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Introduct ion

\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Achieving  successful alum inum  hot  ro lling  operat ions and  excellent  qualit y st r ip  sur face re lies c rit ically 

on ef fec t ive lub ricat ion, cooling , and  c leanliness during  the ro lling  p rocess. To achieve these 

ob jec t ives, a cont inuous supp ly of  rec irculat ing  em ulsion is app lied , serving  m ult ip le func t ions 

sim ultaneously: fac ilit at ing  w ork ro ll cooling , enab ling  p rec ise cam ber cont ro l, and  ensuring  opt im al 

lub ricat ion as w ell as m ill stand  and  st r ip  c leanliness. 

When develop ing , test ing  and  t r ialing  new  f luid  technolog ies, recognizing  the d iversit y in indust r ial m ill 

conf igurat ions is im perat ive. Variab les like lub ricant  app licat ion m ethod , w iper assem blies, and  w ork 

ro ll b rushes can d if fer signif icant ly, so good  lubricant  per form ance and  high st r ip  sur face qualit y m ust  

be p roven under t he spec if ic  p rocess cond it ions, before shipp ing  for f ie ld  t r ials.

This w hite paper p resent s t he unique and  r igorous approach used  by Quaker Houghton for 

develop ing  advanced  alum inum  hot  ro lling  f luids (Fig . 1) . In t his study w e m easure and  com pare the 

per form ance of  new , non- soap  technology QH EVEROLL?  A 5000  against  t rad it ional soap- based  and  

exist ing  soap- f ree chem ist r ies. Using  in- house laboratory evaluat ion techniques and  validat ing  the 

outcom es through p rocess- tailored  p ilot  m ill t r ials, w e ensure excellent  ro lling  f luid  per form ance ?  

t hereby de- risking  im p lem entat ion of  new  technolog ies at  ro lling  m ills.

De-Risking New  Rolling Fluid 
Technology in Aluminum Hot Mills

BY YAO LU, GROUP LEADER -  CENTER OF INNOVATION 

AND BAS SMEULDERS, SENIOR RESEARCH SCIENTIST

Fig. 1: Our unique approach to innovat ion includes validat ion of lab results through pilot  mill t rials, 

providing proof of performance and de-risking implementat ion of new  technologies. 
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Lubricat ion Mechanisms
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Lubric it y is a key p rocess param eter in alum inum  hot  ro lling . Under lub ricat ion m ay result  in m etal 

st ic king  to t he w ork ro lls, alum inum  oxide p ick up, and  excessive ro ll coat ing  ?  ult im ately im pac t ing  

st r ip  sur face qualit y. Over lub ricat ion can cause slip  and  slab  refusal. There are several lub ricat ion 

m echanism s to consider:

Film formation leads to a degree of  separat ion betw een w ork ro ll and  st r ip , reduc ing  the f r ic t ion. Film  

form at ion is of ten d riven by t he base o il viscosit y but  m ay also involve adsorpt ion of  high m olecular 

w eight  com pounds or a tem perature- induced  phase change. When a f ilm  is form ed, essent ial f r ic t ion 

m od if iers and  other add it ives can t ransfer m ore ef f ic ient ly to  t he contac t .

Boundary frict ion is t he f r ic t ion betw een tw o sur faces that  are ( locally)  in c lose contac t . This f r ic t ion is 

usually low ered  by f r ic t ion m od if iers such as fat t y ac ids or phosphorous com pounds that  adsorb  onto 

t he sur face. Lubricated  boundary f r ic t ion also re lies on adequate p rotec t ion of  t he sur faces, w it hout  

w hich m etal- to- m etal contac t  w ould  occur, accom panied  by high ( local)  f r ic t ion.

Elastohydrodynamic frict ion occurs w ithin t he lub ricant  layer in t he areas w here w ork ro ll and  st r ip  are 

separated  by a p ressurized  f ilm . How ever, considering  the very high tem peratures in alum inum  hot  

ro lling , and  the result ing  low  viscosit ies, t his cont r ibut ion is likely neg lig ib le.

Development of a work roll coat ing is a norm al phenom enon in alum inum  hot  ro lling . This coat ing  

consist s of  m etallic  alum inum  f ines and  alum inum  oxides in an organic  m at rix. Sim ilar to  t he f ilm  

form at ion m ent ioned  above, t his coat ing  m ay also serve as a separat ing  m ed ium .
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Fig. 2: Schematic Stribeck curve illustrat ing boundary, mixed and 

hydrodynamic lubricat ion mechanisms.
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Experimental Equipment
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

The key equipm ent  and  m ethods used  for assessing  em ulsion per form ance in t his study are out lined  

below .
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The Mini Tract ion Machine (MTM) is a versat ile ball- on- d isc  

t r ibom eter (Fig . 3) , w hich can be used  to assess lubricat ion 

in several lub ricat ion reg im es. Depend ing  on spec im en t ype, 

load , sum  speed  and  slid ing  speed , an extensive range of  

w ell- def ined  t r ibo log ical test s can be carr ied  out . This w ay, 

w e can m easure St r ibeck curves, carry out  boundary test s 

( in severit y rang ing  f rom  very m ild  to very severe) , and  

assess elastohydrodynam ic  ( full- f ilm ) f r ic t ion. Due to t he 

independent  cont ro l of  both ball and  d isc  speed , our 

self- developed  ro ll b ite m im icking  test s can be carr ied  out , 

w hich rep licate t he ro lling  p rocess because both t he 

rotat ing  tool and  m oving  alum inum  ?spec im en? f requent ly 

m ove out  of  contac t , unlike a p in- on- d isc  test , for w hich the 

point  of  contac t  (usually on the tool)  persist s t hroughout  t he 

test .

Ultra- thin f ilm interferometer is used  to quant if y f ilm  form at ion of  an em ulsion. This inst rum ent  involves 

a rotat ing  ball t hat  is loaded  onto a rotat ing  g lass d isc  w hile lub ricant  is app lied . The thickness of  t he 

f ilm  that  form s betw een the ball and  d isc  is m easured  w ith an opt ical technique w here a m ic roscope is 

used  to analyze the inter ference pat tern t hat  form s at  t he contac t . The inter ference pat tern is a 

m easure of  t he f ilm  thickness. The f ilm  thickness can thus be m easured  as a func t ion of  ro lling  speed , 

w hile tem perature and  of  course lubricant  t ype are variab les as w ell. Based  on our decades of  

lub ricant  exper t ise, a robust  p roprietary f ilm  form at ion test  m ethod  has been estab lished .

Anodizing setup: The assessm ent  of  sur face qualit y in t he alum inum  ro lling  p rocess f requent ly involves 

anod izing , an elec t rochem ical p rocess used  to rate hot  or co ld  ro lled  st r ips. This m ethod  entails t he 

cont ro lled  deposit ion of  a t hin alum inum  oxide (Al2O3)  layer on the alum inum  st r ip  sur face through the 

passage of  an elec t r ic  current  in an elec t ro lyt ic  bath.

To fac ilit ate t his p rocess, an in- house anod izing  setup  w as const ruc ted , equipped  w ith a one- liter 

vessel for t he elec t ro lyte (20w t% H2SO4) , a t ransform er capab le of  delivering  a d irec t  current  (DC) 

output  using  a potent ial of  12 volt s, and  a c irculat ion system  for m aintaining  a consistent  bath 

tem perature of  20°C. The alum inum  st r ip  func t ions as t he anode w hile a p iece of  lead  serves as t he 

cathode. Prec ise cont ro l over tw o key param eters, t im e and  current  densit y, is c ruc ial to  achieving  a 

desired  Al2O3 layer t hickness, rang ing  f rom  8- 10  ?m .

Before and  af ter anod izing , t he alum inum  st r ip  sam ples undergo a t horough c leaning  p rocedure to 

e lim inate any residual im purit ies. This involves w ashing  w ith soap  pow der, fo llow ed  by r insing  w ith 

Fig. 3: The Mini Tract ion 

Machine (MTM) 
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deionized  w ater and  f inally, air b low  of f  to  ensure a c lean sur face for accurate evaluat ion. Follow ing  

anod izing , t he sam ples are visually evaluated  in accordance w ith estab lished  indust r ial standards.

The Quaker Houghton Four-High Mult i-Funct ional Reversing Mill

Located  in Qingpu Dist r ic t , Shanghai, China, t he Quaker Houghton Mult i- Func t ional Reversing  Mill 

w as const ruc ted  betw een 2013 and  2014, and  successfully com m issioned  and  put  into operat ion in 

2016[1] . The m ill is show n in Figure 4. It s innovat ive design integ rates t hree d ist inc t  f luid  system s: 

em ulsion, c leaning , and  d irec t  app licat ion, of fering  f lexib ilit y in lub ricant  delivery for fulf illing  m ult ip le 

ro lling  app licat ions. 

The Pilot  Mill's versat ilit y is inc reased  fur ther by it s capab ilit y of  ro lling  both steel and  alum inum  alloys 

w hether t hey are hard  or sof t , ac ross a range of  p rocess set t ings. With an annealing  furnace capab le 

of  reaching  600°C m axim um , it  can also be used  for t he alum inum  hot  ro lling  p rocess. In t andem  

w ith our indust ry- lead ing  laboratory fac ilit ies and  r igorous p rotocols, our Pilot  Mill fac ilit ates a holist ic  

approach for robust  p roduc t  developm ent . It s com prehensive capab ilit y not  only fulf ills basic  

chem ist ry and  m echanism  stud ies and  lab  test  m ethod  developm ent , but  also p ropels p roduc t  

technology opt im izat ion and  fosters t he developm ent  of  innovat ive and  next- generat ion 

technolog ies, aim ed at  addressing  current  and  future custom er needs.
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Fig.4 The Quaker Houghton Four-High Mult i-Funct ional Reversing Mill
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Hot Rolling Fluid Types
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Both soap- based  and  soap- f ree ro lling  f luid  technolog ies are w idely 

used  in t he alum inum  hot  ro lling  indust ry. Soap- based  p roduc t s 

p rovide the highest  level of  lub ric it y and  sur face qualit y of  ro lled  

m aterial, espec ially for hard  alloys. This lub ric it y is achieved  through 

the form at ion of  m etallic  soaps generated  f rom  the reac t ion 

betw een o le ic  ac id  and  m etallic  ions. How ever, t hese m etallic  soaps 

build  up  over t im e and  can change or contam inate t he em ulsion if  

not  carefully m anaged , m aking  it  unstab le. 

Soap- f ree p roduc t s are easier to  m aintain and  t yp ically show  low er 

o il consum pt ion com pared  to soap- based  chem ist ry. How ever, 

c leaning  pow er and  sur face qualit y can be com prom ised  by low er 

lub ric it y levels. Exist ing  soap- f ree chem ist r ies are also know n to 

p roduce ext rem ely f ine alum inium  par t ic les t hat  m ay deposit , of ten 

causing  sludge buildup  both at  t he m ill and  in t he tanks (Fig . 5) . 

The new  non- soap  technology QH EVEROLL?  A 5000  em ploys 

phosphorous com pounds as ef fec t ive f r ic t ion m od if iers. Along  

w ith pow er ful d ispersion agent s, it  keeps the benef it s of  both 

exist ing  technolog ies w hile m inim izing  their shor tcom ings. 

In t his study, em ulsions of   t he three d if ferent  t ypes of  ro lling  o ils w ere evaluated  w ith a concent rat ion 

of  4 w t% (referred  to as Em ulsion A, Em ulsion B and  Em ulsion C) in t he lab  evaluat ion and  on the p ilot  

m ill. Em ulsion A w as a t rad it ional soap- based  p roduc t , t hus ar t if ic ial ag ing  w as em ployed  to sim ulate 

t he generat ion of  m etallic  soaps. Em ulsion B, on the other hand , represented  the novel non- soap  

technology, QH EVEROLL?  A 5000 , designed  to enhance m ill c leanliness, w hile Em ulsion C served  as a 

com m on, exist ing  soap- f ree benchm ark.

Test Results
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

Lubricity and f ilm format ion assessment

To assess the lub ric it y of  t hese em ulsions, w e used  a MTM operat ing  in ball- on- d isc  m ode using  a hard  

alum inum  alloy subst rate. This conf igurat ion is par t icularly suited  for e luc idat ing  the int r insic  f r ic t ion 

charac terist ic s governed  by m olecular adsorpt ion in t he boundary lub ricat ion reg im e. At  80°C, t he 

coef f ic ient  of  f r ic t ion (CoF) m easurem ent s revealed  that  soap- based  Em ulsion A and  novel non- soap  

Em ulsion B exhib ited  com parab le and  superior per form ance com pared  to t yp ical soap- f ree Em ulsion 

C (Fig . 6(a)) .
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Fig. 5: Exist ing soap-free products are 

know n to cause sludge buildup.
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Another c ruc ial lub ricant  p roper t y is f ilm  form at ion. Alum inum  hot  ro lling  lub ricant  experiences 

therm al separat ion result ing  f rom  high st r ip  tem peratures, w here f ilm  form at ion leads to a cer tain 

degree of  separat ion betw een w ork ro ll and  st r ip , reduc ing  the am ount  of  boundary contac t  and  thus 

reduc ing  the overall f r ic t ion[2] . Film  form at ion w as evaluated  w ith an ult ra- thin f ilm  inter ferom eter. 

Conduc ted  at  4 w t% concent rat ion and  80°C, t he result s ind icated  that  t he soap- based  and  novel 

non- soap  em ulsions signif icant ly outper form ed the t yp ical soap- f ree em ulsion in term s of  f ilm  

thickness, w it h a value that  is tw ice as high at  t he higher speeds (Fig . 6(b )) .

Aluminum fines dispersing and dynamic surface tension propert ies of the three emulsions

Alum inum  f ines d ispersib ilit y and  w et t ing  are c ruc ial for alum inum  st r ip  and  m ill c leanliness. Alum inum  

f ines d ispersion is a m echanism  governed  by the adherence of  air to  t he f ines, m ainly unw et ted  f ines, 

w hich result s in e it her f loat ing  (bad  w et t ing )  or sinking  f ines (c logg ing ) . In t he lab, alum inum  f ines 

d ispersib ilit y, a per form ance- related  em ulsion param eter t hat  desc ribes the tendency of  alum inum  

f ines to rem ain f inely d ispersed  w ithin an em ulsion under standard ized  cond it ions, w as used  to 

evaluate f ines d ispersion tendency in d if ferent  em ulsions. By add ing  an equivalent  am ount  of  

spherical alum inum  pow der (3.0  to 4.5 ?m  in d iam eter)  to  100  m l of  each em ulsion and  assessing  the 

d ispersion tendency af ter r igorous shaking  and  one- m inute set t ling , w e found  that  novel non- soap  

Em ulsion B dem onst rated  the best  f ines w et t ing  and  d ispersib ilit y (Fig . 7(a)) . This superior w et t ing  

per form ance w as fur ther corroborated  by dynam ic  sur face tension m easurem ent s, w it h t he low est  

value for Em ulsion B (Fig . 7(b )) . Ef fec t ive f ines d ispersib ilit y and  w et t ing  also fac ilit ate easy f ilt rat ion, 

t hereby m it igat ing  deposit ion and  sludge form at ion in indust r ial app licat ions.
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Fig.6 (a) boundary lubricat ion curves show ing CoF vs. t ime and (b) f ilm thickness vs. speed for the three 

emulsions: Emulsion A: t radit ional soap-based product, Emulsion B: novel non-soap technology, 

QH EVEROLL? A 5000, Emulsion C: exist ing soap-free benchmark
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Pilot  mill t rials

To validate t he laboratory f ind ings, p ilot  m ill t r ials w ere carr ied  out  w it h t he three em ulsions under 

cond it ions tailored  to m im ic  f ie ld  em ulsion param eters. Soap- based  Em ulsion A underw ent  ar t if ic ial 

ag ing  to m im ic  t he b reak- in period , w hile novel non- soap  Em ulsion B and  t yp ical soap- f ree 

benchm ark Em ulsion C w ere evaluated  in t heir f reshly p repared  states. Other c ruc ial em ulsion 

param eters for each of  t hem  on our Pilot  Mill w ere: 1)  Em ulsion A: 4 w t%, em ulsion tem perature of  55 

to 60°C, and  a par t ic le size range of  2.0  to 2.5 ?m ; 2)  Em ulsion B: 4 w t% in concent rat ion, em ulsion 

tem perature of  50  to 55°C, and  a par t ic le size of  0 .7 to 1.1 ?m ; 3)  Em ulsion C: 4 w t% in concent rat ion, 

em ulsion tem perature of  50  to 55°C, and  a par t ic le size around  0 .7 ?m ; Figure 8(a)  d isp layed  the ro ll 

force result s w hen the ro lling  speed  stab ilized . In total t hree 5052 alloy coils w ere used  for each 

em ulsion evaluat ion under t he sam e m ill set t ings. 

The init ial st r ip  t hickness for each coil w as around  4.0  m m  and  the star t  st r ip  tem perature w as around  

370°C. For Coil 1 and  Coil 2, t he reduc t ion rate w as 22.5% and  the ro lling  speed  w as 80  m pm  (m eters 

per m inute)  for c reat ing  a layer of  w ork ro ll coat ing  by int roduc ing  m ore m etal- to- m etal contac t . For 

Coil 3, t he reduc t ion rate w as 20% w ith a ro lling  speed  of  150  m pm . Af ter ro lling , t he coil tem perature 

dec reased  to 320?325°C. Rolled  Coil 3 st r ip  sam ples w ere gathered  for anod izing  and  sur face qualit y 

checking  (Fig .8(c )) . The w ork ro ll chock c leanliness w as checked  by w ip ing  af ter ro lling  t hree coils 

(Fig .8(b )) . 

The t r ials revealed  that  soap- based  Em ulsion A yie lded  the low est  ro ll force, w hile t yp ical soap- f ree 

Em ulsion C exhib ited  the highest  ro ll force, ac ross all co ils. Notab ly, t he novel non- soap  Em ulsion B 
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Fig.7 (a) aluminum fine dispersion performance and (b) dynamic surface tension curves of the three emulsions: 

Emulsion A: t radit ional soap-based product, Emulsion B: novel non-soap technology, QH EVEROLL? A 5000, 

Emulsion C: exist ing soap-free benchmark
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dem onst rated  superior m ill c leanliness, as evidenced  by w ork ro ll chock inspec t ions. Fig .8(b )  show ed 

that  anod ized  st r ip  sam ples f rom  Coil 3 ro lled  w ith Em ulsion A and  Em ulsion C d isp layed  re lat ively 

m ore d ispersed  b lack point s or shor t  st r ipes, albeit  st ill rated  as average in sur face qualit y. In 

cont rast , Em ulsion B p roduced  the best  anod izing  qualit y.

The consistency betw een laboratory and  p ilot  m ill result s underscores the st rong  corre lat ion 

betw een boundary lub ricat ion, f ilm  form at ion, and  ro ll force, as w ell as t he alignm ent  betw een 

alum inum  f ines d ispersib ilit y, dynam ic  sur face tension, and  m ill c leanliness. Notab ly, t he new ly 

developed  non- soap  Em ulsion B stood  out  in m aintaining  excellent  m ill c leanliness w hile 

Fig.8 (a) roll force values, (b) work roll chock cleanliness comparison and (c) strip sample anodizing quality 

comparison between the three emulsions: Emulsion A: t radit ional soap-based product, Emulsion B: novel non-soap 

technology, QH EVEROLL? A 5000, Emulsion C: exist ing soap-free benchmark
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sim ultaneously p reserving  lub ric it y and  st r ip  sur face qualit y. This excellent  per form ance w as 

fur ther validated  on an indust r ial t andem  m ill.

Field Trial Proofing

All t hree t ypes of  ro lling  f luid  w ere sequent ially app lied  on an indust r ial t andem  m ill. Init ially, t yp ical 

soap- f ree Em ulsion C w as in use, how ever, it  w as subsequent ly rep laced  by soap- based  Em ulsion A 

due to excessive sludge form at ion and  the custom er's desire for enhanced  lubric it y. The sw itch to 

Em ulsion A of fered  im provem ent , but  in January 2024 novel non- soap  Em ulsion B w as int roduced  w ith 

t he goal of  achieving  excellent  sur face qualit y, im proved  c leanliness and  m inim al f luid  m aintenance. 

Since it s com m issioning , t he novel non- soap  f luid  has excelled  in term s of  both sur face qualit y and  

custom er p rocess opt im izat ion.

The novel non- soap  technology dem onst rates notab le advantages in both per form ance and  p rocess 

ef f ic iency, inc lud ing  it s consistency in em ulsion param eters, d ram at ically reduc ing  the need  for 

add it ional t ank- side add it ives. Consequent ly, b iw eekly laboratory em ulsion test ing  suf f ices, result ing  

in a st ream lined  w orkf low  and  reduced  m anpow er requirem ent s for on- site laboratory ac t ivit ies. 

Moreover, a rem arkab le 30% reduc t ion in o il consum pt ion, coup led  w ith consistent ly out stand ing  

sur face qualit y ac ross d iverse alloy t ypes, underscores the o il's superiorit y over p revious lub ricant  

technolog ies.

Fig.9 (a) work roll chock; (b) a closer look at  area A in Picture (a).
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A notew or thy im provem ent  is it s except ional d ispersal of  alum inum  f ines, w hich has signif icant ly 

enhanced  m ill c leanliness. This im provem ent  is par t icularly evident  in t he reduced  accum ulat ion of  

d ir t  on w ork ro ll chocks and  ad jacent  m ill equipm ent , as dep ic ted  in Fig . 9. This enhanced  c leanliness 

not  only fac ilit ates m aintenance but  also cont r ibutes to t he overall ef f ic iency of  t he ro lling  p rocess.

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

This w hite paper p resent s t he unique and  r igorous approach used  by Quaker Houghton for 

develop ing  advanced  alum inum  hot  ro lling  f luids.  Through com paring  the per form ance of  a new , 

non- soap  technology QH EVEROLL?  A 5000  against  t rad it ional soap- based  and  exist ing  soap- f ree 

chem ist r ies in lab  test s, p ilot  m ill t r ials and  indust r ial app licat ion w e m ake the fo llow ing  conc lusions:

The ro ll force is lub ricant  dependent , w here soap- based  chem ist ry per form s slight ly bet ter t han , 

both signif icant ly outper form ing  Em ulsion C, aligning  w ell w it h boundary lub ricat ion and  f ilm  

form at ion result s in t he laboratory.

The w ork ro ll c leanliness and  alum inum  f ine d ispersing  and  dynam ic  sur face tension are also lub ricant  

dependent , highlight ing  the excellence of  Em ulsion B com pared  to t he other em ulsions.

Fur ther, t he app licat ion on an indust r ial t andem  m ill has p roven the excellence of  Em ulsion B in term s 

of  m ill c leanliness w hile sim ultaneously p reserving  lub ric it y and  st r ip  sur face qualit y.

This study dem onst rates t hat  p ilot  m ill t r ials and  laboratory test ing , espec ially boundary lub ricat ion 

test s w it h MTM, f ilm  form at ion, alum inum  f ine d ispersing  and  dynam ic  sur face tension test s, are 

valuab le tools for lub ricant  developm ent  as w ell as for r isk- f ree int roduc t ion in indust ry.
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