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rel ates generally to wastewater treatnent ancm“mﬂmmm cularly, to a
conposition and nethod for simnultaneously precipitatiang netal ions from
sem conduct or wastewater and enhancing mcrofilter operation. BACKGROUND OF
THE | NVENTI ONCOMPOSITI@NJIAND| MPTIEOD POR COTMULTANEOUSDENERECIPEIMAT I ,

copper was not foummdTay NS WROR dmw@wémﬁxmlayer
m crochi ps by the senm congihRErEIMeE % FIﬂ?ﬁRe?P t ?Bhbelng used as a
ecause of Its

replacenent for alum num and tungsten ower electrical
resistivity. In the process of manufacturing nultilayer chips, there are
many steps includi ng t he deposidizah @F g dirgimeitdg | ayer (silicon

di oxi de or | owk meric),, etching the Int er connect pattern (trenches and
vias) into the dlqgﬁl(%tlr‘}vce edé%(?ﬁ BESE IS Do vaRieat $% o t he
trenches an(ir\EaadmerEtmiam:h,emmfd p’éi(ﬂ‘iaﬂﬂ@a-llypolucsm Ngorfgdd)t ien r&AAvVe excess
copper and creat e ev C reat.i on of the next_layer of

t he chip. The st ep Sl%smgl(L:’{:aonae %ﬁﬁ} g)recqtpgiéc a&'slen%fra) St sjh?rh% Bﬁa and
proprietary Mmmdﬁg:tﬂmmasisemecfn acdthammnmaecmﬁlhsesuch as

al um na, oxid g%r&taq._l%h as peroxide, chelants such as citrate, and other
additives su as corrosion i nh| b| tors Ther ef ore, the resulting wastewater
contai ns chel ated copper, 0R&a8 HNIBEHS| ve solids. The

hL:
presence of the apjmsi \Aﬁuécaémcgsmémwtd@ QNS 10 e POOIROO0 U/ L nakes
this wastewater, different than the ratpl cal [nst al - cont ai ni ng vvastevvater from

el ect r opl at iTRFYIRHOHY 0 rOPRRIS (R He Wag SRR stEPoF B crochi p
manuf act ur e presduatairgn vé flehyl whidparedt mm&h@mrbglm s cyndeaposi ti on
andtheCNPto ig P& | uted by
rinse water durin &e}; %&5}9«?10 %q'fdod(;qje%%ar%%| SHi n 2 ﬁ‘sfié:ijér“gé'(rﬂn’tﬁto¥E % nse
wat er used c@lwnmmgn@tmnmram%@au&e ﬂ i s IJetw#E electreioadt ewat er.
Several pol ygt; Ghem sy ! esn haye ﬁ%?&dbéb’s%t s A £2¢ L WBSAS WAL BE 1 £aYLRI Ni ng

transition net aI conpl’exes, such as qcﬁ(:‘;p - et hyl ened| am net etraacetl c acid
(EDTA)) resfiRiBgy ithe¥R FFIPY 4t IRG FLPASRRFLEHPRISE These
pol yner cherdisd rdsl €ont i nlaywmmimtdmmdéyofthcmn be reacted with
carbon disulfi etoformd| 1o r bamat DIC fu nal napolyrrer
backbone. ORP Jpco)l'yn%'f’ Ct(;;i"aerb cef Q%% f?m“."? {i‘ {:J_»&%CR

et hyl enedi ch‘lmdl*dma)nmmta WMcrmq)dlw,, @.%P@%Stl@be@fl fAopp8r
Patent No. Efné‘tg'ﬁ Oﬁr?t ThRe POLYER £li SCd ARk | rhﬁ@echgﬂécwtﬁ@&haﬁleahow
nmol ecul ar wei g ?1

ranched material. Oher polyner bones
sui t abl e forp%iﬁkﬂré%t PW TP TSNP HEFT | SRPPFE %’E@ ‘E’ﬁ"eate a

pol yet hyl enim*ﬁél(sﬁﬁ'ﬂa@@yﬂﬂcbr des o¢ iderh i dfo;heE’aaheJat Noyeb, 387 +Be5, the

epichlorohydrln an upction C yner disclosed in
U S. Patent d%‘% éi%% E%p %O%g%elan%g?ﬁ yaI ‘Pg%atrgn?ne pol yner
taught in ER>®15811111®4PMS @@mx@ptmmmhl@b 9ﬁe$11¢héh¢§twhé§h

however, thergnisg %Magloéegoipas NEYEIPOd & "B SmERAT abRi 88nPECouch as
functi onalltl es V\er‘l ectively treat wastewater and possess ot her

desirabl e atRPe¥euies. sﬁBﬁ1§§tFo§\P‘F}év%$ CHraFeduepd |‘ﬁ’b}ﬁ?FtP% 1gévesg.

sodi um sul fi gechWag C@otﬁob%hclﬁnﬂbim&s snethéngforee! aheveeeasemfg
manuf act ur e to avo

‘Se. .t he ouUsS anmoni a in. tht\_/ ene l.ori de and
o amar T v Para®, BERES b0 SRR REPER BRPEE D R oA n R aRE by Ve o,

U S. Patent &bhd 8bBd6i6&7sdesdsi beThe heresenoé @bl yher sbrasiwenswed iG6C
functionalitjes t a u enoval
of "pr eci pi t o BacRBrTRET Rk L8R IBE 200 S0 g il R0l 8 UAREAURRI: ™
However , thedlﬁéerpat—ehbadoébenéYPGI@%brm%*ealh@OGEéléf-nguWﬁslééwyﬁérrs for

si mul taneouskizoﬂr ggégtgabuggl;}gt 8betQPsong16 (>il; ;i ?~1~3 3 from

sem conduct or wast ewat er - and enhancing mcrofilter operatl on.
Wastewater, from the metal-CMP step of microchip

)

manufacture, can vary widely depending on the original
slurry composition and the CMP tool design and operating
parameters. The slurry is diluted by rinse water during
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There are two paraneters of concern during microfilter operation. Ong# EAR j0i3
flux which is defined as the flow of purified water divided by the menbrane
area. In mcrofiltration, one way of expressing this is as gallons of pure
wat er per square foot of nenbrane area pé& day or GFD. Anot her way of
expressi ng @MlﬂdhnmmrnmmmIdmgunMM®ﬁhrissélwmtdkvbded HEtb&&ﬂ&e@EWbrane
pressure (Tl}{lFé) lPearr{Heaéglléé%/vé ssgffggtigbgé %rr‘g%l i %]egt V\/m ch takes

i nt o account gﬁanges em pressures. StATFIFGX an S b|||ty are
used to descrlbeSﬂﬁﬁ#ﬁ&ﬁﬂ@ﬁymﬁrwﬁh@mishrbaghhaw@ iresbr ased howevemt t hey
are not int gy T&ﬂﬁ%rtPﬁﬁéﬂFi% flraancehBibgesd! kispassage.
Ceneral | y speaki ng, ose e mcrofilter is to Separate sollids
fron1||qU|d§QHPQ¥TﬁHWy%Rﬂ 4%W#n%k%ﬁnéécﬁﬁécnﬁ§ﬂ@fHFP@A hageguditdmionct

cutof f size j( ant NG-d& 0 BPPLOXI OB Ehy Qe%a&OF%ﬂ%&&ﬁ%9@§d§epe&@b%% on
met hod of manufacture), only particles |arger cutof f are retained,

in theory. MAWSMRET GREMLSEHELT LRNERLA amaﬁ%ﬁﬁr NECchieagddsy, that

percent age afart ftﬁétﬁéﬁtédﬂ\hﬂ@h%ifb@ﬂsﬁﬂshﬂ.(ﬂi@lé tlee faRmbr ane. Theref ore,

as the inituﬁ%:congﬁggratlon @% ﬁ er_.increases, .so too will the
absol ute val BT s (Bont e ?nSFl?HQ FEAGEACE RaPBFY™He per cent age
of materi al adlilmdngpassOondroucth phkyhett g5, ahcw&tem,dnemaﬁﬂﬁelargely t he
same unl ess d n ,
ﬁlCFOfI|traﬁ§%%P¢S usg€ﬂ$g§nggf%$%§?aégfﬁW@?Pg%s% %g?? i Plgggra medi a
filter. Thi 214 Lddreaikediin hTésSa BakentfBot p15|,r1t64arﬁ>@5per Toenpotl osy
operations gy & fuk ekl yntHgd egﬂyeﬁstgﬂel ikeehnhoghbeblilhs WERgLiant

therefore, to keep the mcrofilter in operating condition. “A ngjor
probl em wi t PigRIvIPranahednmakerhat - th@threp-’t B YRST Hacsheresul ed or

pl ugged wit hsdi b BO! £88. mdBisicapses whenf loarbor? dishlfidB J_:_%aufaeto
decrease in the un

K ff t, |
M croflltertaﬁ%r%ﬁi%%tgxﬂeﬁéméﬂﬁaﬁgga 398 & é%%%?‘@@%ﬁ i result in
hi gher fl ux Ratems Bod angér365neshbeEpeehlaac&nnhnmeandf foul|ng FI ux

ennancerrent 1068120k £nDECaNE R boflBeheatatt o RUN 1ot dyf | g

whi ch the eq Ulan ut  of service sing Its overa
efficiency. AcBorBahgny, Nes. méuﬁaobé58e§Pﬁa§(§QQ)%%%@¥Hbt&enew

wat er - sol Ub|ﬁ»‘oP?éﬂ'?laﬁ@ﬂéabB[L?ﬂePTQaﬁlgﬁﬁt iienal tg 3.§81V\’f1|6Qh maffectively
treats netals-contani stema&er and.possesses o her de5|r%b

| e
properties, SGER*LS EQFBQIFBQgP BPLEPSEuELS 5% P@I&Fiv& of
manuf act ure Bﬂdstﬂﬁlonedeedlfds/hequpd1semwnsuqqntaﬂnmn@nﬁHKlstlcs It mould
al'so be dES'f@RL&ERaEgexegewﬁ BRL ag%efcg JeiS el At AR Y
si nul t aneous precipifate u eav i'ons from sem con ct
wast ewat er cmsaf:ﬁs ngtasraéfegér§bﬂﬁd§téﬁebém%c%lqﬁ GrSofliaw éreV@é@r a:t-ﬁ on

SUMVARY - OF TﬁthWENIh@lthseBreée .1 RRkIn® N5 I5F e eGiradH G2 di8k ¢
matersoluble coniilnlng DT functlonalu%ées and the use of such a

pol yner in a EBH f Gredi iy anE&dEY VEr £S5 13k ITEATINE HENF, et al

i ons fron1seﬂbcandmdtohewgasewaheammmmmmlmnupuﬂykﬂnadachﬂqniﬂeamdubnhanC|ng
t he operatio CL e Y. t aj ni ng
DTC functlongfggﬁgég%f ?E&ZI Erea g%%%§§(éﬁl qﬂé?% %gﬂ r%%nli:c(%}{rltalns a
| ow | evel obeﬁGdGcErnﬁpmﬁﬁtles can be relatlvely ea5|ly manuf act ured and

exhi bits inprovedysal i @atbhaUg . Senanal icay i &eisdd S:tHéSJséNlﬁfn an
effective amount of this or a sinilar polymer confain

functlonal|tP@%YW§r§d&€6t?6n§€ﬁlPGWH&@H&t%&Eﬁkﬁﬁ&%ﬁ)gqqu¥ﬁﬁrﬁﬂ%%ﬁﬂﬁﬁ&
preci pitati opfokosabakl aelaawy amet @ubw@éﬂtﬂmédﬁtﬁva{h&ife\mtﬁlpﬂrﬁbted

h f filter, h =7
DETAI LED DESERIPHRCRPOR THRCPRIEHTCGY e preeaht 1P S5 vored o

a conposi ti oHoartenet the G2 7spatleranetmes ynqr edéperidtd nppesalasblaf heavy
metal ions f S ctQl d
enhanci ng t héﬁ%eg S’R‘%q%f tf%rm\ggr (R)A?‘VHI%\ mi:%%%n%%ﬁg%?% etsc%ei gf%@%nt
invention is a watersol uble polymer which contains DIC functionalities and
has the fornula: 1V I R wherein Ris Hor CS Z X' and X+ is an al kal

metal (such as sodium or potassiun), an al kaline earth netal or ammoni um
and n is the nunber of repeating units such that the polyner has a total
nol ecul ar weight in the range of from about 3000 to about 100, 000. The new
conposition is prepared by polynerizing diallylamne and then subsequently
reacting it with CS2 to form DTC functionalities on the pol yner backbone.
The diallylamne nay al so be copol ynerized with suitable nononers. For
exanpl e, the suitable nonomers may have an anionic, cationic or neutral
charge and may include acrylate, acrylam de or vinyl containing nonomers.
The synthesis is shown bel ow 1G ~~~r'"~:"I ~ Q3



6. ..NI HNMN H1-1 G_ NI CS!_S The amount of DIC functionaIZiﬁz%{gﬁ%
(i,.e., the percent of R as CS2 X+) on the polymer can be controlled and™*
shoul d be at | east about 5% and preferably from about 20 to about 70% The
resul ting water-sol uble polynmer containing DIC functionalities is nore
linear, i.e., |less branched, than other known DTC-polynmers using a

pol yet hyl eni m ne type backbone and contains a cyclic amne. Also, the

i nventive polyner contains only secondary3am ne groups in the polyner
backbone, preemdiagi ébgahersrt vaBrelvatrst akle 50dnuTnd Hhiceearhawat es and
t he subsequent degradation to sodiumsulfide . In accordance with the

met hod of t HPPrESERNT i nvention, either the new or a known water-sol ubl e
pol ynmer cont ai ni nthéd& advactwonpghirhines eixs usedtdne@esinmdhirdmeousl| y

precipitate solu heavy_netal _jons froms conduct or, t.ewat.er
Contat ni ng. A0 arve C5F T HRUERG  Bhhancio NE Pt ok o o CHGF oA Per . The
wat er - sol ubl@heof yomer o€ opuai s eBT@atenc tdionaldd bys tved meadbriane fageaul a:

R 2N- R wher ef ! SET ARt r - + i,
| ~?U3 7 an 3%}5%%5?115%%88? o%%%or"gﬁ%ggietx&re%%?éﬁ \;e(%?i%vegst hereof and R
is Hor CS Zelkpir xati BUsf WRKEFI PRt ATUESRcH oRs SEdMeMEaNSofaeSi un), an
al kal i ne eargdy @@l opr cROTDNRUBL heRe waki [dfedsiprelsRa mayr ttharulig recogni ze
that R2N-Ris a reﬁfatl ng Em i,n tmg,y% he wat er sol ubl e pol yners
whi ch may bePeEReRPhlE ¥ pFaEfPce Soft 1R &34 °8n F5PSFe MEBIRF 3PFc| ude t he
di t hi ocar banmtes herevarmees obPepalentbiialiltyt ad e scpalipatily | "enirmand zadd t he
epi chl orohydgj n_and. nul tifunctiQnal. _am ne cqndensat.,i on | ymer of U.S.

Pat ent No. é%%’?g%%ggt h%fcﬁf’s% gg’u ecct?fun\%nicghaqgsesl Acor o%‘a ed herein by
reference. Asresedrasrei Bothpdlyes ayicepeinmasddiliisymeast used fel ude t he
condensat i ony DOLyIBL ehspgsggageowfewme%n%@%'&% HachAIERN a.  Any

sui tabl e polyner contalnihg primary or secon m ne groups whi ch can be
nodi fi ed to BFRYEYt hFBEHr Bafaletf didErsiRnagadsd-emay Thies @& used in t he

practice of gheapeesenbsri B¥aBELANisTh1ISALYASRRYY Rindlralgys which may
be precipitated fromtgg sem conductor .wast.ewater. incl.ude co pg ., .hi ckel,

zinc, |ead, TREEHYY  chlfi BHFPSEEVEE, Shomishafddiéde t8nd i Eré‘é:et her eof
The abrasiselisdsi fisowhiichuidy bha pr ésdid daluthiensenBeardiset ahewast ewat er

: | ud | . - 1 . ' ‘ . . i . . it
{ner oof Ol BRaTeE A €8 bEE, AR AT, gt Bk Mt lhr R 2P o

These oxi damBPYa¥iuatepyt Asdi GM Podatme cxsitsasieipemdiag: gy awitded Bdr ogen
peroxide, fepshGraethak®, shhyehatitticAled MHAJdrC tdGnd) neulditidre agkd,

ot assi um hypochl ori.te, potassi um per nanganate,, a ni um per,sul f ate,
gmmni um pe)rlg?&?ﬁ‘gﬁflf aPQPtbgP%’eti %Oé"cﬁv(f?r péry dd nﬁr’%cic&,segé"rl ﬁgﬁtosul furic

aci d, pot asshembpanexproresskkat @ peeraenuegeosf] ftaiee totrellommiiide, will
ur eahydr 0gen, pet oxi, e, ROLASS MG MRl HLASS iU ONBLE) syanadi um
trioxide, oQ@genat eg wat ergjk ozonat ed wvater. and m'xtures thereof., l,r
|.~) ). 1 :-~concggtgagipnt Rbughe faed mater rieqreassent Sof tose Widdsent
the absolute value of the solids content of the permeate
water. The percentage of materials which pass through
the filter, however, remains largely the same unless
membrane damage has occurred.
In many operations, microfiltration is used to
perform the functions of a clarifier and a media filter.
This is because it has a small footprint and performs
these operations more quickly than conventional
technology. It is important, therefore, to keep the
microfilter in good operating condition. A major problem
with microfiltration is that the filters can become
fouled or plugged with fine solids. This causes the flux



i nventdi on, the oxidants may optionally be renpved fromthe wastewat ery \M}ﬁ
to. renbve these oxidants are generally known to those skilled in the apt"" 003
(See e.g., U S Patent No. 5,464,605). However, if the oxidants are not
renoved fromthe wastewater or if any oxitants remain, they may be reduced
by the met hod ofdadFedficedenithiendhitt ofNATRE WAESr Lsoltaien (fof § ekne to
cont ai ni ng DEe fdineinenal Miices i tdasefpedttabnam@mbemMrtiuividd 19§ fectively
preci pitate sol ubl ei‘%la\/'é' metal. ions from,sem.c nqhu%or wast ewat er
cont ai ni ng aBFaAd @G GLYE Sa i G i G o d 3 3‘1 aInde UK FoFigs ernd
operation. |Ldmyqy efietesethetthaierd heditCepokegmet Hewddder. t Flbe wast ewat er
in at |east an,anount eff.ectjve faqr, precipitating the heavy .netal ions from
t he wast ewat grn.ha‘ﬁfeemélad1 | tlisorclileos rsag)c%eoéonecg fseectlitv%eacr%-oel?n &S ]?e amount
si mul t aneousiof enilveen el miingr ofiildhe rt hep egatipoen tAd sarmumnto fgresterce han t he
metal preci p't}}?ézle{]}g; ai'H%‘Péfas%’&[ Q%%%@a?@ Lhepaghewater if it is

urther he

desirable to i ncreaset I'ux_“of “permeate tHrough the microfilter.
The adj ust nent of Adsafdngdrny bd e hdadealdley ipwldite kiR @i de & heewrt  of

mcrofilter QRAratli o i) AHARRE L Adnt A% i15HEe Dige RindRaloHer renesi fic
sensors. The DITC- pol yner can be added to thé sem conduct or wastewater by
any convent i WCW%}:Wﬁé‘fyer%%%%ﬁ&%’ﬁ@%%ﬁqec%rwaﬂ%ﬁtﬁi or to

the addition 0{d tgesd2Rel yled Addiarsar eorgestdesyashemtsy ,a thewpH of

t he wastewatel[ﬁa C%raef e‘rgabl Dbe ad}'[ ust ed tg_ Qetvween 4 acaﬁd 12. %\/bre

pref orabl y, T HayP BE0kH GIRHF 110 Fet FE0R T8 "nd 16 G (RBRIIRENY and

9 bei ng nost gprdfanpesred e lttidgeesl iofuid cephivatdos sthararteefigtise. in the

practice of t j ti.qn e illed in

the art. Suchffﬁvgé\gﬁ(i?l leérdg\ﬁleegc eﬁ%’ela%%%%%c%%%ﬁa%%%#ﬁé&m cgrtisll'é}lhjﬁerrbr ane

units, such assemf W&h @ REyWEhralgmdsenamalSPradiRitakat ek -~
~~1:5 ~u~ 9 diH\iS1e NESREC R -1 dds 1SR @fsfiic@thdtalod Readi &y pfdtter have

a nol ecul ar cutoff, sjze i'n the range of about 0.1 to about,5 mcrons and,

more pref er alSIGAL3PIME FRARFE V6 s P ERPAGHR PEGRArbHECThe present

i nventors hawpéhtascier ed a new wat er sol ubl e pol yner contai ning DTC

functionalities which effectiy t m wast ewat er, contai ns

a low |l evel of product inpuri Mbm%ﬁyﬁ{easi | y manuf act ured

and exhi bits i nprdlieal woisady/ | inparnd: sepdsadigectieal dot e i ogatabr eover,

it has been disQyed %fﬁﬁs{r Whsht A &l eald Ve dIUnOfi d 16 i fgntye or a

simlar polynmer containi'ng DIC functionalities is added to sem conduct or
wast ewat er,  thee shuFiah o RCIPMRT pit & Mer el LRI NEARLARIEY i ons from
the wast ewat g5réath erdwitee msliuife Madwf ineltarl AReTatirgn | Sertddeyedtodhi s
IS surprising, because pol rs .containing DIC.f.unctiopalities, are
negatively ch ?’%‘é%f"%&e hceaﬁfaéﬂ%taa%—a!s %’5 (,Sé’tl’llo I carbd;I%?’%CJd?% ‘E%i cally
used i n such apptattihen s & aridtald Breancenent. (See Water Treat nent
Menbr ane Processe ' Lt r i ald : r Foundat i on,
SThdVTR Gl M4 ﬁl\}ggeki:d’i% RY! %Idgﬁouétlﬁﬁzﬁ S

Lyonnai se des_Eaux, Witer Resear Commi'ssion of . ica, eGawHII,
1996, Chap. |BinColepABiiRe afd sbieite tS&&SatS TR OCTHRE % of smal |
nol eclul e pr ?%féﬁéﬁﬁtéﬂ,dkdﬁﬁﬁhiﬁ lhé"ﬂ:_!vi hie@ear &d@@rgpwiéiég,t I oni €
coagul ants is_known to those skilled in the art r tal, joon precipitation
and renpval f$3M WastebRitere sisRe B ialcttélrredjg\ﬁrrtg.e’flhl?’n%{) case,
however, sepatrapeoved esol ivdd [ linpuid sgpEreiicat eldosage nust 1 de. madeedor t he

coagul ant an h .t e : i ng J.evel i rsancy and
nmet al s | oadi gaglt1 %&%%‘Hc\géagﬁga%fpp?%gzu}%%g%%ay% iér%%‘rlglvazf %%%ﬁ?oﬁe consi st ency
of such perforeRbrENIRY IDWe Powtionalitieseds widdedd epigovkendictor

di minished perapabgafdiix Al Gl aneole bR {h Ust NG RGbyger s
contai ning DIC functionalities 1s the enhanced perfornance of nenbrane

uni ts rel ati VReRW peerdhtOFs (Seom 1ghe yastexpter Entheparernentyuality, as
wel | as the aRNSHSE ENEYr Upesttdiopeld YdmRERA th changi ng wast ewat er
conposition. Also, the quantity of chem cal used and, ultinmately, chem cal
sl udge produced, will be greatly dimnished with the DTCpol yner relative to
DMVMDTC and coagul ant. EXAMPLES The foll owi ng exanples are intended to be
illustrative of the present invention and to teach one of ordinary skill
how to make and use the invention. These exanples are not intended to limt
the invention or its protection in any way. Exanple 1 Preparation of

Pol ydi al | yl am nedi t hi ocar bamate (Poly (DAADTC) ) 24.25g of concentrated
aqueous HC1 were added to 24.25g of cooled diallylamne. The m xture was pH
adjusted to 0.6, and 11.62g of water and 0.25 nL of formc acid were added.
The solution was stirred and purged with nitrogen, then warned to 80C. An
initiator solution conprised of 3.71g of sodium persulfate and 5.7g of

dei oni zed water was prepared and added continuously over a 1 hour period

. . v Y g, .




The follow ng pol ymer product (S702-1) was prepared by using NALCO 603,

hi gher nol ecul ar wei ght et hyl enedi chl ori de-ammoni a condensati on poly r UR?MJ
(NALCO 603 is conmercially-available from Nal co Chenm cal Conpany) and
nodifying it so that it contained approximately 35% i ncorporation of DIC
functionalities. The resulting product was essentially a higher nolecul ar

wei ght version of NALMET 8702. (NALMET~ 8702 is commercially-available from
Nal co Chem cal Conpany). A 150 nlL sanpl e5of NALCO 603 pol yner was pH

adj usted to 9.1 using DErNAGH. Dt&&Rﬁéngﬁ beeTaHE agjusiredypol yner were
added to a flask,ﬁﬂgrg th a reflux, cdgdenser and magnetic stir bar. 35
nL of deionized ( ?eﬁﬁT rIPBRD RO % B RECHF AntC 02 245 BP S BEWPRX ~: ' ~

2A1 surfactammdvmeehaﬂdédrnexmulﬁhneeuﬁly|pwemwpnmmwmﬁd £0138Ceahdazy. 729

of carbon di | |ncr nents _over the
period of 1 ﬁ%%%i tergfﬁrﬁl Q% %%5%§§§%%%% k2 ert e g%é% '8n

t enperat ure @bsa$ayge601@dﬂ5@n@ndnthChmgtmh$engr@tlonedfaad heated for an
addi ti onal 3nb€ﬁ5§1lggf resulting cleax, golden, 1 ~spri JJ~."iHi t

;r 12 solution had a of 12,3 and a theoreti cal mer solids val ue of
28% (as the sodru%?%aFPWPOE&%h%Peoé he P%ﬁ$%ﬂﬁr@P$@Pgh€F PP oBUYRCETT02- 2)
was prepar edshyudsé ngoNWER KBAch acsht s Yot ahehcipbasul af ewehght version
of NALCO 60§% and no Ifﬁ £g it so that it contained approxinmately 35%

i ncor por at i oR®8f EBTCEPEMEL fonal i ties (NALCO 634 is commerci al | y-avai | abl e
from Nal co Chem cal Co y). The resulting product was essentially a

hi gher nol ecul ar wei ght i LMET~8702. The nol ecul ar wei ght of
8702-2 was hi gher than‘the | ar i ght of 8702-1. A 150 nlL sanpl e of
NALCO 634 pol ymer was pH adf usted\to™. 0 using 500 NaCH. 10OD. Qg of the pH
adj ust ed pol yner were adde
magnetic stir bar. 23.9 nL wat er, 27.35g of 50% NaCOH and 0. 18g of
Dowf axyf 2Al surfactant were ed next. The solution was warnmed to 34C and
15. 54g of carbon disulfide werg added via syringe in small increnents over
the period of 1 hour. After thRs addition was conplete, the reaction
tenperature was raised to 45C and the m xture was stirred and heated for an
additional 3 hours. The resulting clear, golden solution had a pH of 12.3

and a theore&hg%lﬂohyrrer 1SOLi 65 Val'ugn8fx27% (@5 416 5OtharBBatbudn.
General Experinental Conditions I’ all of _the mcrofilter experinments which

fol | ow (ExanPFe§04ium oxeRBEAAEIRMIx PR FAFREEDPJISFTERFDRLBL B&rmeability
hnfCFDE was aﬁedﬁiem?paaara @Qrtﬁsﬂﬁﬂﬁbeﬂﬁbﬁ ré@ébtﬁgg nﬁ&aeabubhty(%ip)
efined as t [ ivide t he, t ransnenbra ressure
expr essed |nE§§& F F. p?leE} gasp?rgPPXI ?Q}?%P?ar PoTPr Engen$§ i

~' ~JS 13rAngst efiddrdmt ebpetaBare, tpeaheabrlD@yOOPo) is expressed as: P
- G-D TNI Pn-, . Ap@ﬁgp&@@t@oﬁ BEQQEan? ”B?é §e8399 58&yﬂ€§&%&h@n under
various tenperatures. \Werev ossi bl'e he experinents, tenperature was
hel d constanﬁléﬁlﬁeQWPFecéﬁ§téhﬁntéuﬁﬁﬁﬂﬁﬁﬁethéeéﬁﬁhﬁésanWﬂFﬁxC§ué“?o

tenmperature. fw&ereTthﬂhceQahthtweg aﬁttﬁ@sgbbyﬂerce&beebhens wake nmade to
account for tenggyzture i nduce x change Pr ocedur e

A TI-70 bonchitupy LBruREc M BLaRe S61 CPBPEYESEE FOR BLrBt SERFPECE 5 it ter
Warrendal e, RAhoostki.tt #Fdrwekhmpleonthausustbht&pubsemdesi neywhiavie appl i ed
a short backpyl;sg, ét %%%&%H%Ee@r'HE8E¥§hScHQ§ Hssﬂd' gllnBEuHQe foll ow ng
exanpl es. The ba % rate % every 2 mnutes
and had a dua@ﬂWéﬁter @cryéa@eeenes vemVéssoatﬁénmpgemspemeas t h&he
mcrofilter wascpReral 8¢ isRo@n e@AbAUous recircul ation” node. Four liters
of feed solution were prepared freshly each day and pH adjusted to between
7.0 and 7.5 prior to adding treatnent, unless otherw se specified. It was
then conmbined with the treatnent, stirred gently with a spatula to m x
(about 30 seconds), pH adjusted if necessary and placed into the
mcrofilter tank. Tests typically lasted for 4 - 8 houxs. In the continuous
recircul ati on node, the concentrate and perneate streans were conbined in
the mcrofilter tank, giving a feed stock of consistent comnposition.
Typical slurry conpositions used in wafer processing can contain abrasive
particles ranging from50 nmto as Iarge as 300 nmin size. Based on a
vari ety of sanples E3!."" ~ " "l .1, ;' JJ




14 seen in this research group, it was decided that the Nal co standarqJ ,;,a,?,; .
solution would consist of 1000 ppm of 75 nm (0.075u) colloidal Si02 A 2008
particles (NALC~~ 2329, 400 silica mxture). The solution was doped with
copper ammniumcitrate to yield final Cg concentrations of 0 to 10 ppm As
can be seen in the follow ng exanples, in certain instanceg the
concentration of the slurry solids, the |ﬂent|ty of the sl
concentratio an t anld@iadr m xt ure wagch
oper ati ng co%ﬁs\of/{/‘Moﬂ E—f(; Wer exkept within the
par anet er s: Terrperatuﬂ;b 24 to 30 CPinlet 10 - 25 pSIg P 10 -
25 psig (TMP =0 . 6 tp 1 . 7 bar) Flow 2.5 gpm Because exp
pressures and TMP varied widely during some experinents, all ce
mcrofilter experinental results (flux) are reported in terns oi \
tenperature corrected permeability. Ceranmic Menbrane O eaning HPrHcédure
The nmenbrane was cl eaned when the clean water perneability dropped bel ow
the 450 - 500 GFDB range. All clean water fluxes were obtai ned using
MITi-Q~ purified water, as deionized water contained eno di ssol
material to foul menbrane pores. MIIli-Q water

hi gh purity wat ron1tap mgé@nizﬁgﬁihas been dei oni , A\reated
gg g tration. The cleaning

with activated carbgn;

sol ution consisted /of 2% 00 ppfe bl each. The sol uti was Mheat ed
to approximately 70C and r C|rcul ated through the nenbrane for N
approxi mately 1 hou After cooling', the unit was drained and rijhsed with
the MI1i-Q_;; water N J f~ ~~~"~ r "jiji~~ ~I .1 The pol yner £sBown
below in Table 1 were used in the follow ng exarrpl es. Table 1 Payner
Product CS2 | ncorporation % Sol i dsBackbone Mol. W (DA) | VNALMET 87023530500
to 10, 0000. 0O6NALMET 16895030500 to 10, 0000. 068702-13527100 to

20, 0000. 168702- 23 7100 to 30,0 GBe z 1722-1 7520 - .2530, 000(25 c
s) Pol y( DAADTC) 5015°€ 3B°H26 ﬁ&%ﬁ‘? éﬁ&aﬁlkfﬁ%ﬂ%s‘s} Cavaii®l e from

Nal co Chemi cphr€enpan§ Bf aNap@eryv X’ Deonl Fhenpiod ymend qeol yqeercs:rﬁml]ac‘and
8702-2 (prepaﬁadogs be Eéa’f%.%% Zbeae % r%aae?fé/@%)bl

DTC-deri vati ves | enei mne fromthe con sation p yner pr epar ed
from et hyl en@8Pehl % H@ éﬁauém'zrﬁm a. TB&t FeFP3 51180 WahRH 131U e om
Bet zDear bor np@fLyﬂ\'é§V@5ﬁtaE’A)LngSD'aCDfGndelibViaull\tQe@ ipolneatehlienriay ,ne (PEl) .

The DTC-derlvatlve of I 1 al DT pre ared above in
Exanpl e 1. Exa ﬁp ﬁ Fn £%§8$ ggg é£|§g&P§ %thhB}
menbr ane wasarrpnnyethﬁlasumgnehEYBBabdakbomestansblqsinmnSTrae @tdhiq on was

treated el thensyetn dhorlnyhd thianetbamp Eka 1. 1R 3, Pl yrmer

derivati zed to contal n dithiocarbanaie f nc ionalitles. was i ncl uded
in the testsS8SCRABENCAMAIR. IAPEPFoRPENEC PRLOTMEE PaMROTeRd at a dosage of

i(iflJ p}orr; hTabbeeamahﬁy %g@?bkﬁtﬁﬁlbheolfet&%@f??ﬁ.@ e war i gus chem s; r } Ies

0 ep ri c_products z owed incre ux
(enhancenentg ¥5389F5 AFgERe &ﬁtgggtéﬂ §EHHFP§:%%dfﬁééE&qqu§Q(§q

solution treateflidgeth DVDTC. Products with higher percent CS2 incorporation
such as Betz 1722:150 and sNALVET 1 1B82nePRbtAUEPD S &5% Wildsdddt this matrix

t han ot hexs.
invention, either the new or a known water-soluble

polymer containing DTC functionalities is used to
simultaneously precipitate soluble heavy metal ions from
semiconductor wastewater containing abrasive solids and
enhance the operation of a microfilter.

The water-soluble polymer contains DTC
functionalities and has the formula: R”,N-R wherein R~ is



? ~.~Fa-"; ~"1~-S 1G Nevertheless, it is expected that these productsi W:iR b3
enhance flux thxough the mcrofilter under optim zed conditions of netal
concentration, solids concentration, pH dosage, etc. Final copper
concentrations were less than 1 ppmin all cases. Table 2

Unt r eat edSodi unNALMET8702- 18702- 2Bet zNALMVET

- Sol uti onDMDTC87p21722-1501689( Bl ank) Avera a

Fl ux144. 0153. 2466. 8217. 8500. 0156. 1192. 1Mhx Cu i nPerm

eat 2. 40. 10.2830. 8k Y30 . XRUP  Bégil @B WAIVEBUBToRE wasd sdemigdt 4¥ieng t he

standard sl yifeh o Wik (GR0QD g, 02 anb0xPPsCah 2 TRGIRT arllich was fed

at a dosage of 200 ppm _Performance was tested at EH val ues. between 7 and
11. Tabl e 3 EHOWaUMARGIYELR ROTATAUY of21 et Fast PRge2¥Eix™8RRanS&ment

was gooddat aler)c_ﬁaia.{)’i!d. %Jcmd m%rlseﬂ iH thle g@p@rm@mnﬁe&bgﬁzaéuehlgft th$ o
untreated sqQlutjn)., was <O.S ppm.in.t perneate o S es. Table
3" Unt r eat edNAENER 8362 %0F GPROREBEANLSHID FHEHED TR = YAt &% pif =
11Aver agel44dMEH0. B4R iR OGAGIB 168 Md wddk GuPeheeatalt 46e064. 330. 1
Exanpl e 6 An .exper.i i0 ont aini 0 j 0 ppm Cu
was treat edr}v\?*% lvna"?%lggnd}gee? o) arli\lliﬁh}élald}‘%%zegghgggﬁ%%%ﬁjgg térmunt of
NALMVET~8702 dweeidert s @F reriprdil a indemirires epebnet by bemingneoengprhe20: 1
product/ Cu rati o)y }I;cno] ' | (&5 hags was e at
dosages Iess%#gqnl?fgcan re\c,i\(pfa{ox{}i éﬁhrtglrr%i/nacfd%%s@ﬁgﬁgﬁeénpﬁms(aﬁggﬁncr easi ng
the dosage reaiNmtesd 9% U-$ Patent Na. 15 3§itrdeBedtheudtisrhafivErest up to
about 500 ppyRPERAEtin dii$ KoRcaNtBRtiong raacéur t Agr upedf or mance

enhancenent was seen, sages at, or above the theoretical mnimm Cu
a1 emoved HOrUks TRy S pIROIA T U i TeRR Lot Sof O | BARAE BT

8702( Bl ank) 1€®n e SOO1 quin fodlGy e AXeyime 1oAY ef vora ethylenedichloride and

Fl ux117. 1207 i 47,1432, ' r : . 000. 06
Exanpi ¢ 7 THVBET Y DARDTO® b GHURY 7 B od SR0VE"1 0B amBRe%1 tins test ed
under st andageiceuiriY | Inkng O pH WISty ; cZ0 ppnmedifpe=te) fatrmvari ous

dosages. As $HoMMobehoNhdte TAM & Dondli 0SAGRS, F 80868 f 6081398 £@e600 ppm
fl ux enhancenment was seen relative to an untreated sol ution. Final copper

concentr at | gERGETER | RS SEAM AT IFE I HpIRY§REAA" cases. Table 5 Untreat ed600
ppmi00 ppnBO0 pprhver fobulk ¢ xHehd? Intdb. D422 . wivbxh Gayi bePer neat e

precipitated from the semiconductor wastewater include
copper, nickel, zinc, lead, mercury, cadmium, silver,
iron, manganese and mixtures thereof

The abrasive solids which may be present in the
semiconductor wastewater include alumina, silica, ceria,
germania, titania, zirconia and mixtures thereof.

Oxidants may also be present in the semiconductor
wastewater. These oxidants include potassium iodate,
potassium ferricyanide, hydrogen peroxide, ferric
nitrate, silver nitrate, nitric acid, sulfuric acid,
potassium hypochlorite, potassium permanganate, ammonium
persulfate, ammonium peroxydisulfate, peracetic acid,
periodic acid, peroxymonosulfuric acid, potassium
peroxomonosulfate, péroxymonosulfate, malonamide, urea-
hydrogen peroxide, potassium dichromate, potassium
bromate, vanadium trioxide, oxygenated water, ozonated

water and mixtures thereof.



2.4 0.01 0.04 na~ * not avallallle Exanple 8 NALMET~ 8702 was tested?far/? /i3
fl ux enhancenment and Cu renoval in solutions cuntaining alternate abrasive
solids. The solids tested were an alumina slurry (MsInT 1500 - avail abl e
from Rodel, Inc. of Newark, DE) and a fued silica slurry (Sem -Sperse 12 -
avai l abl e from Cahethdbgtparatiomet Bostéguirdent TOE tRst sreeegrdone at

1000 ppm sol,ids_and 10 m Cu. .1n addition,.the alumna slurry_was

pret r eat ed df?ﬁ“%d&“Jzﬁﬁ%;ﬂ%ﬁ?ﬁn%ﬁé%?¥i?%t%%n?%ﬂ%vBee§%@8§66x¥aﬁﬂts
present in the skhstewatBre pdaynertaasedosedtlads200xppants aré cases. As
shown bel ow i n Takl d.7 f nhancement S, seen ~i 11 18
relative togfﬁg¥&§93§§$5§ﬂ%BV%H%%Q%%I%#i%ﬁ%g gﬁrl % ?%@ ééﬁ%r?h%nt, Cu
concentrat i & S.n Pedemtatie wds, 4 @6s6Qhan HoppveX al Ufv nhe sbuidgntanaréess
than U. 1 pp f ER I \ 6 ' 0] LMET~200 ppm
NALMET~Unt rgggteggg%ﬁpﬂ ufgr% 0&{%%%3%-2&@%%%8%%1%%” | u‘?’f'“l{)?e gg\ul fiteAverage
Fl ux134497. #£9BipveEhecy May feg meede®ed 7oy Bheqregigod af sghe present 1. 41

ppm Cu was Sseflrldhe first sanple. Al sanples thereafter contained < 1
ppm Cu. Table 7 1000 ppm Funed Sjlicalntreated200 Pgm NALMET 8702Avera e
Fl ux181. 44 83. 27The jwahsr - Sy pPAbRper 3cqBtaining DIC

functionalities is dosed at an amount which will
effectively precipitate soluble heavy metal ions from
semiconductor wastewater containing abrasive solids and
simultaneously enhance microfilter operation. It is
preferred that the DTC-polymer be added to the wastewater
in at least an amount effective for precipitating the
heavy metal ions from the wastewater. The addition of
such an effective amount will simultaneously enhance
microfilter operation. An amount greater than the metal
precipitating amount can be added to the wastewater if it
is desirable to further increase the flux of permeate
through the microfilter. The adjustment of dosage can be
made manually by one skilled in the art of microfilter
operation or automatically by the use of polymer-specific
Sensors.

The DTC-polymer can be added to the semiconductor
wastewater by any conventional method, preferably before
the microfilter. Also, prior to the adaition of the DTC-
polymer to the semiconductor wastewater, the pH of the
wastewater may preferably be adjusted to between 4 and
12. More preferably, the pH may be adjusted to between 6
and 10, with between 7 and 9 being most preferred.

The types of microfilters suitable for use in the
practice of the present invention are generally known to
those skilled in the art. Such microfilters include
ceramic membrane and synthetic membrane units, such as
the U.S. Filter Membralox and the U.S. Filter Memtek



_ 0.1 Exanple 9 A test solution containing 2000 ppm funed silica OQ_QLHQ§
and 10 ppm Cu was treated with NALMET 8702 at dosages of 20d and 400 Bpﬁﬂ‘”j
Rel ative to untreated funed silica slurxies, the addition of 200 ppm of
treatment produced a flux enhancenent, as shown in Table 8. A higher dosage
of NALMET~ 8702 did not further enhance the flux. Cu concentration in the
perneat e sanples was below the detection |[imt. Table 8 2000 ppm Funed
SilicaUntreated"200 ppnlNALNE[ 8702400 ppm NALMET~ 8702Aver age

Fl ux181. 4347NB388; 6F CRRECLEY S -Perkfedte PLe iR RS d6ifoh- Tt ect abl e

" Ulnt (r]I eated dai@rbsfinatersgtauta: @n&\oqcal&ﬁmgﬁ R £0 smpmd ofn Luﬁ@drér%éé%\f

solids. 2000 o] une ilica salids is expected to ow performance

ohi oni s OnerBBE OB, el sheusCd, BB i S SR Orab Ry o TR | s

descri bed abpsrgencfonbpeatti on Iwtich eaftery ediaronl | ustrati ve enbodi nents,

t hese enbodi nents_are _not intended.to bﬁlexhqystive "< <L~~~
€

| o~ —»
19 limting of thg%angﬁfF ﬁ.ﬁ%ﬁﬁﬂﬁerﬁ a%%ﬂﬂﬁﬁcoveégd'a neweﬂf?er”

ion s intend 0 cover
al | alternat$0ésp}ﬁopbﬂ0mami@mmuaﬂhingnﬂmﬂeﬁunﬁﬁimnaﬁﬁmﬁ§WFﬁhiphts spirit
LA ND L A S R earBaire amRauhd B e ST I B SR s H or
CS 2X* and X¥owslawedl ledl Prsstudt, WpPuiKdleshe @ the negbat brebimeas by and
n is the nurhgnuehctepea iahd WilHi%H e h hwdvdddessrimorntabas a total
mol ecul ar meggggragi%gFéﬁg}(%teristics. Moreover, it has been
discovered that when an effective amount of the inventive
or a similar polymer containing DTC functionalities is
added to semiconductor wastewater, the simultaneous
precipitation of soluble heavy metal ions from the
wastewater and enhancement of microfilter operation is
achieved. This is surprising because polymers containing
DTC functionalities are negatively charged at the
treatment pH and cationic polymers are typically used in
such applications for f£lux enhancement. (See Water
Treatment Membrane Processes, American Water Works
Association Research Foundation, Lyonnaise des Eaux,
Water Research Commission of South Africa, McGraw-Hill,
1996, Chap. 16, Coagulation and Membrane Separation.)
The use of small molecule precipitant sodium
dimethyldithiocarbamate (DMDTC) with cationic coagulants
is known to those skilled in the art for metal ion
precipitation and removal from wastewater using a
microfilter device. 1In that case, however, separate
determinations of appropriate dosage must be made for the
coagulant and the precipitant due to changing levels of
dispersancy and metals loading. While coagulant products
may improve flux, the consistency of such performance
will be poor, i.e., there will be episodes of diminished
permeate flux and gquality. The advantage to using
polymers containing DTC functionalities is the enhanced

performance of membrane units relative to permeate flux



of from about 3000 to about 100,000, 2. The conpound of claim 1 whengj m.af03
| east about S%of Ris CS 1 X ~. 3. The conpound of claim1l wherein ;bout
20 to about 7Ui/a of It is CS-~ X . 4. A nethod for sinultaneously
precipitating soluble heavy netal ions fyy om sem conductor wastewater

cont ai ni ng ahyASidensld ct;ﬂ%fﬁ@%@% e R Al Hefe i GE OLLLEeT
conprising the steps of: (a~ adding an effective anount oL_:f wat ef - S0l ubl e
pol yner conPEHiIgnadidehi widdr bl i S torna ey emressieni ondukt se,

wast ewat er Gofd aluiiig APrasi Meamald ISiseelRi N Al thad up) eheavys et al

ions are selected from'he gro_ui) consi sting of coppex,_ nickel, zinc, |ead,
mercury, cadimitffe FIKBICeq r oft L hebRydieant Bhdimiaighed widdt ddte WR6rein
sai d abrasi yisahd:dsrar£: 58 ecd epMiiromidhaegHaummonsi sting. of al um na,
silica, ceria, germania, titania, zi rioni a gnd m Xt <ues thereof; wherein
said mcrofilter has a nol ecul ar cut in the range of,!about 0.1 to
about 5 m crons; The rfallpwing ~exanp s 2revhiartedndesdhith il er - sol ubl e

pol ymer containing.di Ll osarbamal e, dunet analdddes 4 aelecled fromihe
group consi St ng of po i-al Tyl am nedi t hi ocarbanat e, and wa er -3or ubt e

pol ymer s corsxd yrangy oﬁk%lbdm%atrmtmkéurﬁndm itheesinyarntign. These

et hyl enedi chlpidyis ATINI £ CONdensald A DAGKONG: e WIRIAIN GRIGL it

wat er - sol ubl e pol ymer contai ning dithiocarbamate finctionalities Is added
to sai d wastR¥RERFLIPN aF A2 f at | east about 200 ppm wherein said
wat er - sol ubl e pol ymer contai ning ditkikaspibamate funetioz~alities has from

about 35/a to about 50% CS2 incorporatjan;, wherei ai d enhanci ng the
operation of a m crotRI{ELYpet txlp%i?' 3 tﬁb‘qq‘?errl?f%”? ®t  of

Average Flux by an increase of at |kakg(BFARRLYt2 /day; (b) precipitating

sal d heavy metal E&"T‘Es;/%%?ﬂ é&%cé’ﬁézséz{@d Sf‘c%}?eé@?tﬁé’@t&ére{ h{c?cg@cﬁ fo
mcrofilter to rel x~0 e abrasive solids and precipitate eavy net al
ions. 5. The24re2hodobf cedbedh diphbybamingi d The erlsvitdIvw@p®Pyner is
sel ected fromiNgc@80L9 608PrAsE NG Wb &S 0bal L DY YOICXE s, CoNt ai ni ng
di t hi ocarbamate functignalities with an . )
formic acid were added. The solution was stirred and
purged with nitrogen, then warmed to 80°C. An initiator
solution comprised of 3.71g of sodium persulfate and 5.7g
of deionized water was prepared and added continuously
over a 1 hour period using a syringe pump. Approximately
5 minutes after the reaction began, the solution started
to exotherm and was allowed to reflux (106°C). The
exotherm began to diminish after 1/2 hour. Following the
completion of the initiator addition, the reaction was
heated at 80°C for another hour and then cooled. 10.3g
of water and a few drops of NaOH to adjust the pH to 7.5
were added to the cooled mixture. The final
polydiallylamine product was a golden color and had a
viscosity of 80 cps. The theoretical polymer solids (as
free amine) was 30%.
The following method was used to prepare a
poly (DAADTC) compound, such that 50% of the amine groups
were functionalized with CS,: 25.0g of the
polydiallylamine product prepared above were mixed with



et hyl enedi chl ori de-ammoni a condensati on backbone. 6. The nethod of c}aimi4ay;
wherein said water-sol uble polyin~er is polydi allylam nedithiocarbamate.

7. The method of claim4 wherein the microfilter has a nol ecul ar cutof f

sire in the range of about 0.1 to about 1 mcron. nr ~"~ 2 ~-~,.~

a.,~, i 22 8. The nethod of claim4 further conprising the stop of
a?djusting tl~e p~I of the sem conductor wastewater to between 4 and 1Z
prior to adding the water-sol uble polymerl containing dithiocarbanate
funetional itses & oof e yEESNVEH edol ik idhe e hotnDfo £l meéthdnblr vhee
conprising the step.of adjusti t he phl_of. t.he senj conduct gr v~astewater
to between G¥HY altgd%(ﬁit& #J%ssd%.@{%gaqyﬁelm]é}b DIRD %mf)ﬁl'y cont ai ni ng

di t hi ocar bareddi fimedl ohad id i@ 2% % haVamstsyuat bon @ére Thebaeghedtaly cl ai m
4 further conprising the st f justing.the pH of the sem gonduyctor
vuast ewat er Efr%ﬁ%%t%%eénh% ngln ep’r ?agﬂro%% wa%cﬁ % c?xf'n%p V\%.% e]rg(?‘é’g?ﬁ‘b'l gg‘gol ymer
cont ai ni ng detiiotaal barfkhe mirctionsdsd tilen tpladed wast awpagetiohl. The

met hod of clgmgé red , -S e r ngai nj
di t hi ocar borrf’rjlljfgleTé f uér(@t?ivgéla %?i%vﬁﬁddgﬁi&?&d t‘ﬁgé%r%t eﬁgt E_ejgz Bbe or ead(tiﬁg
mcrofilter.tA2thaHeedRE I o cFed bt ARSI § el efYESRERet BV eRasdt ewat er

furthelr COﬂEjﬁ}lﬁBu@X'éhaﬂi& I iihe tﬁi@t&'t?.drﬁ &f atfe 1@syhed@i hidhe @xi dants
are selected fr t he gropyp consj st pot assium.i odat e assi,um
ferricyani des,mﬁgﬂ]r?i@%‘ﬁ%ber%x‘??i%? f%ﬁ :%gcﬂprﬁ)t r%f‘ez,sééiﬁﬁﬁg HFFrggé? nitfric
acid, sulfurorderitdp kedm@sshensdiyoicdt diotagepedassi URE pernhhagasat e,

amoni um per syL{et g, ANECDLHN 2L OXgl UL for NELABELLE,AE! flasPer T O ¢

acid, peroxynonosulfurie ac ot assi um per oxonon
per oxynonosutfased wal45%@randeheld eawhykrogenr ped okPte? ponussi ufhe

di chromate, pPOLASEiNg BLOIR! Ego VAGRUHGI i Ok HEon OXYEeRAbEdoWRR Y, 2,

ozonat ed matggd a theoretical polymer solids value of 19% (as sodium
salt).

Example 2
The following polymer product (8702-1) was prepared

by using NALCO® 603, a higher molecular weight
ethylenedichloride-ammonia condensation polymexr (NALCO0
603 is commercially-available from Nalco Chemical
Company) and modifying it so that it contained
approximately 35% incorporation of DTC functionalities.
The resulting product was essentially a higher molecular
weight version of NALMET 8702. (NALMET 8702 is
commercially-available from Nalco Chemical Company). A
150 mL sample of NALCO 603 polymer was pH adjusted to 9.1
using 50% NaOH. 123.54g of the pH-adjusted polymer were
added to a flask equipped with a reflux condenser and
magnetic stir bar. 35 mL of deionized (D.I.) water,
36.5g of 50% NaOH and 0.24g of Dowfax$ 2Al surfactant
were added next. The solution was warmed to 34°C and
20.72g of carbon disulfide were added via syringe in
small increments over the period of 1 hour. After this
addition was complete, the reaction temperature was
raised to 45°C and the mixture was stirred and heated for
an additional 3 hours. The resulting clear, golden'
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General Experimental Conditions

In all of the microfilter experiments which follow
(Examples 4-9), membrane flux in gal/ft’/day (GFD) or
permeability in GFDB was used to compare performance
data. Membrane permeability is defined as the flux (in
GFD) divided by the transmembrane pressure (TMP)
expressed in bar (B).
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p
temperature Where tlght control was not possible,
corrections were made to account for temperature induced
flux changes.

Ceramic Microfilter Procedure

A T1-70 bench top ceramic membrane Microfiltration
Pilot Unit (U.S. Filter, Warrendale, PA) outfitted with a
continuous backpulse device which applied a short
backpulse at designated intervals was used in all of the
following examples. The backpulse was set to operate
approximately every 2 minutes and had a duration of 2 - 3
seconds. Unless otherwise stated, the microfilter was
operated in a "continuous recirculation" mode. Four
liters of feed solution were prepared freshly each day
and pH adjusted to between 7.0 and 7.5 prior to adding
treatment, unless otherwise specified. It was then
combined with the treatment, stirred gently with a
spatula to mix (about 30 seconds), pH adjusted if
necessary and placed into the microfilter tank. Tests
typically lasted for 4 - 8 hours. In the continuocus
recirculation mode, the concentrate and permeate streams
were combined in the microfilter tank, giving a feed
stock of consistent composition.

Typical slurry compositions used in wafer processing
can contain abrasive particles ranging from 50 nm to as

large as 300 nm in size. Based on a variety of samples
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As can be seen in the following examples, in certain
instances the concentration of the slurry solids, the
identity of the slurry solids, the concentration of Cu
and the pH of the standard mixture was changed.

The operating conditions of the microfilter were kept
within the following parameters:

Temperature: 24° to 30° C

P imec: 10 - 25 psig

P outlet: 10 - 25 psig (TMP = 0.6 to 1.7 bar)

Flow: 2.5 gpm

Because experimental pressures and TMP varied widely
during some experiments, all ceramic microfilter
experimental results (flux) are reported in terms of
temperature corrected permeability.

Ceramic Membrane Cleaning Procedure

The membrane was cleaned when the clean water
pexrmeability dropped below the 450 - 500 GFDB range. All
clean water fluxes were obtained using Milli-Qf purified
water, as deionized water contained enough dissolved
material to foul the ceramic membrane pores. Milli-QR
water is 18 megaohm high purity water produced from tap
water that has been deionized, treated with activated
carbon, UV light and particle filtration.

The cleaning solution consisted of 2% NaOH and 1000
ppm bleach. The solution was heated to approximately 70°C

and recirculated through the membrane for approximately 1
hour. After cooling, the unit was drained and rinsed
with the Milli-Qi water.
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Table 1

% CS, Backbone
Polymer Product incorporation % Solids Mol. Wt (DA) v
NALMET 8702 35 30 500 to 10,000 0.06
NALMET 1689 50 30 500 to 10,000 0.06
8702-1 35 27 100 to 20,000 0.16
8702-2 35 27 100 to 30,000 0.26
Betz 1722-150 50 - 76 20 - 25 30,000 {25 cps)
Poly{DAADTC) 50 15 - 20

NALMET 8702 and NALMET 1689 (available from Nalco
Chemical Company of Naperville, Illinois) and polymers
8702-1 and 8702-2 {(prepared above in Examples 2 and 3,
respectively) are all DTC-derivatives of polyethyleneimine
from the condensation polymer prepared from
ethylenedichloride and ammonia. Betz 1722-150 (available
from BetzDearborn of Trevose, PA) is a DTC-derivative of
polyethylenimine (PEI). The DTC-derivative of
polydiallylamine (poly(DAADTC) was prepared above in
Example 1.

Example 4

In a series of experiments, the flux through the
membrane was monitored using the standard test solution.
The solution was treated either with
dimethyldithiocarbamate (DMDTC) or with a polymer
derivatized to contain dithiocarbamate functionalities.
DMDTC was included in the tests as a benchmurk. All
polymeric products were fed at a dosage of 200 ppm.

Table 2 below summarizes the results for the various
chemistries.

All of the polymeric products (except Betz 1722-150)
showed increased flux (enhancement) relative to the
untreated solution and relative to the solution treated
with DMDTC. Products with higher percent CS,
incorporation such as Betz 1722-150 and NALMET@1689,

performed less well in this matrix than others.
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Untreated| Sodium |NALMET |8702-1{8702-2 Betz NALMET ~
Solution DMDTC| 8702 1722-150 1689
(Blank)
Average Flux 144.0 153.2 466.8 |(217.8| 500.0 156.1 192.1
Max Cu in
Permeate 2.4 0.1 0.3 0.1 0.8 0.2 0.0
Example 5

NALMET 8702 was studied using the standard slurry
solution (1000 ppm SiQ, , 10 ppm Cu). The product was fed
at a dosage of 200 ppm. Performance was tested at pH
values between 7 and 11. Table 3 below summarizes the
results of the testing. Flux enhancement was good at pH
7 and 9 and poor at pH 11 (approaching the wvalue of the

untreated solution). Cu was <0.5 ppm in the permeate of
all samples.

Table 3

Untreated NALMET 8702

Solution

(Blank) pH = 7 pH =7 pH =19 pH = 9 pH =
Average 144.0 466.8 430.1 400.0 576.8 168.1
Flux
Max Cu
Permeate 2.4 0.06 0.33 0.1

Example 6

An experimental solution containing 2000 ppm SiO, and
10 ppm Cu was treated with various doses of NALMET 8702.
The theoretical amount of NALMET 8702 needed for Cu
removal under these conditions is 200 ppm (20:1
product/Cu ratio). As shown in Table 4, flux enhancement
was noted at dosages less than required for Cu removal to

less than 1 ppm Cu. Increasing the dosage resulted in
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Example 7
The poly (DAADTC) product prepared above in Example 1
(1000 ppm Si0,; 10
pem Cu; As shown below in
Table 5, flux
enhancement was seen relative to an untreated solution.

was tested under standard conditions
pH = 7) at various dosages.

at dosages ranging from 300 to 600 ppm,

Final copper concentrations were less than 0.1 ppm in all

cases.
Table 5

Untreated 600 ppm 400 ppm 300 ppm
Average Flux 144 521.5 505.9 422.3
Max. Cu in
Permeate 2.4 0.01 0.04 na*
* not available

Example 8

NALMET 8702 was tested for flux enhancement and Cu
removal in solutions countaining alternate abrasive
solids. The solids tested were an alumina slurry (MSW
1500 - available from Rodel, of Newark, DE) and a
fumed silica slurry (Semi-Sperse 12 - available from
MA.)
1000 ppm solids and 10 ppm Cu.

Inc.
Cabot Corporation of Boston, The tests were done at
In addition, the alumina
slurry was pretreated with 600 - 800 ppm of bisulfite to
The

As shown

remove excess oxidants present in the slurry.
polymer was dosed at 200 ppm in all cases.

below in Tables 6 and 7, good flux enhancement was seen

10%.#L& ()- , s109 Jr%%é) .310%#L& ()- (YMLO%H#L& () -
10% " & () - Mbf gggag" g_2vl Yo T10mmie 10% #L& () -
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109 #L& () - 10% #(Bkdnk) - 1000 #b&' ( B0 pem 500 ppm 700 ppm
BeGge BQYROSALOV _ 109@ALE' ()|-;297.5 | 18BAGHLE @Y1.1 10%3AR () -
MDBIG#ih &e(mpeaBy [ 9\ 9] 0"0_g gagoS7 10PA#L& () -
1.92 2.56 0.02 0.00 0.06
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experiment, Cu concentration in permeate was less than 1

ppm (alumina slurry) and less than 0.1 ppm (fumed silica

slurry) .
Table 6
Alumina 200 ppm NALMET" 200 ppm NALMET"
Untreated 8702 plus 600 ppm 8702 plus 800 ppm
bisulfite bisulfite
Average Flux 134 497.4 498.2
Max. Cu in Permeate {3.77 - 6.04 0.89 - 1.41* na

*1.41 ppm Cu was seen in the first sample. All samples thereafter contained < 1 ppm Cu.

Table 7
1000 ppm Fumed Silica
Untreated 200 ppm NALMET 8702
Average Flux 181.4 483.2
Max, Cu in Permeate 3.12 0.1
Example 9

A test solution containing 2000 ppm fumed silica
solids and 10 ppm Cu was treated with NALMET 8702 at
dosages of 200 and 400 ppm. Relative to untreated fumed
silica slurries, the addition of 200 ppm of treatment
produced a flux enhancement, as shown in Table 8. A
higher dosage of NALMET 8702 did not further enhance the
flux. Cu concentration in the permeate samples was below
the detection limit.

Table 8
B 2000 ppm Fumed Silica
Untreated* 200 ppm 400 ppm
NALMET 8702 | NALMET 8702
Average Flux 181.4 347.3 338.6
Max. Cu in Permeate 3.12 0.06 non-detectable

*Untreated data is for solutions containing 1000 ppm of fumed silica solids.
2000 ppm of fumed silica solids is expected to show performance which is the

same or worse than 1000 ppm.

While the present invention is described above in
connection with preferred or illustrative embodiments,

these embodiments are not intended to be exhaustive or
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1. A dithiocarbamate compound of the formula:
/(’Z:{F
|
R

wherein R is H or CSX" and X is an alkali metal, an aikaline earth metal or ammonium, and n
is the number of repeating units such that the compound has a total molecular weight in the range
of from about 3000 to about 100,000,

2. The compound of claim 1 wherein at least about 5% of R is CS% X",
3. The compound of ¢laim 1 wherein about 20 to about 70% of R is €S> X

4. A method for simultanecusly precipitating soluble heavy metal ions from
semiconductor wastewater containing abrasive solids and enhancing the operation of a
microfilter compnsing the steps of:

(a) adding an effective amount of a water-soluble polymer containing

dithiocarbamate functionalities to semiconductor wastewater containing abrasive solids;

wherein said soluble heavy metal ions are selected from the group consisting of copper, nickel,

zinc, lead, mercury, cadmium, silver, iron, manganese and mixtures thereof;

wherein said abrasive solids are selected from the group consisting of alumina, silica, ceria,
germania, titania, zirconia and mixtures thereof;

wherein said microfilter has a molecular cutoff size in the range of'about 0.1 to about 5 microns;
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wherein said water-soluble polymer containing dithiocarbamate finctionalities is added to said

wastewater in an amount of at least about 200 ppm;

wherein said water-soluble polymer containing dithiocarbamate finctionalities has from about

35% to about 50% CS; incorporation;

wherein said enhancing the operation of a microfilter operation means increasing the amount of

Average Flux by an increase of at least 48 gal/ft* /day;

(b) precipitating said heavy metal jons: and
(c) passing said wastewater through a microfilter td remove the abrasive solids

and precipitated heavy metal ions.

5. The method of claim 4 wherein said water-soluble polymer is selected from the group
comprising water-soluble polymers containing dithiocarbamate functionalities with an

cthylenedichloride-ammonia condensation backbone.

6. The method of claim 4 wherein said water-soluble polymer is
polydiallylaminedithiocarbamate.

7. The method of claim 4 wherein the microfilter has a molecular cutoff size in the range

of about 0.1 to about 1 micron.
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10. The nethod of claim 4 further comprising the step of adjusting the pH of the
semiconductor wastewater to between 7 and 9 prior to adding the water-soluble polymer

containing dithiocarbamate functionalities to the wastewpter.

11. The method of claim 4 wherein the water-soluble polymer containing

dithiocarbomate functionalities is added to the wastewater before the microfilter,

12. The method of claim 4 wherein the semiconductor wastewater further contains

oxidants.

13. The method of claim 12 wherein the oxidants are selected from the group consisting
of potassium iodate, potassium ferricyanide, hydrogen péroxide, ferric nitrate, silver nitrate,
nitric acid, sulfuric acid, potassium hypochlorite, potassiim permanganate, ammonium
persulfate, ammonium peroxydisulfate, peracetic acid, périodic acid, peroxymonosulfuric acid,
potassium peroxgmonosulfate, peroxymonosulfate, malohamide, urea-hydrogen peroxide,
potassium dichromate, potassium bromate, vanadinm trioxide, oxygenated water, ozonated water

and mixtures thereof.



