medi at e vi SCOSI rang I'S éexperi n ned
pernmts the reslﬁaqfwg)l‘pr%mmt @ahévéaagleOhglgaethat fer thestaifhirrow
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been reached. |2+}00fapy evhenrimedisured ati 360TRNYBA Ch ohea fBrookfidli a

spray-dried qu y}ﬂie idter, Sla%m%'cﬁlemégﬁxﬁrﬁgxﬂg Qﬁéhgggé\b ,{k@ne

system key interne ran
neasured at [ertisqesity &asy i &he conditienneperified a?%‘é%t?’&ﬁv

lloqw d is cool eﬂf&i&e&ﬁdﬁﬂ%&;@s&&h@ &abl dsmalt eahtéﬁ@nbﬁ&w@mqmmto N
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' 3.0. Thus the reaction mixture is heated until a
. reaction product forms whlch.has_an-lntermedlate'
viscosity within the desired range ﬁhich_is.referred'to.
‘as the system key intermediate viscosity range. This -
20 system key intermediate viscosity range is determined'for
each reactant system Eo-benusedy It is a narroﬁ
. intermediate viscosity range that is experimentally
fiv/' I determined which permits the resulting prodnct'to have a
" 1long shelf life. These narrow system key intetmediate '
25 vzscoszt§'ranges are generally within the range of from
. 2=100 cps when measured at 180°F (82 C) on a ‘Brookfield.
LVT viscometer. The reaction is termxnated when the
system key 1ntermed1ate viscosity has been reached _
 In preferred embodiment using tannin in the form of
30 a spray—-dried quebracho. powder, formaldehyde and
monoethanol amine, the system key'intermediate viscosity -
range is fvom about 38-40 cps when measuredfet.lsoor
(82°C) on a Brookfield LVT viscometer. .TheareactiOn
liquid is cooled and adjusted to have solidé content from
35 about 40 to 45% by weight and a pH preferably in the
range of 2.3 to 2.6. This aqueous solution remains
stable and does not gel for up to six months; it can be
used as a flocculant for treating wastewater.



stabl e and does not gel for up to six months; it can be used as a

flocculant for treating wastewater. - 3 - The tannin conponent can be

- obtai nedz{yom the various wood and vegetation materials found throughout .

t he wol W\ Tannins are a | arge group of water-sol uble, corrpl ex- organi c

conmpoundg. / Al npst every tree or shrub that grows 5 contains some tannins =

© AR the edves, tw gs, barks, -wood or fruit. Exanples of barks are wattl e,
~‘mangrove, oak, eucal ypt us, hen ock, _pine, larch and willow Exanples of

woods are the quebracho chestnut; oak and .urunday.  Exanples of fruits are
nyrobal ans, val gajg aga‘ﬂh‘i Qbiﬁbonéﬁtacaﬁnge 18p£4 fféd Q@tdm ahe Exanpl es- of

| eaves- are SUI’TB.C an | er exa ropts are canaiqre and

‘pal netagiouswees Hé‘dpf"éﬂéFﬁéd°ﬁa¥‘éFF F’S‘]S'?sg?‘ﬁ% R UERR . :
'iSpfanﬁHﬂrai qq%hma%hoaﬁewée&argesgkdubyofhﬂaﬂeerﬁkmbre,licbmp&eﬂm nosa _

Extract.. Th t n d |ntothe'
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A B zmntalﬂmmmmnMnﬂnsthgr 1A§ﬁ§§vv‘é‘3195b neRriHhg WEPRRT Prod. Res.

%Vf t 23;@ k 1%@gofb|%a&§§n§9tél ha?ale,emaﬁgﬁéaear@anhose manuf.act ur)ed -
romthe bar e.black wattle tr comrer ce o

from tSRCAAN Sisr RERS 1t 55°?SB %ilggebrgkééﬁiéglége breaker,) =

from tv#bbdmraite)ftﬁéﬁqdwrlachb,t chestant, foalﬂ ahé vrmiday. sehxamplesmonty

- used pin eftrﬁ.@] o %ﬁr& m}fg%b%&%%r aLL9BRekh V\@%{rlied g, apgPgachiy extracts 25 is _ *

i'shé Str

a wel I° ractice'an suc ektracts are freely NG
aval 0 aigaynekidis .de EXGmP: ﬁﬁ)@ﬁt deaygRderRscaunafnaRd cIaRRERE aRdich as

-\t/\/attleex%ﬁgiolg}séebm@gbtsa{a&ecmaig&eoanappamﬁaeﬁ%el YAROHG pﬂhqyphlenol ic
annin 0 t o_.nont anni n e.sug ymeric .
Soit® Fuegﬁécﬁgﬂgg?d ?Bﬁaﬂ %’gﬂ' é/) constitute.
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' ._15 : - These natural tannlns can be categor:.zed :Lnto the
tradltlonal "hydrolyzable" tannins and condensed tannlns '

as disclosed by A. Pizzi in "Condensed Tannins for
Adhesives", Ind. Eng. Chem. Prod. Res. Dev. 1982, 21,
'_3'59'369.= condensed tannln extracts are those manufactured

- 20 from the bark of the black. wattle tree (or mlmosa tannin
' of commerce), from the wood of the quebracho tree (Spanlsh.
‘Quebra hacha, axe-breaker, ) from the bark of the hemlock -
tree, and from the bark of several commonly used pine
species-' The preparation-of'wattlejand quebracho extracts‘r
25 is a well established industrial practice and such extracts
‘are freely available in considerable amounts. S - - i
' _ Condensed tannin extracts, such as wattle and _ o
quebracho, are composed of approximately 70% polyphenollc . . .
tannins, 20% to 25% nontannins, mainly simple_sugars'and | '
30 polymeric carbohydrates (hydrocolloid gums), the latter of
' which usually constitnte_3% to 6% of the extract and heavily
contribute to extract viscosity, while therbalance is
accounted for by a low percentage of. moistnre: “Although
the exact structure is not known, it is believed that the
35 main polyphenolic pattern in quebracho tannlns is
: represented by flavonoid analogues based on resorcinol A



accounted for by a I ow percentage of noisture. Al though the exact structure

is not known, it is believed that the 35 mai n.pol yphenolic patte gﬂ\

quebracho tannins i's represented by flavonoid anal ogues based o ci nol

A - 4 - and‘'pyrogallol B rings as shomn in Formula | bel ow Ezégfgihe

second conponent of the reaction mixture is an aldehyde. A preferred -

mat eri al-+.s formal dehyde which can 5 be used in the formof a 37% active

f ormal dehyde sol ution. This is also commercial ly available as formalin |

whi ch is an aqueous sol ution of 37% forJrgy dehyde whch has been stabilized

with from 6-15% et hanol . = Other conmmerci al grades of formal dehyde and its.

pol yners coul dak8 peégal e GOIAGY @ salshmrgﬁadeamamhuﬂebéﬂow% and 50%

| ow- net hanol fornmal dehyde, solutions of formal dehyde-in nethyl, propyl,

n- but yl~. and isobutyl al cohol, parafornal dehyde and trioxane. vmen usi ng

solid_barafornaldehyde, care should be taken pg ensure that it all

di ssolves. 15" . - O her: aldehyde COnj nlng or-generating reactants

‘ fhds whi ch contain at | east

one aldehyde group ther§ , | dehyde, propi opal dehyde,

gl ycol al dehyde, gl yoxyl r 5 Yol SeB7080H i . e., organi c conpounds

havi ng nore 20 than one al ¢ J_group ‘in the conmpound) such as glyoxal and -

par af or mal dehyde. O her suﬁ\dv’ eg reactants include

aldehyde generating agents i.e knomn oFgani ¢ conpounds capabl e of formng
| dehyde group in situ, such -as nel am ne-f or mal dehyde nononeric products

such as tri and 25 hexa(nethylol) mel am ne and the tri and hexa [err]

al-koxyrmet hyl ) mel ami ne. Such material can be forned by known conventi onal -

nmet hods. The al kyl bIocknmedmeoonﬁ|oompdneatco&nthelabhytaualmabtuxeams

stable to 56|faRO$Y@§ﬂ§&§I'cx'preferred material is formaldehyde which can
| ' 5 be used in. the form of a 37% active formaldehyde solution.
This is also commercially avallable as formalin which is an
aqueous solution of 37% formaldehyde whch has been stabilized
with from.6-15%'methanol."Other commercial grades of .
formaldehyde and its polymers could be used. Such commercial
.10 grades include 44, 45 and.SO%Iloﬁ-methanol'formaidehyde;_'

' solutions of formaldehyde in methyl, propyl, n-butyl, and
isobutyl alcohol, paraformaldehyde and trioxane. When using
solid paraformaldehyde, care should be taken to ensdre-that _
it all dissolves. h |

15 ' Other aldehyde—containlng or-generatlng reactants
which can be used 1n¢lude organic chemical compounds which
= . contain at least one aldehyde group therein, for example
' ' acetaldehyde, propionaldehyde, glycolaldehyde, glyoxylic
® acid and polyaldehydes (i.e., organic compounds having more
20 than one aldehyde group in the compound) such as glyoxal and
paraformaldehyde. Other suitable aldehyde reactants include
aldehyde-generating agents i.e. known organic compounds
capable of forming an aldehyde group in situ, such as
melamine-formaldehyde monomeric products such as tri and
.25 hexa(methylol) melamine and the tri and hexa (C.l—c3
alkoxymethyl )melamine. Such material can be formed by known
conventional methods. The alkyl blocked derivatives are
commercially available, are stable to self polymerization'



- 5 - and are, therefore, preferred The thrrd conponent for the reaction
" product is an am no conpound whi ch containsor is capabl e of generatrng
~under_the reaction conditions, a primary am no group, 5 such as ammmonia or

a pr y or secondary am ne or antde conpound. Preferred materials '
“incl primary am nes sich as nopoet hanol ami ne, nethyl amne and
~ethydam ne. The primary ani nes “are preferred since they are nore reactive.
~than seafadide), mméraﬁun@nypauﬂ@e&ealo - i's necessary to react these-

th t d
aci di o conar s SHIEA, QepepEhE, =B ?gﬁhgﬁgrug ~pe83B8E £k dn " loed ro
obt ai n antiin® cmmEiaungh wl'e.ghe@oaltla;mrsr:@#‘eﬂqsed:aﬁﬁblﬁupﬁagﬁeeﬁé#élnand acetic
aci d. der the" rdeddtidh @o‘?xﬁqrtrl%‘i'ls”ahePkihaEQ BRiHaegdrblpt he reaction is-

an antifoaner materjal to prevent any oanrn? ronrtakrn Elace Exanples
A e o0 By 1Y Loamnd, MLom LAk ngyphace. | Bxar by
Dow Clhﬁlidmt?ﬂarﬁl PMdﬁr&lea'Bmlteﬁtl:.hl&ndnbtlgdenpkemargr amﬁnghtsﬁﬂlf)al cohol¥
can al so. be us uct copsist of a L '
pol yrrer‘ﬁ: “§°Lﬂ)°se[ q\ﬁﬁﬁ 'hgis t%&é%hﬁg% Pig g%hgigﬂl}/éghr ﬂﬁér eaction. " In
- the Marprictaneamines areprefesseds seoneerrbeﬁ Mehmaneanﬁﬁetl-:ﬁﬁpound and an- 7
~active thal Y I S Y |t@}tt;)értyhgmqglegphenol i'c tannin. .- Although the

structure of._tannin is not conpletely known is believed the reactrdn
prodU%t can & dfprscessazy Fﬁ@cﬁo SﬁFnﬁhFGEUFPWHﬁnEPFﬁCture H [ERR] -
6 - whirler Gty iconthollednicondi tdbnshe espeelinddycanflenndnafter the. - \g)

car bonyl . 0@ LA iloH Wit il brid hesEl eAbf 7NdeRapdgatsy hydrogen or

organi-c
can be used to obtain this condltzon, especxally preferred

are mrriatic acid ‘and acetic acid.
15 A further preferred mater1a1 to be used in the
~ reaction is an antxfoamer material to prevent any. foamlng
';from taklng place.' BExamples of these materials include. B
silicon anti-foamers such as S;llcone B made by Dow
Chemxcal Co. Mineral seal oil and hxgh molecular we;ght -
20 alcohols can also be used. S : ' '
The product. obtaxned is belzeved to con51st of a .
. polymeric substance which has been modlfled by a 'Mann1ch"
reaction. 1In the Mannich ‘reaction an aldehyde is - _ »
_ condensed with an amino compound and an active ; st
25 hydrogen supplied by the polyphenolic tannin. Although .
‘the structure of. tannin is not completely known, it is’ '
believed the reaction product can be approxlmated by the
following recurring structure. . pH ' '

.w




nnletles that were part of the original. ani no conpound 5 :
According to this theory the nol ecul ar weight of a repeating tannin: unlt s

assumed to be approximately 300. The nolar ratio-of the primary X
the tannin repeating unit is from1.5:1 to 3.0:1. As the reacti en.
‘the three ingredients 10 proceeds under heated conditions, the e - of
the reaction is controlled by moni toring the v15c05|ty of the reaction

m xtur.e which is called the "internedi ate viscosity”. W have found t hat

for any given reactant system i nvol ving these three conponents there is a
relatively narrow wﬁé\g@ CAR 154 NéRs neskiaalin e %ch&hbyawﬂeﬁbdée&eﬁ bagg the

poi nt at which eact | uld be ern1n refer to this range
as the ' syste é %?e?ﬁékﬁ%£§ §%t ance this range I's . o
~reached, the reactR nad chinainﬁepenﬂenxlyf@wdengnpler bygqnéuchlng and
rapi hexter “axkcﬁfé?iéé‘gtha 1 3»%& tcﬁé; g:!ﬁg‘ﬁ%&r Eﬁ\ﬁh@t Soﬁkéﬁﬂé' ty haf]

‘an effect ont I nal Vi scosi roomtenperature
in turn wilP affect theA%?%ﬁﬁ4¢Q)FQnthﬂﬁﬂqhqqrﬁétbﬁ fréepndancyeight °f

carefull yhconarﬁllabeaem@etaﬁm rtﬁdlatles \ads%e;m?dtz }5tof Be- agﬁbogmieaemaﬁuant -
system the r ul t roguct I‘O uce s.a.long. s :
Y To i s i nEBS ATST CFOFLE R (1T adBaRty nips, S e’ Flafin) FpddEing

det erm ned byunatrysngr@mt1t5atﬂtQLﬁuﬁ st oppi Nng the reaction over a wide

.range of different viscgsi¢heSr&dctdith HeAigen +he @ﬁ&@é”&ﬂb%dian%c“ case
shelf |life of the re uItln roduct. From these 30 resqlt t he

V|sc05|ty 19nBEOGRELH, tQquﬁﬁ%ﬂﬂicttﬂﬁtﬁxF8ﬁ§ ?ﬁeFFeIF?éthﬂnbe
found quite sigpégnttolba& hyﬁmnhiﬁﬂﬁln@heﬂmet«ﬂymd31ms Bif X eHeWreActfoAani no

compound such, 2. JD0AGHNANOL 8T od el ATV AN G Jhgecgddyan agt! foam

material after drssolving t annin 1n the ai ned
slightly aci dheveyfeumd rehah fef Anugiven ﬁF@F&@W#oﬁNéts@lngQ#Véﬁgthls

initial addittRése three!@dfiSodite® tlidrd SPeNARICY naCLobNPanGEeSE
down and 15 1ntermed1ate viscosity which determines the point at which |
‘the reaction should be terminated. We refer to.thls range_'
as the "system key intermediate viscosity fange". Once this
rapge:is_réached, the reaction should be terminated, for -
example, by quenching and rapid external cooling. We have
20 found this intermediate viscosity has an effect on the final
' viscosity of the product at room temperature which in turn
will affect the stabiiity or shelf life of:thefproduct, By
carefully controlling'the_intermediate_viscosity for each
given reactant system, the resultant product can be produced
25 which has a long shelf life. This intermediate viscosity
range can, of course, readily be_deﬁermined by carrying out
- trial runs, stopping the reaction over a wide range of
different viscosities of the product and determining in each
case the shelf life of the .resulting product. From these
30 results the viscosity range which corrésponds to a proauct
'~ with long shelf life can be found quite simply.
' In one embodiment where tannin is mixed with an
amino _compound such as monoetnanolamine, it is desirable to also
add an antifoam material after dissolving the tannin in the
35 water. The pH is maintained slightly acidic by adding an
acid such as hydrochloric acid. After this initial addition



'to then add t he al dehyde such as formal dehyde so the reaction m xture is at
~a tenperature of approxinmately 120-130F (49-540) Although the reaction is
exot her additional heat is added 5 if necessary  to maintain the :
nperature at 150- 200F (66-[err]) and nmore pref erabl y -at about

reactio

[err] he reaction terrperature is [ower than about 150F [err] , the
;frnar p uct” does not -have high activity and is. |less effective. “If the
reaction tenperature is nuch higher 10 than about. [err], the product ages

too quickly and tends to gel and got have the desired Iong shelf life. The
extent of reaction is-nonitored™by CThecking the vi scosMy V\hen the -

~viscosiLyof p%%&é rﬁ@‘iﬁis&s%erf‘éi—kﬁié 8b b1 r&hé‘iﬁ‘é&‘iﬁ LFﬁl il af p38 40

cent|p0|ses reaction_is rapidl referably
done byoushep add chhm aldshivdeysurh By § ﬁ’é‘f%{ﬁ é°r &het Fe8ACki®Rure by . -
addi ngmimtareais #€lch tiempirariiréd of amnmnmesplmlslw&}ymsm €)in the r@e

of 40-43 ugglgﬁg ££§%éi d g kaﬂgeE@ é@dl%1gngé6hea 1QQQii§§|'n9 the

reactlon SO procee &n nt er medi at gi osity of 38-40

~cps PwhErneReARATI é’P ["éFP?a%\ﬂ e greashion femeeratrrg thetPreactants is
obt ai ngoohi 86-93 °c)eangainbye hpvereratilgt fatd iabeusf 180YD €8 20erhs. If the

t | { t d t th
final product sih Tt deaciioh yenpRREnfe |4 FEEE WBef KpSES 1Y, he
i nter rréépaf'e(%&hch%ﬁé@ﬂ&eﬁ@‘l"?ﬁ%l degs; art hpver Raoheasty et i wil | be -

the preogduléss dEfectiamnl e Ifwkhe ¥68ctiwn derperattet ini hbch Kighdr vi scosi ty\J

5, | | ut th E
B RaRDRRER AU (03BN OB B LA AR BiELEgo 50! U1 on thee_ |
sane aheads %9 Q?Ipra@dhéiptabéﬁﬁth@ desirnd JomgeshelAviafeon (as described-
in Exanple 1 belpnd é‘!kééh@df‘ Ralacti 8A085  NoRft A By Whecksng 90%

Sor il By e phS0RE L R, B DSERELRY, O SRR e 352%5%%23"58“{22%”9
add t|qgtpﬂgpagekﬁz C) reaches a level of 38-40 centipoises, then the
15 reactlon is rapldly stopped This is preferably done by
. using external cooling and by quenchlng the reactlon_
'mlxture by adding water and addltlonal acid so that the-
'_solzds content is 1n ‘the range of 40 45 wt. % and the pH
1s 1n the range of 2.3-2. 6.; By controlllng the reactlon so
20 that it only proceeds to an intermediate visc051ty of 38-40 "
| cps (when measured at 180°FR (82 %c) an excellent product using _ )
'these reactants is obtalned which w1ll generally have a - '{,;
shelf life of 4 to 6 months. o ' '
o _ 1f the reactlon is quenohed earlier at a lower
25.1ntermedlate v1scosity, the final product is a less effective
flocculant. Thus, the lower the lntermedlate and the
.subsequent final viscosity, the less effective will be the
product. For example, when 700 ppm of a product with a final
viscosity_ﬁt'135.8 cps was added to flocculate a 500 ppm . .
30 humic acid solution, the resulting supernatant had a poor
' trensmittance of 73%.  However, when the same amount of a
product according to the present invention (as described in
Example 1 below) with a final viscosity of 246 cp was used -
'90% supernatant transmittance was observed. A standard
35 test for flocculating activity is to add humic acid to water
in a controlled amount and to then add the proposed



- 8 - floccul ati 'ng- agent. The agent shoul d ‘precipitate the 'hu.m' c aci d -and
| eave a supernatant liquid which is clear. The degree of transmttance of

i ght through the supernatant is neasured and serves as an indicator of the - |

ef fectiveness of 5 the flocculating agent. The hi gher ‘the transnitt nce,
the nore effective is the floccul ating agent. If the Teaction m X \ls_ :
quenched at a higher internediate viscosity than 38-40 cps, the dy
-does not nornal ly: remain liquid for the dgsired 4-6 nonths. For ‘1
when a product is nmade fromthe reactants with an internedi ate viscosity

- V\ﬂ' f? :ngre?tifloé&\ﬂ[hh ﬁnﬂ;‘4 @gdtlﬁi .l _il_‘rl])@a@léﬁt Eheuianﬁﬁeeipgtl&’éeduﬁh@t Ilhomiws a
she ife of |ess t nont hs.__Thu y . var L nt ey medi a
viscosity for a_L%lea rhaarh%fen ¢ A EIPEE 3? M&Héddgf‘ Fﬁ1 ﬁ?nﬁ e ef'ﬁ%%t ive
shel f_dife, onteg:mecsmama@mmhamner gfigéifbt theosght the keypernatantlikt e
Vi SCONAY 35 SR \ha JelivddBeAA0 GnadBaEDEDEH EHS! FXLOI SUSLEMSEY

i nt er medi at e_ vi scgqslé?#/ e Is from about - 8 systens
with other 20 ¥h& ng, &gsRticey Thiy EP—HEGFaF evFE%B%‘F-’I-V-?%‘F@est%I |
.gener ally be wmdre reﬁﬂamarege.wfth% f(l&ce:n&aﬁ/ﬁlﬁg agesyred at [err] on a

rookfield LVT wscorret I ik t R pLi e_t.,0. t.annin
~repeating unit should be coHér (#I%cg o%hh?tx?uﬁg ?sa%u%gcggg ﬁt%nlp.qger :
[eferred to siikemmgdidte tiscosd tyhahans 36hé°ngps.r'elaetpvedta¢rd deesindt

gegl ly take prgdmdiny heerd\ﬁrmll Jlaa%h.-OEheAhEB%ah 2€6 ONGRENs amf&s are
opef abl e anﬂ? can bi use pre erf“griF ry anm.nes and the follow ng
e

- di scussi on & dfe I8M; HReyTreRCER R WithAini ng

a repeating tamtermmi:tam t\h.sa:crsnjtgcwlha.chvv&sgbrea{:eBOﬂhé)ﬁssplpﬁdsxiﬂiaately _ :
-pol yphenol i ¢ capsddd UgHe ifilde ig@‘oﬁ(acltnugﬁﬁ gah‘lasagoﬂ??l% hflfe
nonoet hanol ami ne to tanni n repedting unit rat Feht s
preferably 1. 7&han & mapthsynd nore preferably 1.86:1, as 35 |IIustrated by

the reaction in Exanpl e Thus ReACka@Pingetaer dAtbeRaai st | vistos ey pEGeedure

:|n Exanple ﬂSE”((ﬂﬁglvéﬁ reactant system and determining the effective
shelf life, one can obtain ‘a narrow range for the- system -
‘key intermediate'viscosity as ‘shown above. For.thé'ébove-
described system the SystngKey inte;mediate'viscosify range
" is from about 38-40 cps;_ For other systems with other
20 reactants the system key. intefmediate viscosity ranges will
_ generally be within the range of 2-100 cps when measured at
'K,/---.' 180°F (82 C) on a Brookfield LVT viscometer. |
The mole ratio of the primary amine to tannin
repeating unit should be controlled. The primary amine .

25 content is referred to since this is the one that is the
most réactiveland it will readily take part in the Mannich
reaction. Although secondary amines are operablé and can
be used, we much prefer primary amines and the following
discussion will be in terms of these preferred primary

30 amines. Assuming'a repeating tannin unit with é molecular
weight of'300 based on the polyphenolic constituent _
illustrated in Formula I above, the monoethanolaﬁine_to
- tannin repeating unit molar ratio of this embodiment is
preferably 1.7:1 to 2.0:1 and more preferably 1.86:1, as

35 illustrated by the reaction in Example 1. Reactions were
run identically to the procedure in Example 1 except that



- 9 - the nonoet hanol ami ne addition was inereased so tnat t he resuttihgg

primary amne: tannin nolar ratio was in. the range of 2.0-2.5:1. In Table
1 bel ow-are the results of a flocculating test using 500 ppm of a standard
humi ¢ id solution. Table 1 Am ne: Tannin ~ ppm Product Added to a
- % Trangpj yt ance Ml e Ratlo : 500 ppm Hum ¢ ACId Solutlon - of '
. Super ne nt 1.86:1 .. ’ - - 700 . - .90 2. 00: 1
700 _ 84 2.25:1 o . 700 i .
81 2.50:1 : 700 - - 73 This data shoms

“the | ess effectlve flocculant obtHimed when. the primary anine:tannin nol ar

‘ratio jis incre ve th .desired | evel i e primary 10

ani ne: E%MW%ﬁaPﬁa’t‘t‘ae ‘B’e’f’ow e 6’P§f§? gé (°)V\Té?a%/a ’B% of about 1.7:1,

t hen tresuldding pmpanytuemagestamrqmqﬂdryra@ibewasui;eftihe conmmercial

" productang¥ ¥ 2Lb22959ﬂUCtIHa§a19F€rh BeRw tahte Eﬁteo}eé@ﬁt &?' d should bg

.adj ust ed. L0 %& i d g ? 8 g qﬁﬁ@ shelf 15 g ve tound that tf

~"hi gher® th&®SS BFO B2t VPER9Y PR, oF ﬁbPFBP ﬁf?l YE??he shel f life: Tint
TabISeicﬁdﬂagbuﬁionthe final product viscosities in centepoises when '

nmeasured at 75F ‘[err] for product |iquids made by the procedure in Exanple *
1 and whi ch have been adjusteg to various pHs. Tabl e 2 Final - Product Flnal

Product pH - _ Tablg gkosity (cps) 1.0 - - .
?gg g OlnezTannin' - ppm Product Added to 00 goo % Transmittadée . U
450 7 ole Ratio - 500 ppm Humic Acid So u 9 0 of Supernatant : : -
16,000 1.86:1 e 00 0 1 90
. 2.00:1. .. ..1700 . . sa
2.725:1 ' . 700 o 81

2.50:1 - 700 13

_ ' This data shows the less effect1ve flocculant -
obtalned when the primary amine: tannln molar ratio is
increased above the desired level of 2.0:1. If the primary

10 amine: tennin'holar ratio is below the preferred lower value
' ~of about 1.7:1, then the reaction product ages too quzckly o
to be a useful, commercial product. . _
After the product has been: made, the pH of the
"liquid should be adjusted to provide a long product shelf
15 life. We have found that the higher the final product
| viscosity, the shorter will be the shelf life. In Table 2
below are the final product viscosities in centepoises when
measured at 75°F (24 ©c) for product liquids’ made by the procedure
in Example 1 and which have been adjusted toc various pHs.

-4

- _ : : ‘ : Final Product :
Final Product pH =~ . ~ Viscosity {(cps)

20

- 450 -
2,350
16,000
greater than 20, 000

SOV WN N =
* ’ [ [ ] . [ ] e L]
O0O0ODOOWVMOoOOoO

-—b



11.0 o greater than 20,000 - 10 - Fromthis data it can
be seen that the pH of the final product should be maintained at a val ue:
less than 3.0; we have found an even nore preferred range of from2.3/t0 |
2.6 for the products produced by the first .5 enbodi ment procedure. Th >
desired final product is a liquid which has a viscosity of |ess than

00

cps. If.the viscosity over a relatively short peri‘od of tine incr eases
above 20,000 cps, then it is indicative Lhay the material has forned an 10
undesi rabl e gel which will not performin a comercially acceptabl e manner.

Eventual Ly, all productRFromddisy dakacitnganahni aeant thah the R hpdithd and -
an al dehyde will ¢fidlegrodutty ishoRat beOmainthiReandtfad walye 08¢ -1dds than
sumary, the reaq%kﬂn shqul d he %8nducted at an 15 §0|d $Fiof Ieﬁg han _
7.0, the primary nd% VAo eﬁgaﬁvﬁa'ﬂﬂf? REFEFEREY i 2oy B rom
1.5-3.Q/1, the read ittn 2.6mforattlvec pghductishprodocedeby]the fiest] ([err]
to [err]), the §rHﬁHHH¥HéHé3ﬂ@d%%%%EE¥ shoul d be nonitored and the reaction

st opped when the narrow rande s reached 20 which wil| be, uniquely .

: . ( ., D€, Y,
“deternmined for each redt&fesdfedefinad RAPEHCHeLIB R e} iquidwhigh RAS & key -
i'ntermedi at e Vi sooisdositan@E lielss rHahoR0},D00f cpal prodeké wiseositye over

e ome o it gLy Ak LeRidaTBECeBRE! Fhabliads ol .00
~necessary, to 20 GRE6XhEsy iteiightindggativeokhay thesmpterialirkas fermad an
based pol ymer npranaest eyl atiendwiti CHodeper 8bti ' 1¥eSa aclifedcid i)y of
-greater. than 3 nonths at .anbi ent conditions In.aT t her - enbodi ment for
producing the t_arﬁﬁ%‘fﬁ?tsb&f Sy e VSBEﬁSMﬁ'l i'c')spf)?)g'é? ?é“?n%e B st
react. an al dehydeeaatings tammninl sdithdenwanhnancampound camduand slddhyrte
anmoni um chl ori d&, {10 G&{ieleAse ano'irii%&&i%@ BEefORRRENEnd NEShthy ELE, t e
am nes produced are a m xture of nono-, - - -
In summary, the reaction should.-be conducted at an
15 acid pH of less than 7.0, the primary amine to tannin
repeating unit molar ratio should be from 1.5-3.0:1, the
;_reaétibn temperature'should;be:from'150° to 200°F . (66° to.
93°C), the intermediate viscosity should be monitored and
" the reaction stoppéd when the narrow range is reached
20 which ﬁill'be uniquely determined for each reactant system
and which we refer to as the system key intermediate
viscosity rénge; the pH for the.final product should be
‘adjusted to a value of iess'than 3.0 and more,preferébly
. '1.7-2.6 and the solids content of the liquid final product
25 should be adjusted, if necessary, to 20 to 60% by weight.
5“ : . By following this-procedure a tannin based polymer
_' ' compound can be produced which generally has a shelf life
8 . ' of greater than 3 months'at'ambient conditions.
' In another embodiment for producing the tannin based
30 polymer compound it is possible to first react an aldehydé
such as formaldehyde with an amino compound such as
asmonium chloride to generate a pfimary.amine compound in
situ. Here the amines produced are a mixture of mono-,
di-, and trimethylamines. A silicone antifoam material is
added

35 and with stirring ‘the reaction mixture is heated to, say,



~di-, and trimethylanines. A Silicone antifoammaterial is added 35 and with

stizLi

thifé

ar .

e eaction

Ctione.

the reaction mxture is heated to, say, : - 11 - 140F [err] for
urs. The material is then refluxed at.a higher tenperature of -
83F [err] where it is maintained for an additional 3 hours.
- amount of the desired primary reactive anine here is 5 controlled by the - _
' The | onger the reaction tine the less primary . amne wll be -
present -in the solution because Lhgjless active secondary and tertiary

anines will o be fgrmed. After this initial reaction has taken place, the

‘The

~reacti onl4PxFulBOcEh Berctbred Peurs)eBhe matpriahyis then ) for
Eubsque%ﬂrhxleﬂgamahhibaeta_aehpeﬁ@e@wrw: afdimd t1sg%p of the -
y- pr odu

~there is

~achi eve ameudgspfethecddspredsprimiryi veactive taningdwmnal isnbodi ment t |

¥eags . . abeins USebomatsy of the
“heZRoas"t8 HRRRERGSRAGFOF ontl 30t BhoteY [ ekt o i e 10

Re:
~tanni.nsCeEperelde@2ByPenBr BBAEEIoh Nt Emé SPAPI CLEKFEE HhdYrdHct i tanni 3

- with wat

‘tannin i

relative
m xture
reaction

takenupdare,al

er, and.a silicone antifoanmng,agent. A preferred formo
Eimeo 5hay 1aRFRT iNBBY SROVBOWALT DS B

f the _
: _ eSRhH N a Extract by
- Canadi ansiBaakdon, becduseAther léses adative secsomdasylamdl texrdiwywater at a -

&

i o4 $PBEEUE BoaSne 4P LE14]ind B Fddeaidi fapiucous tannin

I'S cool am ne

gprox t . _ _ or mal dehyde
edreactpenominguEe 2an Heieroted e ad®wse reaction.

i s heapede,0sahqui3pCrr k54°8hefoeagiboequén € aiix intede ity idhd he in'tgrmedi gt‘eJ
esired: .

Vi scosit
. extent o
ext er nal

£apidh FambSina®sofnPe, EPRY nectine e vhS il ac)

produced whent Agmauilimi chlof idet ceachs oni thijthe aldehysdd, ds

‘there is no need to add. any additional acid to the

~reaction mixture to achieve the desired acid PH

15

conditions. - o : S — o ,
In this second embodiment the tannin compouond can |

be prepared in a separate':eactor'by.mixing tannin with

.20

water and a silicone antifoaming agent. ‘A preferred form
of the tannin is a spray dtiedrquebragho.powder,_sold as

has dissolved in the water at a relatively high |
temperature, say, 176-194°F (80-9006) the aqueous-tannin

‘mixture is cooled to approximately 130°F (54°¢) . The

- 25

~cps.

30

‘cooling and the'éddition of water which adjusts the solids

methylamine/formaldehyde reaction mixture is added to the

‘aqueous tannin mixture and the reaction is heated to about

183°F (84°C). The reaction is continued un'til the
intermediate viscosity reaches the range of about 4-15

- Upon achieving the desired extent of reaction, the
mixture is quenched to room temperature by external

content in the range of about 28-32%. Since the acid
producing ammonium chloride was used as the amino forming

‘compound, it produced an acidic condition with pH of about

35

1.7-2.6, Thus it is not necesary in this case to add any

-Mimqsa Extract by Canadian Packers, Ltd. After the tannin

s

. -‘r:



‘chloride was used as the amino forming conpound, it produced an aci

Cbntent'in the rahge of ~about 28-32% Since the aC|d produ0|ng annDnl

condition with pH of about 35 1.7-2.6. Thus it is not necesary in

- case to add ahy - 12 - additional acid toadj ust the final pH of \&

sol ution. The.followi ng Exanples further illustrate the present invention.
It w |-t~ be appreciated that trial runs were first’ conducted to establish

" .the key intermediate 5 viscosity range foyythe system Example 1 In this .

- exanpl e the tannln based_pol yner coppou was_produced by usin
“monoet hanol ani n@ QétﬂﬂﬁaanFﬁbdc ﬂxﬁéghﬁ

brihe GFinAla @F tbe; ROlatieRyde. 10

-A reactor containing tRe. f51@6ﬁ£ﬁgoﬂxéhplhuJﬁﬁiﬁﬁﬂﬁH1BMN%tmbtbe&th to

Leehbano pondePteBfRtLSnaRlEod] HEENAEY i iele RSPl KRl

~stirryng. The t!#perﬁtnﬁé qasduetmdatqmgstabkﬁﬁhnthgs 3304P6ﬁﬁpe@54tﬁerr])

'After*tonpletg thaggu§¥oganggef@plgﬁéeﬁgg@§mcooled to [err]. Then O. 15

©

gramof the silicone antifoam Silicone y ' Dow Cheni cal was added.
To the aqueous tannin solution 47. 655?2&212#120 nmonoet hanol ami ne were
*added to yield a pr|nnnythﬁsnexampleumhelt&nnxn(ﬁaSEGB@mlyMereompnung t he

temperature of fhg heaaaeeaeﬂgxwm "RonSLURNEN dfidd 3% e BBk and it

LS mai nt ai ned a s te ture € am ne was a I n

.Jorder to nalntaFﬁmPﬁBnﬂcP cEPrmaldphyde ag ﬁhﬂaﬁigﬁhﬁdﬁn m xtue 80.0 grams
- 0f/a 32% act ge hydronhkeacﬁoaccdnwﬁﬁnfnukxboLVSNQﬁumélaf ﬂalbuzhba wagge of

ehrs Tniral s iR PERRRRERY B B80T Oy . Ul ghC s, TEE Bk

Next , fornaldehyemoaasEadueqtunhimb iwranspray-diiied quebracho powder

i ' sold by Canadian Packers, Ltd. was gradually added while
stlrrxng. The temperature was maintained at about

15 130~140°F (54—60 °¢c). After complete dissolution, the
matet;al was cooled to 110°F (43°C). Then 0.15 gram of

-~ the silicone antifoam Silicone B Made:by;Dow.Chemical was

" added. | L | |
To the aqueous tannin solution 47. 65 ‘grams of

-20'monoethanolam1ne were added to yield a prlmary amine to |
tannin ratio of 1.86:1 while mixing; the temperature of
the reaction mixture was allowed to rise to 130°F (54°c)
and it was maintained at this temperature unt11 all of the
amine was added. . In order to maintain the acid conditions

25 of the reaction mixtue 80.0 grams of a 32% active .
hydrochloric acid was added to bring the pH in the range

" of 6.4 to 6.7 and the temperature was allowed to rise to
140°F (60°C). Upon forming this initial tannin/amine
solution the mixture was cooled to 120°F - (49°) .

30 Next, formaldehyde was added in the form of 62.70
grams of 37% active formaldehyde; the temperature during
‘this addition was maintained between 120 and 130°F (49 and
54°C). as the formaldehyde was mixed with the previous

' solution the solution was heated to initiate the reaction.

35 The temperature was controlled so that it was not allowed



grans of'3796active'fornaldehyde;_the tenperature during this addition was o

W&I’, 1ed between 120 and [err] (49 and-[err]). As the fornmal dehyde was
m x€d¥Nt h the previous sol ution the solution was heated to initiate the
reas '35 The tenperature was controlled so that it was not  aliowed

to go above about [err] . .As the reaction proceeded; the viscosity of the

sol uti on ‘was nonitored using a Brookfiel.d LVT visconeter where the sanples
were-neasured at a tenperature of anyt 178-[err]. (81-[err]).. 5 Wen the
V|sc03|ty readi ng reached 38-4Q,cps, {he desired degree of reactlon was

obt ai ned. tﬂ\tgvhakoﬁb@lakowhem‘baﬁ:t(%Qi&ter‘isalthﬂa§e$§éﬁeﬁed by -ext er nal
~cooling an réée@@ea;aeﬁeOGléﬁbsHu eﬁt\MﬂéﬂsdwuiiEnBwgeamanEoEUIlatlc aci d

dded bt i o t of about”
80, 29 and 4SHPRCR FGRbEITHe %4‘6‘%‘&“@ 2 WR1a Mg RBRIEE WRFS ned was,

stored at medsenedcatdattempecakhed taf amoumﬂmaﬁmm FWE(§13-8|2I°IC)|.n a |.qu

form Itshﬁﬂeg %h%%l&&'oé?#?dréa&ﬁlg\?ﬁ%ﬂr 1 3830 cps, the' WhoRarAs

-charged W rans of” 37% act] hyde, grans of

*amoni um cﬁFSF?G@ﬁnﬂeﬁF’W@rm aSW?%ne“Bthl?né"’rié’éctt&P vias equi p'ped

Wwi'th an ef teacedbnCcoatental wasd queitched 436 xterirthll bdoldmgeandur e was

sl ol y b oyghbUp. Lo |8 Tde (80004 Ud E 20 171 Mikanldcy G AN vas

mai nt ai.ned era ur e ‘wa rther |ncreased to

. reflux condttﬂoﬂésaﬂd@eﬁeh%@’mmfe »ft ik F v A4p g p godddp) and - '.
. reflux yBScHRtEAR @Edalfa&ﬁta«m@U'éd@@'fﬁlﬂouh%cosl'%% oF g3l cbeact ion:

an aqueousconditions xand caf fidwe sqmemmnthsuwhrwaa>&hmﬂd vigs apdgaridd in a

err

IPREN

duct t f 258t | Th R
D Do Tocool TBe ERRGF o prodlts ‘BfdindENae HERSEL e BRBL Shded 1o

&

%, separate s %E?errfe?§50f°9y %ii%égffﬁiffgiéal'%947§52grans 30 of dejonired':;.5

-mater_to 1

: 15 : .-.A reactor was.Chargedtwith 173.7 grams of 37%.
- active formaldehyde,'38.50“grams_bfﬂammonium-chloride and
. 0.07 grams of Silicone B. The reactor was equipped with
- an efficient condensor not under pressure and the _
_ temperature was slowly brought up to 140°F (60 C) while
20 stirring; this condition was maintained for 3 hours. . Then
the temperature-was'further'inCteased'to reflux conditions -
at a tenperature of approximately 183°F (84°C) and reflux'
was maintained for an additional 3 hours. The initial
reaction produCt consists of mono-, di-, and .
25 trx-methylamznes.- The mixture was allowed to cool to
. below 130°F (54 C) so it could be subsequently added - to an
agueous tannin mixture. _ '
The agqueous tannin mixture was prepared in a
- Sseparate stlrred reactor by first preheat1ng-104.85 grams
30 of deionized water to 176-194°F (80-90°C). To this
~stirred reactor 0.07 grams of the silicone antifoam was
"added along with 86.65 grams of Mimosa Extract which is a
spray-dried quebracho powder. After the tannin material
had dissolved | | | |
'35 in the water the reactor was cooled to below 130°F (54°C).



stlrred reactor 0. 07 granms of the silicone antifoam was added al ong mnth _

86. 65 grans of M npbsa Extract which is a spray-dri ed quebracho powdep~
After the tannin material had dissolved 35 in the water the reactor
cooled to below [err]. - 14 - Then the nethyl am ne/for nmal dehyde
obtained in the first reactor was slow y added to thi$ aqueous tannin_

sol uti,on and the mixture was heated to about [err]. The reactor is

‘mai ntained at this tenperature until the 5 internediate viscosity reached
approxi nately 5.3 cps as neasured by a Brdék#reld LVT vi sconeter at [err]

After the desirefhdftg{dhl Ml Eﬁa@@éh 8 9t16 oﬁ@ Aegdr €
kB8R

was quenched by’ coollng It to room enpera ur rans of
dei oni zed wat er f¥F&hixRckATL NS SilRwlyopAded céﬁt éhmmwmmatrwm 28- 32

wei ght percent. Sdtuticmlandatie mxruzeduwtashaeaaeaorzbdébs@atm%fra%g’c‘b% a

i Scos;j f 20 t
\S/![ 3?33‘? gnbl en concfd[’ %e?r?si e%eir 38%‘%@ ghﬁﬁngﬁgpﬁﬁh‘ﬂﬁﬁ ‘b‘é‘f”rfrf&'%r
sol i difying. Bxarpiermediate éra@qoentprr Geechsdaepprdxn:gately h‘.iz.:prmrds :

sinvention as mdeeddure@mBy @S pkodR€id1¥CLOT! 03580metoP datV id5
erri,c. chl ori 2 err]-int etremnem of

TI | ant I d . f
ri \C/)g‘r:uw:'?e? t.ga%a % a}? ireds %Fé}“egﬂrﬁFSy&ILV\%§lW 028 RPSainedy
dhe results are ragction hnm:rtu‘fablwasSquEabhedSbiFreabm i bossigdgwm

Tur bi di t NT | n 17
Sg/clonlt ry (AILJ) @dﬂra(t'?ﬁ'ép‘a% -'b-§) a&élh‘a 86, is grams of de:.onxzedzdva[teerrr]
1 1 -phzch adjusted the sgélggaﬁgnﬁegt in tbpg;ange of 28-32 8

Iess than 1 : wexght percent. . _
' ' The final reaction product had a sollds content of
| 29, 4%, a viscosity of 20 Cps at room temperature and a pH o
- of 1.9, It has been stored at ambient conditions for over
15 five months without gelling or solldlfylng. '
' ' o EXamgle'3 ' '
The reaction products according to the present
~ invention as made in Examples.l and 2 were tested along-7.
 with other flocculants, naﬁely alum and ferric chloride
20 (FeCl ) in the treatment of river water'to remove solids.
The water employed was from the Yadkln Rlver. The results

U - are set forth in Table 3.
o B Table 3 | ‘ |
Treatment Dosage(gg  Turbidity (NTU) Color (APHA UNITS)

- 25 None - - _ 17 _ 50
PR : Control . ‘ ' _ :
a Alum 1 14 20
| o FeCl 1 - 17 30
L) Examgle 1l 6.8 -8 ' less than 1
_ - 30 Example 2 9.6 : 7 ' 2

The data in Table 3 shows that the products made
according to the present invention substantially reduce
the turbidity (in nephelometric turbidiﬁy units) from 17
down to 7 or 8. Similarly, the colour in APHA (American

35 Public Health Association) units (which are based on a
Pt-Co standard) is reduced from 50 to 2 and lower.



30 Ie 2 9. 6 T ' 2 'The data in
- Tabl(ey{3,/shows that the products made accordlng to the present invention
sub |aIIy reduce the turbidity (in nephelonetrlc turbidity units) from
17, .down to 7 or 8. Simlarly, the colour in APHA (Anerican 35 Public '

Health Associ ation) units’ (mhlch are based on a Pt-Co standard) is .reduced -

ffrom 50 -to 2 and | ower. 15 - Exanple 4 The reaction products according
to the present.invention as nade in..Exanples 1 and 2 where tested to
renmove humic acid from water. Thetﬂuntc acid was present 5 in an anount of
500 ppm The results are set forth in: Table 4. TabIe 4 Product -

% Transm ttance Treatnent _ _ggmagg_ippn) R .of - Vﬂstematet'
Super nat ant None - . c ' 0 Product
85 Eéggp|e 1 . The rek@fion produ%Efchcordin to thﬁﬁbﬁﬂgén ' 500
73 800 invention as made in. Exampl loééahgnwhere tég%ed to - ) ggnf%e

| ‘data i nrémbive huiituatidt & somheategnlfTheuuuﬂicxanﬂduwag;pﬁébaﬂt obt ai ned by
‘thesegr ﬁﬁck 09 BLAUUEES b ﬁé,l_tt.tef@a 'ﬁggsﬁigsA{% %&'-&JH@Q% he Water at

“relatlv ow concentratio
.'Table 4 : . Lo : 3 : _,' . . 7
o Product D Transmlttance e '
‘Treatment Dosage (ppm) ~ _ _ of Wastewater Supernatant
None - - h o SR B 0
Product of . -~ = o . L
Example 1 500 o L 71 '
: o - 800 R 90 - -
: 1000 = . ) o 90
Product of S o I _ '
- Example 2 B 500 S _ 73
o 800 S o 93

1000 . . 95

_ The data in Table 4 1llustrates the 51gn1f1cant
flocculatlng effect obtalned by these reactlon products in
‘10 removing the humic acid from the water at relatively low

concentrations. o | . A



1. A method of fornmi ng an aqueous sol ution of a tannin based pol yrrer '
conpri ses heating an aqueous m xture of at npound
contains, or is: capabl e of generating underar[’lmn”umzllnﬂuumm& tions,
primary am no -group, and an al dehyde or a conpound'whFchsgeherates -an ~—
al dehyde group under the reaction conditions, under acidic conditions, the
nolar ratio of the primary am no groups of the an-no corrpound to the tannin
~‘repeating unit being from1.5:1-t0.3.0:1, at [err] 10 -until the reaction

product which fornms has a viscosity whithlfs~within the key intermediate

Vi scosity. range forcm‘g__eactlon system sai d range being that for the said

system whi ch permTS (he resu g uct to . have desir shelf-dife, and
(c) terminating the r dact h)ﬂ'ﬁfth@ﬁ Pﬁegiﬁmwgcﬁgl FURes rse%'hté’tf oé
condi tion speci fua-:rduabcbaese@n@olyiuenewbsahyeomﬂ;uses ngeahing @ cmtmmment of

t he | id to 2Q . % |
2. © Al%t hodoacgnor | ﬁ% togchag } wﬁ tQﬁ;Hb‘ Ié&llégo‘y‘% %ﬁat} rrét;(:zl'::ftaé't%‘ﬁgl o

vi scosity range is qarahle ©of 3@0e6ﬂ§1MeH“ﬁﬁésEP§d‘%?°t1°T 597 briops, a
Brookfiel d LVE \g5iaitsi @mind grbupht Bad ancaldehgdé cocl ai¢onipaund whitadr ei n

¥h d t | |
or 2 wher o1 s FEnAF s 37 JH0EhOReGrolp, onalF BRE PEELLE bl Ui |
tri met hyl ami ne cindenmiacigtie ceaddgfions., th@nﬂ?héﬂ Betip d¢f’|gtt!% REAMaRe of -
Claims 1to 4, wherdd @H@@'d*efﬂ‘l@eah&nﬁoﬁﬁﬁbdﬁhﬁd% €he t’aﬁﬁiﬁ%ﬁé‘aﬂfrﬂj ng

R M e S T S R C T T N

one of clai na10 drmtid - theerrear tiilon @modactowpcnuhdfosmanham avisgbsiky _
primary amne gréH’inrI 9 d WP Ee2keyI 1H@b§:m€8!t§£er@iéeoé§t§ IR for’ 1

to 2 0: 1.
the reactlon system, said range bemg that for the said -

system which permits the resultlng product to have desired
shelf-life, and (c) termlnetlng,the reaction when the
15 viscosity has reached the condition specified above and,
if necesary,'adjusting the solids content of the liquid to
20 to GQ% by weight and the pH to a value of less than )
3.0, R o o
 ' " 2. A method according to claim 1, wherein the key -
/20 intermediate viscosity range is from 2 to 100 cps when
L - measured at 130°F (82°C) on a Brookfield LVT viscometer.
3. A method according to claim 1l or 2, wherein the
amino compound is monoethanolamine. '
_ 4, A method according to claim 1 or 2, whereln the
“ o ' 25 amino compound is methylamine, dimethylamine or
R ) - .. trimethylamine or a mixture thereof.
€ ' ' 5. A method according to any one of claims 1l to 4,
wherein the aldehyde is formaidehyde.

6. A method according to any one of claims 1 to 5,

30 wherein the mixture is heated to a temperature of 175° to
_185 ¢ (79° to 85°C).

7. A method according to any one of claims 1 to 6,
wherein the amino compound is an amine and the primary
amine group to tannin repeating unit molar ratio is from

35 1.7:1 to 2.0:1.



- 17_-. : |ng to any ‘one of clalns 1to 7 mhereln the

n.is a A met hod according to any one of clains 2
) erel Mﬁj@ am ‘“L'nperature is 175-185 F (79-85 G, 5 the .~ '

Lcps, the final solids content is 35 to 45 weight % and

. |s 1 7 to 2.6. 10. A nethod according to claim9, wherein the
-solids content in step (c) is adjusted to 40 to 45%by weight. 10 = = 11.
~A nethod according to claim9 or 1037wherein the pH of the reaction product
in'step (c) i's adjusted to 2.3 to_2.6. 12. -~ A nethod accordlng to any one
of claims 2 to 8. oA methodpagrerdingd: ke ?B&c??%ﬁ°fé%¥é&%ﬁLﬁ Q4 475 [err]
(79-[ err] whekeinh@ne tannihyisSa québrapho pordéinal solids content '

38- 32 wei ght percen e C rding to
. claim 12, mherel ghBQ 3%8 #51%3 t§4agy °ﬂ%t%%d€%£E ?8? éb td clalnll
substantlamey-'ea-s! zoedceecrtbeo tﬁmaayabneeoism@fkw e(;79-1i85 C)An aqe

- solutiony Uhe? vii#00e1 £92180 3804 Y TBDs INEREVEL nd D SELIAY SoESEs 255 claMed |
i n.any one the precedin ss for treati-ng wastewater

¢
by the 25'%H&ﬁtﬁ8ﬂ95F 3 FFchhFaHF 1Fhe 7I58cgf§nt bei ng the aqueous
* solution of a taMnlnAbaeedonohyuardangctalcbdzmnsplwhénéfh the '

solids content in step (c) is adjusted to 40 to 45% by ; S

)

]

‘weight. _ : : _ : - .
10 11;” A method according to claim 9 or'lo}'wherein ] }u/_
" the pH of the reaction product in step (c) is adjusted to . .

2.3 to 2.6. ' '

_ 12. A method accordlng to any one of clalms 2 to 5,
.. wherein the reactlon temperature is 175-185 ) (79-85 C),
15 the v1sc051ty 1s 4—15 cps, the final sollds content is
38- 32 we;ght percent and the pH is 1.7 to 2.6.° '_
13. A method accordlng to c1a1m 12, whereln the pH
1s about 1.9. _ _
- 14, A method accordlng to claim 1 substant1a11y as
20 described in any one of the Examples. '
' ' 15. An aqueous solutlon of a tannin based polymer
_ whenever formed by a process as claimed in any one of the .
. preceding claims. - . : | .
' 16. A process for treatlng wastewater by the'_ '
-25_add1tlon of a flocculant, the, flocculant being the aqueous

a4

solution of_a tannin based polymer as clalmed in claim 15.




