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SKILL BUILDER

WATER QUALITY

In m etalw orking , w e re ly on w ater to  t ransfer heat  

aw ay f rom  the tool and  par t . Water also serves as 

a carr ier for add it ives t hat  enhance corrosion 

p rotec t ion, lub ric it y, c leanliness and  resistance to 

bac terial at t ack. In cut t ing  f luid  app licat ions, t he 

im por tant  param eters for w ater are hardness, 

conduc t ivit y, pH, alkalinit y, tem perature and  

purit y. 

As system s age, t hese param eters change and  

f inally reach equilib r ium . The equilib r ium  level is 

dependent  upon the degree of  evaporat ion in t he 

system . Over f low s, sp ills, carry- out  on par t s, heat , 

and  coolant  m akeup rates all af fec t  how  high 

these param eters w ill go.

Hardness
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Hardness is t he m easure of  calc ium  (Ca) and  

m agnesium  (Mg) ions in t he w ater expressed  as 

calc ium  carbonate (CaCO3). These are naturally 

occurring  posit ive ions that  are derived  f rom  the 

m inerals in t he g round . You can express the value 

as g rains of  hardness or as ppm  (par t s per m illion)  

of  hardness. One ppm  is t he sam e as one 

m illig ram  per liter (m g / L) .

One g rain of  hardness is equivalent  to  about  17 

ppm  as CaCO3. In t he cont inental U.S., hardness 

can vary f rom  a low  of  2- 5 ppm  in t he Southeast  

to  1200- 1500  ppm  in t he deser t  areas of  t he 

Southw est .

The b iggest  concern about  hardness is t hat  too 

high of  a hardness can c reate em ulsion instab ilit y. 

?Hard  w ater? soaps can be form ed in t he 

p resence of  too m uch calc ium  and  m agnesium . 

These soaps are generally insolub le and  can lead  
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Overview
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Cut t ing  and  g rind ing  coolant s, d iluted  for use, are 

m ost ly w ater (95% w ater at  a t yp ical 

concent rat ion) . Water p lays an im por tant  ro le in 

coolant  per form ance. Life w ould  be sim p ler if  

every custom er?s w ater w as the sam e; how ever, 

w ater qualit y varies ac ross the United  States. We 

need  to understand  how  w ater af fec t s 

m etalw orking  coolant s. This ?Skill Builder? m akes 

w ater c rystal c lear.

Introduct ion
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Water is tw o par t s hydrogen atom  and  one par t  

oxygen atom . The w ater m olecule is a polar 

com pound  and  is desc ribed  in several technical 

guides as ?the m ost  universal so lvent .? Water is 

of ten taken for g ranted , how ever, w ater qualit y 

varies depend ing  upon the source and  how  the 

local p rocessing  p lant  t reat s it .

- Water expands upon f reezing  (m ost  liquids 

cont rac t )

- 97.5% of  w ater on ear th is salt  w ater, 70% of  t he 

Ear th?s f resh w ater is f rozen in t he polar caps

- Once evaporated , a w ater m olecule spends 10  

days in t he air

- Water conduc t s heat  2.5 t im es faster t han o il

- Kentucky b luegrass uses 18 gallons of  w ater per 

square foot  per year

- Ice, form ed w hen a supercooled  liquid  contac t s 

a f reezing  sur face, is called  ?Rim e.?

- It  t akes 2,072 gallons of  w ater to  m ake 4 new  

t ires

- 1 b illion peop le w alk 3 hours each day to obtain 

safe d rinking  w ater

- In t he US, 500 ,000  tons of  pollutant s pour into 

lakes and  r ivers each day

- A chicken is about  3/ 4ths w ater

- One inch of  rain is equivalent  to  17.5 m illion 

gallons per square m ile
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WATER QUALITY

Alkalinity
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

The alkalinit y of  w ater is usually at t r ibuted  to 

carbonates in general. How ever, t he m ain 

concern about  alkalinit y is w hen it  becom es high 

enough to af fec t  an alkaline t it rat ion. At  t his point  

w e m ust  m ake sure t hat  w e subt rac t  t he alkalinit y 

of  t he w ater f rom  the total t it rat ion.

Chlorides and Sulfates
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

High conduc t ivit y, espec ially chlorides and  

sulfates, can also lead  to inc reased  corrosion . 

Unfor tunately, t he only w ay to m inim ize high 

chlorides and  sulfates is t hrough par t ial dum ps. 

You eit her have to rem ove the source of  t hese 

ions as contam inant s or not  allow  them  to rem ain 

in t he w ater w hen it  enters t he p lant . Chlorides 

and  sulfates cont r ibute to t he TDS/ conduc t ivit y. 

Ion spec if ic  e lec t rodes exist  for m easuring  these. 

There is also a laboratory p rocedure called  the 

Volhard  m ethod  for determ ining  chloride ions in 

f luids. Chlorides and  sulfates are naturally 

occurring  ions, but  you can also have these ions 

carr ied  in f rom  other sources. Heat  t reat  salt s can 

be a signif igant  source for chlorides as w ell as 

cer tain c leaners.

Temperature and Mixablity 
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Cold  w ater usually m akes em ulsif icat ion m ore 

d if f icult . In som e cases, som e produc t s w ill not  

m ix at  all in co ld  w ater. Cold  w ater is obviously a 

p rob lem  in t he w inter, w hen w ater tem peratures 

can run as low  as 40 - 50°F. 

Som e custom ers and  p rocesses require t hat  t he 

m etal-  w orking  f luid  be chilled  to a tem perature 

low er t han am bient . This is t yp ically done in order 

to  m aintain a m ore consistent  tem perature of  t he 

w orkp iece. You w ill f ind  t his in som e aerospace 

to st icky residues. At  t im es, it  is possib le to 

chelate t he hardness by using  an add it ive called  a 

chelat ing  agent . Chelat ion m eans that  t he 

calc ium  and  m agnesium  becom e chem ically 

bound  to t he agent  so that  t hey cannot  reac t  

w it h other com ponent s in t he coolant .

There are analyt ical m ethods for determ ining  the 

total hardness of  so lut ions. We can use one of  

tw o sim p le m ethods in t he f ie ld : test  st r ips and  

t it rat ion am poules. Ask your Quaker Houghton 

representat ive for details.

Conduct ivity
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \  

Conduc t ivit y is a m easure of  e lec t r ical ?ac t ivit y? 

of  an aqueous f luid  in w hich the total d issolved  

solids ( i.e. TDS) are exam ined . The conduc t ivit y is 

m easured  via a sm all e lec t ronic  b ridge in unit s of  

e it her m ic roSiem ens (?S) or m ic rom hos (a m ho is 

one d ivided  by ohm , hence the nam e ?m ho?). 

One m ic roSiem en is equivalent  to  one ? m ho. The 

p rim ary ions cont r ibut ing  to t he TDS are calc ium , 

m agnesium , chloride, sulfate, and  iron.

Ion- spec if ic  e lec t rodes exist  for m easuring  these 

ions. There is a Volhard  p rocedure for determ ining  

chlorides in em ulsions and  solut ions. This 

p rocedure is t yp ically a lab  p rocedure. While 

t hese are naturally occurring  ions, you can also 

have chlorides and  sulfates carr ied  in f rom  other 

f luids and  com pounds (see sec t ion on Chlorides 

&  Sulfates) . Iron can com e f rom  the ferrous 

m achining  and  g rind ing  p rocess of  steel and  cast  

iron.

Like high hardness, high conduc t ivit y can d isrupt  

t he em ulsion. This is ac tually par t  of  t he w aste 

t reatm ent  p rocess. Concent rated  alum inum  

sulfate (alum ) or ferr ic  chloride is used  to sp lit  

em ulsions.

pH
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

In general, m ost  w ater sources have a pH range 

of  about  5.7 to 8.0 . The pH is really not  too m uch 

of  a concern, unless it  has a correspond ing ly high 

alkalinit y.
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WATER QUALITY

Conclusion
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

As you can see, w e are highly dependent  upon 

som ething  over w hich w e have very lit t le  cont ro l. 

How ever, if  w e p roperly arm  ourselves w ith a 

w orking  know ledge of  t he variab les d iscussed  

above, w e can forew arn our custom ers about  t he 

im pac t  of  t heir w ater on their p rocesses. Once 

again, t horough know ledge of  t he custom er?s 

p rocess is im por tant  for p roduc t  selec t ion. 

app licat ions as w ell as t hose having  very t ight  

to lerances for f inish.

Processes
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

There are d if ferent  p rocesses used  to im prove 

w ater qualit y. Som e of  our custom ers use these 

p rocesses. By far, t he m ost  com m on is 

deionizat ion. Deionized  (DI)  w ater is w ater t hat  

has had  all ions rem oved  through a deionizat ion 

colum n process. This w ater is t yp ically less t han 5 

ppm  in hardness and  contains no ions det r im ental 

to  em ulsion charac terist ic s. The dow nside of  DI 

w ater is t hat  som e produc t s can foam  easily in it .

Another t ype of  cond it ioning  p rocess is called  

sof tening . As it s nam e im p lies, t he hard  w ater ions 

are rem oved . How ever, in t he ion exchange 

p rocess, sod ium  ions (Na) are subst it uted  for t he 

calc ium  and  m agnesium  ions. So, w hile you m ay 

w ind  up  w ith sof t  w ater, you w ill also have 

inc reased  your conduc t ivit y because each 

calc ium  or m agnesium  is rep laced  by tw o sod ium  

ions.

The last  t ype of  p rocess is called  reverse osm osis 

(RO). RO w ater is a physical p rocess that  ?b locks? 

ions f rom  passing  through a spec ial t ype of  

m em brane. RO w ater is very c lose in qualit y to  DI 

w ater.
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